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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).
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Alist of all parts in the ISO 12944 series can be found on the ISO website.
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Introduction

Unprotected steel in the atmosphere, in water and in soil is subjected to corrosion that may lead to
damage. Therefore, to avoid corrosion damage, steel structures are normally protected to withstand

the corrosi

on stresses during the required service life required of the structure.

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

agreement

between the interested parties.
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concise for
possible, u
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ISO 12944
written for

ensure effective corrosion protection of steel structures, owners of such structures, plann
5, companies carrying out corrosion protection work, inspectors of protective'\coat
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Im on corrosion protection by paint systems. It is vital that such information is;as complet
hambiguous and easily understandable to avoid difficulties and misunderstandings betw
concerned with the practical implementation of protection work.
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Paints and varnishes — Corrosion protection of steel
structures by protective paint systems —

Part 5:
Protective paint systems
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Iso gives guidelines for the selection of paint systems available for different environ

Scope

5 document describes the types of paint and paint system commonly used for cetrrosion
feel structures.

12944-2) except for corrosivity category CX and category Im4 as‘defined in ISO 17

12944-1).

Normative references

following documents are referred to in the text in.such a way that some or all of th
Ktitutes requirements of this document. For dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

1461, Hot dip galvanized coatings on fabricated iron and steel articles — Specifications and t
2063 (all parts), Thermal spraying — Zinc, aluminium and their alloys

2808, Paints and varnishes — Determination of film thickness

3549, Zinc dust pigments for paints — Specifications and test methods

8501-1, Preparation of(steel substrates before application of paints and related product
ssment of surface clegnliness — Part 1: Rust grades and preparation grades of uncoated stee|
of steel substrates after overall removal of previous coatings

8503-1, Prepdration of steel substrates before application of paints and related products
Jhness chardcteristics of blast-cleaned steel substrates — Part 1: Specifications and definit
ace profilexcomparators for the assessment of abrasive blast-cleaned surfaces

129441, Paints and varnishes — Corrosion protection of steel structures by protective paint
E 1.(General introduction

protection

ments (see
944-2 and

brent surface preparation grades (see ISO 12944-4), and the durability grade to be expected (see

bir content
pplies. For
[s) applies.

bst methods

s — Visual
| substrates

— Surface
ons for ISO

systems —

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

[SO 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

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 12944-1 and the following apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

©IS

IEC Electropedia: available at http://www.electropedia.org/
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— ISO Online browsing platform: available at https://www.iso.org/obp

31

compatibility

<for products within a paint system> ability of two or more products to be used together successfully
as a paint system without causing undesirable effects

3.2
priming coat
first coat of a paint system

3.3
intermediate coat
any coat bgtween the priming coat (3.2) and the topcoat (3.6)

34
tie coat
coat desigrled to improve intercoat adhesion

[SOURCE: ISO 4618:2014, 2.262]

3.5
sealer
coating mIerial applied to porous surface prior to painting to reducethe absorptivity

Note 1 to enftry: An example for a porous surface is a thermal sprayed metal layer.

3.6
topcoat
final coat df a coating system

3.7
primer
paint that has been formulated for use as a priming coat (3.2) on prepared surfaces

3.8
pre-fabrication primer
fast-drying paint that is applied.to) blast-cleaned steel to provide temporary protection dufing
fabrication while still allowing welding and cutting

[SOURCE: ISO 4618:2014, 2.204) modified — “primer” has been replaced by “paint”, and “protect it”|has
been replated by “provide-t€mporary protection”]

3.9
dry film thickness
DFT
thickness of a‘coating remaining on the surface when the coating has hardened/cured

3.10
nominal dry film thickness

NDFT

dry film thickness (3.9) specified for each coat or for the whole paint system

3.11

maximum dry film thickness

highest acceptable dry film thickness (3.9) above which the performance of the paint or the paint system
could be impaired

3.12

pot life

maximum time, at any particular temperature, during which a coating material supplied as separate
components can successfully be used after they have been mixed together

2 © ISO 2018 - All rights reserved
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3.13

shelf life

time during which a coating material will remain in good condition when stored in its original sealed
container under normal storage conditions

Note 1 to entry: The expression “normal storage conditions” is usually understood to mean storage between
+5°Cand +30 °C.

4 C(Classification of environments

Thefoltowing five atmosphertc corTostvity categories are retevant for this document:

C1 very low;

C2 low;
C3 medium;
c4 high;

C5 very high.

The atmospheric environments defined in ISO 12944-2 arecconsidered, except corrosivitly category
CX.[Systems for offshore-CX environments are described indSO 12944-9. For other CX envfironments,
indjvidual systems need to be defined according to the special needs of that environment.

The following three categories for water and soil areelevant for this document:

ImJ] immersion in fresh water;
Im74 immersion in sea or brackish water;
Im3 buried in soil.

Theg immersed environments defined in ISO 12944-2 are considered, except category Im4. Jystems for
offshore, related structures an@dlm4 environments are described in ISO 12944-9.

5 |New work and refurbishment

5.1] New work‘and total refurbishment

The surfaces t6 be coated encountered in new structures are carbon steel of rust grade [A, B and C
as (lefined-in”"ISO 8501-1, as well as hot dip galvanized steel and thermal-sprayed metallic coating
(se¢ 1SQ \2944-1). Possible surface preparation is described in ISO 12944-4. The substrdte and the
recprmended surface preparation grade are given in Table B.1. The quality of the surface greparation
is essential for the durabthty of a coatinmg System. T he paint SyStems isted 1T ATnex C, ZAnex D and
Annex E are typical examples of systems used in the environments listed in Clause 4 when applied
to steel surfaces with rust grades A to C, as defined in ISO 8501-1, or to hot dip galvanized steel or
thermal-sprayed metallic coating. Where the steel has deteriorated to the extent that pitting corrosion
has taken place (rust grade D as defined in ISO 8501-1), the dry film thickness or the number of coats
shall be increased to compensate for the increased surface roughness, and the paint manufacturer
should be consulted for recommendations.

