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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 International Standard 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 International Standard 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 that the machine should comply with.

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

surement of

b) ¢apability of measuring the elasto-plastic deformation behaviour of sheet metalsatarbitrary stress
¢r 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 2014 - All rights reserved v
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INTERNATIONAL STANDARD

ISO 16842:2014(E)

Metallic materials — Sheet and strip — Biaxial tensile
testing method using a cruciform test piece

1 Scope

This International Standard specifies the method for measuring the stress-strain curves of sheet

metfmmmmmmmmmm
applicable thickness of the sheet shall be 0,1 mm or more and 0,08 times or less of the arm

cruc
of pl
widt

form test piece (see Figure 1). The test temperature shall range from 10 °C to,35)°C.

2 Normative references

The
indig
refer

ISO 1
ISO §

3
For t

31
cruc
test
Inten

3.2
gaug
squa
the ¢

3.3
arm
gene

ences, the latest edition of the referenced document (including any amendments) appl
0275, Metallic materials — Sheet and strip — Determingtion of tensile strain hardening

0000-1, Quantities and units — Part 1: General

Terms and definitions

he purpose of this document, the following terms and definitions apply.

iform test piece

national Standard (see Figure 1)

earea
re area which islo¢ated in the middle of the cruciform test piece and is enclosed by the
ruciform testpiece (see Figure 1)

istic strain applicable to the gauge area of the cruciform test piece depends en the foj
h of the arms, work hardening exponent (n-value) (see Annex B), and anisotropy of a te

following documents, in whole or in part, are normatively reférenced in this documnj
pensable for its application. For dated references, only the edition cited applies. |

biece which is recommendedin the biaxial tensile test and whose geometry is sped

sample. The
width of the
The amount
ce ratio, slit
st material.

ent and are
For undated
es.

bxponent

ified in this

four arms of

trang

mitting tensile forces in two orthogonal directions to the gauge area of the crucifor

Fichame for all areas other than the gauge area in the cruciform test piece. The arms ;ﬁlay arole of

test piece

(see Figure 1)

3.4

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 (see Annex C)

3.5

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

from

© ISO

the elastic region into the plastic rangelll (see Annex A)
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yield function
mathematical function used to generate the conditional equation (yield criterion) which the stress
components should comply with when the material subject to the stress is in the plastic deformation
state (see Annex A)

3.7

contour of plastic work
graphic figure derived by subjecting the material to plastic deformation along various linear stress
paths and plotting the stress points in stress space at the instance when the plastic work consumed per
unit volume along each stress path becomes identical; and the plotted stress points are approximated

into either 4

4 Princi

Measureme
metals undd
forces and s
tensile forcd
of a flat sheg
determine ¢
analyses of
as specified

5 Testp

5.1 Shap

Figure 1 shg

Smooth curve or curved suriace (See AnNnexA]

ple

t is made at room temperature, on the yield stress and the stress-strain_curves of
r biaxial tensile stresses by measuring simultaneously and continuously. the biaxial t¢
train components applied to the gauge area of a cruciform test piece while applying bi

t metal and has a uniform thickness. The measured biaxial stress-strain curves are us
ontours of plastic work of the sheet samples (see Annex A). According to the finite ele
the cruciform test piece as recommended in Clause 5 and.the'strain measurement pog
in Clause 6.2.4, the stress calculation error is estimated to be less than 2,0 %.[21(3]

ece

b and dimensions

ws the shape and dimensions of the crueiform test piece recommended in this Internat
he test piece shall be as described below.

iple, the thickness of a test piece, @, shall be the same as that of the as-received sheet sal
any work done in the thickness direction. See 5.1 b) for an exception to the rule.

n width, B, should be 30 mm or more, except that it can be determined according t
bnt between parties inyolved in transaction. It shall satisfy a < 0,08B and should be acct

to the agreement betweef parties involved in transaction.

