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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.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention i
patent righ
any patent
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Any trade
constitute

For an explanation on the voluntary nature of standards, the . meaning of ISO specific terms

expression
World Trad
URL: www

5 drawn to the possibility that some of the elements of this document may,be the subjec
ts. ISO shall not be held responsible for identifying any or all such paténtrights. Detail
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

s related to conformity assessment, as well as information about ISO's adherence to
e Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the follow
Liso.org/iso/foreword.html.
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SC 14, Prot,
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hent was prepared by Technical CommitteeSO/TC 35, Paints and varnishes, Subcommi
pctive paint systems for steel structures.
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Introduction

Unprotected steel in the atmosphere, in water and in soil is subject to corrosion that c
damage. Therefore, to avoid corrosion damage, steel structures are normally protected to
the corrosion stresses to which they will be subjected during the service life required of the

There are different ways of protecting steel structures from corrosion. ISO 12944 (all parts)

an lead to
withstand
structure.

deals with

protection by paint systems and covers, in the various parts, all features that are important in achieving

adequate corrosion protection. Additional or other measures are possible but require
agreement between the interested parties.

particular

In order to ensure effective corrosion protection of steel structures, owners of such structure
conpultants, companies carrying out corrosion protection work, inspectors of pretectiy
and manufacturers of coating materials need to have at their disposal state-of-theyart info
confise form on corrosion protection by paint systems. It is vital that such information is as ¢
poskible, unambiguous and easily understandable to avoid difficulties and misunderstandin
the[parties concerned with the practical implementation of protection work’

[SO[12944 (all parts) is intended to give this information in the form 'of’a series of instru
wriften for those who have some technical knowledge. It is also assumed that the user of 1SQ
parts) is familiar with other relevant International Standards, in pagticular those dealing w
preparation.

ough ISO 12944 (all parts) does not deal with financial and contractual questions, 3
ivn to the fact that, because of the considerable implications of inadequate corrosion
-compliance with requirements and recommendations given in this document may resul
ncial consequences.

non
fing

ISO
gen
hea
pro

Offs
cor
fail

12944-1 defines the overall scope of 1SO-12944. It gives some basic terms and definit
eral introduction to the other parts of [SO312944. Furthermore, it includes a general st
Ith, safety and environmental protectien; and guidelines for using ISO 12944 (all parts)
ect.

hore and related structures require specific attention in order to be able to withstand
fosion stresses to which théy are exposed during their service life and to minimize
ires that would impact safety, operating costs or capital cost.

In g
it is
lab

rder to establish sufficient corrosion protection and ensure optimum performance of t|
necessary to specify the requirements for the protective paint system(s) along with tl
pratory performance tests to assess its (their) likely durability.

In grder to achi€ve the same performance as indicated by testing, proper surface prepa
application efthe paint is essential. Close attention needs to be given to the execution of the

Thi

5, planners,
e coatings
rmation in
omplete as
bs between

Ctions. It is
12944 (all
ith surface

ttention is
protection,
L in serious

ions and a
itement on
for a given

the severe
the risk of

he coating,
e relevant

ration and
work.

5 docdmment places emphasis on high-durability paint systems, with the aim of minimizing

mallntenance and hence reducing safety considerations and environmental impact.
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Paints and varnishes — Corrosion protection of steel
structures by protective paint systems —

Pa

rt 9:

Protective paint systems and laboratory performance test

m

1

Thi
rela
bra
imn

Thi

Thi
Crs

Thi
and
tem

Thi

ambient operating temperatures up to a maximum of 50 °C.

Thi

Thi
alsq
met

Itd

ethods foroffshore and related structures -

Scope

5 document specifies the performance requirements for protective paint@ystems for of
ted structures (i.e. those exposed to the marine atmosphere, as well as ithose immerse
Ckish water). Such structures are exposed to environments of corrosivity category CX (of’
hersion category Im4 as defined in [SO 12944-2.

5 part of ISO 12944 describes paint systems for high durability @ccording to ISO 12944-1

5 document is applicable to structures made of carbon steel’and does not cover Cd/Bi Cy
urfaces. It is not applicable to surfaces under insulation.or concrete.

5 document is applicable for paint systems intended.for a service temperature range betw
+80 °C, and the performance testing is aimed at verifying suitability of the paint syste
perature range.

5 document is applicable for paint systems for submerged service (Im4) which are in

5 document specifies:

the test methods to be used to determine the composition of the separate compon
protective paint system;

the laboratory performance test methods for the assessment of the likely durability of the
paint system,;

the criteria to‘be-ised to evaluate the results of performance tests.

