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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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Introduction

This document specifies the testing method for measuring the biaxial stress-strain curves of sheet
metals subject to biaxial tension at an arbitrary stress ratio using a cruciform test piece made of flat
sheet metals. The document applies to the shape and strain measurement position for the cruciform
test piece. The biaxial tensile testing machine is described in Annex C, only in terms of the typical
example of the machine and the requirements with which the machine ought to conform.

The cruciform test piece recommended in this document has the following features:

surement of

b) ¢apability of measuring the elasto-plastic deformation behaviour of sheet metalsat-arbjtrary stress
or strain rate ratios;

c) free from the out-of-plane deformation as is encountered in the hydrostaticbulge testihg method;

d) easy to fabricate from a flat metal sheet by laser cutting, water jet cutting, or other alternative
manufacturing methods.

© IS0 2021 - All rights reserved v
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Metallic materials — Sheet and strip — Biaxial tensile
testing method using a cruciform test piece

1

Scope

This document specifies the method for measuring the stress-strain curves of sheet metals subject

to bi ;
thicKness of the sheet is 0,1 mm or more and 0,08 times or less of the arm width of the cr

piece (see Figure 1). The test temperature ranges from 10 °C to 35 °C. The amount of p

applicable to the gauge area of the cruciform test piece depends on the force ratio; slit ¥
armg, work hardening exponent (n-value) (see Annex B) and anisotropy of a test madterial.

2
The

constitutes requirements of this document. For dated references, only the edition cited
unddted references, the latest edition of the referenced documént (including any amendme

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

ISO 1500-1, Metallic materials — Calibration and verificdtion of static uniaxial testing machin
Tension/compression testing machines — Calibration and verification of the force-measuring s

For the purposes of this document, the following terms and definitions apply.

ISO gnd IEC maintain terminological databases for use in standardization at the following ¢

3.1

crucfform test piece

test

document

Note|[l toentry: See Figure 1.

3.2

Normative references

following documents are referred to in the text in such a way‘that some or all of t

Terms and definitions

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

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

biece which'iSrecommended in the biaxial tensile test and whose geometry is sped

applicable
ciform test
astic strain
vidth of the

heir content
applies. For
hts) applies.

es — Part 1:
ystem

ddresses:

ified in this

gauge area
square area which is located in the middle of the cruciform test piece and is enclosed by the four arms
of the cruciform test piece

Note 1 to entry: See Figure 1.

3.3

arm
generic name for all areas other than the gauge area in the cruciform test piece

Note 1 to entry: The arms play a role of transmitting tensile forces in two orthogonal directions to the gauge area
of the cruciform test piece (see Figure 1).
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biaxial tensile testing machine
testing machine for applying biaxial tensile forces to a cruciform test piece in the orthogonal directions
parallel to the arms of the test piece

Note 1 to entry: See Annex C.

3.5

yield surface
group of stress determined in a stress space, at which a metal starts plastic deformation when probing

from the ela

stic region into the plastic range

Note 1 to ent

3.6

yield functi
mathematic
componentg

Note 1 to ent

3.7
contour of |
graphic figy
paths and pl
unit volume
into either 4

Note 1 to ent

4 Princi

Measureme
metals unde
forces and s
tensile forcq
of a flat sheg
determine ¢
analyses of {
(as specified

5 Testp

5.1 Shap

Fy: See Annex A and Reference [1].

on
nl function used to generate the conditional equation (yield criterion) tocwhich the s
ought to conform when the material subject to the stress is in the plasticdeformation

y: See Annex A.

blastic work

re derived by subjecting the material to plastic deformation along various linear s
otting the stress points in stress space at the instance.when the plastic work consume
along each stress path becomes identical and the plotted stress points are approxinj
smooth curve or curved surface

y: See Annex A.

ple

nt is made at room temperature-en-the yield stress and the stress-strain curves of
r biaxial tensile stresses by measuring simultaneously and continuously the biaxial te
train components applied to the gauge area of a cruciform test piece while applying bi

t metal and has a unifotm thickness. The measured biaxial stress-strain curves are us
ontours of plastic wark of the sheet samples (see Annex A). According to the finite ele

he cruciform testpiece (as recommended in Clause 5) and the strain measurement pos
in 6.2.4), the stress calculation error is estimated to be less than 2,0 %[21(3],

ece

b and dimensions

tress
state

tress
d per
jated

theet
nsile
axial

s in the orthogonal directions parallel to the arms of the test piece. The test piece is made

ed to
ment
ition

Figure 1 shows the shape and dimensions of the cruciform test piece recommended in document. The
test piece shall be as described as follows:

a)

without any work done in the thickness direction. See 5.1 b) for an exception to the rule.

