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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 1SO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of e ﬁechnlci‘gtandardlzamn

International Standards are drafted in accordance with lwggwe N@ISOHEC Directives, Part 2.

e
The main task of technical committees is to prepare Igterp®tional Standards. Draft International Standards
adopted by the technical committees are circulawé e member bodies for voting. Publication as an
International Standard requires approval by at least*/5 % of the member bodies casting a vote.

Attention is drawn to #ﬂ ﬁt& some of the elements of this document may be the subject of patent
rights. 1ISO sh%.}{; sible for identifying any or all such patent rights.

IS0 16276- 1 ﬁe}:ared by the European Committee for Standardezauon N} Technical Committee

CENITC ts and vamnishes, in collaboration with Technical Co ISO{EC 35, Paints and

varnishest ubcommrttee SC 14, Protective paint systems for steel st i%fg “E
1,1

IS0 16276 consists of the following parts, under the general title Co "pm!ecﬂon of steel structures by
protective paint systems — Assessment of, and a-::cept‘ance for, the adhesion/cohesion (fracture
strength) of a coating:
—  Part 1: Pull-off testing

1::-:
— Part 2: Cross-cut !9@ mg

n‘!“*
{\\ "ﬁ- s
t«h“ﬁe ﬁiﬂﬂ
ﬁ“
é\ -1-.15

g
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Introduction

The main purpose of this part of ISO 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.

To comply with this part of ISO 162786, laboratory testing of panels might be required.

This part of 1SO 16276 introduces the term “fracture strength” which includes both adhesion and cohesion.
Adhesion and cohesion are defined in ISO 4618, whereas lheﬁw serlaeglses the term “adhesion” only.

on site. SO 4624 specifies a pull-off test for laboratory us ctions for interpretation of the results and without
acceptance or rejection criteria. ,&E“-

Fracture strength testing is nurmally destructl\@‘and therefore requires repair work, the extent of which will
depend on the speclf ion and on the durability required of the protective paint coating.

.E_"l.
NOTE This part of ISO 16276 is intended for the asgf }%51 gu h.b#teshng of paint coatings on steel structures
i‘h

coating acceptancelrejection criteria for protective paint coatings The method uses test

o
An obmc%@ ﬁﬂ@& 16276 is to provide uniformity in the assessment of the fracture strength of a
equlpmen a he pull-off principle.

Prcteﬂhle paint systems which have poor adhesion/cohesion mﬁ fﬂﬂéﬁ“f’racture strength values

significantly lower than the values quoted in the specification. ‘:ﬁ

For a protective paint system with a particular fracture stren%@iﬂange of test values will be obtained from
different types of equipment.

Specifying test equipment that gives, for a particular fracture strength, the highest test values does not

necessarily indicate a hi rabilit Q{ that protective paint system. Also, high test values for a particular
fracture streng#h do wﬂa cate a high durability for that protective paint system.
o™
\\‘“ S
X ’ﬁ. :
t«h“ﬁe ﬁiﬂﬂ
-é : ﬁ“
-1-.15
ae™

'ﬂhﬂ
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INTERNATIONAL STANDARD ISO 16276-1:2007(E)

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

S
Part 1: SR et
: f"-j*?(‘ o
Pull-off testing T e
et
wod
!;.E-

1 Scope ﬂ-"‘"-'"
This part o[‘% %pemfies procedures for assessing the fracture strength of a protective paint coating of
any thickne steel substrate of thickness not less than 10 mm. The ures given in this part of

fﬁu '{gﬂe results obtained

1S0 1 (A based on methods used with different types of pull-aﬁ}I?J

using stich different types of equipment are not comparable. ““

NOTE 1 Substrates of less than 10 mm in thickness can be tested if they s{e\ﬂengthened by the sandwich technique

(see 150 4624) or by the nature of the structure (e.g. |-beam or backmﬁl Otherwise, test panels with a thickness of
at least 10 mm coated in the same way as the structure can be us%ﬁ'l' e method specified ISO 16276-2 can be used.

This part of ISO 16276 is only applicable if a fracture strength value is specified, together with the type of test
equipment and the man %r of {‘.hg, equipment. Usually, this information is included in contract
documentation.

o

NOTEZ A valuﬁ}he‘(@ﬁjre strength is only meaningful if the requirements concernl e ambient condmons
(see 6.4.2) are met. c\\ AL
S e

This part of%O 16276 also specifies suitable equipment and defines mﬁ_ﬁg"arﬂéﬂ;&mphng plans and
acceptance/rejection criteria.
E-;"-’.'i-

It does not give any values of the fracture strength of different protectivegﬁiﬂ coatings.