5 document covers the requirements for new work and any repairs necessary before staf
be usedin'relation to maintenance where complete refurbishment is carried out and the
al substrate is completely exposed by abrasive blast-cleaning.

fshore and
d in sea or
fshore) and

and Zn/Bi

reen —20 °C
ms for this

tended for

bnts of the

protective

t-up. It can
underlying

besnot address maintenance in general where methods of surface preparation other tha

n abrasive

blast-cleaning are typically used.

This document deals with structures, made of carbon steel of not less than 3 mm thickness, which are
designed using an approved strength calculation.

The following are not covered by this document:

©IS

structures built of stainless steel as well as those built of copper, titanium or aluminium or their alloys;

steel cables;
buried structures;

pipelines;

02018 - All rights reserved
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— the interiors of storage tanks.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

[SO 1461, Hot dip galvanized coatings on fabricated iron and steel articles — Specifications and test methods

ISO 1514’, rbll'lltb Ulld vur lll’bl’ll:b - Sl‘:ulldul d[JullCl’D‘f‘Ul tCDtl’lly

ISO 2063 (all parts), Thermal spraying — Zinc, aluminium and their alloys

ISO 2811 (3ll parts), Paints and varnishes — Determination of density

[SO 2812-2| Paints and varnishes — Determination of resistance to liquids — Part 2: Waterimmersion meghod
[SO 3233-1, Paints and varnishes — Determination of the percentage volume of.non-volatile mattef —
Part 1: Method using a coated test panel to determine non-volatile matter and to-detéermine dry film dersity
by the Archimedes principle

ISO 3251, Raints, varnishes and plastics — Determination of non-volatile<tnatter content

ISO 3270, Paints and varnishes and their raw materials — Temperatdres and humidities for conditioning
and testing

ISO 4624, Raints and varnishes — Pull-off test for adhesion

ISO 4628-2, Paints and varnishes — Evaluation of degradation of coatings — Designation of quantity
and size of|defects, and of intensity of uniform changes‘in appearance — Part 2: Assessment of degrde of
blistering

ISO 4628-3, Paints and varnishes — Evaluation‘of degradation of coatings — Designation of quantity jand
size of defefts, and of intensity of uniform changes in appearance — Part 3: Assessment of degree of rusting
ISO 4628-4, Paints and varnishes — Evaluation of degradation of coatings — Designation of quantity
and size of|defects, and of intensity,of uniform changes in appearance — Part 4: Assessment of degrde of
cracking

ISO 4628-5
size of defe

, Paints and varnishes — Evaluation of degradation of coatings — Designation of quantity
Cts, and of intensity of uniform changes in appearance — Part 5: Assessment of degree of fla

ISO 4628-6, Paints afd-varnishes — Evaluation of degradation of coatings — Designation of quarn

and size of|
chalking by

defects,and of intensity of uniform changes in appearance — Part 6: Assessment of degrg
tapeqsmethod

ISO 8501-1

and
King

tity
e of

, Preparation of steel substrates before application of paints and related products — Vi

sual

assessment of surface cleanliness — Part 1: Rust grades and preparation grades of uncoated steel substrates
and of steel substrates after overall removal of previous coatings

ISO 8503-1, Preparation of steel substrates before application of paints and related products — Surface
roughness characteristics of blast-cleaned steel substrates — Part 1: Specifications and definitions for ISO
surface profile comparators for the assessment of abrasive blast-cleaned surfaces

[SO 8503-2, Preparation of steel substrates before application of paints and related products — Surface
roughness characteristics of blast-cleaned steel substrates — Part 2: Method for the grading of surface
profile of abrasive blast-cleaned steel — Comparator procedure

ISO 9117-3, Paints and varnishes — Drying tests — Part 3: Surface-drying test using ballotini

IS0 9227, Corrosion tests in artificial atmospheres — Salt spray tests

2 © ISO 2018 - All rights reserved
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[SO 12944-1, Paints and varnishes — Corrosion protection of steel structures by protective paint systems —
Part 1: General introduction

IS0 12944-2, Paints and varnishes — Corrosion protection of steel structures by protective paint systems —
Part 2: Classification of environments

ISO 12944-4, Paints and varnishes — Corrosion protection of steel structures by protective paint systems
— Part 4: Types of surface and surface preparation

ISO 12944-5, Paints and varnishes — Corrosion protection of steel structures by protective paint systems
— Part 5: Protective paint systems

[SO|15711:2003, Paints and varnishes — Determination of resistance to cathodic disbonding|of coatings
exppsed to sea water

[SO|16474-3:2013, Paints and varnishes — Methods of exposure to laboratory light)>sourcesy — Part 3:
Flugrescent UV lamps

1S0|19840, Paints and varnishes — Corrosion protection of steel structures by protective paint|systems —
Medsurement of, and acceptance criteria for, the thickness of dry films on nough surfaces

ISO[ 29601, Paints and varnishes — Corrosion protection by protective paint systems — As§essment of
porpsity in a dry film
3 |Terms and definitions

For|the purposes of this document, the terms and definitions given in ISO 12944-1, ISQ 12944-5,
[SO|1461, I1SO 2063 (all parts) and the following apply.