b)

In principle, the thickness of a test piece, a, shall be the same as that of the as-received sheet sample,

The arm width, B, should be 30 mm or more, except where it is determined according to the

agreement between parties involved in transaction. It shall satisfy a < 0,08B and should be accurate
to within +0,1 mm for all four arms. The sheet thickness can be reduced to satisfy a < 0,088
according to the agreement between the parties involved in transaction.

Seven slits per one arm shall be made. Specifically, one slit shall be made on the centreline (x-axis

or y-axis) of the test piece with a positional accuracy of £0,1 mm, and three slits shall be made at an
interval of B/8 with a positional accuracy of £+0,1 mm on each side of the centreline. All slits shall

© ISO 2021 - All rights reserved
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d)

f) . . . .
he evidence of the stress measurement accuracy shall be clarified between the
artners.

5.2
a)

b)

c)

d)

ISO 16842:2021(E)

have the same length, L, and should be accurate to within +0,1 mm. The relationship of B < L < 2B

should be established. The opposing slit ends shall be made at an equal distance, Bg,/
from the centreline with a positional accuracy of B/2 * 0,1 mm.

2 and Bg /2,

The slit width, wg, should be made as small as possible (see Figure B.2), preferably less than 0,3 mm.

The grip length, C, is considered to be sufficient if it can secure the test piece to the

grips of the

biaxial tensile testing machine and can transmit the necessary tensile force to the test piece. The

standard grip length would be B/2 < C < B, but it can be determined arbitrarily acco
agreement between the parties involved in the transaction.

Preparation of the test pieces

The permitted variations in thickness and the permitted variations from.a flat surface
etal sample from which the cruciform test pieces are taken shall be in accordance w
Ilroduct standards or national standards.

The standard sampling direction of the test piece shall bessuch that the directions

arallel to the rolling (x) and transverse (y) directions of¢he sheet sample, respectiv

%:ece sampling direction can be determined according to¢he agreement between part
transaction.

IFor the fabrication of the test piece (including makifg of slits), any method, e.g. laser cy
{ft cutting, or other alternative manufacturing methods, demonstrated to work satist
e used if agreed upon by the parties.

tlo the test piece shall be avoided.

rding to the

| test pieces,
contractual

of the sheet
ith relevant

of arms are
ely. The test
ies involved

tting, water
actorily can

Unless otherwise specified and except fon the sampling work, unnecessary deformation or heating
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Figure 1 — Standard shape and dimeénsions of the recommended cruciform test piecel21[}

6

6.1
The

machine) arg as follows (for examples of typical testing machines, see Annex C):

a)

b)

d)

o y
B T R=(0,0034~0,1)B
1 BSX x
2
c
| A
B —x
| /
L {BSy
3 iR
- B/8 AN
B
gauge arpa
arm
grip
slit
thicknes§ of a test piece
arm width

distance|between opposing slit ends in the x direction
distance|between opposing slit ends in the y direction
grip length

slit length
corner radius at the junctions of arms to the gauge area
slit width

"~
e

Testing method

Testing machine

specifidations required for the biaxial tensile testing machine (hereinafter referred to as tepting

It shall| have sufficient functions and durability to hold four grips of a cruciform test piece

(herein hfter referred to as test pinr‘n) inone cing]n p]nnn with atolerance of +01 mm dnring testing.

Two opposing grips shall move along a single straight line (hereinafter referred to as x-axis and
y-axis), and the x- and y-axes shall intersect at an angle of 90° + 0,1° (The plane that contains the x-
and y-axes is referred to as the reference plane, while the intersection of x- and y-axes is referred to
as the centre of testing machine).

It shall have a function for adjusting the two opposing grips to the position at an equal distance
from the centre of the testing machine with a tolerance of +0,1 mm before the installation of a test
piece to the grips.

It shall have a function for enabling the installation of a test piece to the grips while aligning the
centre of the test piece to the centre of the testing machine.