In principle, no corrosion protection is required for corrosivity category C1. If, for aesthetic reasons,
painting is necessary, a system intended for corrosivity category C2 (with alow durability) may be chosen.

If unprotected steelwork destined for corrosivity category C1 is initially transported, stored
temporarily or assembled in an exposed situation (for example, a C4/C5 coastal environment), corrosion
will commence due to air-borne contaminants/salts and will continue even when the steelwork is

© ISO 2018 - All rights reserved 3
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moved to its final category C1 location. To avoid this problem, the steelwork should either be protected
during site storage or given a suitable primer coat. The dry film thickness should be appropriate for the
expected storage time and the severity of the storage environment.

5.2 Partial refurbishment

Systems for partial refurbishment should be specified and agreed separately for every object between
the interested parties. The paint systems listed in Annex C, Annex D and Annex E may be used, if they
are suitable. In special cases, other types of systems might be required for repair works.

The neces be

applied shc

ary surface nrenaration of anv old coating and the r‘nmnahhlhfv ofthe coating sustem t
) 3t f Y =] 5>

uld be tested in an appropriate manner before starting the repair works.

Test areas|can be prepared to check the manufacturer's recommendations and/or compatjbility with

the previoyis paint system.

6 Types of paint

6.1 General

Based on the corrosivity category, various examples of paint systems, which are informative in natjre,

are given i
have been
other simil
Tables C.1

h Tables C.1 to C.6, Table D.1 and Table E.1 in relation to the expected durability. The syst
ncluded because of their proven track record, but the listis not intended to be exhaustive
ar systems are also acceptable. Only the generic types of binders mentioned in the systen
0 C.6, Table D.1 and Table E.1 are described in this clause. Pigments, fillers and additives

important
the coating
are only ex

In addition
and these §

a)
b) the res

the tra

NOTE
and not the

6.2 Examples of geneéric type of paints

Information given in 6.2 cencerns only the chemical and physical properties of paints and coat|

ingredients of a paint as well. Depending on the gomiposition of the paint, the performanc
can vary strongly within a given binder technology. The binder types described in Clau
amples, other generic types of coatings can be used as well.

new technologies are continually being’developed, often driven by government legislat
hould always be considered where appropriate and where performance has been validate

ck record of such technologies, and/or

ults of testing at least in acCordance with ISO 12944-6.

way they are used. Variations can be expected for each type of paint, depending on its formulatidg

6.2.1 Al

In these singlé€ pack paints, the film hardens/forms by evaporation of solvent and/or water, ang
reaction of{the binder with oxygen from the atmosphere.

yd paints)(AK)

bms
and
sin
are
e of
se 6

ion,
1 by

ings
n.

6.2.2 Acrylic paints (AY)

Acrylic paints are single pack coating materials; water-borne and solvent-borne types are available.
The film of solvent-borne acrylic paints dries by solvent evaporation with no other change of form, i.e.
the process is reversible and the film can be re-dissolved in the original solvent at any time. In water-
borne acrylic paints the binder is dispersed in water. The film hardens by evaporation of water and
coalescence of the dispersed binder to form a film. The process is irreversible, i.e. this type of coating is
not re-dispersible in water after drying.

The drying time will depend, among other things, on air movement, relative humidity and temperature.
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6.2.3 Ethyl silicate paints (ESI)

Ethyl silicate zinc primers are provided as single or two pack coating materials. Their films dry/form
by solvent evaporation and chemical curing by reacting with moisture from the air. Two pack coating
materials consist of a liquid (containing binder) and a powder (containing zinc dust) component. The
mixture of liquid and powder has a limited pot life.

The drying time will depend, among other things, on temperature, air movement, humidity and film
thickness. The lower the relative humidity, the slower the curing will be.

It is important that the paint manufacturer's instructions regarding the limits for relative humidity and
wetffand dry I1Im thickness are complied with in order to avold bubbles, pinholes or other defects in the
coating. In particular, limitations on NDFT have to be considered, due to the risk of crackingf the limits
arelexceeded.

6.2/4 Paints for epoxy coatings (EP)

Paints for epoxy coatings are two pack coating materials. The paint dries by evaporation oflsolvents, if
pregent, and cures by a chemical reaction between a base and a curingagent component. The mixture
of base and curing agent has a limited pot-life.

The binders in the base component are polymers having epoxy, groups, e.g. epoxy, epoxy vinyl/epoxy
acrylic or epoxy combinations (e.g. epoxy hydrocarbon resins).

The curing agent component can consist of e.g. polyamines, polyamides or adducts.
The drying time will depend, among other things, on air movement and on the temperature.
Formulations can be solvent-borne, water-borne or solvent-free.

Mogt epoxy coatings chalk when exposed to sunlight. If colour or gloss retention is required, a suitable
topfoat should be applied.

6.2/5 Paints for polyurethane coatings (PUR)

Single pack polyurethane paintsidry initially by solvent evaporation (where solvent is pres¢nt) and by
a chemical reaction with moiSture from the air. The process is irreversible, meaning that the coating
canpot be dissolved in the driginal solvent. Aromatic as well as aliphatic types of polyurethahe coatings
arejavailable. Aromatic types are not recommended for top coats, as they tend to chalk.

Two¢ pack paints for-polyurethane coatings dry by evaporation of solvents, if present, and cure by a
chemical reaction*between a base and a curing agent component. The mixture of base and cfiring agent
has|a limited petilife.

