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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 wark SO collaborates closely with the
International |[Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.

The main tagk of technical committees is to prepare International Standards. Draft International Stanglards
adopted by fthe technical committees are circulated to the member bodies for voting. \Publication gs an
International [Standard requires approval by at least 75 % of the member bodies casting-a vote.

Attention is qrawn to the possibility that some of the elements of this document may be the subject of gatent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 17132 was prepared by Technical Committee ISO/TC 35, Paints @hd’ varnishes, Subcommittee 5C 9,
General test|methods for paints and varnishes.
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Introduction

This International Standard is one of five standards which specify empirical test procedures for assessing the
resistance of coatings of paints, varnishes and related products to cracking and/or detachment from the
substrate under different conditions of deformation. The other International Standards are 1SO 1519,
ISO 1520, ISO 6272 and 1SO 6860.

The T-bend test has already been standardized in the USA (ASTM D 4145), Europe (EN 13523—}7) and Japan
(JIS ¢5 3312). The test methods in these standards are basically the same, but differ from eac¢h) ofher in details
suchlas

— Whether the coated test panel is folded back on itself or is bent round a mandrel or’a test panel used as a
gpacer;

— the way in which the test result is expressed.
In this International Standard, the basic contents common to the US, Eurepean and Japanese standards have

been|adopted, but details in which the US, European and Japanese-standards differ, in particulag the use of a
mandrel or spacer panels, have been made subject to agreementbetween the interested parties.

© 1SO 2007 — All rights reserved \"
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Scope
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metallic substrate by observing the cracking or loss of adhesion when a coated test panel.is

method can be used to confirm whether paints, varnishes or related products meet

requifement in a pass/fail test, or to determine the minimum bending diameter at whiech crack

OcCcur.

2

The

Normative references

following referenced documents are indispensable for the application of this documen

refergnces, only the edition cited applies. For undated references, the latest edition of th
document (including any amendments) applies.

ISO

ISO

513, Paints and varnishes — Examination and preparation of samples for testing

514, Paints and varnishes — Standard panels for\testing

ISO 2808, Paints and varnishes — Determination of film thickness

ISO

5528, Paints, varnishes and raw materials for paints and varnishes — Sampling

IEC §0454-2, Specification for pressure-sensitive adhesive tapes for electrical purposes — Part ]

test

3
Fort

3.1

Terms and definitions

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

T-bend test
test designedto determine the flexibility of a paint coating by bending a coated test panel through

3.2

ganic coating
bent.

a given test
ing does not

t. For dated
b referenced

: Methods of

180°

T-bend rating
minimum number of spacers of defined thickness around which a coated test panel can be bent (or, if bent
around a mandrel, the number of spacers equivalent to the diameter of the mandrel) without cracking or loss
of adhesion (flaking) of the coating occurring

4

Principle

Coated panels are bent back on themselves to 180°, with the coated surface on the outside of the bend, at
progressively less severe radii of curvature, the radii of curvature being defined by spacers or mandrels. After
bending, each panel is examined with a magnifying glass for cracking of the coating and by a tape pull-off test

© 1SO 2007 — All rights reserved
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for loss of adhesion of the coating. The minimum diameter to which the test panel can be bent without
cracking or loss of adhesion, i.e. when failures no longer occur, is taken as the T-bend rating.

Visual examination with a magnifying glass can also be used to determine whether there is any loss of
adhesion.

5 Apparatus

5.1 Vice, with flat and smooth jaws. This is used to hold one end of the test piece firmly in place at the start
of the bending test.

If the test panel is not bent around itself, a series of bending mandrels with smoothly rounded ends\may be
used as guides around which the test panel is bent (see Figure 1).

By agreement between the interested parties, one or more uncoated panels may also be used’as mandrgls.
5.2 Magnifying glass, x 5 to x 10 magnification.

5.3 Adhedive tape, with an adhesive strength between 6 N/25 mm width and.“10 N/25 mm width when
determined i accordance with IEC 60454-2.

6 Sampljng
Take a representative sample of the product to be tested, as described in ISO 15528.

Examine and prepare each sample for testing, as described insISO 1513.

7 Test panels

7.1 Subsfrate

Unless otherwise agreed, use rectangular steel test panels. The panel surfaces shall be plane.

