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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 1SO
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 1SO, also take part in the work, 1SO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of e chnlcq-gtandardlzatlon

International Standards are drafted in accordance with the@,géﬂ/agqﬁ‘ﬂﬁe ISQ/IEC Directives, Part 2.
The main task of technical committees is to prepare | @ﬂé.tmnal Standards. Draft International Standards

adopted by the technical committees are circulate the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

some of the elements of this document may be the subject of patent
nsible for identifying any or all such patent rights.

Aftention is drawn log ﬁ

rights. ISO shall no

ISO 16276-2 Vﬁqﬁ'&pared by the European Committee for Standardi ﬁﬂ@g&hnicai Committee
CEN/TC 139, Paints and vamishes, in collaboration with Techni ITC 35, Paints and
varnishes, Subcommittee SC 14, Protective paint systems for steel str ieﬁgﬁ

n
ISO 16276 consists of the following parts, under the general ti ﬁ&ﬁ:‘f-osfon protection of steel structures by

protective paint systems — Assessment of, and acceptancs ‘criteria for, the adhesion/cohesion (fracture
strength) of a coating:

S
— Part 1: Pull-off testing 'ﬁ-ﬁ' e

— Part 2: Cross-cut Iesﬁqﬁ'ﬂ‘ﬁwr testing \ﬁ, S
wol Q‘-% 1‘3“':'3#
'@-’ s
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Introduction

The main purpose of this part of 1SO 16276 is to supplement the 1SO 12944 series with regard to the field
assessment of, and acceptance criteria for, the adhesion/cohesion of a coating.

NOTE This part of 1SO 16276 is intended for assessment of cross-cut testing and X-cut testing of paint coatings on
steel structures on site. 1SO 2409 specifies a cross-cut test and ASTM D 3359 an X-cut test for general purposes, without
instructions for interpretation of the results and without acceptance or r%ion criteﬁrjg.

L

Fracture strength testing is normally destructive an g'repair work, the extent of which will
depend on the specification and on the durability requi tﬁ ive paint coating,
i

An objective of this part of 1SO 16276 is to wﬁﬁ‘e variability and achieve uniformity of practice in the
assessment of the fracture strength of a protective paint coating and to establish acceptance/rejection criteria for
such coatings. The meth Ses tesl‘ﬁquipment based on the cross-cut and X-cut principles.

. e
e
e %
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Corrosion protection of steel structures by protective paint
systems — Assessment of, and acceptance criteria for, the
adhesion/cohesion (fracture strength) of a coating —

Part 2:
Cross-cut testing and X-cut testir!eg.;"ﬁ o0V®
PN ™
N\
ae*™
".:hﬁ
1S
cope %’ X

~ &
This part of |36 Igﬂ% q&hﬁ%s procedures for rating the resistance of coating systems when a cut in the
form of a ri Iﬁ@}lce pattern (cross-cut) or in the form of an X (X-cut) is made into the coating,
penetrating ttﬂuﬁ] to the substrate,

Q

* S
ne
This part of ISO 16276 is only applicable if the cross-cut or X-ﬁ?&&‘ww@&% specified, together with the
rating from the appropriate rating scale. 1“'5‘-
T

)
NOTE The characteristics of the coating can make the a %t of the result of a cross-cut or X-cut test difficult.

This part of 130 16276 also specifies suitable equipment and defines inspection areas, sampling plans and
acceptance/rejection criteria,
oo, oo

L)
It does not specifyﬂ%ﬁmﬁ&ﬂar coating systems.

a A
“ﬁe l&'ﬁ‘%ﬁﬂeﬂ
2 Normative references 'éj‘; o \ ﬂgﬁ.

i
The following referenced documents are indispensable for the qpﬁl?cation of this document. For dated
references, only the edition cited applies. For undated referefices, the latest edition of the referenced
document (including any amendments) applies.

ISO 2409:2006, Paints and varnish Crosseeut test
. gj?%'ﬁ‘e‘iﬁ

ISO 12944-7, Paints an 8! ﬁ%msﬁm protection of steel structures by protective paint systems —
Part 7: Execution and su, ‘Jﬁ&ﬂa paint work

Ac
IS0 12944-8, Pa.fn!sﬁar% varnishes — Corrosion protection of steel structures by protective paint systems —
Part 8: Development of specifications for new work and maintenance

ISO 19840, Paints and varnishes — Corrosion protection of steel structures by protective paint systems —
Measurement of, and acceptance criteria for, the thickness of dry films on rough surfaces

ASTM D 3359-02, Standard Test Methods for Measuring Adhesion by Tape Test

L T

freasioh intasnaticnsl Puranisan e Rlanrsetissien NS Teserved 1
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3 Terms and definitions

