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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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This corrected version of ISO 10113:2020 incorporates the following corrections:

Correction of the description of the test in the fourth paragraph of 8.4.2.
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INTERNATIONAL STANDARD 1SO 10113:2020(E)

Metallic materials — Sheet and strip — Determination of
plastic strain ratio

1 Scope

This document specifies a method for determining the plastic strain ratio of flat products (sheet and
stripjTmade of metattic matertats:

2 Normative references

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
unddted references, the latest edition of the referenced document (including any amendments) applies.

ISO 6892-1:2019, Metallic materials — Tensile testing — Part 1: Method of test at room tempdrature
IS0 9513, Metallic materials — Calibration of extensometer systemsused in uniaxial testing

ISO 8§0000-1, Quantities and units — Part 1: General

3 Terms and definitions
For the purposes of this document, the terms and@efinitions given in ISO 6892-1 and the follpwing apply.
ISO gnd [EC maintain terminological databages for use in standardization at the following dddresses:

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

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

31
plastic strain ratio
r
ratiof of the true plastic width strain to the true plastic thickness strain in a test piece that has been
subjected to uniaxiahtensile stress calculated using Formula (1)

&€
= Cp-b )
& pa

where

€ a is the true plastic thickness strain;

€, p Iisthetrue plastic width strain.

Note 1 to entry: The above expression using a single point is only valid in the region where the plastic strain is
homogeneous.

Note 2 to entry: Since it is easier and more precise to measure changes in length than in thickness, the following

relationship derived from the law of constancy of volume is used up to the percentage plastic extension at
maximum force, Ag, to calculate the plastic strain ratio, r [see Formula (2)].

© IS0 2020 - All rights reserved 1
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(2)

Note 3 to entry: For some materials exhibiting a phase change during plastic deformation, the volume of the
measured section cannot always be assumed to be constant. In such cases, the procedure shall be defined and
agreed between the parties involved.

Note 4 to ent
well as on thd
plastic (engiy]

3.2
weighted a
r

weighted ay
X, where "
strain, y, or

ryAs-theralie+dependsontheorientationof-thetest piecerelative to-the rollinsdireetdt
strain, the symbol r can be supplemented by the angle which characterises this orientatiod.arn
eering) strain. For example r,s5 ,, (see Table 1).

yerage plastic strain ratio

erage as calculated using Formula (3) of the r, , values for different test piece orientat
are determined using the same selected test method and at the sameplastic (enginee
blastic (engineering) strain range, a - 8

n, as
d the

ions,

ring)

_Toyy[tToosy T 25y
r= (3)
4
Note 1 to enffry: For some materials, other test piece orientations may-be chosen, in which case formulas jother
than Formulg (3) shall be used.
3.3
degree of planar anisotropy
Ar
value calcufated using Formula (4) where r jlvalues for different test piece orientations, x are
determined|using the same selected test methed and at the same plastic (engineering) strain,|y, or
plastic (engineering) strain range, a - §
., +r —2r
0 90 45
Ar= ( y /y /y ) )
2
Note 1 to enfry: For some materials, other test piece orientations may be chosen, in which case formulas pther

than Formuld

3.4

Poisson’s ratio

v
ratio of the {

| (4) shall be used:

blastic width strain to the elastic length strain of the material

4 Symbols

The designa

tions of the symbols used in this document are given in Table 1.

© IS0 2020 - All rights reserved
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Table 1 — General symbols, designations, definitions and units

Symbol Designation Unit
a, original thickness of the test piece mm
a; thickness of the test piece after straining and unloading mm

. percentage of plastic extension at maximum force %
b, average original gauge width of the test piece mm
by average width of the test piece after straining and unloading mm
Ab instantaneous width reduction measured with a width extensometer mm