2 Normative references

P aets
The following referenced d lﬁ ?lr_d\"lndmpensable for the application of this document. For dated
references, only the edf es For undated references, the latest edition of the referenced
document (including any EEW nts) applies.

1SO 4624, Paints aﬂ];-%mfshes — Pull-off test for adhesion

1SO 12944-7, Paints and varnishes — Corrosion protection of steel structures by protective paint systems —
Part 7: Execution and supervision of paint work

1SO 12944-8, Painits and varnishes — Corrosion protection of steel structures by protective paint systems —
Part 8: Development of specifications for new work and maintenance

IS0 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

@ 1S0 2007 — All rights reserved 1
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
31

fracture strength
force required to exceed the attachment forces

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

— within a coat (cohesion)

3.2 i&‘ﬁ ‘E‘“ﬁ

adhesion v
phenomenon of attachment at the interface between a s%}}laeg@!‘éﬁ\omer material caused by molecular
forces

e
NOTE Adhesion should not be confused with cohasjmﬂé‘

[ISO 4618:2006]

3.3 %ﬁﬁ;‘;ﬂ

cohesion '{J}; .,‘-\5"

forces that bin Ea;ﬁh’hnto an integral entity %'
e )

NOTE t&Cohesion should not be confused with adhesion. ‘ﬁ‘ *_'

[1SO 4618:2006] 1“'5
4
cot WO

[ISO 4618:2006] Eﬁﬁrﬂe

35 “‘ﬁh
coating x 'ﬁ, s
continuous Iaﬁ%d from a single or multiple application of a coating me_&%{z‘&ﬁb rﬂ%ﬁeﬂ

st

[ISO 4618:2006]
aet™

3.6 gh“

inspection area
designated area to which a sampling plan has been applied, which can be the whole structure or a selected

section of the structure
1 "i.."-?
. "ﬁ' eV
4 Principle ﬁﬁiﬁﬁﬁ‘

Test cylinders (dollies @ﬁed to the coating using a suitable adhesive and a force is exerted in order to
cause a fracture. Th is measured by the equipment.

2 @ IS0 2007 — Al rights reserved
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5 Apparatus and materials

5.1 Tensile/pull-off test apparatus, meeting the requirements specified in 6.1.6. The manufacturer and
the model of the apparatus shall be as specified or as agreed between the interested parties.

5.2 Test cylinders (dollies), made of stainless steel or aluminium alloy, of suitable diameter (normally
20 mm), of sufficient thickness to ensure freedom from distortion during the test and suitable for use with the
test apparatus. It is recommended that the length of the test cylinder be not less than half its diameter. The
end faces shall be machined perpendicular to the long axis of the cylinder.

53 Adhesives, suitable for use with both the test cylinder and the protective paint system, e.g. 2-pack
epoxy or 1-pack cyanoacrylate (see |SO 4624). Care shall be taken to avoid adhesives which might damage,
or penetrate through, the coating.

5
x ﬁ’ \,11
54 Circular cutting device, the internal diamete{-\cizqﬁ sqlth%t exceed the diameter of the test
cylinder by more than 2 mm. ‘&:]u \ 1\5{{

T
ot
6 Procedure

o
6.1 General,. 'EI;; ﬁwi.'.“
L4y
6.1.1 As@!g{ﬁtﬁ% are destructive test methods, repair work will be necessary when they are used on

coated stru&!qr'é - %} 2
0 5k X
NOTE To avoid damage to the coated structure, test panels can be aéﬁﬁiﬁﬂ
(AN
6.1.2 The results of each of the procedures described are in &ided by different aspects of the test
conditions. There are some aspects that are common to all lt}g@ﬁ‘bedure& and these are described below.

6.1.3 The test cylinders are supplied in various shapes and the force can be applied in various ways, such
as hydraulic pressure, pneumatic presrsu{_% or using compressed-spring assemblies.

%, T
6.1.4 The measu %\E&Mﬁ?used shall be calibrated. If a calibration certificate is required, it shall be

checked to ens nt and relates to the instrument in use, i.e. has the same serial number.

™ S
NOTE Ad{;ﬁ@ﬁﬁand calibration are carried out by the manufacturer or by an ganjs y
T -g\ L
6.1.5 Prior to testing, a recently applied coating shall be dried/cured i l't'nor I""\}v.ritl". the manufacturer's

recommendations. X
od®

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.