[SO|and IEC maintain terminological databases for use in standardization at the following addresses:

— |IEC Electropedia: available at https://www.electropedia.org/

— |ISO Online browsing platform: available at https://www.iso.org/obp

3.1
offgshore and related structures
permanently installed or moored structures with high requirements for long-term integrity

Note 1 to entry: Typical examples are oil and gas production facilities.

3.2
prgduct technical“data sheet
product TDS

document designed to provide information on a specific paint product

Note 1.to.entry: The type of information typically includes product uses, features, service properties| application
properties, application instructions, packaging information and information on storage and handling.

Note 2 to entry: See 6.4 for specifically required minimum information.

3.3

safety data sheet

SDS

document designed to provide information regarding the health and safety aspects of a paint product
or thinner

Note 1 to entry: The SDS typically includes information concerning generic material identification, hazardous

ingredients, physical data, fire and explosion data, health hazards, reactivity data, spill or leak procedures,
special protection requirements and other special precautions.

© ISO 2018 - All rights reserved 3
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3.4

qualification
process for the evaluation of protective paint systems using test criteria which allow the selection of

suitable pa

Note 1 to en

labora

int systems for distinct environmental exposure conditions

try: The process comprises:

description of the paint system (for an example, see Table 2);

application testing (see Clause 8);

rv performance testing and assessment of the results (see Clause 9):

full ide

3.5
volatile or
vocC

any organ
pressure o

Note 1 to en
photochemij

exempt conjpound.

3.6

splash and tidal zones

areas that
ballasting

3.7

holding primer

fast-drying
structure,

Note 1 to enftry: Primers which do allow the catbon steel to be welded are called “pre-fabrication primers”.

4 Field

41 Typ

This docun
and the im

The struct]

htification of the paints (see 6.5.2 and Annex C).

ganic compound

¢ liquid and/or solid that evaporates spontaneously at the prevailing temperature
F the atmosphere with which it is in contact

try: Under US Government legislation, the term VOC is restricted sole]yxfethose compounds that
cally active in the atmosphere (see ASTM D3960). Any other compound is then defined as bein

are alternately wet and dry because of the influence of tides, winds and/or wave
loading

primer that is applied to blast-cleaned carbon steel to protect it during fabrication
but does not allow the carbon steel telbe welded

of application

b of environment

hent deals with.the atmospheric corrosivity category CX (offshore) for operating temperat
mersion category Im4 as defined in ISO 12944-2.

and

are
b an

or

pf a

ure

ure may.be divided into different zones based on the type of environment each zone is
exposed tof

one zo

etorresnondstothe area exvnaosed toatmosnheric cateaorv CX (offshorel:
| ¢ | 4 | 3¢ o J AN J7

(offshore) and Im4:

another zone corresponds to the area that is permanently immersed in sea water, i.e. category Im4;

two further zones correspond to the tidal and splash zones which are a combination of category CX

— thetidal zone is the area in which the water level changes because of natural or artificial effects,
thus giving rise to increased corrosion due to the combined effect of cyclic exposure to water

an

d the atmosphere;

— the splash zone is the area wetted by wave and spray action which can give rise to exceptionally
high corrosion stresses, especially with sea water.

© ISO 2018 - All rights reserved
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In this document, the splash and tidal zones are combined for qualification purposes into one set of

test

4.2

s (see Table 3).

Type of surface and surface preparation

This document deals with the following types of surface (more information is given in ISO 12944-4):

uncoated carbon steel surfaces;

metal-coated surfaces (thermal-sprayed metallic coating or hot-dip galvanized steel);

Exc
Sa 7

For
ISO

Hotl

4.3
The
aga
5

The
the

many external factors such as the envifonment, the design of the structure, the surface p

and

The
the
can
tos
spe
hav

HoV
tha
an

of t

surfaces painted with pre-fabrication primer;
previously painted surfaces from which the existing paint system has been complétely

ept for metal-coated surfaces, surface preparation shall be by blast cleaning to-prepard
% (minimum) as defined in ISO 8501-1 and to surface profile “medium (G)” ds.defined in

surface preparation before and after application of the thermal-sprayed metallic c
2063 (all parts).

Ldip galvanized steel shall be sweep blasted in accordance with‘SO 12944-4.

Type of paint

generic types of paint widely used in paint systems for the protection of carbon steel
nst corrosion are described in ISO 12944-5, but are not limited to those in ISO 12944-5.