Thg binders'of the base component are polymers with free hydroxyl groups e.g. polyester, acrjylic, epoxy,
polyether; fluoro resin, which react with suitable isocyanate curing agents. They can be combined with
non-reactive binders, e.g. hydrocarbon resins.

The curing agent component contains an aromatic or aliphatic polyisocyanate.
A special type of PUR is based on fluoropolymers.

Paints for fluoropolymer/vinyl ether co-polymer (FEVE) coatings are two pack coating materials,
and both water-borne and solvent-borne types are available. Solvent-borne paints dry by solvent
evaporation and cure by a chemical reaction between a base resin and a curing component. Paints for
FEVE coatings are ambient curable coating materials cross-linked with isocyanate hardener.

The resin of the base component is fluoropolymer with free hydroxyl groups which reacts with suitable
isocyanate curing agents.

The drying time will depend, among other things, on air movement, relative humidity and temperature.

© IS0 2018 - All rights reserved 5


https://standardsiso.com/api/?name=f2e0b184f2e287c5978369ad0bee871d

ISO 12944-5:2018(E)

6.2.6 Paints for polyaspartic coatings (PAS)

The two pack paints for polyaspartic coatings dry by evaporation of solvents, if present, and cure by a
chemical reaction between a base and a curing agent component. The mixture of base and curing agent
has a limited pot life.

The process is irreversible, meaning that the coating cannot be dissolved in the original solvent.

The binders of the base component are aminofunctional aspartates which react with suitable
polyisocyanates. They can be combined with non-reactive binders, e.g. hydrocarbon resins.

s b b dnnn. 1ol s 1 . de.
The curingragent conTpoIrent Cotatrs alr arrpiratic poryrsocyatrate:

The drying time will depend, among other things, on air movement, relative humidity and temperatjire.

6.2.7 Pajnts for polysiloxane coatings (PS)
Paints for Iolysiloxane coatings can be either one or two component coating materials:

Polysiloxanes are part inorganic using silicone resin and part organic using @ modified resin that is
typically a¢rylic, acrylate or epoxy based.

Single comlponent paints dry initially through solvent evaporation and ‘then chemical reaction yith
moisture from the air. As in the case of one component paints for polyurethane coatings the reactidn is
irreversiblg, meaning that the film cannot be dissolved in the original Solvent.

Two comppnent paints dry by a combination of solvent evaperdtion and a chemical curing reaction
between the base component and curing agent. The mixed material will have a limited pot life.

7 Paintlsystems
7.1 Priming coats and type of primers

7.1.1 Gejneral

As the firstt coat of coating systemsg, priming coats shall provide adhesion to sufficiently roughened,
cleaned m4tal. The priming coat shall also provide adhesion to the subsequent coats.

In Tables (.1 to C.6 and Table“Di1 coating systems with a minimum of one coat are described. In these
cases, the priming coat shallact as a topcoat too.

Annex A prjovides an evérview of abbreviated terms and descriptions.

7.1.2 Types of primer

Tables C.1 f6-0.6 give information on the type of primer to be used. For the purposes of this documient,
two main categories of primer are defined according to the type of pigment they contain.

— Zinc-rich primers, Zn (R), are those forming a coat with a zinc dust pigment content equal to or
greater than 80 % by mass in dry film.

— Other primers (miscellaneous) are all other categories of primers.

For pre-fabrication primers, see Annex F.

The zinc dust pigment shall comply with ISO 3549.

NOTE1 Due to the potentially high margin of error in ASTM D6580 laboratory determination of metallic zinc

content in zinc primers, it is acceptable for paint manufacturers to declare the theoretical zinc dust content based
on formulation. This can be confirmed between partners by declaration of formulation (in confidence) or by audit.

6 © ISO 2018 - All rights reserved
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The value of 80 % zinc dust by mass in the dry film for zinc-rich primers Zn (R) is the basis for the

durability given for the paint systems in Annex C. Some countries have national standards with a minimum
content of zinc dust for zinc-rich primers Zn (R) higher than 80 %.

7.2

7.2.

Subsequent coats

1 General

Tables C.1 to C.6, Table D.1 and Table E.1 give information on the generic types of subsequent coats if
the number of coats is higher than 1. For a better readability of Tables C.1 to C.6, Table D.1 and Table E.1

the ftermrsubsequent toats was imtroduced: Tt summarizes attadditionat coatsas imtermgdiates and
topgoats applied on the primer.

7.2{2 Intermediate coats

Intgrmediate coats are used in paint systems with three or more coats between the prinfer and the
topfoat mainly as a barrier for corrosive media.

7.2{3 Topcoats

Topicoats, as the last coat in a paint system, determine the desig of a steel construction| Gloss and
colqur retention and resistance to chemicals have to be considered in selecting the binddr type. 6.2
gives information on the generic types of paint mentioned in’ Annexes B to E.

7.3| Dry film thickness

The film thicknesses indicated in Tables B.2 to B.5 are'nominal dry film thicknesses. Dry film thicknesses

are
oft

NOT

of the steel surface will have a different degree of influence on the measurement result.

Thd
acc
oth

Acc

Car
rec
tim
dry|
the
dat

generally checked on the complete paint system. Where judged appropriate, the dry filn
he priming coat or of other parts of the paint system may be measured separately.