5
NOTE1  The age of the co!ipﬁu Eﬁé’sult of the test. Freshly applied coatings can have a lower fracture
strength than those teste uw rgg‘ ths after application. The temperature, humidity and ventilation during
drying/curing of the coatin Isiﬂﬁ the fracture strength obtained.

1]

i
NOTE 2 If a coatingg %osed to high humidity or water, it will absorb water, which can reduce its fracture strength.
Upen drying, the strghr%l will increase again to a certain extent, unless the coating has started to degrade or corrosion of
the substrate has occurred.

6.1.6 The rate at which the force is applied to remove the test cylinder will affect the fracture strength
obtained. The tensile stress shall therefore be applied in a direction perpendicular to the plane of the coated
substrate and shall be increased at a uniform rate, not greater than 1 MPa/s, such that fracture occurs within
90 s. Test equipment which does not meet this requirement is not suitable.

© IS0 2007 - All rights reserved 3
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Erratic or uneven application of the force can cause premature failure of the coating and give misleading
results.

NOTE Manually operated equipment will not necessarily provide a uniform increase in the applied force.

6.1.7 If the test cylinder is of the type which is bored with a central hole, it is important to remove any
adhesive in the central hole in order to obtain the optimum result.

6.1.8 If the coated structure is fabricated using high-strength steel, care shall be taken not to damage the
steel surface. Damage to the steel surface could result in failure of the structure due to the effects of corrosion.

6.2 Field tests on coated structures

Prior to testing, a recently applied protective paint coating sh%&c&@ﬁﬁamordance with 6.1.5.
L3

The following conditions shall be monitored and reportey ,.lv\kibrﬁ#'éﬁi of 24 h before testing (an indication of
the estimated conditions is sufficient): ,&E‘jﬁ
3 )

— the weather conditions, e.g. the air temparatuwand relative humidity;

—  the surface m@pﬁﬁumﬁed structure;
Kot

— the conc’iﬁg‘a 1;f\ wﬁ&ﬁace (wet/dry).
1

The follqmm%n{fitions shall be measured and reported at the time of t&ﬁ%ﬁ’ﬁﬂﬂﬁ
w
— the air temperature; .Iéj"llﬂ e L
o

— the relative humidity;
— the surface temperature of the coated structure.

If the surface is wet, it aﬁﬁdrieiﬁ the fact that it was dried shall be recorded in the test report
(see 6.1.5, Note 2). _, 1% i

PR e

6.3 Preparation 1%
BE" Q(_
Before use, check that the test equipment is in good working order. 'éil‘.. 1“;."'-1
; : : et
Measure the rate at which the force increases to ensure it meets the r%ﬂwﬁﬁents.

Clean the surface of the test cylinder and of the protective paint coating before testing. The cleaning process shall
include thorough degreasing.

To reduce the likelihood of adhesi

the surface of the protegw
carried out, clean the surfas

gt ™
Apply the adhesive ﬁmﬂa‘and evenly to the whole end surface of the test cylinder in sufficient quantity to
ensure a good bond“to the paint coating. Avoid applying excessive adhesive, as uneven application of the

adhesive can lead to the pull-off force not being applied perpendicularly to the coating surface.

ﬁ; @E‘&% of the face of the test cylinder (e.g. by blast cleaning) and of
i .g. with fine emery paper) can be carried out. If such abrasion is

Follow the instructions for use supplied with the adhesive to ensure correct usage.

Cut the paint coating round the test cylinder down to the substrate, using a cutting device of the type specified in
5.4, to separate the test area from the rest of the coating.

4 @ IS0 2007 - All rights reserved
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6.4 Testing

6.4.1 General

For the purposes of this part of ISO 16276, a measurement is understood to be a single fracture strength
value.