© ISO 2021 - All rights reserved
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[t shall have a function for enabling equal displacement of two opposing grips or the maintenance of

the centre of the test piece always on the centre of the testing machine with a tolerance of +0,1 mm
during biaxial tensile test (for example, the testing machines shown in Figures C.1 and C.2 use a

1
f)

ink mechanism to ensure equivalent displacement of two opposing grips).

It shall have a capability of servo-controlled biaxial tensile testing to perform a test with a constant

nominal stress ratio (constant force ratio) and/or a test with a constant true stress ratio, and/or a
test with a constant strain-rate ratio, according to the purpose of the test (see C.2). For a link type
biaxial tensile testing machine, it shall ensure equal displacement of two opposing grips (see C.3).

g)

h)

6.2

6.2.1
This

components (e,, e,) applied to the x and y directions of a crugiform test piece.

6.2.2

For 1
Syste

6.2.3

For 1
shall

6.2.4

Figu}
shall
the ¢
detel

NOTH
the st
2,0 %

Modern control electronics allow independent and combined control of each actuator. This is called

dal 4 1L FallV/ Y
IUuUdl CUILILTI' U1 LDCC \4-"1'_}-

shall have a function for measuring and storing the values of the tensile forces [ty
ne for each of the two axes, x and y) and strain components (two channels, one' for ead
xes, x and y) during biaxial tensile test with the specified accuracy and timejinterval a
arties concerned.

Measurement method of force and strain

General

subclause specifies the method for measuring the tensile forces (F,, F) and noj

Measurement method of force

heasurement of F, and F,, load cells shall bg;used in the x and y directions. The forcg
m of the testing machine shall be calibrated-in accordance with ISO 7500-1, class 1, or

Measurement method of strain

heasurement of e, and e, strain-gauges or other methods (e.g. an optical measuren
be used. Measure e, and e, to.the nearest 0,000 1 or better.

Strain measurementpositions

re 2 shows the posifion(s) of a strain gauge (or strain gauges) for measuring e, and
be measured atZa position, with a distance of (0,35 * 0,05)B from the centre of tg
entreline parallel to the maximum tensile force. The strain measurement position
'mined according to the agreement between parties involved in transaction.

According to the finite element analyses of the cruciform test piece as recommended in

rain measurement position as specified in Figure 2, the stress calculation error is estimated t
[2][3],

Vo channels,
h of the two
breed by the

ninal strain

P-measuring
better.

ent system)

ey €x and e,
st piece, on
can also be

Clause 5 and
b be less than
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+
(0,35 +0,05)B (0,35 +0,05)B

Q qu—-—- —:ﬁ -—-—PFX q Fxﬁ—-—- ::7 —-—-JPFX

al) F 2 F, a2) F,<F,

a) A case of measuring e, and e, using a biaxial strain gange

+
(0,35 +0,05)B (0,35 +0,05)B

bl) Fy 2 F, b2) F,<F,
b) A case of mieasuring e, and e, using two uniaxial strain gauges

Key
B arm width

e, nominal(strain in‘th€ x direction
e, nominalistrain\in the y direction
F, tensile fgregin the x direction

F, tensile force in the y direction

Figure 2 — Strain measurement position[213]

6.3 Installation of the test piece to a biaxial tensile testing machine

The test piece shall be fixed by four grips of a biaxial tensile testing machine. Care shall be taken to
ensure alignment of the centre of the test piece with the centre of the testing machine.

6 © IS0 2021 - All rights reserved
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6.4 Testing methods

While keeping the force ratio, true stress ratio, strain-rate ratio, or the grip displacement-rate ratio
constant, biaxial tensile forces shall be applied to the test piece. F,, F\, and e,, e, shall be measured with
constant time intervals and the data shall be recorded on appropriate equipment. The test ends when
the desired strain or stress level is achieved, or should be ended when fracture or localized necking
occurs in the arm or gauge area. The recommended strain-rate is 0,1 s™1 to 0,0001 s~1.

NOTE A similar testing method has been used for abrupt strain path changes (see Annex A.3).

7 Determination ofbiaxial stress-strain curves

7.1 | General

Using the measured values of F,, F\, and e,, e, the stress-strain curves in the x and y diregtions of the
cruclform test piece shall be determined. These curves are used to determiné-¢entours of plastic work
for the test material (see A.2).