1 der L - H aY = H = loialardl 1 e 4= H b 1 111 Ao H 1
Plab LIC LCIISIIICC] 1115) ol dIll dt VWIIIUIT UIIT PIGDLIL ol Al TatiU SI1TUUIU UT UTLCT IITITITU
eby (single point method, e, = plastic (engineering) strain in percent)?; this value should\bg in %
the range of work hardening of the individual test (equal or lower than 4,)
plastic (engineering) strain range at which the plastic strain ratio should be determined
(linear regression method, where e_, = lower limit of the plastic (engineering) strain in o
€pa | €pp _ - a . . . o b %
p PP |percent and ez = upper limit of the plastic (engineering) strain in percent)’;the value
should be in tﬁe range of work hardening of the individual test (equal orlower than 4,)
el b instantaneous plastic (engineering) width strain of the test piece during testing %
ef | instantaneous plastic (engineering) length strain of the test piece'during testing %
€} , |true plastic thickness strain —
€l p |true plastic width strain —
€| |true plasticlength strain —
F force N
I, original gauge length mm
i length between the marks of the original gauge length, L, on the test piece after strainipg mm
1 and unloading
AL instantaneous extension of the original extensometer gauge length under load mm
1, original extensometer gauge length mm
slope of the elastic part of the-engineering stress/percentage length extension curve

Mg L o MPa
multiplied by 100 %

h slope of the corresponding'straight line of the true plastic width strain vs. true plastic .

r length strain curve

8 plastic strain ratie —

i weighted averageof r, , values® —
Ar degree of planar anisotropy —
r plasticstrdin ratio in x-direction (in degrees) relative to the rolling direction, and at .

/¥y |plasti¢’(engineering) strain e, (v in %)

plastic strain ratio in x-direction (in degrees) relative to the rolling direction, and at
Pxfap plastic (engineering) strain range from e, to e , (a and f§in %) o
pa pB

R\ tensile strength MPa
S, original cross-sectional area of the parallel length mm?
S instantaneous cross-sectional area mm?

Poisson's ratio —

a, B, x,y |variables used as subscripts —

NOTE 1 In the literature, the readers may encounter other symbols: for an international comparison of symbols, see
Annex B.

NOTE 2 1MPa=1N/mm?2
a2 Normally, this value is specified in product standards.

b Normally, these values are specified in product standards.

¢ Insome countries, r,, is used instead of 7 .

© IS0 2020 - All rights reserved 3
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5 Principle

The plastic strain ratio r is often used for the characterisation and qualification of materials, and for the
numerical simulation of forming processes.

To determine the plastic strain ratio, a test piece is subjected to a tensile test to a specified plastic
(engineering) strain and the plastic strain ratio, r, is calculated from measurements of the changes in
width and thickness after unloading or after subtraction of the elastic strains. However, it is easier
and more precise to measure changes in length than in thickness. Therefore, the plastic strain ratio r
is typically derived from changes in length and width using the law of constancy of volume, see

Formula (5).

& p.a

+el, +e, =0 (5)

1

where

1.

]
aO

€p_a is the true plastic thickness strain €y a = In

€p b is the true plastic width strain €y p = In—-+;

o

. Ly
isthet —,

€ Fue plastic length strain €y =In

p_l
o
mum

The law of cpnstancy of volume is only applicable up to the percentage of plastic extension at maxi

force, 4, be
longer valid

Several mat
width redud

ause after this point local necking starts and the used mathematical approaches aj

erials clearly show a slight local necking before A,. This can lead to higher instantan
tion values and results in higher r-yalues, especially when an extensometer is used W

measures th
cases, the f

a) extens
the cha

(see Cla

b) the parj

test pie

The orientat
which the v

An r-value g

11‘owing points are recommended:

le instantaneous width reductign,only in the central region of the gauge length. In {

eters for measurement(ofithe instantaneous width reduction which are able to me4
hge of width in multipledocations ideally evenly distributed across the entire gauge ldg
Lse 6) should be used;

llel length of thefest piece should be minimum six times of the original gauge width
fe b,.

ion of the test piece relative to the rolling direction, and the plastic (engineering) stra
lues.ofrare determined, are as specified in the relevant product standards.

réeater than one describes a behaviour where the material deforms more in the width

[€ no

eous
rhich
hese

sure
ngth

fthe

n for

than

in the thick

material deforms more in the thickness than in the width (¢, , < €

1€SS L‘Sp_b > Ep_a; see rigure 1). An r-value Iower than one describes a behaviour wher

b a S€e Figure 1). An r-value o

describes an isotropic forming behaviour in width and thickness (&b = &p_as see Figure 1).

e the
f one
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riginal cross-sectional area of the parallel length

mhaterial, deformed more in the width

sotropic material (same deformation in width and thickness [, , = €} ,])

IEaterial, deformed more in the thickness
|

crease of plastic extension.