Seven slits per onearm shall be made. Specifically, one slit shall be made on the centerline (x-a3
y-axis) ¢f the test piece with a positional accuracy of + 0,1 mm, and three slits shall be made
interval of B/8With an positional accuracy of + 0,1 mm on each side of the centerline. All slits
have the same length, L, and should be accurate to within #0,1 mm. The relationship of B< L
should pe@stablished. The opposing slit ends shall be made at an equal distance, Bsx/2 and H

* 0,1 mm for all fourarms. The sheet thickness can be reduced to satisfy a < 0,08B accol

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

ional

mple,

b the
irate
rding

Kis or
at an
shall
<2B

Sy/2;

from the centerline with a positional accuracy of B/2 + 0,1 mm.

The slit width, ws, 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 enough 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 can be determined arbitrarily according to the agreement
between parties involved in transaction.

Standard. T

a) Inpring
without

b) The arn
agreem
to withi

c)

d)

e)

f)

An alternative test piece geometry can be used. In the use of the alternative cruciform test pieces, the

evidence of the stress measurement accuracy has to be clarified between the contractual partners.

5.2 Preparation of the test pieces

© ISO 2014 - All rights reserved
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a) The permitted variations in thickness and the permitted variations from a flat surface of the sheet
metal sample from which the cruciform test pieces are taken shall be in accordance with relevant
product standards or national standards.

b) The standard sampling direction of the test piece shall be such that the directions of arms are
parallel to the rolling (x) and transverse (y) directions of the sheet sample, respectively. The test
piece sampling direction can be determined according to the agreement between parties involved
in transaction.

c) For the fabrication of the test piece (including making of slits), any method, e.g. laser cutting, water
jet cutting, or other alternative manufacturing methods, demonstrated to work satisfactorily can

b pa - | Laritla i
Cuostu il asl cCu bllJUll Lly LIIC }JCll LIT S,

d) Unless otherwise specified and except for the sampling work, unnecessary deformation or heating
flo the test piece shall be avoided.

a y
] T R=(6,0034~0,1)B
1 | BSx
2
C
B ——x
i /
L BS
3 i 4
- B/8 NIV
B

Key
1 gauge area
2 4rm
3  grip
4 dlit
a thickness of a test piece
B 4rm width

Bsx distance betweén opposing slit ends in the x direction
Bsy distance between opposing slit ends in the y direction
C  grip length

dlitlength
R OTTIET TAdUS at the JUnctions of arms to the gauge area
ws slit width

Figure 1 — Standard shape and dimensions of the recommended cruciform test piecel2][3]

© ISO 2014 - All rights reserved 3


https://standardsiso.com/api/?name=c154a1be609a300e4258dabb49bcd14f

ISO 16842:2014(E)

6 Testing method

6.1 Testing machine

The specifications required for the biaxial tensile testing machine (hereinafter referred to as testing
machine) are as follows (for examples of typical testing machines, see Annex C).

a)
b)
y-axis),
and y-aj
of testi
0)
the cent
totheg
d) It shall
centre (
e)
the cent
f)
nomina
test wit|
type bid
Annex (
g) Modern|
modal d
h) Itshall
test wit]
6.2 Meas
6.2.1 Gen

This subcla
component

Itshall have sufficient functions and durability to hold four grips of a cruciform test piece (hereinafter
referred to as test piece) in one single plane with a tolerance of +0,1 mm during testing.

Two opposing grips shall move along a single straight line (hereinafter referred to as x-axis and

It shall have a function for adjusting the two opposing grips to the position at an equalbdistance

It shall have a function for enabling equal displacement of two opp@sing grips or the maintenar

and the x- and y-axes shall intersect at an angle of 90° £ 0,1° (The plane that contains
kes is referred to as the reference plane, while the intersection of x- and y-axes as the'c
g machine).

re of the testing machine with a tolerance of + 0,1 mm before the installdatien of a test
Fips.

have a function for enabling the installation of a test piece to the grips while alignin
f the test piece to the centre of the testing machine.

re of the test piece always on the centre of the testing machine with a tolerance of +0,]

during biaxial tensile test (for example, the testing machines shown in Figures C.1 and C.2 use 3
mechanjism to ensure equivalent displacement of two opposing grips).