Relationship between artificial ageing and natural exposure

selection of a paint system for a specific situation should preferably be based on exper

the application and drying procedures.

durability is of course alsolinked to the chemical and physical characteristics of the g
type of binder and the dry+film thickness. The influence of these characteristics on the

alt fog, as an indicdtion of wet adhesion and the barrier properties. The ageing tests ang
Cified hereafter have been selected to ensure, with a high probability, that paint system
e the characteristics needed for the durability required in the intended application.

artifieialageing will not necessarily have the same effect as natural exposure. Many f3
nfluence on the progress of degradation and, in the laboratory, it is not possible to ac

emoved.

ition grade
S0 8503-1.

bating, see

structures

ience from

use of the system in similar cases. Thereason is that the durability of a paint system depends on

reparation,

ystem, e.g.
durability

be evaluated by artificial-ageing tests. Of primary interest is resistance to water or majisture, and

| durations
s really do

vever, results from artificial-ageing tests shall be used with caution. It shall be clearly ynderstood

ctors have
Celerate all

heém in the proper way. It is therefore difficult to make a reliable ranking of paint syste

ms of very

diffl

. e c PR | : + 21 11 + oy e 1 1
CICIIU COIITPOSILIOVILS TTUIT AT ULITICIAI=d gTIHITE LESLS TITUIC IdDUI ALOT Y. TI1IS CdIl SUITICUIIICS 14U

to efficient

protective paint systems being rejected because they cannot pass these tests. It is recommended that
natural-exposure trials always be undertaken so that, in the long term, such anomalies can be resolved.

6

6.1

Paints

General

The performance of protective paint systems shall be tested in accordance with Clause 9 and the
separate components of the system (the paints) shall be identified in accordance with 6.5

For each paint in the paint system, the manufacturer shall provide a product technical-data sheet
(product TDS) (see 6.4) and a safety data sheet (SDS).

©IS

02018 - All rights reserved
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Neither the chemical composition of the individual paints in the paint system (see 6.5.2 and 6.5.3) nor
the description of the paint system (see 7.1) shall be changed after qualification.

6.2 Quality assurance

The paint manufacturer shall set up and maintain a quality assurance system such as is necessary
to ensure that the goods or services supplied comply in all respects with the requirements of this
document.

6.3 Packaging and labelling

All coating
manufactufrer's label and instructions. At least the following information shall be shown on thelabg

the na
the cu

the na

materials, solvents and thinners shall be stored in their original container beaning

me of the coating material;
'ing component;

me of the paint manufacturer;

the colour of the coating material;

the baf
the da

instru
with a

a refer

6.4 Req

At least th{
with each product submitted to qualification’testing:

the da
the na

the na

ch number;
e of manufacture;

‘tions and warnings regarding health, safety and environmental protection in accordd
pbplicable regulations;

ence to the relevant product TDS.

hired product information

e following information, in addition to that in the SDS, shall be provided in the product

e of issue;
me of the product;

me of the manufacturer;

the ge

eric name f@rthe paint;

the gemeric name’for the curing agent;

the gemeric name for each additional component;

the colour of the coating material;

the mixing ratio;

the mixing instructions (including any induction time);

the shelf life under the recommended storage conditions;

the

nce

DS

the non-volatile matter by volume of the mixed product (determined in accordance with IS0 3233-1)Y;

the density of the mixed product (determined in accordance with the appropriate part of ISO 2811)1);

the pot life of the mixed productD);

1

These values shall be obtained at (23 # 2) °C and (50 = 5) % RH or as otherwise agreed.

© ISO 2018 - All rights reserved
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the time taken for the surface of the coating to dry (determined in accordance with ISO 9117-3)1);

the time to full cure!);

the recommended thinner(s) (name and/or No.);

the maximum quantity of each thinner allowed for application;

the recommended surface preparation grade (see ISO 8501-1) and profile (see ISO 8503-

the recommended method of application;

1;

6.5

6.5

Eac

a)

b)

6.5
The

quallified paints. After*qualification of a paint system, this fingerprint may be used, if ne

ver

Thd

6.5

the minimum and maximum over-coating time;

the recommended minimum and maximum dry film thickness;

the solvent recommended for cleaning the equipment;

the recommended application conditions (temperature and relative humidity);

the maximum VOC content and the method to be used to check thatdtis not exceeded?);
areference to the SDS;

the theoretical spreading rate (in m2/1 or m2/kg for a dry filtn thickness of x um).
Paint identification

1 General
h paint in a paint system shall be subjected t@,two types of identification check:

A fingerprint check (see 6.5.2) shall be(carried out on all the paints of the paint system
to qualification testing.

A routine batch check (see 6.5.3) shall be carried out initially and on every subsequent I
paints in a qualified paint system.