Figure 1 — Illustration ofthe cross-section changes for different r-values

Test equipment

ensile testing machine’used shall comply with the requirements of ISO 6892-1.

e length aftepplastic straining and unloading shall be capable of measuring with an
% or better~The device used for determining the original width and the gauge widt
after plastic straining and unloading shall be capable of measuring with an accuracy o
tter,

For t|

he’semi-automatic method (see 8.3), an extensometer for length measurement in acco

[}

he manual method (see 8.2), the device for the measurement of the original gauge length and the

accuracy of
h of the test
[+0,005 mm

rdance with

IS0 9513, of class 1 or better, shall be used. The device used for determining the original width and the
gauge width of the test piece after plastic straining and unloading shall be capable of measuring with
an accuracy of 0,005 mm or better.

For the automatic method (see 8.4), extensometers in accordance with ISO 9513, of class 1 or better in
the relevant strain range, shall be used. The device used for determining the original width shall be
capable of measuring with an accuracy of 0,1 % or better.

NOTE When using a long gauge length and large extensions are applied, the maximum error
extensometer can be greater than #0,01 mm.

The method of gripping the test piece shall be as specified in ISO 6892-1.

© ISO

2020 - All rights reserved
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7 Test piece

The test piece shall be taken in accordance with the requirements of the relevant product standard or, if
not specified therein, as agreed between the parties involved.

The type of the test piece and its preparation, including machining tolerances, the tolerances on shape
and the marking of the original gauge length, shall be as defined in ISO 6892-1:2019, Annex B. In
addition, within the gauge length the edges shall be sufficiently parallel that two width measurements
do not differ by more than 0,1 % of the mean of all the width measurements.

To reach a homogeneous strain distribution in the gauge length for all types of test pieces

(ISO 6892-1
The test pie

The parallel

8 Procedure

8.1 Gene

In general, {
under contr

In the range
of +20 % an
the start of {

NOTE In|
differ from th

If, after the 1
and a new tg

201 longth T _choallba ool 1o LI 2. 5L )

bhaoxnaral

Q Ao, D) + 1al challlba o o roarth o !
ZUT 7 Aoyttt par antC e gt - Stia ot t oo OO ratr gt erratt (g

-] UOJ-
Ce thickness shall be the full sheet thickness, unless otherwise specified.

length of the test piece shall be free of surface defects (e.g. scratches).

ral

ests are carried out at ambient temperature between 10-2C and 35 °C. Tests carrie
blled conditions, where required, shall be made at a temperature of (23 £ 5) °C.

of evaluation, the strain rate of the parallel length shall’lbe constant with a relative toler
1 not exceed 0,008/s. Any strain rate changes should be finished at least 0,2 % strain b
he range of evaluation.

the case of coated material (e.g. galvanised oréwith organic coatings), the r-values obtaine
ose of base material without coating.

est, the test piece shows transverse-bow (see Figure 2), the test shall be considered inj
st shall be carried out, because the'test results could be influenced.

1 out

ance
cfore

d can

ralid,
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Key
1 transverse bow

Figure 2 — Schematic illustration of transverse bow in a test piece cross-sectiion

The test may be performed by three different methods. Unless otherwise agreed, the choice of the
metHod is at the discretion of thesproducer or the test laboratory assigned by the producer.

If there are differences in results by using different methods, the origin of these differerjces shall be
invegtigated. Methods for\investigations are described in Annex A.

8.2 | Method without using any extensometer (manual method)

8.2.1 General

Thismethod is based on the measurement of the relevant dimensions before and after straining without
using afextensometer for either length or width measurements. T

8.2.2 Testing

The original gauge length L, shall be marked by means of fine marks or scribed lines to an accuracy
of +1,0 % and measured with an accuracy of 0,2 % or better. In cases that the marked gauge length is
known with an accuracy better than 0,2 %, it is not necessary to measure the gauge length of every
single test piece.

The original width of the test piece shall be measured with an accuracy better than £0,005 mm at a
minimum of three points evenly distributed along the gauge length, including one measurement at each
end of the gauge length. The average value of these width measurements b, shall be used in calculating
the plastic strain ratio.

© IS0 2020 - All rights reserved 7
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The test piece is installed in the testing machine and is strained to the desired level and unloaded.
NOTE It is not necessary to apply a preload before straining when using this method.

After unloading, the gauge length L, of the test piece and the width b, is measured in the same manner
and to the same accuracy as for the original gauge length and width.