7.2 | Determination of the original cross-sectional area of the'test piece

Calcyilate the original cross-sectional areas of the gauge area perpéndicular to the x- and y-axes, Ag, and

Ag,, from Formulae (1) and (2):

ASX :axBSy (1)
ASy =a><BSX (2)
where

¢ is the thickness of the test piece;-éxpressed in mm;

B, is the distance between opposing slit ends on the x axis, expressed in mm;

Bs

 is the distance between‘opposing slit ends on the y axis, expressed in mm.

Meagure a to the nearest'0,01 mm or better using a micrometer with sufficient resolution} Bg, and By,
shalllbe determined tethe nearest 0,1 mm or better using a measuring device with sufficient resolution.
The ¢alculated values ef Ag, and Ag, shall be rounded to 0,1 mm? according to SO 80000-1.

7.3 | Deternmiination of true stress

Calculate the true stress components in the x and y directions, o, and o,, from Formulae (3} and (4):

o, = #: (1+e,) 3)
Fy
O'y ZAS—y(1+€y) (4)
where

© IS0 2021 - All rights reserved 7
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A, is the original cross-sectional areas of the gauge area perpendicular to the x-axes, expressed in
mmb?;
Ag,, is the original cross-sectional areas of the gauge area perpendicular to the y-axes, expressed in
mm?;
e, isthe nominal strain in the x direction measured by the method described in 6.2;
e, isthenominalstrain in the y direction measured by the method described in 6.2;
F, isthe tensile force in the x direction, expressed in N;
F, is tllle tensile force in the y direction, expressed in N.
7.4 Determination of true strain
Calculate the true strain components in the x and y directions, ¢, and ¢, from Formulae{5) and (6}:
e, =In(1l+e,) (5)
g,=In(lf+e) 6)
where
e, isthe nominal strain in the x direction measured by the method, as described in 6.2;
e, is tIe nominal strain in the y direction measured.by the method, as described in 6.2.
¢, and ¢, shall be calculated to the digit of 10~> from Formulae (5) and (6), and the result shgll be
rounded to the digit of 10~* according to ISO 80000-t.
Examples of the measured biaxial true stress*true strain curves for a cold rolled ultralow carbon|steel

sheet are sh

pwhn in Figure 3.

© ISO 2021 - All rights reserved
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Y Y
400 ‘ 400
o, - Ey\ ax\— & 0, - £,
3004 C,—————T vV == 300
o2 Oy~ &
200 i E— - 200 T T T -
---------------- { Y,
.. O.X_gxa \ ." O'X-Sxa
100 100 i —
]
0 0
0 0,01 0,02 0,03 X 0 0,01 0,02 0,03 X
a) A case of F,:F, = 1:1 b) A case of Fi:F )= 2:1
Key
X 4.
Y 4¢,0,/MPa
C, dlope of the elastic part of the o, - €, curve measured in the biaxial tensile test, in MPa
C, dlope of the elastic part of the 0, — €, curve measured in the biaxiatténsile test, in MPa
F, fensile force in the x direction, in N
Fy tlensile force in the y direction, in N
& frue strain in the x direction
€, frue strain in the y direction
o, frue stress in the x direction, in MPa
o, true stressin the y direction, in MPa
a  Uniaxial tensile true stress-true strain curye.
NOTH The uniaxial tensile true streSs;true strain curve in the rolling direction (RD) of the same material is
also ghown for comparison.

Fig

cold rolled ultralow carbon steel sheet

ture 3 — Examples of true stress-true strain curves measured in the biaxial tensile test of

7.5 | Determination of true plastic strain
Calcylate the'tpue plastic strain components in the x and y directions, €? and 85, from Formulae (7)
and (8):
a
el=¢, —— (7)
X
o
p—g L
eh=¢, c (8)
y
where
© IS0 2021 - All rights reserved 9
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is the slope of the elastic part of the o, - €, curve measured in the biaxial tensile test, expressed
in MPa;

is the slope of the elastic part of the 0, - €, curve measured in the biaxial tensile test, expressed
in MPa;

is the true strain in the x direction;
is the true strain in the y direction;

is the true stress in the x direction, expressed in MPa;

is tllle true stress in the y direction, expressed in MPa.

eP and SJI; shall be calculated to the digit of 10~> from Formulae (7) and (8), and the pesult shgll be

rounded to the digit of 10~* according to ISO 80000-1.