E Depending on the instrument calibration, measurement method and dry film thickness, th|

method and procedure for,checking the thicknesses of dry films on rough surfaces

brwise agreed between thednterested parties.
bptance criteria, as-stated in ISO 19840 shall apply unless otherwise agreed.

b shall be taken fo0 achieve the dry film thickness and to avoid areas of excessive thic
mmended that/the maximum dry film thickness (individual DFT value) is not greater
bs the nominal dry film thickness. In cases when the dry film thickness is greater than the
film thickness, expert agreement shall be found between the parties. For some products

‘e is aeritical maximum dry film thickness. Information given in the paint manufacturer
h sheet shall apply to such products or systems.

h thickness

e roughness

shall be in

rdance with ISO 19840, afd:\for hot dip galvanized surfaces in accordance with ISO 2808, unless

kness. It is
than three
maximum
Dr systems,
s technical

The number of coats and the nominal dry film thicknesses quoted in Tables B.2 to B.5 are based on the
use of airless spray application. Application by roller, brush or conventional spraying equipment will
normally produce lower film thicknesses, and more coats will be needed to produce the same dry film
thickness for the system. Consult the paint manufacturer for more information.

7.4 Durability
Definitions of durability and of durability ranges are given in ISO 12944-1.
The durability of a protective paint system depends on several parameters, such as:

— the type of paint system;
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— the design of the structure;

— the condition of the substrate before preparation;

— the surface preparation grade;

— the quality of the surface preparation work;

— the condition of any joints, edges and welds before preparation;

— the standard of the application work;

— the conditions during application;

— the exposure conditions after application.

The conditfion of an existing paint coating can be assessed using ISO 4628-1, ISO 4628-2;1S0 462
ISO 4628-4, 1SO 4628-5 and ISO 4628-6, and the effectiveness of surface preparation work car

assessed uping ISO 8501-1 and ISO 8501-3.

Recommerldations regarding the first major maintenance are given in ISO 1294431.

7.5 Shop and site application

To ensure
the comple
shop applid

Advantage

a) Better

b) Contrg

c¢) Contrd

d) Easier
e) Greats
f) Better

After com|

aximum performance of a paint system, the majority of the coats of the system or, if poss

ation are as follows.
S

control of application

lled temperature

lled relative humidity

to repair damage
r output

waste andipollution control

specificati

NOTE

why it is better to put a topcoat over the whole surface on site when aesthetic aspects are important.

n.

te system, should preferably be applied in the shop. The advantages and disadvantage

Disadvantages

a)~“Possible limitation of the size of the buildin
components

b) Possibility of damage due to handling, tran|
port and erection

pletion-of fabrication on site, any damage shall be repaired in accordance with

3-3,
be

ble,
s of

8

c¢) Maximum overcoating time could be exceefled
if subsequent coats are applied on site
d) Possible contamination of the last coat
the
ason

Site application of the coating system will be strongly influenced by the daily weather conditions, which

will also have an influence on the expected lifetime.

If preloaded bearing-type connections are to be painted, paint systems shall be used which do not lead
to an unacceptable decrease in the preloading force. The paint systems selected and/or the precautions
taken for such connections will depend on the type of structure and on subsequent handling, assembly
and transportation.

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=f2e0b184f2e287c5978369ad0bee871d

8

8.1

1SO 12944-5:2018(E)

Tables for protective paint systems for C2 to C5, Im1, Im2 and Im3

Reading the tables

The tables given in Annex C to E give examples of paint systems for different environments. The shading
used in alternate lines is purely for ease of reading. The paints used for all these systems shall be
suitable for the highest corrosion stress of the given corrosivity or immersion category. The specifier
shall ensure that documentation, or a statement from the paint manufacturer, is available confirming
the suitability or the durability of a paint system for use in a given corrosivity or immersion category.

h

NO
listd
ovel

8.2

In
thid
due
sep
thid
cho

higher durability when such a system is used in a lower-corresivity environment.

Dur
oft

8.3

Ap
left

frog Table C.1 for paint system No. C2.08): ISO 12944-5/C2.08.

Inc
des
and
ISO

Ifa

infg
etc.

8.4
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d that are not necessarily typical or available in some countries. It has been concluded, however;
view cannot be given, nor can all options be covered.

Parameters influencing durability

kness will increase its barrier properties (but can above a certain level have a neg:
to worsened mechanical properties and increased solvent retention). Increasing the
hrate coats can decrease the internal stresses caused by solvent graporation. Also, variat
kness caused by overspray tend to decrease with an increased*number of coats. In ac
ce of a system designed for a corrosivity category “highef” than the one envisaged w

ing their specified shelflife, paints can be used withouttheir age having any influence on
e paint or on the performance of the resulting coating.

Designation of the paint systems listed
hint system given in Tables C.1 to C.6. and Table E.1 is designated by its system number g

hand column in each table. The desighation shall be given in the following form (exal

hses where coats with different binders are given under one and the same paint system 1
gnation shall include the binder used in the priming coat(s) and that used in the subseq
shall be given in the following form (example taken from Table C.1 for paint system
12944-5/C2.06-EP/PUR.

rmation regardiig surface preparation, generic type, number of coats, nominal dry film
shall be givén.in the same way as indicated in the tables.

Guidelines for selecting the appropriate paint system

Determine the corrosivity category of the environment (macroclimate) where the struct

tems being
hat a simple

ractice, some systems have a proven durability much longer than 25cyears. Increasipg the film

itive effect
number of
ons in film
dition, the
ill provide

hpplication

iven in the
mple taken

umber, the
ent coat(s)
No. C2.06):

paint system cannot'be allocated to one of the systems listed in Tables C.1 to C.6, D.1 and E.1, full

thickness,

ure will be

locatrad o ribad 1 1CN 195044 9D

<
TOCOTCUO, a5 UCSCTIoOCO TIT TUO9Y TZ 1T T Z-

Establish whether special conditions (microclimate) exist which can result in a higher corrosivity

category (see ISO 12944-2).