7.2 Preparation and coating

Unless othenwise agreed, ptepare each test panel in accordance with 1ISO 1514 before coating it using the
specified application methed-(see Clause 9) and drying, curing or stoving.

7.3 Thickhess of the coating

Determine thie‘thickness, in micrometres, of the dry coating by one of the procedures given in ISO 2808.

8 Procedure

8.1 Conditioning of the test panels

Unless otherwise agreed, condition the coated test panels for at least 16 h at (23 +2) °C and (50 =+ 5) %
relative humidity before carrying out the test.

8.2 Test conditions

Unless otherwise agreed, carry out the test at (23 £ 2) °C and (50 + 5) % relative humidity.

2 © 1SO 2007 — Al rights reserved
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8.3 Bending

8.3.1 General

The bending shall be performed in accordance with one of the procedures given in 8.3.2, 8.3.3 and 8.3.4, as
agreed between the interested parties.

Unless otherwise agreed, the bend shall be across the direction of rolling of the panel, except for coil coatings
in which case the test panel shall be bent parallel to the direction of rolling.

No bends shall be made closer than 10 mm to the jaws of the vice.

8.3.2] T-bend test around a mandrel

Clamp a coated test panel and a mandrel in the vice. Then bend the panel 180° ar6und the mandrel (see
Figure 1) in a smooth and uniform manner with the coated side of the panel on the outside of the pend.

EiSTe alES

Figure 1 —Bending around a mandrel

Exanpine the bend for cracking and for 10ss of adhesion as described in 8.4. Repeat the bending procedure,
usind a new test panel and a different size of mandrel each time, to determine the minimum mandrel thickness
at which no cracking or loss of adhesion occurs.

Expr¢ss the T-bend rating, JT,,,, as the number of panel thicknesses equivalent to the thickness of the
narrgwest mandrel around.which the test panel could be bent without cracking or loss of adhesipn occurring,
reporting the result as. 1T, for one panel thickness, 2 T, for two panel thicknesses, etc. (see alsq Table A.1).

8.3.3|] T-bend-test with spacer panels

Clamp oneend of a coated test panel in the vice and bend it with the coated side of the panel op the outside
of the bend Remove the panel from the vice and bend it further with the fingers until it can be placed in the

ice & pa dure 2, fasten
the assembly in the vice and bend it qwckly to an angle of 180°. Each spacer panel shall have the same
thickness as the test panel.

Examine the bend for cracking and loss of adhesion as described in 8.4. Repeat the bending procedure, using
a new test panel and a different number of spacers each time, to determine the smallest number of spacers at
which no cracking or loss of adhesion occurs.

Express the T-bend rating, Ty, as the minimum number of spacers around which the test panel could be bent

without cracking or loss of adhesion occurring, reporting the result as 1 T, for one spacer, 2 T, for two
spacers, etc. (see also Table A.1).

© 1SO 2007 — Al rights reserved 3
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a) 1Tp

Figure 2 — Bending with spacers

8.3.4 T-ben

Clamp one ¢
with the coat
be inserted i
tighten the vi

Examine the
occurred, ref

Express the
panel before
one, 1 T; for

If it is agree
preferably be
examination

d side of the panel on the outside of the bend. Continue to bend the panel untikthe bent en
h the jaws of the vice (see Figure 3). Tighten the vice to complete the 1807 bend. Take cgre to
ce sufficiently so that the surfaces on the inside of the bend are as closely-in contact as poss

T-bend rating, T;, as the number of bends, after the initial beid,/which could be made in th

bne bend after the initial one, etc. (see also Table A.1).

d to use test panels in the shape of a right-angled-triangle, the lengths of two sides s

and for a permanent record.

d test with test panel repeatedly folded back on itself (folding method)

nd of a coated test panel in the vice and bend it through 90° in a smooth and-tiniform m

bend for cracking and loss of adhesion as described in 8.4. If cracking or loss of adhesio
eat the bending procedure, as shown in Figure 3, until no cracking Orloss of adhesion occu

no cracking or loss of adhesion occurred, reporting the result as 0 7; for no bends after the

equal and in the range 10 cm to 15 cm. This shape leaves part of each bend exposed for

NAENE S

hnner
i can

ible.