2  Fingerprint check
aim of a fingerprint check is to confirm the consistency of the paints supplied with r

fy that the paints supplied are identical to those subjected to qualification testing.

fingerprint shall include at least the parameters given in Annex C.

3 _“Routine batch check

submitted

atch of the

bference to
cessary, to

The results of a routine batch check, using simple Taboratory techniques, can show differences in the
composition of a paint by comparison with the sample(s) subjected to qualification testing.

The paint manufacturer shall carry out a routine batch check on each batch of paint. Such checks are
subject to documentation forming part of the paint manufacturer‘s quality assurance system and are
used to provide the certificate of conformity, if required by the purchaser.

The minimum data required for a simple identification check (if relevant to the product in question) are
given in Table 1.

2)

For details, see the SDS.

© ISO 2018 - All rights reserved
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Table 1 — Routine batch check (batch by batch, final product inspection)

Date of issu

e Production date

Name of paint

Product TDS No.

Batch number

SDS No.

Specification

Testresult with tolerance

Test method

. Appropriate partof | | L g/cm3
Density 190 2811 | e +0,05 g/em3a
Non-volatile matter by mass ISO3251 | e % =2 %

a  Forden

ities greater than 2 g/cm3, the relevant tolerance is +0,1 g/cm3.

Each of theg

fingerprint.

6.6 Conl

This docu
informatio
of the asse
purchaser

designled for;

the product designationfeP each coat in the paint system in the order of application. The follow

interested parties shall be entitled to carry out additional checks on any batglrto verify

[idential information

ent describes an assessment process for protective paint systen1ts for which confider
has to be supplied by the paint manufacturer. Such information, and the detailed res
ksment process, shall be the property of the purchaser but-shall not be disseminated by
without prior agreement from the paint manufacturer.

ctive paint systems

‘ription
e paint system subject to qualification,shall be described by:
me and address of the manufacturef;

pe of environment (see 4.3) and the type of surface (see 4.2) that the paint syster
face preparation recommended for the surface (method and resultant grade);

ation is requiredfor each product:
b trade names
e genericiiame of the paint;

e colour range;

the

tial
ults
the

h is

ing

7 Prote
7.1 Desg¢
A protectiy
a) thena
b) the ty
c) thesul
d)
inform
— th
— th
— th
The NDFT
An exampl
8

the nominal dry film thickness (NDFT).

of the protective paint system is the sum of the NDFTs of each individual coat.

e of a paint system description is given in Table 2.
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Table 2 — Example of a paint system description

Manufacturer Type of substrate

Type of environment

Name:
Address:

Sur

face preparation

Colour

shade Generic type

Trade name

NDFT (pm)

1st

coat

2nd

coat

3rd

coat

4th

coat

etc

7.2

Paint systems that pass all the tests in this document are likely to provide offshore coating

dur]
acd

Exp
dur
filn

For
the

Its
gen
as 1

In s
sha
req
to ¢

If a
be
doc

Total NDFI'(pum):

Minimum requirements for protective paint systems

hbility. However, there are many factors that can influence the actual performance and d
ating.

erience has shown that one of the parameters which is essential for the achievemsg
hbility in practice is the coating system make-up, primarily the number of coats and th
thickness.

this reason, this document establishes a set 6f*minimum requirements for the coating
various environmental zones.

pric coating types: primer, intermediate coat and topcoat. They should therefore only be
ninimum requirements. In addition; the list is not intended to be comprehensive.

pecial cases, coating systems$-based on fewer coats can be relevant. However, in such
| be accompanied by a significant increase in total dry film thickness compared to thg
1lirements in Table 3, andiit is advisable to take special quality control measures during
nsure that the NDET\is/met.

holding primeris used, thus becoming part of the coating system (as an extra layer)
hgreed between’ the interested parties and the holding primer qualified in accordanc
Lment.

b with high
irability of

nt of high
e total dry

ystems for

hould be emphasized, however, that the paint systems given in Table 3 are made up ¢f different

considered

cases, this
minimum
hpplication

, this shall
b with this
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Table 3 — Minimum requirements for protective paint systems and their initial performance

(thermal sp
sprayed aluj
For TSA, a s{
b Zn(R) =
¢ This cod
case, the ND|
d  The nur
instance.
e [t is reg
hydraulic te

f Push-of]