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

3.1
fracture strength
force required to exceed the attachment forces

— between coats or between coat and substrate (adhesion) and/or

— within a coat (cohesion)

NOTE  This part of ISO 16276 does not define a method for datergllﬁrﬁ'r&w&% (see 1SO 16276-1).
5{'{

3.2
adhesion &
phenomenon of attachment at the interface between a\wﬂﬁuﬁaw and another material caused by molecular
forces
NOTE Adhesion sho ﬁ' th cohesion.
ﬂ’é‘iz;ﬁ,,w&
[ISO 4618:2006]

E i#,
cohesion ﬁ tg‘ﬁ"‘
forces that bind a film into an integral entity ““{5‘*

1
NOTE Cohesion should not be confused with adhesion, thﬁe"a

[1SO 4618:2006]

3.4 &ﬁ%ﬂe

coat
continuous layer of a coaae Q!Shal resulting from a single application %‘ﬁ. -.:.,,15'
[ ":':‘E
[1SO 4618:2006] W
"f?»:e(' ps
35 &
coating h

continuous layer formed from a single or multiple application of a coating material to a substrate
[1ISO 4618:20086]

36

inspection area

designated area to which a sag&'@}lan has been applied, which can be the whole structure or a selected
section of the structure

gﬁ"ﬁ'ﬁ‘eﬁﬁ

4 Principle

41 General

The resistance of coating systems to adhesive and cohesive failures due to cutting is assessed using either
the cross-cut test or the X-cut test, whereby it is assessed qualitatively using a scale from 0 to 5, minimum to
maximum damage, for each method (see ISO 2409 and Annex A).

The cross-cut test is suitable for film thicknesses up to 250 pm. The X-cut test is not limited by thickness.

i Wl P AR © IS0 2007 — All rights reserved
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For hard coatings, it might not be possible to use the cross-cut test, in which case the X-cut test should be
used.

For coatings containing pigments that have a flake format, the assessment of either the cross-cut or the X-cut
might be misleading. The coating manufacturer should be consulted for recommendations.

For the cross-cut test, a matrix of cuts through the film is prepared and then inspecled to assess the damage

caused. The cross-cut test is performed as described in 1ISO 2409. The cuts can be made either individually
using a cutting tool and a guide or template to achieve the correct spacing or by using a multiple-blade cutter

with the correct number and spacing of blades.
For the X-cut test, two cuts are made at an angle to fo ﬁk ‘Me:é is applied with a firm force (e.g.
pressure from the thumb) over the cut and then rem % ed angle. The X-cut test is performed as
described in ASTM D 3359-02, method A, using Anne q&l’aﬁ ocument for the rating.

NOTE1  The order of the ratings in Annex A is the 'ﬂﬁﬂse of that published in ASTM D 3359-02.

NOTE2 The X-cuti %ﬁown a&tﬁ St. Andrew's cross.
4.2 Prlnﬁ@%ﬁﬂ-ﬂut method

The cr gﬁ%athod requires that a matrix of cuts be made through % substrate to produce
even squdres. The spacing of the cuts and hence the size of med according to the
thickness of the coating to be assessed. Adhesive tape is applie Yatce to remove coating squares
that are poorly attached after the cuts have been made. The reiﬁhﬂh the test is expressed as a rating
according to the damage observed. For complete details, see I&E‘ﬁ

4.3 Principle of X-cut method

The X-cut method requireg i
applied with a firm, lkﬁj 5
rating according toytye

!
et
4]
5 Apparafus and materials %Qgiﬂﬁﬁ
ae™

5.1 Cross-cut test WO

Details of the required apparatus and materials are given in ISO 2409,

5.2 X-cut test %’ﬁa ﬂgﬁﬁ

5.2.1 Template, to pro lea(‘éﬁ&ht edge.
5.2.2 Slngla-blaq[lﬂiﬁar in accordance with 1SO 2409,

5.2.3 Transparent pressure-sensitive adhesive tape, in accordance with ISO 2409,

S AnA nanT AN e raeansed 3
Creweinhd nlarnatonsl Gmaaorsten e Skandaerizston u S r
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6 Procedure

6.1 General

As cross-cut and X-cut tests are destructive test methods, repair work will be necessary when they are used
on coated structures.

NOTE1  To avoid damage to the coated structure, test panels can be used (see 6.3).
The results of cross-cut and X-cut tests are influenced by different aspects of the test conditions.

The conditions on site shall be in accordance with the paint system m al::turer's‘:_‘ recommendations.