[t shall lhave a capability of servo-controlled biaxial tensile testing to perform a test with a con

the x- and y-axes) and straineomponents (two channels for the x- and y-axes) during biaxial te

stress ratio (constant force ratio) and/or afest with a constant true stress ratio, and
h a constant strain-rate ratio, according to-the purpose of the test (see Annex C.2). For §
xial tensile testing machine, it shall ensure equal displacement of two opposing gripy
[.3).

control electronics allow independent and combined control of each actuator — itis ¢
ontrol (see Annex C.4).

nave a function for meaguring and storing the values of the tensile forces (two channe

h the specified accuracy and time interval agreed by the parties concerned.
urement method of force and strain

eral

is€ ‘specifies the method for measuring the tensile forces (Fx, Fy) and nominal s

he x-
bntre

from
biece

o the

ce of
mm
h link

Stant
ora
i link
(see

alled

s for
nsile

train

(ex. ey) applied to the x and y directions of a cruciform test piece

6.2.2 Measurement method of force

For measurement of (Fx, Fy), load cells shall be used in the x and y directions. The force-measuring
system of the testing machine shall be calibrated in accordance with ISO 7500-1, class 1, or better.

6.2.3 Measurement method of strain

For measurement of (ey, ey), strain gauges or other methods, e.g. an optical measurement system, shall
be used. Measure ex and ey to the nearest 0,000 1 or better.

© ISO 2014 - All rights reserved
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6.2.4 Strain measurement positions

Figure 2 shows the position(s) of a strain gauge (or strain gauges) for measuring (ey, ey). (ex, ey) shall be
measured at a position, with a distance of (0,35 * 0,05)B from the centre of test piece, on the centerline
parallel to the maximum tensile force. The strain measurement position can also be determined
according to the agreement between parties involved in transaction.

NOTE According to the finite element analyses of the cruciform test piece as recommended in Clause 5 and
the strain measurement position as specified in Figure 2, the stress calculation error is estimated to be less than
2,0 %.[2113]

© IS0 2014 - All rights reserved 5
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F, F,
s 1

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

Jre = ded = = b
i

+ T
F, F,

al) Fy > Fy a2) Fy< Fy

a) A case of measuring ex and ey, using a biaxial foil strain-gauge

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

dre ==, did = = pr

v T
F, F,

bl) Fx > Fy, b2) Fx < Fy
b) A case of medasuring ex and ey, using two pieces of uniaxial strain gauge
Key

B arm width
ex ~nominalstrain in the x direction

ey nominal 'stratmrin thcy ditection
Fx tensile force in the x direction
Fy tensile force in the y direction

Figure 2 — Strain measurement position[2][3]

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 test piece with that of the testing machine.

6 © ISO 2014 - All rights reserved
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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. (Fx, Fy) and (ex, ey) shall be measured
with constant time intervals and the data shall be recorded on appropriate equipment. The test ends
when achieving the desired strain or stress level, or should be ended when fracture or localized necking
occurred in the arm or gauge area. The recommended strain-rate is 0,1 s1 to 0,0001 s-1.

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

7

7.1

Determination-of biaxial stress-strain curves

General

Using the measured values of (Fy, Fy) and (ey, ey), the stress-strain curves in the xjand y dire
cruciform test piece shall be determined. These curves are used to determiné-¢entours of
for the test material (see Annex A.2).