8.2.3 Evaluation

The plastic (engineering) strain for each individual test shall be calculated according to Formula (6).

( f—t
e :-%-100% (6)
(0]

The r-value ghall be calculated according to the following Formula (7).

In b—l
l b
r= 2 (7)

This method of r-value determination is only valid if plastic strainis.homogeneous.
8.3 Methpd only with length extensometer (semi-automatic method)

8.3.1 Genleral

This metho{l is based on using an extensometer for length measuring combined with manual width
measuremept.

8.3.2 Testing

The original] width of the test piece-shall be measured with an accuracy of 0,005 mm or better at a
minimum of three points evenly,distributed along the gauge length, including one measurement flose
to the positipn of each end of the gauge length. The average value of these width measurements b |shall
be used in cplculating the plastic’strain ratio.

The test piege is installed/itr'the testing machine and is strained to the desired level and unloaded.

After unloagling, thexwidth b; is measured in the same manner and to the same accuracy as fof the
original width.

This method ofr-value determination is only valid, if plastic strain is homogeneous.

A small preliminary force may be used to ensure the alignment of the test piece and grip arrangement,
provided this force does not exceed a value corresponding to 5 % of the specified or expected yield
strength. A zero-correction of the extensometer signal should be carried out to take into account the
effect of the preliminary force.

8 © IS0 2020 - All rights reserved
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Evaluation

The plastic (engineering) strain for each individual test shall be calculated according to Formula (8).

e, 1 = AL/L, ~F/(S, -mg)] 100 % (8)
The r-value shall be calculated according to the following Formula (9).
b
ln[b—1 ]
r= e ©)
—In| 1+ pl —In| L
100 % b,
8.4 | Method with width and length extensometer (automatic method)
8.4.1 General
This|method is based on using an extensometer for length measutement and another extenjsometer for

redu

8.4.2

Geng
test |

This
used

For
Chat
the

The

mini
to th
be uj

The {
widt

A sm|

ction in width measurement.

Testing

rally, this method is used alongside a standard tensile test method for determining ¢

method allows the user to determine multiple single point r-values at several strains. |
to determine r-values over a strain range during a test.

materials that show inhomogetheous behaviour (e.g. materials which display the
blier effect) the regression method (described in 8.4.3.3) should be used for the detej
tvaluel2l(3],

pbriginal width of the-test piece shall be measured with an accuracy of better than
mum of three points‘evenly distributed along the gauge length, including one measuf
e position of each-end of the gauge length. The average value of these width measurem
ed in calculatingthe plastic strain ratio.

est shallbe’performed according to ISO 6892-1 with an additional extensometer for
h measurement.

all’preliminary force may be used to ensure the alignment of the test piece and grip a

properties. Therefore, the test piece is strained continuously to A, or through to failurg.

ther tensile

L can also be

Portevin-Le
mination of

+0,1 % at a
ement close
ents b, shall

reduction in

rrangement,

prov

ded this force does not exceed a value corresponding to 5 % of the specified or ex

pected yield

strength. A zero-correction of the width and length extensometer signals should be carried out to take
into account the effect of the preliminary force.

8.4.3

Evaluation

8.4.3.1 General

For the materials without yield point phenomena, the start of evaluation shall occur after plastic
deformation has started and after which the final testing rate used for determining R, has been
achieved.

© ISO
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For the materials exhibiting yield point phenomena (upper and/or lower yield strengths), the evaluation
shall not start until yielding has ended, uniform work hardening has started and the final testing rate

used for determining R has been achieved.

The evaluation of r-value shall not be performed after reaching 4,.

The true plastic length strain shall be calculated using Formula (10).
L, +AL F
€, 1=In € - (10)
h Le So Mg
The true plasticwidthrstraimshatt becatcutated using Formmuta{t13:
b_—Ab v-F
€, p=In o + (11
h bo So Mg
where
v is Poisspn's ratio (e.g. 0,30 for steel and 0,33 for aluminium)[4l,
The plastic (engineering) length strain shall be calculated using Formula. (&)
NOTE A more precise approximation of the instantaneous cross-sectignal/area S; according to Formulg (12)
could be used instead of the original cross-sectional area S, to calculate the true plasticlength strain ¢, |, the true
plastic width strain €, }, and the plastic (engineering) strain e, |. Practice has proved that the results obtpined
with S, or §;[are not significantly different, hence, the original cross-sectional area S, is used in Formula (8),
Formula (10] and Formula (11).