Hot-dip-galvanized
Blast-cleaned carbon steel: Sa 2%%; steel or steel with
Surface profile: medium (G) thermal-sprayed
zinc coating?
Type of .
environment CX (offshore) f;g(l?z?f:ﬁgrg)d:,l,;(;ﬂf: Im4 CX (offshore)
according to 4.1
. Zn (R)b | Other |Zn (R)b.c| Other primers |Other primers
Type of primer (R) primers (R) P P
NDFT (um) 240 260 240 >60 =200 — =150
Minimum fqumber 3 3 3 3 2 1 2 2
of coatsd
NDFT of pafint 5280 | 2350 | 2450 | 2450 | 2600 | =800 | 2350 $200
system (punp)
Minimum gull-off
test value (pefore
ageing) determined 5 5 5 5 5 8 5 5
in accordance with
ISO 4624, Method A
or Be (MPalf
a  The thidkness of the metallic coating shall be in accordance with ISO 1461 (hot=dip galvanized) or ISO 2063 (all parts)

ayed metal) and the metallic coating shall be prepared as specified in ISO 12944-4. Overcoating of ther
ninium (TSA) is not recommended due to the risk of the overcoatflaking and corrosion of the TSA occurry
aler coat only is recommended.

Zinc-rich primer as defined in ISO 12944-5.

ting system with an organic Zn (R) primer can also,besised for Im4 service if a Zn (R) primer is desired. In
F'T of the complete system can be reduced to = 350_junf.

hber of coats does not include a tie coat, whichmight be needed when a Zn (R) silicate primer is used

uired that the force built up is contrelled and linear as described in ISO 4624, e.g. by using an autom
tequipment

Fadhesion testing is not permitted.

mal

ing.

Lhis

for

atic

8 Application testing of paints

8.1 Painf
original pa

8.2 Each
film thickn

s sampled for@pplication testing shall not exhibit any hard skin, grains or sediment in t
'kaging. Theyshall be easy to stir. The products shall be tested within their shelflife and pot

paint tised in the paint system shall show no sign of running or sagging when applied at a
bss/equal to at least 1,5 times the specified NDFT to a smooth, degreased vertical plate wit

heir
life.

dry
1an

area of 1 m2!

2

For primers and self-priming products, it is recommended that a blasted carbon steel plate with a
“medium (G)” profile be used instead of a smooth plate.

9 Perfo

rmance testing of the paint system

9.1 Preparation and conditioning of test panels

9.1.1 Type and size of panel and number of panels

Test panels shall be made from carbon steel complying with ISO 1514. Unless agreed otherwise, the
minimum size of the panels shall be 150 mm x 75 mm x 3 mm. If the thickness of the panels is less than

10
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5 mm, the “sandwich” method of pull-off testing specified in ISO 4624 is recommended. Three panels
shall be prepared for each test.

9.1.2 Surface preparation

Degrease the test panels using a suitable method and grit-blast them to at least Sa 2% as defined in
ISO 8501-1. Unless agreed otherwise, the surface profile of the test side of each panel shall correspond
to “medium (G)” as defined in ISO 8503-1 and shall be checked with a comparator using the method
specified in ISO 8503-2.

Other_methods of surface preparation may he used to represent actnal field conditions. as agreed
betveen the interested parties.

The test panels shall be dry and free of dust and any other foreign matter.

All parameters related to surface preparation (cleanliness, roughness, dust level, letc.) shall He recorded
as gart of the test report.

For|hot-dip galvanized steel and thermal-sprayed metallic coating the thickness of the mdqtallic layer
shall be measured and recorded before applying the paint system.

9.113 Application and curing

Coalt the panels by spraying in strict accordance with the manufacturer's written instructidns. Cure in
accprdance with the paint manufacturer's written instructions.

Protect the backs and edges of the test panels usingzan appropriate method agreed on b¢tween the
intdrested parties.

9.1/4 Dry film thickness

For|each coat, prior to over-coating, measure the DFT on the test face of the panel in accorflance with
[SO|19840 at five locations (centre and(each corner, 15 mm to 20 mm from the panel edge) pnd record
these measurements as the minimuin) mean and maximum (see D.1).

Thg maximum thickness of each-coat on each panel shall be
— |less than 1,5 x the NDFLif the NDFT is <60 pum;
— |less than 1,25 x the'NDFT if the NDFT is >60 um.

9.1)5 Over-ceating time

For| each coat, carry out over-coating in accordance with the paint manufacturer's nfost recent
insfructions.

Devjiations from the over-coating time specified by the paint manufacturer shall be agreed bptween the
interested parties and recorded in the test report.

9.1.6 Conditioning/curing

Condition the panels at controlled temperature and humidity in accordance with ISO 3270. If curing and
conditioning are conducted under different conditions, they shall be clearly stated in the test report.

The coating system shall be fully cured in accordance with the manufacturer's most recent instructions
before testing starts.

The conditioning shall be agreed on between the interested parties or be in accordance with the paint
manufacturer’s instructions.
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9.1.7 Porosity detection

In order to avoid premature failure, carry out a suitable test to detect the presence of any pinholes in
the coating.

Potential pin holing shall be checked in accordance with ISO 29601. No pinholes are permitted.