7.2

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

Calcylate the original cross-sectional areas of the gauge area perpéndicular to the x- and y-z

Asy, firom Formulae (1) and (2):
Asx=a x BSy
Asy = a x Bsy

wheie

¢ isthe sheet thickness, expressed in mm;
Bsy is the distance between«opposing slit ends on the x axis, expressed in mm;

Bsy 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

ctions of the
blastic work

xes, Asyx and

)

(2)

and (4):

3

shalllbe determined\to the nearest 0,1 mm or better using a measuring device with sufficient resolution.
The ¢alculated values of Asx and Asy shall be rounded to 0,1 mm? according to ISO 80000-1,
7.3 | Determination of true stress
Calculate the true stress components in the x and y directions, oy and ay, from Formulae (3}
F.
o,=—2(1+ey)
Sx

© IS0 2014 - All rights reserved
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oy =—-(l+ey) 4)

e original cross-sectional areas of the gauge area perpendicular to the x-axes, expressed
m2;

e original cross-sectional areas of the gauge area perpendicular to the y-axes, expressed

in mm2;

ex ist
ey ist
Fy ist

Fy ist

7.4 Detefmination of true strain

Calculate thg true strain components in the x and y directions, ex and-gy,/from Formulae (5) and (6):

ex =In(1]
where

ex is tI
ey ist

e nominal strain in the x direction measured by the method, as described in 6.2;

e nominal strain in the y direction measured by the method, as described in 6.2;
e tensile force in the x direction, expressed in N;

e tensile force in the y direction, expressed in N.

+ey)

(5)
+ ey)

(6)

e nominal strain in the x direction measured by the method, as described in 6.2;

e nominal strain in the ydirection measured by the method, as described in 6.2.

exand ey shdll be calculated tothe digit of 10-5 from Formulae (5) and (6), and the result shall be roupded

to the digit

Examples of

sheet are shpwn in Figure 3.

7.5 Determination of true plastic strain

f 10-4 accordingto ISO 80000-1.

the measuré&d biaxial true stress-true strain curves for a cold rolled ultralow carbon|steel

Calculate the true plastic strain components in the x and y directions, ¢? and g}r,’ , from Formulae (7)and

(8):

- (7)

© ISO 2014 - All rights reserved
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=g, —— (8)

where

Cx 1isthe slope of the elastic part of the ox — €x curve measured in the biaxial tensile test,
expressed in MPa;

Cy is the slope of the elastic part of the oy - £y curve measured in the biaxial tensile test,
expressed in MPa;

gy 1s the true strain in the x direction;
gy isthe true strain in the y direction;
&% is the true stress in the x direction, expressed in MPa;

gy isthe true stress in the y direction, expressed in MPa.

e? and 831,) shall be calculated to the digit of 10-5 from Formulae {79 and (8), and the repult shall be
roungded to the digit of 10-4 according to ISO 80000-1.

400 | 200
O, -&
300 300
®
af o Oy§ )///
= . = .
. 200 = 200 SR
& SN / r _______ -y
¢ - -¢ (uniaxial in'RD S i 0, - &, (uniaxial ih RD
00 6 ) ol -6 )
(
Il
0 0
0.00 0.01 0.02 0.03 0.00 0.01 0.02 0.03
(8, &0 &
a) A caselof Fy:Fy = 1:1 b) A case of Fx:Fy = 2:1
Key

Cx dlope of theelastic part of the oy — €4 curve measured in the biaxial tensile test, in MPa
Cy dlope of the elastic part of the oy, - £, curve measured in the biaxial tensile test, in MPa

Fx tlensile force in the x direction, in N

Fy tensteforeeintheydireetioninN
&¢ true strain in the x direction

&y truestrain in the y direction

ox true stress in the x direction, in MPa
oy true stress in the y direction, in MPa

NOTE The uniaxial tensile true stress-true strain curve in the rolling direction (RD) of the same material is
also shown for comparison.

Figure 3 — Examples of true stress-true strain curves measured in the biaxial tensile test of
cold rolled ultralow carbon steel sheet

© ISO 2014 - All rights reserved 9
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Examples of measured true stress-true plastic strain curves

Figure 4.

:2014(E)

400

400

N
o
(=)

300 —
p
I 0,-¢& )/

o, 0,/ MPa

b o,-¢,; (uniaxial in RD)
100

corresponding to Figure 3 are shown in

Key

Fx tensile
Fy tensile
gp true pl

true pl
&P p

Ox true st
Oy true stj

0.01 0.02 0.03 0.00 0.01 0.02 0.