S; =S, / (L, +AL) (12)
The calculation of the r-values may be performedusing two different methods. For materials that show
inhomogengous behaviour (e.g. materials whichdisplay the Portevin-Le Chatelier effect), the regrefsion
method degcribed in 8.4.3.3 should be used. For materials which display phase transformption
behaviour, the regression method shall not be used.
8.4.3.2 Sipgle point method
For every rgw of test data (single)data set including force, extension and instantaneous width redugtion
values) a single instantaneous r-value may be calculated using Formula (13) in combination [with
Formula (1) and Formula\(11).

r=—g,4/ ( Ep & ) (13)
NOTE1 This series of r-values can be plotted against the plastic (engineering) length strain calcylated

icura A 4)
wee&g, ure-Ad).

according to

NOTE 2

beneficial to use the regression method 8.4.3.3.

8.4.3.3 Regression method

Using this method, r-values from consecutive data points can vary significantly. Therefore, it can be

This method is used to calculate reliable r-values based on data from a defined range and the original

test piece di

10

mensions.

© IS0 2020 - All rights reserved
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The linear regression of &, j, [from Formula (11)] vs. &, [from Formula (10)] shall be fitted in the
selected range and through ‘the origin (see Figure 3). The slope m, of this linear regression is equal to
[-r/(1 + r)]. The r-value shall be calculated using Formula (14):

r=—m./(1+m.) (14)
Y
1 T \
-0,02 -
2
-0,0B r
-0,04 -
-0,05 r
-0,06 r
-0,07 r -
-0,08 ‘
0 0,05 01 0,15 02 X
Key
X ftrue plastic length strain, & |
Y true plastic width strain, Ep b
1  lpwer limit: for example, 8 %(plastic (engineering) strain (equivalent to a true plastic strain of 0,077)
2 upper limit: for example 12.% plastic (engineering) strain (equivalent to a true plastic strain of 0}113)
3 (rigin
4  linear regression between the lower limit and upper limit through the origin:
ép_b = mr . Sp_l
. =-0,39833
flg.12 = 0,662
NOTH Upper and lower limits are expressed in plastic (engineering) strain; the X axis exprefsses the true

plastjclength strain.

NOTE

Figure 3 — Relationship between true plastic width strain and true plastic length strain

Using this method, the r-values are more stable (especially for materials that show inhomogeneous

behaviour), because the calculation based on all measured data points in the evaluation range in combination
with the original test piece data and not only on one single data set. Depending on the ranges this method has
the potential to give reliable r-values. Multiple simultaneous ranges can further help to create a reliable plot of
r-values against the plastic (engineering) length strain.
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9 Additional test results

If tests were performed on test pieces from different orientations (0°, 45° and 90° to the rolling
direction), the weighted average plastic strain ratio v and the degree of planar anisotropy Ar can be
calculated by using Formula (3) and Formula (4). If this calculation is being performed, the method of
r-value determination shall be the same (testing method, evaluation method and plastic (engineering)
strain or plastic (engineering) strain range).

When formulas other than Formula (3) and Formula (4) are used, they shall be indicated in the test report.

10 Test repert

The test rep

a)
b)
c)
d)
e)
f)
g)

h)

12

arefere
identifi

the met

ort shall include the following information:
nce to this document (i.e. ISO 10113:2020);
fation of the material tested;

hod used (manual, semi-automatic or automatic);

the evaluation method;

the typd
the orie|

the plas
evaluat

Ts5

45
strd

testres

the forn

 of test piece used;
ntation of the test piece relative to the rolling direction;

tic (engineering) strain or the plastic (engineering)8train range at which the measurem
ons were performed, for example:

o (45° orientation/single point method at 10:% plastic (engineering) strain),

517 (45° orientation/linear regression'method between 8 % and 12 % plastic (enginee
in);

11ts - the results shall be rounded‘to the nearest 0,05 according to ISO 80000-1;

hulas used to calculate r and'Ar, if different from Formula (3) and Formula (4).

bnts/

ring)
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Annex A
(informative)

Methods for investigating sources of errors in r-value
determination

A.1 | General

The fletermination of r-value can be extremely sensitive to many different paranietérs. This section
inter)ds to describe and analyse some of these errors[il.