Pull-off tests can be carried out in two ways:

— testing the coating on the structure;

— using test panels prepared at the same time and in the same s the coating on the structure.
s

The method using test panels is intended to be used D cl 4&&1@‘!} agreed between the interested

arties. L

p ‘i."h""

6.4.2 Test panels for use on site ﬁﬁﬂi
The size of the steel panels shall be at least 100 mm = 100 mm = 10 mm.

o
NOTE1 To j i ?required. test panels can be glued together to form a composite panel of at least
10 mm lhi% sg@ﬂé-l technique described in 1SO 4624 can also be used.
A
Test panel ﬁﬁﬁ"‘he prepared, coated and cured/dried under the same conditi nd in the same way as for
the s and shall be traceable to a location on the structure. Two et for conditioning the
h;bb greed with the coating

test panels are described in a) and b) below. Any variation in theﬁ‘h
matenal manufacturer. The choice of method shall be agreed bet

gﬁﬁ' ted parties.

a) The coated panels remain on site for one day and ar ﬂt’leﬂ' removed for storage under standard
conditions [(23 + 2) °C, (50 + 5) % relative humidity] fcﬂh%rther 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 endafi of the paint system manufacturer. At the end of this period, the

panels are then Q ge under standard conditions [(23 £+ 2) °C, (50 + 5) % relative humidity]
fora 1’urtherﬁiI f agﬁ'ﬁ 16 h prior to testing.

If the requ:rﬁﬁft#msphenc conditions are not fulfilled at the site over the qseek the
advice’ﬁ%e paint system manufacturer. If no advice is offered ig['ﬂ"l“ anufacturer, a
possible solution would be to remove the panels from the site and %ﬁlt eq:iqi scribed in a). In that
case, the atmospheric conditions are not taken into consideration. E

NOTE 2  The difference between these two options lies in the ahnosphe'ﬂg‘mndiﬁons for the drying/curing process of
the coating. Method a) enables the quality of the surface preparation, the coating and its application to be assessed.
Method b} also includes the effects of the atmospheric conditions on the drying/curing process.

6.4.3 Sampling plan ’qﬁ, E-;\‘-E'
-u.:l.
6431 General ‘g:}}, .;..‘:-"*T

The sampling plant-dfﬂés the number of measurements to be taken in an inspection area.

6.4.3.2 Inspection areas
Inspection areas will normally be defined in the project specification (see also ISO 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.

© IS0 2007 — All rights reserved 5
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NOTE It is recommended that areas where the specified fracture strength is difficult to achieve (e.g. areas where
access for painting is difficult) be treated as individual inspection areas.

6.4.3.3 Minimum number of measurements

The minimum number of measurements, to be made at random over an inspection area in order to assess the
fracture strength of the protective paint coating, is given in Table 1. For the purposes of this part of ISO 16276,
the number of measurements given is considered as being representative of the inspection areas. The
measurements shall also cover those areas where the specified fracture strength is difficult to achieve, e.g.
areas where access for painting is difficult (see the Note to 6.4.3.2).

Table 1 — Minimum number of valid measureme in an inspection area
Inspection area Numberwﬁmeaﬁqﬁ%m
m?2 _‘ﬂ'ﬁ""b
<1000 3 for each 250 m? agaa, bk Part thereof
=1 000 12, plus 1 for each ad;:l'rtinnal 1 000 m? area or part thereof 2
a “%@;mto sEdh.i"THspectiun araas is recommended.

% “15 fﬁ‘h

When test p EE&E used, the number of panels shall be equal to the number %asur@mams related to

mspectiom . ‘gﬁ- . ﬂu':
ﬁ% R
6.5 Interpretation of results 1“45'55

Visually inspect the fracture surfaces to establish the nature of tllgﬁgélure. assessing the type of fracture as

follows: ﬂ"'

A cohesive failure of substrate;

A/B adhesive failure (Wﬁu%ﬁﬁ!ﬁ and 1st coat (primer);

B cohesive failur

g}}’ﬁ- e

B/C adhesweﬁf}re between 1st coat and 2nd coat; ﬁlﬁ' ﬁﬁ‘m

“5
c cohesive failure of 2nd coat; ﬂhﬂi

o
C/m adhesive failure between 2nd coat and mth coat of a multicoat systm,
m cohesive failure of mth coat of a multicoat system;

min adhesive failure between mth-ﬁlﬁ ﬂ;ﬂh‘f of a multicoat system;

ni— adhesive failure bewwg’}}y%ﬁgnd topcoat of a multicoat system;
- cohesive faﬂureﬁlmﬁo

—Y adhesive failure between topcoat and adhesive;
Y cohesive failure of adhesive;
Y/Z adhesive failure between adhesive and dolly.

Figure 1 shows the interfaces between the test cylinder, the adhesive, the top coat, the intermediate coats, the
primer and the substrate.