Examples of measured true stress-true plastic strain curves corresponding to Figure 3 are shown in

Figure 4.
Y Y
400 | 400
Oy - &8
300 300
—
] | 0y- & -
200 P e T 2000/ e s T
,_w" ......... \ L \/ﬂ ....... \
' o, - b2 A\ o, - b2
100 100
0 0
0 0,01 0,02 0,03 X 0 0,01 0,02 0,03 X
a) A case of F:F, = 1:1 b) A case of F,:F), = 2:1
Key
ep, 85
o, 0, /MPa

mm o< X

P  true plastigstrain in the x direction

o 4 - - 4=l I i
eb true pldbuL STIAIIT T UIe y UITeColr

tensile(force in the %direction, in N
tensilelforce in they direction, in N

y
o, true stress in the x direction, in MPa
o, true stress in the y direction, in MPa
a Uniaxial tensile true stress-true plastic strain curve.
NOTE The uniaxial tensile true stress-true plastic strain curve in the rolling direction (RD) of the same

material is also shown for comparison.

Figure 4 — Examples of true stress-true plastic strain curves measured in the biaxial tensile

10

test of cold rolled ultralow carbon steel sheet
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he junctions

bthod of the

ratio for the

transaction
tress space,

8 Testreport

8.1 Information in the report

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

concerned:

a) identification of the test piece;

b) specified material, if known;

c) thickmessoftheorigimatsheetsampte;

d) dimensions of the test piece: arm width, B; grip length, C; slitlength, L; corner radius at
f arms to the gauge area, R; slit width, wg; thickness of the test piece, a (see Figupe 1);

e) cation and direction of sampling of the test pieces, if known, and the fabtication m

flest pieces;

f) gtrain measurement method;

g) ftesttemperature;

h) testing machine;

i) I)ading conditions (force ratio, true stress ratio, strain=rate ratio, or grip displacement
ink type biaxial tensile testing mechanism shown in Figure C.2, strain-rate, etc.);

j) testresults: data specified according to the agreement between the parties involved in|
force-time diagram, strain-time diagram, contour of plastic work, stress path in g

gtrain path in strain space, etc.).
8.2 | Additional note

It is tecommended that the record of the following items is added in the test report:

a)
b)

gample mill sheet;

photo of overall appearance of the test piece after test.

© IS0 2021 - All rights reserved
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Annex A
(informative)

Method for measuring a yield surface

A.1 General

This annex §
when the p
when an opt
of an approy
accuracy of

A.2 Meth

Figure Als
testinther

work, W,, d
plastic strai

strain curvg
held at spec
Finally, groy
work as W

associated ¥
viewed as aj

issipated per unit volume are determined for a predetetrmined value of the uniaxial

pecifies methods for measuring a yield surface of a sheet metal. A yield surface isceffe]
astic deformation characteristics of sheet metals are to be evaluated quantitatively
imum yield function is to be identified for the metals under biaxial stress. The detérmin
riate yield function based on the biaxial tensile tests is useful for improvingthe predi
FEA for sheet metal forming processes[4l[21[e][7],

od for measuring contours of plastic work

hows a method for measuring a contour of plastic work for sheet metals. A uniaxial te
lling direction of the material is conducted first, and the uniaxial true stress, o, and pl

n, eg. In this case, W, is determined as an area below the measured true stress-true pl

. Then, the biaxial tensile tests with the force ratios, FX:Fy, or the true stress ratio,
fic proportions and the uniaxial tensile test in the transverse direction are also carriec
Ips of true stress points, (o, 0), (0,, ay), andA0, oq(), for which the same amount of pl
is required, are plotted in the principal-stress space to form a contour of plastic

vith gg. When gg is sufficiently small, the associated work contour can be pract
1 initial yield surface for the matetial.

ctive
and
htion
ctive

nsile
astic
true

astic
D20,
| out.

astic
work
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Key

w, plastic work per unit volume dissipated in the uniaxialténsile test to a strain of Sg in the x dired
W, + W,

0y fensile true stress reached in the uniaxial tensile test in the x direction and associated with ¥,

Figu
cruc
1:4 4

W, plastic work per unit volume dissipated by the tensile force in the x direction
W, plastic work per unit volume dissipated by the tensile forcein the y direction