Search in Annexes B to E for the relevant table. Annex B establishes a set of minimum requirements
for protective systems in the various corrosivity and immersion categories and durabilities.

Tables C.1 to C.6, D.1 and Table E.1 give proposals for different generic types of paint
corrosivity categories C2 to C5 and Im1 to Im3.

Identify in the table paint systems with the required durability.

system for

Consult the paint manufacturer in order to confirm the choice and to determine what commercially

available paint system(s) correspond to the paint system selected.
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Annex A

(normative)

Abbreviated terms and descriptions

Table A.1 gives an overview of abbreviated terms and descriptions.

Table A.1 — Abbreviated terms and descriptions

Abbreviated -
Description
term
Type of Zn (R) Zinc-rich primer, see 7.1.2 for further details. The usual nominal dry film
primer] thickness varies from 40 um up to 80 pm.
Misc. All other categories of primers
Binder bdse Main Water-borne s
for primgrs binder Type possible Additional remarks
and subse- AK Alkyd single pack X
quent cogts
AY Acrylic single pack X Usually water-borne
EP Epoxy two pack X Poor UV-resistance
PUR Polyure- |single or two X Only aliphatic types fo
thane pack topcoats
ESI Ethyl sili- | single or two It is recommended to use g tie
cate pack coat compatible with the next
subsequent coat
C2to C5 Corrosivity categories, see [SO 12944-2.
Im1 to Im3 Immersion catégories, see 1SO 12944-2.
NDFT Nominal dry.film thickness. See 7.3 for further details.
MNOC Minimum number of coats. Depending on the coating material, the

application method and the design of the parts, it may be necessary
td apply a higher number of coats.

10
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Annex B
(normative)

Minimum requirements for corrosion protection systems

Tables B.1 to B.5 describe the minimum requlrements (surface preparatlon minimum number

: v ilities and
cor 051V1ty/1mmer51on categories on carbon steel hot dlp galvanized steel and thernjal-sprayed
metjallic coating.

Proper surface preparation is one of the preconditions for a long lasting protective toating sfystem. The
clagsification of the coating systems is based on the minimum requirement for‘surface greparation
desfribed in Table B.1. If not otherwise specified in the technical data sheets of the pdints, these
preparation grades should be a minimum requirement for surface preparation.

Table B.1 — Surface preparation

Minimum preparation grade
(if not otherwise specified)

Sa 2 1/2 according to ISO 8501-1
medium (G) according to ISO 8503-1

Sa 2 1/2 according to ISO 8501¢1,
additional information should be given in Miscellaneous prime
the technical data sheets

Substrate First layer of protective system

Zn (R) primer

Carbon steel
ryst grades A, B, C
or] D2 according to
ISO 8501-1

Thermal-sprayed metallic codting and

According to 150-2063 sealer (according to ISO 2063)

a  |Forrust grade D special care is needed to ensure proper surface preparation.

Thg minimum required surface preparation of hot dip galvanized steel according to ISO 1461 is sweep
blagting (see ISO 12944-4), if not.otherwise specified.

NOTE Other criteria are alse.important, such as presence of water soluble salts, dust, oil, grease| etc.

Thg NDFT as stated in Tables B.2 to B.5 for guidance in specific circumstances might not be gppropriate
to the end use. Increased DFT might be necessary.

New innovative/ceating technologies, if available, might provide equivalent corrosion |protection
at lpwer NDFTyand/or reduced MNOC compared to the current coating technologies covered in this
document (Table B.2 to Table B.5). The same applies to proven systems that have been performing well
ovel longfield experience, despite not fulfilling the requirements concerning minimum numler of coats
and mlnlmum dry fllm thlckness Performance of these new coatmg technologies should be proven by a
con : Juct d velopment
trials) and laboratory testing accordlng to ISO 12944 6, Wthh should be Carrled out and reported by
an independent test laboratory. Extended test durations from those stated in ISO 12944-6 could be
used to further demonstrate performance; a well-established, proven coating system appropriate to
the intended end use should be used as a reference to compare performance. It is accepted that for
new technologies, a long track record may not be available; however, performance data from harsher
environments and shorter durations can also be useful in establishing a coating systems fitness for use.

In the case of proven systems not fulfilling the MNOC and/or minimum dry film thickness, field
performance evidence shall be documented with application and inspection data on field-exposed steel
structures, respectively at the moment of application and after a number of years exposed in a known
corrosivity environment (as defined in this document). Claims on durability expectation (I, m, h, vh as
defined in this document) can only be made according to the number of years of proven performance
according to criteria agreed between the parties.
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Table B.2 — Summary of the minimum number of coats (MNOC) and minimum NDFT of the
paint system depending on durability and corrosivity category on abrasive blasted steel

substrates
Durability Low (1) Medium (m) High (h) Very high (vh)
Type of . . . .
primer Zn (R) Misc. Zn (R) Misc. Zn (R) Misc. Zn (R) Misc.
Binder base | ESVEP | EP | AK, |ESLEP | EP, | AK, |ESLEP, | EP, | AK, |ESLEP | EP, | AK,
of primer PUR PUR, | AY PUR PUR, | AY PUR PUR, | AY PUR PUR, | AY
P ESI ESI ESI ESI
Binder bafe EP, EP, K, EP, EP, K, EP, EP, K, EP, EP, AK,
of subsequgnt | PUR, PUR, | AY PUR, PUR, | AY PUR, PUR, | AY PUR, PUR,NQXY
coats AY | AY AY | AY AY | AY AY )
MN(QC 1 1 1 2 27| p
Cc2 a Q_)
NDHT
MNQ@C
C3
NDHT
MNQC
C4
NDHT
MNQ@C
C5
NDHT
NOTE 1 Th¢ abbreviations are described in Table A.1. For single coats, the bihder base of the primer is recommended.
NOTE 2 Inaddition to polyurethane technology, other coating technologl@%ﬂay be suitable, e.g. polysiloxanes, polyaspqrtic
and fluoropglymer [fluoroethylene/vinyl ether co-polymer (FEVE)].
a  [facoatjngis desired, use a system from a higher corrosivity ca@gory or durability, e.g. C2 high or C3 medium.