P P P
& & s &

a) A case of Fy:Fy = 1:1 b) A case of Fy:Fy'=2:1

force in the x direction, in N
force in the y direction, in N

hstic strain in the x direction
hstic strain in the y direction

ess in the x direction, in MPa
ess in the y direction, in MPa

NOTE The uniaxial tensile true stress-true plasgic strain curve in the rolling direction (RD) of the

material is al

Figure 4 1

50 shown for comparison.

test of cold Tolled ultralow carbon steel sheet

8 Testreport

8.1 Infor

The test rep
concerned:

mationdn the report

— Examples of true stress-true plastic strain curves measured in the biaxial tengi

ortsshall contain at least the following information unless otherwise agreed by the p3

same

rties

a) identification of the test piece;

b) specifie

d material, if known;

c) thickness of the original sheet sample and the test piece;

d) dimensions of the test piece: arm width, B; grip length, C; slitlength, L; corner radius at the junctions

of arms

to the gauge area, R; slit width, ws (see Figure 1);

e) location and direction of sampling of the test pieces, if known, and the fabrication method of the test

pieces;

f) strain measurement method;

10
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g) testtemperature;
h) testing machine;

i) loading conditions (force ratio, true stress ratio, strain-rate ratio, or grip displacement ratio for the
link 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 transaction
(force-time diagram, strain-time diagram, contour of plastic work, stress path in stress space, strain
path in strain space, etc.).

8-2 Additiuua} llUtU
It is fecommended that the record of the following items is added in the test report:
a) gample mill sheet;

b) photo of overall appearance of the test piece after test.

© ISO 2014 - All rights reserved 11
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Annex A
(informative)

Method for measuring a yield surface

ral

This annex §
when the pl3
an optimum
appropriate

of FEA for sheet metal forming processes.[4][2][6][7]

A.2 Meth

Figure Als
testin the rq

work, Wy, diissipated per unit volume are determined for a predetetmined value of the uniaxial

plastic strai

strain curve
at specific {
Finally, groy
work as Wy
associated \

viewed as a

pecifies methods for measuring a yield surface of a sheet metal. A yield surface is ieffe]
stic deformation characteristics of sheet metals are to be evaluated quantitativelyand y
yield function is to be identified for the metals under biaxial stress. The determination
yield function based on the biaxial tensile tests is useful to improve the predictive accy

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 uhiaxial true stress, o¢, and pl
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W initial yield surface for the material;
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h strain of Sg in the x direction
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frue stress in the x direction
frue stress in the y direction

Lensile true stress reached in the uniaxial tersile test in the x direction and associated with Wy
tensile true stress reached in the uniaxial tensile test in the y direction and associated with Wy

Figure A.1 — A schematie.diagram for the determination of a contour of plastic

work

© IS0 2014 - All rights reserved

13


https://standardsiso.com/api/?name=c154a1be609a300e4258dabb49bcd14f

ISO 16842:2014(E)

Figure A.2 shows examples of contours of plastic work measured for different sheet metals using
cruciform test pieces as shown in Figure 1. The force ratio, Fx:Fy, was set to 1:0, 4:1, 2:1, 4:3, 1:1, 3:4, 1:2,
1:4, and 0:1. For the force ratios of 1:0 and 0:1, a standard uniaxial tensile test piece was used.
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Figure A.2 — Examples of contours of plastic work measured using cruciform test pieces
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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.