Liniaxial true plastic strain reached in the unjaxial tensile test in the x direction

frue stress in the x direction
o, [rue stress in the y direction

fensile true stress reached inthe'uniaxial tensile test in the y direction and associated with W,
Figure A.1 — A schematic diagram for the determination of a contour of plastic

e A.2 shows,examples of contours of plastic work measured for different sheet n
form test pieces as shown in Figure 1. The force ratio, FX:Fy, was set to 1:0, 4:1, 2:1, 4:3,
nd 0:1. For)the force ratios of 1:0 and 0:1, a standard uniaxial tensile test piece was usg

2:2021(E)

tion; W, =

work

hetals using
1:1, 3:4,1:2,
d.
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c) 5 000 series aluminiunralloy sheet

d) AZ31 magnesium sheet

Key

X  o,/MHa

Y o,/ Mja

8(1)) uniaxidl true plastic strain reached in the uniaxial tensile test in the x direction
o, true stress in the x direction, in MPa

o, true stressimtheydirectionimMPa

Figure A.2 — Examples of contours of plastic work measured using cruciform test pieces

A.3 Use of abrupt strain path change for detecting a yield vertex and subsequent
yield surface

Conventionally, a yield surface is determined by probing in many different stress directions from the
elastic region into the plastic range. In considering the possibility that a corner exists on the subsequent
yield surface at the point of loading, as predicted by crystal plasticity, Reference [1] has argued that any
such corner will be erased by the unloading needed to probe the yield surface.
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Reference [8] proposed a new method for determining the shape of the subsequent yield surface in the
vicinity of a current loading point. A proportional strain path is prescribed until the loading point of
interest has been reached, and an abrupt strain path is prescribed that will cause the stress point to
move quickly along the yield surface. This determination can be achieved without any unloading, which
would be required if the subsequent yield surface was to be determined by probing from the elastic
region. This method is therefore capable of detecting a yield vertex formed at the point of loading.

Reference [9] applied the abrupt strain path change method to a cruciform test piece, and successfully
measured a yield vertex and non-normality behaviour of the plastic strain-rate. Figure A.3 shows the
observed stress paths for an aluminium alloy and an IF steel, using the cruciform test piece shown in
Figure 1, in a closed-loop, servo-controlled biaxial tensile testing machine. In the first step of straining,
equipraxial stretching, Dy = D,, > U, was prescribed. Ata nominal strain, e;; = é,, = 0,01, thg prescribed
straip-rates were abruptly changed to D;; = -D,, > 0, or alternatively, D,, = -D;; >0. Itds apparent that
the sftress paths for the abrupt strain path change with D,, = -D;; cannot be non-yielding ptress paths
in the elastic region. It is therefore inferred that a yield surface vertex exists at thé point ¢f loading in
the figure.

Similar tests were performed for a metastable austenitic stainless cast steelfll], although the geometry
of the test piece used is different from that shown in Figure 1.

Y Y
T T T T T T T 250 T T T T
350 SPCE 1 Dpy= Dy (Dyy>0)  AGXXXT4
300 | E 200 .
o °
250 e 4
< Dyy=-D11 (D2, >0) 150 0,001 1
. . Dy, =-0,833D;;
200 | | AeP=0,001 \ ; (D2 >0)
AP = 0,001 9 P
150 | / R 100} E
Dy=Dyp=1
100 | 11 22 Dp .
D;3=-Dy1 (D11 > 0) 50 + Dy L 12D, (D4 > 0) _
50 ¢ i Apsp 3 33)10% i D3p=-Dy1 (D11 >0)
=0, p—
O L L L L ~ L L 0 AS - 0’902 _\ Il
0 50 100 150 200)250 300 350 X 0 50 100 150 200 250 X
d) cold rolled ultralow carbon steel sheet b) 6 000-series aluminium alloy sheet
Y
Key
X |04/ MPa
Y |0,/ MPa

011 | truestress in the x direction, in MPa
0,5, | true stress in the y direction, in MPa

Dy, stretching in the x direction

D,, stretching in the y direction

DP  plastic strain-rate

AeP  accumulated equivalent (von Mises) plastic strain measured from the strain path change point

NOTE The curve marked with - is a work contour measured for the as-received material subjected to linear
stress paths.