Detailed ex

amples for protective paint systems in dr&rent corrosivity categories and durabilities

are

given in Arinex C, Tables C.1 to C.6. xO
O
Table B.3 — Summary of the minimu number of coats (MNOC) and minimum NDFT of the
paint system depending on durability and corrosivity category on hot dip galvanized stee]
acc%@'ng to ISO 1461 and I1SO 2063
Durability Low (1} Medium (m) High (h) Very high (vh)
Bindey base EP, PU%)&) AY EP,PUR | AY EP,PUR | AY EP,PUR | AY
of primer CAT
Bindef base E QP'K AY EP, PUR, AY EP, PUR, AY EP, PUR, AY
of subseqyent coats | v AY AY AY
1 1 1 2

C2

80 80 120 160
1 2 2 2

C3

129 16U 16U <UU
c4 MNOC 1 1 1 2 2 2
NDFT 80 80 120 160 160 200

cs MNOC 1 2 2 2 2 —
NDFT 120 160 160 200 240 —

NOTE 1 The abbreviations are described in Table A.1. For single coats, the binder base of the primer is recommended.

NOTE 2 Inaddition to polyurethane technology, other coating technologies may be suitable, e.g. polysiloxanes, polyaspartic
and fluoropolymer [fluoroethylene/vinyl ether co-polymer (FEVE)].

NOTE 3 The durability is in this case related to the paint system adhesion to the hot dip galvanized surface. In case of
damaged paint system, the remaining hot dip galvanized layer delivers further protection to the steel.

a  Ifcoatingis desired, use a system from higher corrosivity categories or durability, e.g. C2 high or C3 medium.

12
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Detailed examples for protective systems in different corrosivity categories and durabilities are given

in Table D.1.

Table B.4 — Summary of the minimum number of coats (MNOC) and minimum NDFT of the paint
system depending on durability and corrosivity category on thermal-sprayed metallic coating

Durability High (h) Very high (vh)
Binder base of subsequent coats EP, PUR EP, PUR
MNOC 1 2
C3
NDET 120 160
MNOC 2 2
C4
NDFT 160 200 AN
MNOC 2 2
C5
NDFT 200 240
NOTE 1 For abbreviations see Table A.1.
NOTE 2 Special care should be taken when overcoating thermal-sprayed aluminium
in a chloride environment as premature failure have been doeuumented. See also
Referencel13],

Detpiled examples for protective systems in different corrosivity categories and durabilities are given

in Tlable E.1

Table B.5 — Summary of the minimum number of coats (MNOC) and minimum NDF

T of the

pdint systems for carbon steel for three immersion categories of two different durabilities on
abrasive blasted:steel substrates
Durability High (h) Very high (vh)
Type of Zn (R) Misc. — 7n (R) Misc. —
primer
Hinderbase | po; pp pyg EPPUR — ESLEP,PUR |  EP,PUR —
of primer
OE ;ﬁ%eszbizit EP, EP, EP, EP, EP, EP,
q PUR PUR PUR PUR PUR PUR
coats
MNOC 2 2 1 2 2 1
NDFT 360 380 400 500 540 600
Minimum requiremefts for lower durabilities shall be agreed upon between the interested parties.
NOTE For abbrewiations see Table A.1.
Detpiled examples for protective systems in different corrosivity categories and durabilities are given

in Tlable G6.

© ISO 2018 - All rights reserved
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Following the requlrements glven in Annex B, spe01f1c formulations for palnt systems for carbon steel

Annex C
(informative)

Paint systems for carbon steel

have been prev d A-6.
General generic examples whose specific formulatlons have not necessarlly been tested are given in
Tables C.1[to C.6. Other paint systems having the same performance are possible. If these €xamples
are used, it shall be ensured that the paint systems chosen comply with the indicated durability wihen
execution ¢f the paint work takes place as specified. See also 7.4.
The coatinlg system numbers consist of the corrosivity category and a sequentidlynumber. Du¢ to
the individual and extreme type of corrosive stress defined in corrosivity catégofy CX, no gengral
recommenfations for paint systems can be given. Suitable paint systems and assessment criteria fof CX
have to be ppecified by the contractors.
Table C.1 — Paint systems for carbon steel for corrosivity category C1
Primi Subsequent . -
riming coat coat(s) Paint system Durability
System
No. Type of| No.of | NDFT | Binder. & 1°%l | NDFTin
Binder rimer COEIitS in pm type no. of m I m h| yh
p n yp coats n
For C1 any pystem used for a higher corrosivity category, preferably for C2, may be used.
Table C.2 — Paint systems for earbon steel for corrosivity category C2
_— Subsequent . -
Priming coat coat(s) Paint system Durability
System
No. Type of| No,df)° NDFT | Binder | 1°%l |NDFTin
Binder rimer COElltS in pm type no. of m ! m h| th
p n yp coats n
c201 | | AKAY | Misc.$5 1 [40t080] AK AY 1-2 80 | X
C2.02 AK, AY Mise. 1 4100%0 AK, AY 1-2 100 X X
N 60t
q (0]
€2.03 AK, AYQ Misc. 1 a0 AK, AY 1-2 160 | X | X | X
C2.04 AK, AY Misc. 1 60 to 80 AK, AY 2-3 200 X X X X
CZOS E,&ID ESIT Mise 1 60 to EP PIIR _AV 1.2 120 X X X
) 120 l )
. 80 to
C2.06 | EP,PUR,ESI| Misc. 1 100 EP, PUR, AY 2 180 X X X X
C2.07 | EP,PUR,ESI | Zn (R) 60 = 60 X X X
C2.08 | EP,PUR,ESI | Zn (R) 60to 80| EP, PUR, AY 160 X X X X
NOTE 1 For abbreviations see Table A.1.
NOTE 2 Inaddition to polyurethane technology, other coating technologies may be suitable, e.g. polysiloxanes, polyaspartic
and fluoropolymer [fluoroethylene/vinyl ether co-polymer (FEVE)].