9.1.8 Scribe line

The scribe line shall be made in accordance with Annex A.

9.1.9 Askessment of corrosion

The corrosfion from the scribe shall be assessed in accordance with Annex A.

9.2 (Qualification tests
Carry out the qualification tests given in Table 4.

Optional tpsts may also be carried out, such as chemical resistance, impact resistance, abragion
resistance pnd thick film cracking resistance. The actual optional tests to be carried out shall be agijeed
between the interested parties.

Table 4 — Qualification tests

Environment of
Environment combined corrosivity Environmen
i R of corrosivity category CX (offshore) . .
Test Scribe line b . of immersior
category CX and immersion catego- categorv Im4
(offshore) ry Im4 (splash and gory
tidal zones)
Cyclic ag¢ing test Yes .
(Anngx B) (see 9.1.8) LYoh 4200h
Cathodic d|sbonding No
(ISO 15711, Meth- | (artificial holiday .
od A, unlefss other- used instead; 4200h 4200h
wise agreed) see Table 5
Sea whtera Yés
immefsion (s€2.9:1.8) — 4200h 4200h
(ISO 2412-2) =
a  Artificil sea water as defined in ISO 15711:2003, Table 1.

9.3 Assg¢ssment— Methods and requirements

9.3.1 Gejneral

Methods and requirements are given in Table 5.
Two out of three panels shall comply with the requirements in Table 5.

Any coating defect which develops within 10 mm of the edges of the test panel shall not be taken into
account.
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Table 5 — Assessment of test panels — Methods and requirements

Assessment method

Requirement before
qualification testing

Requirement after qualification testing

ISO 4624 (pull-off test)

See Table 3.

0 % adhesive failure between
carbon steel/metalized steel
respectively and the first coat

Assessment after 2 weeks reconditioning,.

Minimum pull-off = 50 % of original value
measured on the test panel.

0.9% adhesive failure between carbon

(unless pull-off values are at
least 5 MPa)

steel/metalized steel respectively andthe first
coat (unless pull-off values are atdeast p MPa)

[SO|4628-2 (blistering) Carry out assessment immjediately
0(50) after the qualification test

1S0[4628-3 (rusting) Ri O Carry out assessment immjediately
after therqualification test

[SO|4628-4 (cracking) 0 (S0) Carryout assessment immlediately
afterthe qualification test

1SO|4628-5 (flaking) 0 (S0) Carry out assessment imnjediately
after the qualification test

1SO|4628-6 (chalking)

2]

If agreéed between the interested partigs.

Corfrosion at scribe after
cyclic ageing test
(Arnex A)

M-< 8,0 mm for coating systems for high impact
areas, these include:

— floors, lay-down area;
— helideck, escape routes;
— splash zone - tidal zone;

— other areas which are to be agreed petween
the interested parties.

M < 3,0 mm for coating systems for all ¢ther

CX applications.

Assessment of degree of corrosion aroynd the
scribe shall be carried out according to|]Annex A
(A.2), using a measuring device with
an accuracy of 0,1 mm.

Corfrosion at scribe after
sealwater immersion
(Arnex A)

M<6,0 mm

Cathodic disbonding
in gccordanee with
ISO[ 1571172003, meth-
od A

Immediately before the
qualification test, form an
artificial holiday (carbon steel
totally exposed) of diameter

After the qualification test, use a sharp| thin
bladed knife to make two radial cuts at{45°

to each other through the coating, integsecting
at the centre of the holiday. Cut the coaing down

6o ucinatha nracadivg
.............. e-proceat e

7 =)
specified in method A of
ISO 15711:2003.

tothacarbhon ctonl Attarant o Lift+ho foating
to-the-carbon-steelAttempttotiftthe-e

with the point of the knife. Record the total area
now exposed (including the area of the holiday).

Calculate the disbonded area as the difference
between the total area exposed and the area of
the holiday.

From the disbonded area, calculate the
corresponding equivalent diameter.

The equivalent diameter of the disbonded area
shall be not more than 20 mm.

© ISO 2018 - All rights reserved
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Different scribe criteria for corrosion at scribe after cyclic testing are needed for areas exposed to
mechanical wear, as listed in this document, because of the combination of two factors:

a) adhesion, barrier effect and high cohesive strength resulting in impact or abrasion resistance are
more critical factors for performance than corrosion at scribe; and

b) zinc rich primers are often used and typically the only way to reach the 3 mm scribe criteria while
potentially contributing to poor results in some or all of the desirable features as listed in a).