Figure A.3 — Subsequent yield surfaces observed with abrupt strain path changes following
equibiaxial tension[?]
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Annex B
(informative)

Factors affecting the maximum equivalent plastic strain applicable

to the gauge area of the test piece
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effects of th

B.2 Effed

Figure B.1 s
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gauge area.
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iform test piece covered by this document, the arms are subjected to uniaxial tensig
is over at a time when the nominal stress of the arm reaches the material tensile stre

the maximum equivalent plastic strain, €P , applicable to the gauge areacan be estin

nsidére condition for maximum load in a strip in tensionl[11l, eP .« depends mainly o
y:F), the work hardening exponent, n (n-value, see ISO 10275), of the test material, th
e cruciform test piece, wg, and the anisotropy of the test material. This annex show
e work hardening exponent and the slit width on &P _ .

t of work hardening exponent (n-value)

hows the effect of n-value on &P  when the slit@idth of the cruciform test piece is 1

D % bec

is because the material with larger n-value'has the higher stress increase-rate along
the arm’s plastic deformation, whichih’turn causes increase in the stress acting o

Note here that the values of €P _ infigure B.1 should be viewed only for reference, beg

merical analysis solutions based on the simple mechanics of plasticity, the maximum|
I the arm[1], by assuming the isotropy of the material.
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Ehax

0,15 "

o / |

0,05 '
6:06-— |
’ 01 0,2 0,3 0,4 n
Key
F, tensile force in the x direction, in N
Fy tensile force in the y direction, in N
wg slit width, in mm
B arm width, in mm
n work hardening exponent (n-value)
eb maximum equivalent plastic strain applicable to the gauge area
max

—l— FX:Fy =1:1
—O— FeF,=2:1

NOTH 1  Material model: Von Mises yield criterion[2l,

NOTE2  wy/B=0,01.

Figure B.1 — Effects of n-value on the:maximum equivalent plastic strain applicahle to the
gauge area of a cruciform test piece

B.3 | Effect of slit width

Figufe B.2 shows the effects-of the slit width on er%ax when the force ratios, FX:Fy, are 2:1|and 1:1 and

the number of slits is seveh. As the effective sectional area of the arm decreases with increasing wg, the

forcq transmitted to-the gauge area decreases, resulting in the decrease of €P . Note thaf the results

shown in Figure B.2 should be viewed only for reference because they are numerical analy}is solutions
basefl on thesimple mechanics of plasticity, the maximum load condition for the arm[11], by assuming
the i$otropy-ofthe material.

© IS0 2021 - All rights reserved 17


https://standardsiso.com/api/?name=344984de0d764022cb0ce25765c29935

ISO 16842:2021(E)

&hax Ehax
0,12 0,12 =
01 0,1 2n=03
[} \
0,08 0,08 “n =025"0
0 0
006 | g n=03 006 m“
) . \[] 4 \ °
004 e n=025 Ty 0,04
—_— n= 0,2 “\0 ® na
0,02 i —_ 0,02 S m*
0 n=0,1 0 e\e
0,4os 0,01 0,015 002 ws/B 0,005 0,01 0,015 002 wg/B
a) FeF),=2:1 b) F,:F) = 1:1
Key
F, tensilelforce in the x direction, in N
Fy tensilelforce in the y direction, in N
Wg slit width, in mm
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8111)1ax maximpm equivalent plastic strain applicable to the gauge atea
NOTE Mhpterial model: Von Mises yield criterionl2l.
Figure B.2 — Effects of the slit width on the maximum equivalent plastic strain applicable to
the gauge aréa,of a cruciform test piece
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(informative)

Biaxial tensile testing machine

C.1 General

This fannex shows examples of the testing machine applicable to the biaxial tensile testing tnethod.

C.2 | Servo controlled biaxial tensile testing machine

Figure C.1 shows the structural example of a servo-controlled biaxial tensile testing majchinel12](13],
The main body consists of the frame, four actuators (hydraulic cylindef or servo motor) jarranged in
two prthogonal directions, grip connected to each actuator and one.load cell installed in each axis.
Oppoasing hydraulic cylinders are connected to common hydraulic dines so that they are $ubjected to
the dame hydraulic pressure. The hydraulic pressure of each pdir of opposing hydraulic|cylinders is
serv(-controlled independently. Displacements of opposing fiydraulic cylinders are equalized using
the pantograph-type link mechanism proposed by Reference{[14], so that the centre of tHe cruciform
test piece is always kept at the centre of the testing machine during biaxial tensile tests. A load cell is
included in each loading direction. This testing machinean control the stress ratiol121[13] of strain-rate
ratio[2] by means of the servo actuators.
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