14
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Table C.3 — Paint systems for carbon steel for corrosivity category C3

Priming coat Sulgg:;](l; ;’ nt Paint system Durability
System
yNo_ Binder Type of | No. of | NDFT in Binder Total | NDFT
type primer | coats pm type no.of | in um 1 m h | vh
coats
C3.01 AK, AY Misc. 1 80 to 100 AK, AY 1-2 100 X
C3.02 AK, AY Misc. 1 60 to 160 AK, AY 1-2 160 X X
C3.03 AK, AY Misc. 1 60 to 80 AK, AY 2-3 200 X X X
C3.04 AK, AY Misc. 1 60 to 80 AK, AY 2-4 260 X | X4 X X
C3.05 EP, PUR, ESI Misc. 1 80to 120 | EP, PUR, AY 1-2 120 XAD'R‘
C3.06 EP, PUR, ESI Misc. 1 80to 160 | EP, PUR, AY 2 180 c}(.t' X X
C3.07 EP, PUR, ESI Misc. 1 80to 160 | EP, PUR, AY 2-3 240'\%').(’ X X X
C3.08 EP, PUR, ESI Zn (R) 1 60 — 1 60 X X
c309 | EPPURESI | Zn(R) | 1 |60to80 | ERPURAY | 2 [ 760 | x | x | X
C3.10 EP, PUR, ESI Zn (R) 1 60to80 | EP PUR,AY 2-3 200 X X X X
NOTE 1 For abbreviations see Table A.1.
NOTE 2 Inaddition to polyurethane technology, other coating technologies may be suitable, e.g. polysiloxanes, polyaspartic
and|fluoropolymer [fluoroethylene/vinyl ether co-polymer (FEVE)].
Table C.4 — Paint systems for carbon steel for corrosivity category C4
_— Subsequent . -
Priming coat coat(s) Paint system Durability
System
yNO_ Binder Type of | No. of NDET Binder Total | NDFT
type primer | coats | . type no.of | inpm 1 m h | vh
inum
coats
‘h
) . - (I 60to _
C4.01 AK, AY Misc. Cl)\\ 160 AK, AY 1-2 160 X
C4.02 AK, AY Misc. 1 60 to 80 AK, AY 2-3 200 X X
C4.03 AK, AY Mi@ 1 60 to 80 AK, AY 2-4 260 X X X
C4.04 EP, PUR, ESI Misc. 1 810250 EP, PUR, AY 1-2 120 X
C4.05 EP, PUI@.' Misc. 1 810650 EP, PUR, AY 2 180 X X
. 80 to
C4.06 EP, RUR, ESI Misc. 1 160 EP, PUR, AY 2-3 240 X X X
Y 80t
C4.07 ‘ﬁ’, PUR, ESI Misc. 1 o EP, PUR, AY 2-4 300 X X X X
A 240
C4.08 EP,PUR, ESI | Zn (R) 1 60 — 1 60 X
C4.09 EP, PUR, ESI | Zn (R) 1 60to 80| EP, PUR, AY 2 160 X X
C4.10 EP, PUR,ESI | Zn (R) 1 60to 80| EP, PUR, AY 2-3 200 X X X
C4.11 EP, PUR,ESI | Zn (R) 1 60 to 80| EP, PUR, AY 3-4 260 X X X X

and

NOTE 1 For abbreviations see Table A.1.

NOTE 2 I[naddition to polyurethane technology, other coating technologies may be suitable, e.g. polysiloxanes, polyaspartic

fluoropolymer [fluoroethylene/vinyl ether co-polymer (FEVE)].

© ISO 2018 - All rights reserved
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Table C.5 — Paint systems for carbon steel for corrosivity category C5

_— Subsequent . -
Sys- Priming coat coat(s) Paint system Durability
tem Binder Type of | No.of | NDFT Binder Total |NDFT
No. type primer | coats | inpum type no.of |[inpm| 1 m h vh
coats
. 80 to
C5.01 | EP, PUR, ESI Misc. 1 160 EP, PUR, AY 2 180 X
. 80 to
C5.02 | EP,PUR, ESI Misc. 1 n EP, PUR, AY 2-3 240 | X X
LY
C5.03| ER PURESI | Misc. 1 | 80t | gppyr Ay | 24 | 300 | X | X &N
240 a
PV
C5.04 | ER PUR, ESI Misc. 1 80 to EP, PUR, AY 3-4 360 | X ﬁ’ X X
200 .
C5.05 | ER PUR, ESI Zn (R) 1 60to80| EP PUR,AY 2 160 )5\0
C5.06 | ER PUR, ESI Zn (R) 1 60to 80| EP PUR,AY 2-3 200 | Y] x
C5.07 | EH PUR, ESI Zn (R) 1 60to 80| EP PUR,AY 3-4 Z@S) X X X
C5.08 | ER PUR, ESI Zn (R) 1 60to 80| EP PUR,AY 3-4 320 X X X X

NOTE 1 Foinabbreviations see Table A.1.