. et
If the required atmospheric conditions are not fulfilled a]@’ Vfgﬂ specified time period, seek the
advice of the paint system manufacturer. “\5

NOTE2  The age of the coating can affect the result of t @Er&shly applied coatings can have a diferent rating from
those tested two or three months after apphcanon The terAperature, humidity and ventilation during drying/curing of the
coating will also affect the raﬂng ol

If the coated struc Esoﬁ\ustng high-strength steel, care shall be taken not to damage the steel
surface. Damage tqql..'s ace could result in failure of the structure due to the effects of corrosion.

6.2 Field teﬂiﬁ'%n coated structures ;L t{\‘bﬁ

g
Prior to testing, a recently applied protective paint coating shall g\m ured in accordance with the
manufacturer's recommendations. ag,'i

In the absence of manufacturer's recommendations, the coating shall be dried/cured for at least 10 days in
well-ventilated conditions and at a substrate temperature in excess of 15 °C and a relative humidity of less
than 80 % prior to testing. E‘E"""

AL
The following mnditionWed and reported over a period of 24 h before testing (an indication of

the estimated conditionsaeitﬂi ient): j o ‘:‘15.
— the weather r:.t)ﬁ!il"{'tiu:mnsr e.g. air temperature and relative humidity; ﬁle("ﬂﬁﬁﬁﬂ

— the surface temperature of the coated structure;
— the condition of the surface (wet/dry).

The following conditions shall be measure d repoﬁgd at the time of testing:
— the air temperature; ﬁ “ﬁﬁﬁ

— the relative humidity; w“ﬁﬂf

— the surface temperature of the coated structure;

If the surface is wet, it shall be dried and the fact that it was dried shall be recorded in the test report.

NOTE If a coating is exposed to high humidity or water, it will absorb water, which can reduce its rating. Upon drying,
the rating can increase again to a certain extent, unless the coating has started to degrade or corrosion of the substrate
has occurred.

i e P i ® 1SO 2007 — All rights reserved
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6.3 Test panels for use on site

Test panels shall be prepared, coated and cured/dried under the same conditions and in the same way as for
the structure and shall be traceable to a location on the structure. Two alternative methods for conditioning the
test panels are described in a) and b) below. Any variation in the conditions shall be agreed with the paint
system manufacturer. The choice of method shall be agreed between the interested parties.

a) The coated panels remain on site for one day and are then removed for storage under standard
conditions [(23 £ 2) °C, (50 £ 5) % relative humidity] for a further period of at least 10 days prior to testing.

b) The coated panels remain on site for at least 10 days. The atmospheric conditions at the site shall be in
accordance with the recommendations of the paint system manufacturer. At the end of this period, the
panels are then removed for storage under standard co ﬁfx [(23 { g} °C, (50 + 5) % relative humidity]
for a further period of at least 16 h prior to testing. s "{T‘:‘ ﬂ.‘eﬁ

If the required atmospheric conditions are not fi rﬁﬂgsﬂe over the specified time period, seek the
advice of the paint system manufacturer. If na@®Vice is offered by the paint system manufacturer, a
possible solution would be to remove the g&ﬁh s from the site and store them as described in a). In that
case, the atmospheric conditions are not taken into consideration.

o

NOTE The di F ‘r}ese two options lies in the atmospheric conditions for the drying/curing process of
the coating the quality of the surface preparation, the coating and its application to be assessed.
Method b) alsoX e effects of the atmospheric conditions on the drying/curi rocess.

e -;E;% S
6.4 Cross-cut test R e

ﬂ -5'5..':‘}
Carry out the test as described in 1SO 2409. 'i"?‘“‘
AL

The cross-cut test is suitable for coating thicknesses up ﬂ%{) pm.

6.5 X-cut test _ Eﬁ'iﬂtﬁﬁ
Make an X-cut %ﬁ\ﬁﬁg using a single-blade cutter (5.2.2). Each cut shall be 40 mm long. The

angle between th u#\a e intersection shall be between 30° and 45°. Usi ssure-segsitive adhesive
tape (5.2.3), DW a firm force a piece 75 mm in length to the cut an Iumﬁlﬁllﬂ, Determine the
rating by ins ion, using the information given in Annex A. }u o qﬂ;ﬁ
1‘ -
The X-cut test is not limited to any thickness. ﬁi‘.":“
WO
6.6 Testing

6.6.1 General S
R e
Cross-cut and X-cut tasl@mﬁﬁﬁ out in two ways:
i
— testing the mﬁﬁwﬂ‘ﬁe structure;
— using test panels prepared at the same time and in the same way as the coating on the structure.

The method using test panels is intended to be used only if specified or if agreed between the interested
parties.