N has
S.

b test

initial

hould
later

a) 07; b) 17;
c) 2T, d) 37

e) 47T;

Figure 3 — Folding method
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Evaluation

Examine the bend, using the magnifying glass (5.2), immediately after bending for any cracking. Disregard
those parts of the bend within 5 mm of each edge of the panel.

Unless otherwise agreed, also examine each bend for loss of adhesion by the following test. Place a piece of
adhesive tape (5.3) on the coating at the bend in the test panel. Rub the tape flat to ensure good contact with
the coating. Then pull off the tape with a rapid movement. If no coating residues can be seen on the adhesive
tape, there is no loss of adhesion.

If agreed, the magnifying glass (5.2) can be used instead to examine the bend for loss of adhesion of the

coatipg:

8.5

The

evalyated, as before, in accordance with 8.4.

If the|results of several determinations differ, additional tests shall be carried-out:

9

For

information needs to be specified, in addition to that given inithe preceding clauses, to enable t
be carried out. The information required should preferably.be agreed between the interested par
be derived, in part or totally, from an international or*national standard or other document r
coating material under test.

a)

b)

c)

d)

e)

f)

9)

10

T-bend test as a pass/fail test

-bend tests described in 8.3.2, 8.3.3 and 8.3.4 can also be used as a pass/fail test, the

Supplementary information

any particular application of the test method specifiedxin this International Standard,

The material, shape, thickness and surfacepreparation of the test panels.

The method of application of the .cdating material under test to the panels, including
¢onditions of drying between coatslinithe case of a multi-coat system.

The duration and conditions ofidrying (or stoving) and ageing (if applicable) of the coating be

[he temperature and relative humidity of conditioning of the coated panels before startin
different from those indieated in 8.1.

The thickness, i 'micrometres, of the dry coating and the method of measurement used, and
& single coat 6r-a multi-coat system.

[he test.temperature and relative humidity, if different from those indicated in 8.2.

[he.type of test to be carried out, i.e. whether it is a classification test or a pass/fail test.

bend being

he following
ne method to
ties and may
blated to the

Huration and

ore testing.

g the test, if

whether it is

Expression of results

Report the test result as the greatest extent to which the test panel can be bent without cracking or loss of
adhesion, expressed as specified in 8.3.2, 8.3.3 or 8.3.4 for the method used and indicating, in addition, if
cracking took place without loss of adhesion or vice versa.

EXAMPLE 1 T, (no loss of adhesion); 2 T; (no cracking).

© 1SO 2007 — All rights reserved
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11 Precision

11.1 General

The precision statements below are based on results obtained from round-robin testing using spacers (i.e. the
method described in 8.3.3). The test conditions were (20 + 1) °C and (65 £ 5) % RH and the bends were
evaluated visually both with and without a magnifying glass.

11.2 Repeatability, »

The repeata
mean of dup
conditions, i.
time. For ex3
found to be 4

11.3 Repra

The reprodu
the mean of

reproducibility conditions, i.e. same material but operators in different laboratories. For examination v

magnifying g

12 Test re

The test repq

..

icates, can be expected, with 95 % probability, to lie when this method is used under repéat
b. same material, same operator, same apparatus and results obtained within a short inter
mination with a magnifying glass, » was found to be + 0,66; for unaided visual examination,

0,57.

ducibility, R

Cibility R is the value below which the absolute difference between two-single test results,

ass, R was found to be + 1,09; for unaided visual examination} R was found to be + 1,12.

port
rt shall contain at least the following information:

nation necessary for identification of the coating material tested;

a referemce to this International Standard (ISQ(17132:2007);

5 of supplementary information referred to in Clause 9, including a reference to the interna
al standard, product specification or other document supplying the information referred to;

od used (mandrel, spacers, folding), as indicated in Clause 8;
tion of bending, i.e.\perpendicular or parallel to the direction of rolling;

Its of the test/-including the results of the individual determinations, expressed as specifi
0;

ations from the procedure specified;

sual features (nnnmaline) ohserved dnring the test;

ability

Val of
- was

each

duplicates, can be expected, with 95 % probability, to lie whep<this method is used Qinder

ith a

fional

ed in

a) all inforn
b)
c) the item
or natior
d) the meth
e) the direg
f)  the resu
Clause 1
g) anydev
h) anyunu
i) the date
6

of the test.
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