Influfnces may be:
— different testing methods and evaluation methods;
dlignment of the test piece and the load train;

— flest piece preparation (e.g. surface of the test piece [edges]);

— (¢orrelation between the "real" change of width of the test piece and the signal df the width
¢xtensometer;

— ¢xtensometer gauge length, location and type (near the radius or in the centre, single line and
multiple line measurements);

— relative movement between the surface of the test piece and the extensometer gauge lgngths;

— gettling effects on width measurement device, (see A.2);

— laboratory conditions such as vibrations and temperature change;

— non-homogeneous deformation of the test piece (e.g. Portevin-Le Chatelier effect).

A.2 | Settling effect@nd guidance for displaying[1]

Settling effects may)often occur at the beginning of the test. These result in extensometer signals
which show artificial positive or negative strains which are not indicative of strain on the test piece.
Examples for(Settling reasons are: bend, twist and bow of test pieces and misalignment of the load
string (see also A.1).

The following method explains how it is possible to display these settling effects and is hased on the
theo Y, thatintheetastic range1ro p}aatit, deformationoceurs: Up tothe propor titorrattimit the plastic
(engineering) strains should be "0". See Formula (8) for the calculation of the plastic (engineering)
length strain in 8.3.3. The plastic (engineering) width strain can be calculated according Formula (A.1).

. _(_A_b+ v-F
pb b. S -m

0 0 E

)-100 % (A1)

This should allow the graphs of plastic (engineering) length and plastic (engineering) width strain to
be displayed against stress. Examples for this are shown in Figure A.1, Figure A.2 and Figure A.3. Both
plastic (engineering) length and plastic (engineering) width strain graphs should be a vertical line with
the plastic (engineering) strain value of "0" up to the proportional limit.

When settling effects occur the plastic (engineering) length and/or plastic (engineering) width strain
will clearly differ from "0". Using this graphing display will make visual detection possible.
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Three different examples are described in Figure A.1, Figure A.2 and Figure A.3.

Y
5 150
\
—'——.___F____._._—-'—"""—
100
50
= : : : —0 : : : :
-0,4 -0,3 -0,2 -0,1 0 0,1 0,2 0,3 04 KX
Key
X  plastic (¢ngineering) strain in % 1 plastic(engineering) length strain, €p
Y stress, R)in MPa 2 . plastic (engineering) width strain, € p
NOTE No¢ settling effects can be observed.
Figure A.1 — Plastic (engineering) lengthand plastic (engineering) width strain graphs show
vertical lines close to the plastic (engineering) strain value "0"

14
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The settling effects shown in Figure A.2 and Figure A.3 may lead to a false adjustment to plastic
(engineering) strain values and to overestimated or underestimated r-values.

Y
150

A

\

-—

\

2

100

f"

1

yau-

50

Key
Y o

Fig

: : 0 : :
-0,4 -0,3 -0,2 -0,1 0 0,1 0,2 0,3 04 X
X  plastic (engineering) strain in % 1  plastic (engineering) length strain, e
tress, R, in MPa 2 plastic (engineering) width strain, e
ire A.2 — Plastic (engineering) width strain graph shows a shift negative to "0", jndicating
artificially larger width changes (and results in higher r-values)
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Y |
150
—
50
; ; ; —0 ; ; ; ;
-0,4 -0,3 -0,2 -0,1 0 0,1 02 0,3 04 K
Key
X  plastic (¢ngineering) strain in % 1 plastic (engineering) length strain, e,
Y stress, R}in MPa 2 plastic{engineering) width strain, e, ;,
Figure A.3|— Plastic (engineering) width strain graph shows a shift in the positive directio& to
greater thpan "0", indicating artificially smaller Or positive width changes (and results in lower

r-values)

16
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Figure A.4, Figure A.5 and Figure A.6 show the progression of r-values vs. plastic (engineering) length

strain. They are based on assuming an artificial constant r-value of 0,6 and on settling effects of
Figure A.1, Figure A.2 and Figure A.3.

