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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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M

1

etallic materials — Bend test

Scope

This document specifies a method for determining the ability of metallic materials to undergo plastic
deformation in bending.
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Symbols and designations used in the.bend test are shown in Figures 1 and 2 and specified in

ndard. It is not applicable to certain materials or products, for example tubes in full
[ded joints, for which other standards exist.
Normative references

bre are no normative references in this document.

Terms and definitions
terms and definitions are listed in this document.

and IEC maintain terminological databases for use in:standardization at the following ad

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

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

Symbols, designations and units

,Tal.)l'e'l — Symbols, designations and units

s document applies to test pieces taken from metallic products, as specified in the relevant product

section or

dresses:

Table 1.

Symbol Designation Urlit
a Thickness or diameter of test piece (or diameter of the inscribed circle mm
forpieces of polygonal cross-section)
b Width of the test piece mm
c Distance between the plane including the horizontal axis of supports mm
and the central axis of the rounded portion of the former before test
D Diameter of the former mmn
f Displacement of the former mm
2] Lode angle parameter, 1.e. strain path direction —
L Length of the test piece mm
l Distance between supports mm
n Triaxiality factor —
p Distance between the vertical planes including the central axis of each mm
support and the vertical plane including the central axis of the former
Radius of the supports mm
Internal radius of bend portion of test piece after bending mm
a Angle of bend degrees

© IS0 2020 - All rights reserved
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5 Principle

The bend test consists of submitting a test piece of round, square, rectangular or polygonal cross-
section to plastic deformation by bending, without changing the direction of loading, until a specified
angle of bend is reached.

The axes of two legs of the test piece remain in a plane perpendicular to the axis of bending. In the case
of a 180° bend, the two lateral surfaces may, depending on the requirements of the product standard,
lie flat against each other or can be parallel at a specified distance, an insert being used to control this
distance.

6 Testequipment

6.1 Gerneral

The bend test shall be carried out in testing machines or presses equipped with the fellowing device

4

a) bendihg device with two supports and a former as shown in Figure 1;
b) bendihg device with a V-block and a former as shown in Figure 2;
c) bendihg device with a clamp as shown in Figure 3.
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Figure 1 — Bending device with two supports and a former
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D/2

Figure 2 — Bending device with a V-block and)a former
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Figure 3 — Bending device with a clamp
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6.2 Be

8:2020(E)

nding device with supports and a former

6.2.1 Thelength of the supports and the width of the former shall be greater than the width or diameter
of the test piece. The diameter of the former is determined by the product standard (see Figure 1). The
test piece supports and the former shall be of sufficient hardness.

6.2.2 Unless otherwise specified, the distance between the supports, I, shall be as given in Formula (1),

and shall
I=(D

NOTE
resultin c

6.3 Be

The taper¢d surfaces of the V-block shall form an angle of 180° - « (see Figure 2)-The angle a is specif]

in the rel

The edgesg of the V-block shall have a radius between 1 and 10 times the thickness of the test piece 3
shall be off sufficient hardness.

6.4 Be

The devicg consists of a clamp and a former of sufficient hardness. It may be equipped with a lever

applying

Because the position of the left face of the clamp can itffluence the test results, the left face of the cla

(as show

circular fdrmer shape.

7 Testpiece

7.1 Ge

Round, square, rectangular ok polygonal cross-section test pieces shall be used in the test. Any ar
of the material affected by-shearing or flame cutting and similar operations during the sampling
test pieces shall be reméved. However, testing a test piece, the affected parts of which have not b¢
removed, |s acceptableiprovided that the result is satisfactory.

7.2 Ed

The edges|of vectangular test pieces shall be rounded to a radius not exceeding the following values;

not change during the bend test.

a
f3a)F—
2

When the distance between the supports, I,, is specified as smaller than or equal to D #+ 2q, it
lamping during the test and stretch forming of the test piece.

nding device with a V-block

evant standard.

nding device with a clamp
fprce to the test piece (see Figure 3).

1 in Figure 3) should not reach up to orbeyond the vertical line through the centre of

rleral

M

Can

ied

nd

for

mp
the

bas
of
ben

jes ofrectangular test pieces

— 3 mm, when the thickness of the test pieces is 50 mm or greater;

— 1,5 mm, when the thickness of the test pieces is less than 50 mm and more than or equal to 10 mm;

— 1 mm when the thickness is less than 10 mm.

The rounding shall be made so that no transverse burrs, scratches or marks are formed which can
adversely affect the test results. However, testing a test piece, the edges of which have not been rounded,
is acceptable, provided that the result is satisfactory.

© IS0 2020 - All rights reserved
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7.3 Width of the test piece

:2020(E)

Unless otherwise specified in the relevant standard, the width of the test piece shall be as follows:

a)
b)

the same as the product width, if the latter is equal to or less than 20 mm;
when the width of a product is more than 20 mm:
1) (20 =5) mm for products of thickness less than 3 mm;

2) between 20 mm and 50 mm for products of thickness equal to or greater than 3 mm.