6 @ IS0 2007 - All rights reserved
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Diagram Description of fracture Type of
fracture

Test cylinder (Z)

-=+— Adhesive: adhesive/cylinder (Y/Z)
Adhesive (Y) - Cohesive: adhesive (Y) Fracture of
- Adhesive: topcoatfadhesive (—/Y) adhesive
Topcoat (-) - Cohesive: topcoat (=)

A

Intermediate coat(s)

—— Adhesive: in ed./topcoat (n/-)
———— Cohesiv %ﬂ(ﬁ
T n mﬂaﬂed coat (C/n) Fracture of

e A b piromaim s
9 —?\g%heswe primer/2nd coat (B/C)
Prime <4—Cohesive: primer (B)
E ﬁ" 4——— Adhesive: substrate/primer (A/B)
'i."l-
ﬂ‘k

ﬂnﬁfi Figure 1 — Description of types of fraogﬁ.%l “115

If the result of the measurement exceeds the specified value, the‘@p estﬁ'ﬂﬂﬁd irrespective of the fracture
type. “-“\

Once the measured value has exceeded the specified @ﬂ-ﬁmng the test, it is not necessary to continue
until fracture occurs, unless otherwise stated in the specificati

If the fracture streng;:ﬁiﬁn the %ngﬁed value, the validity of the test shall be determined as follows:

— [Ifmore tha & &__‘ ﬂﬂh of the end face of the dolly exhibits failure of the adheswe [(WZ) and/or (Y)
and/or (=Y ?ﬁ« not valid and shall be repeated.

— Unlesgﬁﬁbﬁwlse agreed, valid measurements reguire the COI‘IdEtIDr‘I cc e \mth ISO 4624
[(23 +2) °C and (50 + 5) % relative humidity for at least 16 h]. If t onditions are not met,
laboratory testing in accordance with 1SO 4624 shall be carried out to c.oila he result.

For a fracture to be identified as cohesive or adhesive, the area of tﬁé’relevant fracture shall be equal to more
than 80 % of the area of the end face of the test cylinder.

7 Expression of rasult%ﬁ' E“ﬁ

The results of testing sl )’db ed as individual fracture patterns, using the descriptions given in 6.5 and
indicating the percentaggsiof adhesive and cohesive fracture. Provided the conditioning requirements have
been met, fractur ﬁ’gth values shall be expressed in megapascals or as the number of tests in which the
specified value was exceeded, as appropriate.

@ 150 2007 - All rights reserved 7
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8

Acceptance criteria

For the acceptance of an inspection area, the following criteria shall be fulfilled:

a)

b)

c)

9

the fracture strength values for substrate/primer (A/B) adhesive failures shall be equal to or greater than
the specified value;

when 10 or more measurements are made in a single inspection area, not more than one-tenth of the
fracture strength values shall be between 20 % and 60 % of the specified value;

two-thirds of the measured fracture strength values shall be equal to or greater than the specified value,
with the additional requirement that the remaining one-third ofﬁva!ues are equal to or greater than
60 % of the specified value. ﬁ;\ﬁ

&.}ﬁ‘* S

Test report

The test report shall contain the following informatioh:

a)

b)

c)

d)
&)

f)

e coating thickness (measured e.g. in accardance with 1SO 19840) and the
|oqﬁ|15 ry:ngfcurmg, including the conditions during the 24 h before the test (see 6.2);

_ fg‘ﬂi?protectwe paint coating tested, including, but not limited to, the baich
number o

time and }uﬂ

a refmgﬁ?o this part of ISO 16276 (ISO 16276-1:2007); ‘gﬁ-%’ “'UF

all details necessary to identify the fracture strength test app&s ugqg,“b‘l'us all relevant equipment
verification data confirming the equipment's suitability for the test; A

'E'.
all details necessary to identify the substrate; thﬂ'a
all details necessary to descn%e the sur!ace preparation of the substrate;

the adhesive used ﬂ:’;&l
all details nece ‘@\&ntlfy the inspection areas; I %.

%qiﬁondmons of drying/curing, including the ambient temperature;

a statemeﬂtﬁ%l the acceptance criteria for each inspection area were %‘Q&nm gﬁﬂiﬁ

the results of the measurements, expressed as indicated in CIauEé’{ﬁlcludtng. where available,
photographic documentation of the fracture site and the end face oﬁﬁa cylinder);

the ambient temperature, the relative humidity and the surface temperature of the coated structure during
the measurements (see 6.2);

S
the date of the measurements%ﬁ’ E.":ﬁ'

o
the name of the inspe ‘ \'l:'l-"

b
t&“ﬁgf

@ IS0 2007 — All rights reserved
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