Reference [8] proposed a new method for determining the shape of the subsequent yield surface in the
vicinity of a current loading point. They prescribe a proportional strain path until the loading point of
interest has been reached, and prescribe an abrupt strain path that will cause the stress point to move
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cly along the yield surface. This determination can be done without any unloading, wh
red if the subsequent yield surface was to be determined by probing from the elastic
od is therefore capable of detecting a yield vertex formed at the point of loading:

rence [9] applied the abrupt strain path change method to a cruciform test piece, and
ured a yield vertex and non-normality behaviour of the plastic strain-rate! Figure A.
Fved stress paths for an aluminium alloy and an IF steel, using the cruciform test pie|
e 1, in a closed-loop, servo-controlled biaxial tensile testing machjne.In the first step

piaxial stretching, D11 = D2 > 0, was prescribed. At a nominal strain;e11 = ez2 = 0,01, th
h-rates were abruptly changed to D11 = =Dy > 0, or alternatively,"Dyp = -D11 >0. Itis a
tress paths for the abrupt strain path change with D = -D34 cannot be non-yielding
e elastic region. It is therefore inferred, that a yield surfagevertex exists at the point

gure.

ar tests were performed for a metastable austenitig, stainless cast steel,[10] although t}
b test piece used is different from that shown in:Figure 1.
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Annex B

(informative)

ISO 16842:2014(E)

Factors affecting the maximum equivalent plastic strain applicable
to the gauge area of the test piece

B.1 | General

For the cruciform test piece covered by this International Standard, the arms are subjéected to uniaxial
tension, so that the test is over at a time when the nominal stress of the arm reachesthe material tensile

strength. Accordingly, the maximum equivalent plastic strain, &2

estimated using the Considére condition for maximum load in a strip n tension.[11] ¢}
mairlly on the force ratio, Fx:Fy, the work hardening exponent, n (n-value, see ISO 10275}

max’

applicable.to the gaugsg

matgrial, the slit width of the cruciform test piece, ws, and the anisotropy of the test materia

shows the effects of the work hardening exponent and the slit width on &P

B.2

Figure B.1 shows the effect of n-value on ¢

the grm width and the number of slits is sevens;For materials having larger n-value, &F)

Effect of work hardening exponent (n-value)

max *

P x whenthe slit width of the cruciform test pi

largdr. This is because the material with largerin-value has the higher stress increase-rat
incrgase in the arm’s plastic deformation, whieh in turn causes increase in the stress acting

area|Note here that the values of ¢P . .in Figure B.1 should be viewed only for reference, bg

are humerical analysis solutions based on the simple mechanics of plasticity, the ma
condjition for the arm,[11] by assuming the isotropy of the material.
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Key

Fy  tensile force in the x direction, in N

Fy tensile force in the y direction, in N

ws  slit width, in mm
B arm width, in mm

n  work hardening exponent (n-value)

¢P  maximum equivalent plastic strain applicable to the gauge area

max

Figure B.1 — Effects of n-value on the maximum equivalent plastic strain applicable to the
gauge area of a cruciform test piece. Material model: Von Mises yield criterion
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B.3 Effect of slit width

Figure B.2 shows the effects of the slit width on gg,ax when the force ratios, Fx:Fy, are 2:1 and 1:1 and the
number of slits is seven. As the effective sectional area of the arm decreases with increasing wg, the
force transmitted to the gauge area decreases, resulting in the decrease of ¢}, . Note that the results

shown in Figure B.2 should be viewed only for reference, because they are numerical analysis solutions
based on the simple mechanics of plasticity, the maximum load condition for the arm,[11] by assuming
the isotropy of the material.
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Fx tensilelforce in the x direction, in N
Fy tensilelforce in the y direction, in N
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B arm wildth, in mm

n work hardening exponent (n-value)

&P maximpm equivalent plastic strain applicable to the gauge area
max

Figure B.2 — Effects of theslit width on the maximum equivalent plastic strain applicablq to
the ghuge area of a_cruciform test piece. Material model: Von Mises yield criterion(2]
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Annex C
(informative)

Biaxial tensile testing machine

C.1 General

Thisjannex shows examples of the testing machine applicable to the biaxial tensile testing method.

C.2 | Servo controlled biaxial tensile testing machine

Figure C.1 shows the structural example of a servo-controlled biaxial tenS$ile testing maghine.[12][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 oneload 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 liydraulic 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 machine-can control the stress ratiol12][13] of strain-rate
ratio[2] by means of the servo actuators.
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