If it is agreed between the parties that plane strain conditions (plane strain definition is'ex

Anpex B) shall be maintained for test pieces greater than 3 mm thick, then the bend test@hall

out

7.4

7.4
the

ma
sha

7.4
pr
seq
exd
or
Du

7.5

In

ring bending, the unmachined side shall be on:the tension-side surface of the test piece.

in accordance with Annex B.

|l Thickness of the test piece

.1 The thickness of test pieces from sheets, strips and sections shall ‘be equal to the th
product to be tested. If the thickness of the product is greater than 25 mm, it may be r
chining one surface to attain a thickness not less than 25 mm. During bending, the unmac
1l be on the tension-side surface of the test piece.

.2 Test pieces of round or polygonal cross-section shdll ‘have a cross-section equal to f{
duct, if the diameter (for a round cross-section) or inscribed circle diameter (for a polyg
tion) does not exceed 30 mm. When the diameter ot‘the inscribed circle diameter of the
eeds 30 mm up to and including 50 mm, it may bex€duced to not less than 25 mm. When th
inscribed circle diameter exceeds 50 mm, it shall'be reduced to not less than 25 mm (see

Dimensions in

O\

2

>25
225

|

plained in
be carried

ickness of
educed by
hined side

hat of the
nal cross-
test piece
b diameter

Figure 4).

millimetres

N

AN

Figuré4 — Diameter and inscribed circle diameter of the test piece

p Test pieces from forgings, castings and semi-finished products

saT1p1ing shall be as defined in the general delivery requirements, or by agreement.

the caSe*of forgings, castings and semi-finished products, the dimensions of the test

A

piece and

7.6 Agreement for test pieces of greater thickness and width

By agreement, test pieces of a greater width and thickness than those specified in 7.3 and 7.4 may be
subjected to the bend test.

7.7 Length of the test piece

The length of the test piece depends on the thickness of the test piece and the test equipment used.

© IS0 2020 - All rights reserved
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8 Procedure

WARNING — During the test, adequate safety measures and guarding equipment shall be
provided.

8.1 In general, tests are carried out at ambient temperature between 10 °C and 35 °C. Tests carried out
under controlled conditions, where required, shall be made at a temperature of (23 + 5) °C.

8.2 The bend test shall be carried out using one of the following methods as specified in the relevant

rified angle of bend is achieved under an appropriate force and for the given conditi
igures 1, 2 and 3);

os of the test piece are parallel to each other at a specified distance apart while under
priate force (see Figure 6);

bs of the test piece are in direct contact while under an appropriate foree\(see Figure 7).

Figure 5 — Bending the legs of the test piece

7 %

= (==

Figure 6 — Legs of the test piece parallel to each other

standard:
a) a spe
(see F
b) the le
appro
c) thele
6

2

———

Figure 7 — Legs of the test piece in direct contact

ns

an
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ISO 7438

:2020(E)

In the bend test to a specified angle of bend, the test piece shall be placed on the supports
(see Figure 1) or on the V-block (see Figure 2) and bent in the middle between supports by the action of a
force. The angle of bend, a, can be calculated from the measurement of the displacement of the former as
given in Annex A.

For the three methods (Figures 1, 2 and 3), the bending force shall be applied slowly so as to permit free
plastic flow of the material.

In case of dispute, the rate of displacement of the former shall be (1 + 0,2) mm/s.

If it is not possible to bend the test piece directly to the specified angle in the manner described above,

th

In

pl
of
thi

An

pl
(s8

9.1

prg
of |

9.2
int

NO
hag

paj

bend shall be completed by pressing directly on the ends of the legs of the test piece (see,]

bend test requiring parallel legs, the test piece may be bent first, as indicated in Figure 3
ced between the parallel plates of the press (see Figure 6), where it is further formed by a

force to obtain parallelism of the legs. The test may be carried out with or without an i
kness of the insert shall be as defined in the relevant standard or by agreement.

alternate method of test is that of bending over a former (see 6.4).

If specified, the test piece, after its preliminary bending, shall befurther bent between t

brnal radius of a bend is specified,\itis considered as a maximum.
TE The existence of an oxide layer on the unmachined surface on the tension side of the ben

ties concerned.

Test report
e test reportShall include the following information:
areferénce to this document, i.e. ISO 7438;

idéntification of the test piece (type of material, cast number, direction of the test piece ay
toya product, etc.);

Figure 5).