Y14 b Y2
300 1,5
1
250 \‘ 1,25
/..—l-"_-—-_
el
204 i 1
/ )
150 . —— 0,75
- ‘
I N
— N N
104 t 0,5
| \ AN
I | 5 NN
L &1 2
I #
5 +— 0,25
N SN
3 \
l RN 4
¢+ >0
0 10 15 20 25 X 30
Key
X plastic (engineering) strain in % 2\“ instantaneous r-value vs. plastic (engineering) length strain
Y1 dtress, R, in MPa 3 lower limit (2 % plastic [engineering] length|strain)
Y2 instantaneous r-value 4 upper limit (20 % plastic [engineering] length strain)
1  dtress vs. plastic (engineering) length strain 5  average r-value (between 2 and 20 % plastic [engineering]

Figu

length strain, in this case r,_,, = 0,600)

re A.4 — Resulting r-values vs. plastic (engineering) length strain based on Figure A.1 data

and an artificial constant r-value of 0,6
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Y1 4 Y2
300 1,5
250 N 1,25
200 ' - 1
!
150 ,\\ 0,75
- h—__ﬂ___ ______ .
(%
100 } \5 ‘ )5
I |
| 2 O\
50 : :\ k ,25
| \ \ S
| 3 4
0 l
0 5 10 15 20 25 X 30
Key

X  plastic (g
Y1 stress, R

ngineering) strain in %
in MPa

Y2 instantapeous r-value

1 stressvs

Figure A.5

plastic (engineering) length strain

Ul s W N

instantaneousr-value vs. plastic (engineering) length $train

lower limit(2 % plastic length [engineering] strain)
uppertimit (20 % plastic length [engineering] strain

average r-value (between 2 and 20 % plastic [engine¢ring]

length strain, in this case r,_,;, = 0,653)

— Resulting r-values vs. plastic,(engineering) length strain based on Figure A.2 |and
an artificial constant r-value of 0,6
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Y1 VY2
300 1,5
1
250 \‘ 1,25
_-'"""-'—'-_

200 — 1

15( . — 0,75
: !— - P N S ——————— \ R

104

Bl VAS .
[N |

0 5 10 15 20 25 X 30
Key
X  plastic (engineering) strain in %
Y1 dtress, R, in MPa

Y2 ipstantaneous r-value

instantaneous r-value vs. plastic (engineering) length strain
lower limit (2 % plastic [engineering] length|strain)
upper limit (20 % plastic [engineering] length strain)

L. W N

1  dtress vs. plastic (engineering) length strain average r-value (between 2 and 20 % plastic [engineering]

length strain, in this case r,_,;, = 0,552)

Figure A.6 — Resulting r-values vs. plastic (engineering) length strain based on Figure A.3 and
am artificial constant r-value of 0,6

A.3 | Implementation of automatic checkl1]

It may be possible withtesting machines using advanced software to determine the plastic (gngineering)
width strain and plastic (engineering) length strain at any given moment in the test. In these cases, it
may plso be possible to pause or stop the test before the end of the elastic range, if settling efffects occur.
This|will be advantageous as the settling effects can then be investigated without causing permanent
deformation.to the test piece and potentially getting incorrect test results.

If the @xpected Ry , is already known, it is advised to monitor the plastic (engineering] length and
plastic (engineering) width Strain up to a maximum of, for example, 65 % Of Ry . As the expected
plastic (engineering) strain should be close to “0” it is up to the user to determine an appropriate
tolerance from “0” which will pause/stop the test.

Alternatively, if it is not desired to control the testing machine based on these results, a tolerance can
be beneficial to apply post-test to advise the operator if either the plastic (engineering) width strain or
plastic (engineering) length strain were not “0” in the elastic region, and to investigate the source of the
discrepancy further.

In the following example, the criteria used are:
— the end of the elastic range: 65 % of Ry »;

— the accepted deviation of plastic (engineering) width strain below the previous criterion: +0,05 %.

© IS0 2020 - All rights reserved 19
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Figure A.7, Figure A.8 and Figure A.9 illustrate schematically the fail/pass decision of the examples

from Figure

A.1, Figure A.2 and Figure A.3.

- K" ‘

----- et ndhdh sty ey Rl it 0,65 % Ry _!
Lo X
i
. ‘:/ 3
: : : Lo =.' : : :
-0,4 -0,3 -0,2 -0,1 0 0,1 0,2 0,3 04 K
Key
X  plastic (¢ngineering) strain in % 2 plastic (engineering) width strain, e, ,
Y stress, Rjin MPa 3 ~\area of accepted deviation from "0"

1 plastic (4

Figure A.7|

ngineering) length strain, e, |

— Example from Figure A.1 including the graphical display of chosen criteria: 6p %
R, and 20,05 % plastic (engineering) strain (result: test passes)
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