6.6.2 Sampling plan

The sampling plan defines the number of measurements to be taken in an inspection area.

e il

Conensiaht intnsnaticesi Cmanis s s Shanriardisstion. QNS r@served 5
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6.6.3 Inspection areas

Inspection areas will normally be defined in the project specification (see also 1SO 12944-7 and 1SO 12944-8).
Unless the structure has been divided into individual inspection areas, the whole structure is considered as
the inspection area for measurement purposes,

NOTE It is recommended that areas where the specified rating is difficult to achieve (e.g. areas where access for
painting is difficult) be treated as individual inspection areas.

6.6.4 Minimum number of measurements

The minimum number of measurements, to be made at random ov! ‘ ectigharea in order to assess the

integrity of the coating system, is given in Table 1. For the T this of 1ISO 16276, the number of
e on areas. The measurements shall

measurements given is considered as being representativ
also cover those areas where the specified rating is difficult t% Qthib e, e.g. areas where access for painting is

difficult (see the Note to 6.6.3). 'ﬁhﬂ
Table 1 — HMnum?@ﬁpf valid measurements within an inspection area
I%%n 'i: y Number of valid measurements
A
Aot
Qﬁ” < 1000 1 for each 200 m? area or part thereof L% E{\‘b |
=y L o
> 1000 5, plus 1 for each additional 1 000 m? afgor  pan féreot °
1
a8 Subdivision into smaller inspection areas is recommended. AE-":“

™o
When test panels are used, the number of pan‘?gs shall be equal to the number of measurements related to

inspection areas. .,;E, ,mﬂt";"'
L

™ L™
6.7 Interpretation o -
JAe %)
Test results are raﬁ!lﬂby comparison with the rating tables given for Ihgﬁb}'&cuq{gﬂﬂ Clause 8 of
A\l

s
ISO 2409:2007 and for the X-cut test in Annex A.
i
wod®

7 Expression of results
The results of the test shall be reported as ingividual ra%ngs.
v
In the event of a re-test (see CI%?&‘EE&@'H& rating and the re-test result shall be reported.
LA
ET“‘
8 Acceptance criterja®

For the acceptance of an inspection area, the appropriate criterion of the following two shall be fulfilled:

— For less than five tests, each test rating shall be equal to or better than the rating required by the
specification.

For five or more tests, 80 % of the test ratings shall be equal to or better than the rating required by the
specification. For each of the remaining 20 %, only test ratings equal to the specified rating plus one
rating level are acceptable.

For each 1 000 m? or part thereof, only one test which has given a failure result shall be re-done, and it shall
be re-done only once.

i A B AN © IS0 2007 — All rights reserved
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Test report

The test report shall contain at least the following information:

a)

b)

d)

e)

a)

h)

)
k)

L)

all details necessary to identify the protective paint coating tested, including, but not limited to, the batch
number of the paint system, the coating thickness (measured e.g. in accordance with |1SO 19840) and the
time and conditions of drying/curing, including the conditions during the 24 h before the test (see 6.2);

a reference to this part of ISO 16276 (ISO 16276-2:2007);

all details necessary to identify the substrate;

B s
all details necessary to describe the surface prﬁﬁ?& {% ate;
4
the test method used (cross-cut or X-cut); iﬁﬁﬁ
AL

all details necessary to identify the inspectﬂ\%reas:

a statement m%%%g@&critaria for each inspection area were or were not met;
L gﬁ
t, expressed as indicated in Clause 7 (including, where available, photographic

the res Lgf(‘t
documenlatidh Showing the area tested); #
0

S
the 'ambient temperature, the relative humidity and the s.urfﬁﬁl er - ?the coated structure during

the tests (see 6.2);
the date and time of each test;

the name of the inspector.
. ﬁ' e:‘i"*‘*ﬁ
TTNA

tﬁ“aﬂ“ . gﬁ-"ﬁ' wgﬁ“’

Sin Ohts reserved i
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Annex A
(normative)

Classification of results of X-cut test

NOTE The order of the ratings in this annex is the reverse of that published in ASTM D 3359-02.

. e
PR o™
a“ﬂw
wﬂla‘
iﬁ.ﬁ' 0%
o
'Ef]},, st Level 0 Level 1
No peeli oﬁlﬁimval of coating. Trace peeling or re ts or at their
£ |nter$act|on q"gl
ﬁ"‘“
i R
A
iy
1
'ET“ 'ﬁ-‘#" gﬂ‘*ﬁ
wWo Level 2 ':3!#‘9
Jagged removal along cuts, extending up to Jagged removal a ﬂ%ost of the length of the
1,5 mm out on either side. cuts, exlendl c:- 3,0 mm out on either side.
"ﬁ' e:“ﬁ
ﬁﬁﬁﬁ“ﬂ
o8
Level 4 Level 5

Removal from most of the area of the X-cut Removal of coating beyond the area of the
under the tape. X-cut.

Farweiaht -rurm-n:nrru Tinanratan foe Shznstardiation © 180 2007 — All rights reserved
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