, and then
pplication
nsert. The

he parallel

es of the press, by application of a force, to obtain direct contact between the legs of the|test piece
e Figure 7).
Interpretation of results
The interpretation of the bend test shall be'carried out according to the requirements of the
duct standard. When these requirements are.not specified, absence of cracks visible withdut the use
magnifying aids is considered as evidence that'the test piece withstood the bend test.
The angle of bend, specified in product standards, is always considered as a minimum. If the

1 test piece

an influence on the judgment-of the results. This point can be considered by the product standlard or the

is relative

the shape and dimensions of the test piece;
the test method used;
any deviation from this document;

the test result.
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Annex A

(informative)

Determination of the bend angle from the measurement of the

displacement of the former

This anngx specifies the determination of the bend angle, a, of a test piece under force. The dirject

measurenjent of this angle is complicated. For this reason, the method of calculation of this angleAr
the measyrement of the displacement, f, of the former is proposed. The bend angle, «, of the‘test pi
under forge can be determined from the displacement of the former and the values given.in’Figure 4
as per Forjmulae (A.1) to (A.4):

:pxc+W><(f—c)
p2+(f-c)’
ol Wxp—cx(f—c)

e
sin—;
2

COS— 2
21 p?+(f-c)

where

R

O

S~ i Y
% i
| &
= p

=

¥

(4

(A

A

(A

bce
.1,

1)

2)

3)

4)

Figure A.1 — Values for the calculation of the bend angle, «
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Annex B
(normative)

Bend test at plane strain conditions

B.f—Overview
The use of this annex shall be agreed by involved parties.
The different combinations of thickness and width from 7.3 [a), b)] and the condition for plpne strain
are shcf)wn in Figlire B.1 asa guiéle for selecting test piece width. The line in bold'is separafting plane
strpin from non-plane strain conditions.
Y|
300 | '
: yd
| S
i /
|
250 | ’ V%
| 7
: 2 7
200|—| e
| A
P
h ¢ P 3
150 | 7
| ‘4
| o
100 : -
| 7
50 e
1 IR BRI
L QB BRI
L
v N
0 3 5 10 15 20 25 30
X
Key
X | thickness (a) [mm]
Y | width (b) [mm]
1 b=20+5ifa<3[see 73 b)1)]
2 b=10xaanda >3 [see Annex B]
3 plane strain condition b = 10 x a
4 20<b<50ifa=3[seeZ.3b)2)]
5 b<20[seeZ.3a)]

Figure B.1 — Combinations of thickness (a) and width (b) in
relation to plane strain condition, for test pieces given in 7.3

A bend test suitable for all applications and dimensions of a product should test the product in the most
extreme state. The most extreme state of bending occurs when a plane strain condition is achieved. To

© IS0 2020 - All rights reserved 9
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attain plane strain conditions, a test piece width-to-thickness ratio (b / a) =2 10 should be employed.

This critic

al state (plane strain) is not reached if the width of the test piece is too smalllt]to[],

The specifications given in this annex can however lead to the following effects:

— reduced angles of approved bend, «, in comparison with test piece widths specified before in 7.3;

— asaconsequence, test pieces can fail;

— increase of the testing force;

— increg
— the be

Neverthel
applicatio

However,
critical std

£l L . L4l e e H
ST UI LUIIT VVCISIIL UT UIIT LTS l)lCLC,
ndability requirements in product standards may not be fulfilled.

bss, the results of tests performed according to this annex are more realistiC for sevdral
hs.

A test piece with a round or hexagonal cross-section (bar) is not an issug, since the mjost
ite (plane strain) is never attained.

B.2 Ge

Bendabili
piece. Dif
test piece
In Figure
bend resu
has a wid

attains the critical level of the triaxiality factor (r[ [6_:0]:+1/x/3_’z0,58) representing plane strpin

condition
Lode ang
paramete

[n
cos| =
2

In Figure

eral

y of a sheet or a plate (rectangular shaped test piece) depends greatly on the width of the test

rent test piece widths promote different strain states.Bend tests performed on a too shjort
idth can promote a non-conservative result (higher dugtility, i.e. less tendencies for failures).
B.2 below, this is very clearly indicated. The sameformer diameter has been used but the
ts are very different depending on the width of.the’test piece used. The test piece to the left
th, b, of 4 times the thickness, a. A too short width, b, in relation to the thickness, a, neyer

(in tension)lel. This value is obtained by the relation between triaxiality factor, n, and fhe
e parameter, 6 [ZI©°[9] [see Formula (B.1)] calculating the roots setting the Lode angle
‘to @ =0,i.e. representing plane-strain path.

(1_5)}:_2_7,7 (r,Z _l) (B.1)

B.2 approximate values of the triaxiality factor are shown (based on finite elempnt

simulations), confirming a geod correlation between areas exposing failures and reaching triaxiality

factor abo|

NOTE
of plane stt
specificati

ve the limit for plane strain.

The lode parameter and triaxiality factor are used for information about the mechanical backgroynd
ain condition, but they are not directly used in the test. The plane strain conditions are achieved iffthe
ns of Bs3are used.

10
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