10 Testreport

The test report shall contain at least the following information:
a) the tedtlaboratory (name and address);
b) the date(s) of the tests;

c) all detpils necessary for complete identification of the protective paint system|(see 7.1) including
fingerprint data;

d) the type of environment in which the protective paint system is te be’used (see 4.1) and|the
qualification tests carried out (see 9.2);

e) adescription of the preparation and conditioning of the test panélg (see 9.1);

f) the reqults of the assessment of the test panels before ageing\(see Table 5);

g) the rdsults of the assessment of all test panels.after ageing for each qualification fest
(see Tdbles 4 and 5);

h) photographic documents focusing notably on scribé (before and after ageing test) and pull off tests
failure (on test panel and on dollies);

i) thicknpss of the zinc layer, if applicable;
j)  thicknpss of the thermal-sprayed metallic coating, if applicable;
k) any deiation from the specified test methods.

An examplp of a test report form is'given in Annex D.
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Annex A
(normative)

Scribe line for cyclic ageing test and sea water immersion

A s¢ribe line (see Figures A.1 and Figure A.2) shall be made on each test panel to ensurefu

to dll the elements of the test. The scribe line shall be made mechanically (with a machin
drill press with cobalt slot drills). It shall be 50 mm long, 2 mm wide, minimum 12,5m frox
edge of the panel and minimum 25 mm from one of the short edges of the panel. It shall cut
through the paint coating and into the carbon steel. The scribe has to be putin‘the cabinet h
On hot-dip galvanized and thermal-sprayed metallic coating the scribe shallkcut completely t
paint coating and the metal layer and into the carbon steel. The cut degth into the carbon s
be 3s low as possible.

Dimensions in

% 7
N

SN

Key
1 |coating
2 |carbon steel

Figure A.1 — Cross section of scribe line

1 exposure
b such as a
h each long
completely
prizontally.
hrough the
teel should

millimetres
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Dimensions in millimetres

150

12,5 50 12,5

75

Figure A.2 — Example of test panel showing position of scribe line

A.2 Assessment of corrosion at scribe

After removing the non-adherent coating by a suitable method, measure the width of the steel corrogion
at nine points (the midpoint of the scribe line.and four other points, 5 mm apart, on each side of|the
midpoint).|Calculate the corrosion at scribe Mfrom the equation M = (C - W)/2, where C is the avellage
of the nine|lwidth measurements and W is the measured and recorded width of the scribe. The resuft of
the calculafion of the average corrosiomat scribe should be given in a precision of 0,1 mm.
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Annex B
(normative)

Cyclic ageing test

The exposure cycle used in this procedure lasts a full week (168 h) and includes:
a) |72 h of exposure to UV and condensation in accordance with ISO 16474-3 under th¢ following
conditions:
— method A, cycle 1 of ISO 16474-3 alternating periods of 4 h exposure to)UVA-34{0 lamps at
(60 £ 3) °C and 4 h exposure to condensation at (50 + 3) °C,
b) |72 h of exposure to neutral salt spray in accordance with IS0 9227;
c) |24 h of exposure to low temperature at (-20 * 2) °C.
Day 1 | Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
UV/condensation — ISO 16474-3 Neutralsalt spray — IS0 9227 Llow-temp.
exposure at
(zox2)°c
ﬂ .
s
R AT
E¥ N\
Nz
Start the UV/condensation period with UV éxposure and finish with condensation.
Between the salt spray and low-temperature periods, rinse the panels with de-ionized water but do not
dry|them.
At the beginning of the low-temperature period, the panel shall reach the temperature of (20 + 2) °C
within 30 min.
Expose the test panels far 25 cycles or 4 200 h.

© ISO 2018 - All rights reserved
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Annex C
(normative)

Fingerprint

Date of iSSU€: ..ccveveevveereenne,

Base material

Curing agent

Name of pajint

Name of manufacturer

Batch number

Production|date
Test method Test Acceptance Test Acceptance
result range result range
Main parametersa
Infrared spectra See Bibliography
Non-volatile matter (by mass) IS0 3251 *2.% 2%

. Appropriate part 3 3
Density of 1SO 2811 +0,05g/cm +0,05 g/dm
Ash See Bibliography 3% 3%
Optional parameters
Pigment coptent Znmetal |ASTM D6580 +1% +1%

(by mass)

Epoxy

OH

Content of s -
functional groups Acidic See Bibliography

Amine

Isocyanate

a  The resylts obtained will vary depending on colour shade.
NOTE IDue to the potentially-high margin of error in ASTM D6580 laboratory determination of zinc coient
in metallic Zinc primers; it is acceptable for paint manufacturers to declare the theoretical metallic zinc conjtent
based on formulation. This«canbe confirmed between partners by declaration of formulation (in confidenc¢) or
by audit.
The binderf properties (infrared spectra and content of functional groups) shall be determined affter
separation|of the,resin from the pigment and the solvent.
Many other additional tests could be useful in characterizing more precisely the components of paint.
18 © ISO 2018 - All rights reserved
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