NOTE 2 Inaddition to polyurethane technology, other coating technologies may be'suitable, e.g. polysiloxanes, polyaspgrtic
and fluoropglymer [fluoroethylene/vinyl ether co-polymer (FEVE)].

Table C.6 — Paint systems for carbon steel for immersion categories
Im1, Im2 and Im3

Priming coat Subsequent| Paint system Durability
System coat(s)
No. Binder Type of | No.of | NDFT Binder |Totalno.| NDFT
. : : 1 |m /| h |ph
type primer | coats | infm type of coats | in pm
.01 |HP,PURESI| Zn(R) 1 |60to80| EP,PUR 2-4 360 | X | X | X
.02 | HP,PURESI| Zn(R) 1.%|60t080| EP PUR 2-5 500 | X | X [ X | [X
103 |HPPURESI| Misc. | (0" 80 EP, PUR 2-4 380 | X | X | X
1.04 | HP,PURESI| Misc. 1 80 EP, PUR 2-4 540 | X | X [ X | [X
1.05 ST — — EP, PUR 1-3 | 400 | X | x | X
1.06 — — EP, PUR 1-3 600 | X | X [ X | [X

NOTE 1 Wager-borne products'are not yet suitable for immersion.

NOTE 2 Depending on'mechanical and abrasive loads, it can be necessary to increase the NDFT of the systems to engure
the durability. For abrasive loads, NDFT of up to 1 000 pm are recommended, and for extreme abrasive loads even up to
2000 pm.

NOTE 3 Th dimmersion categories deal with external exposure only. Confined spaces and tank internals are outside|the

scope of this-deeument{seetS042944-23-

NOTE 4 For abbreviations see Table A.1.

NOTE5 Inaddition to polyurethane technology, other coating technologies may be suitable, e.g. polysiloxanes, polyaspartic
and fluoropolymer [fluoroethylene/vinyl ether co-polymer (FEVE)].
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Annex D
(informative)

Paint systems on hot dip galvanized steel

Followmg the requlrements given in Annex B, spec1f1c formulatlons for paint systems on hot dip

galya ; parience and
labgratory testmg accordlng to ISO 12944 6. General generic examples whose specific‘fofmulations
may not have been tested are given in Table D.1. Other paint systems having the same perfoymance are
poskible. If these examples are used, it shall be ensured that the paint systems choseni.comp|ly with the
indicated durability when execution of the paint work takes place as specified. See.also 7.4.
The coating system numbers consist of the leading letter “G”, the number of thé-corrosivity cdtegory and
a sgquential number. Due to the individual and extreme type of corrosive stréss defined in forrosivity
catg¢gory CX, no general recommendations for paint systems can be given. Suitable paint systems and
ass¢ssment criteria for CX have to be specified by the contractors.
Table D.1 — Paint systems on hot dip galvanized steel for corrosivity categories C2 to C5
. - Subsequent . b
Syls- | Corrosiv- Priming coat coat(s) Paint system Durability2
fem | ity cate- I g No.of | NDFT | Bind No.of |NDFT
Nb. gory inder 0.0 _ inder o.of |I 1 m h vh
type coats | inpm type coats |inpum
G2{01 EP, PUR, AY 1 80 r}& 1 80 X X X
G2)02 C2 AY 1 80 AY 2 160 X X X X
G2[03 EP, PUR 1 |80t120| ERPURAY| 1to2 | 120 | X | X [[|x | X
G3|01 EP, PUR, AY 1 1 80 X X
G3[02 EP, PUR 1C[80to120| ER,PURAY | 1to2 | 120 | X | X | [x
G3{03 C3 AY 1 80 AY 2 160 X X X
G3Jo4 EP,PUR ()" 1 80 |EPPURAY| 2 160 | x | x [[x | x
G305 AY. 1 80 AY 2to3 200 X X X X
G4|01 ER( , AY 1 80 1 80 X
G4)02 EP, PUR 1 80to 120 | EP, PUR, AY 1to2 120 X X
G4|03 ca Y AY 1 80 AY 2 160 X X
G404 EP, PUR 1 80 EP, PUR, AY 2 160 X X X
G4{05 AY 1 80 AY 2to3 200 X X X
G406 EP, PUR 1 80 EP, PUR, AY 2to3 200 X X X X
G5le+ ERPHR + S0-to120—EPRPURAY +te2 126 X
G5.02 AY 1 80 AY 2 160 X
G5.02 cs EP, PUR 1 80 EP, PUR, AY 2 160 X X
G5.03 AY 1 80 AY 2to3 200 X X
G5.04 EP, PUR 1 80 EP, PUR, AY 2to3 200 X X X
G5.05 EP, PUR 1 80 EP,PUR,AY | 2to3 240 X X X X
NOTE 1 For abbreviations see Table A.1.
NOTE 2 Inaddition to polyurethane technology, other coating technologies may be suitable, e.g. polysiloxanes, polyaspartic
and fluoropolymer [fluoroethylene/vinyl ether co-polymer (FEVE)].
a  The durability is in this case related to the paint system adhesion to the hot dip galvanized surface. In case of a damaged
paint system, the remaining hot dip galvanized layer delivers further protection to the steel.
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The use of paint systems on hot dip galvanized steel for immersion service is possible but special care
is needed before confirming suitability. Paint systems applied on hot dip galvanized surfaces do not
automatically prevent early failure causes and, in some situations, can contribute further to premature
breakdown of the protective system. Choosing to specify a paint system over hot dip galvanized
surfaces in immersion shall be decided on a case-by-case basis after strict evaluation of risk factors and
the decision shall be based on a solid track record of specific coating systems over the same substrate
and for the same type of immersion conditions (water type, temperature, flow, pH, hardness, etc.).
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