














Removal of Contaminants

The surface to be painted must
be completely cleaned before
painting, as the roughness of the
steel surface will influence the
adhesion of the paint and the
corrosion protection.  Surface
contaminants such as salts, oails,
grease, rust and millscale are to
be thoroughly removed. The most
common method is by solvent
washing, followed by wiping dry with
clean rags. Proprietary emulsions,
degreasing compounds and steam

cleaning are also commonly used.
Loosely adhering millscale, rust
and old paint coatings may be
removed from steel by hand wire brushing,
sanding, scraping and chipping. However
these methods may not be that effective
and likely to leave a layer of tightly adhering
rust on the steel surface. Power tool cleaning
will be more effective and less laborious than
hand tool cleaning.

For application on a new smooth surface,
abrasive blasting is necessary to take away
mill scale and to obtain the desired roughness
(or “surface profile”) to ensure coating
adhesion.

Surface contaminants such as rust are to be thoroughly removed

For application on old, galvanised or rusty
surfaces, loose particles must be removed
and the surface should be degreased. In the
case of a painted surface, the paint must be
removed by abrasive blasting, high pressure
warter jetting or a chemical pickling process.
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Film Thickness

An adequate film thickness is essential for the success of any coating system. Under application will
generally result in premature failure. The actual dry film thickness recommended for a particular
surface will depend on the type of coating system being used and the nature of the surface.
Measuring instruments for film thickness should be calibrated on smooth steel in accordance with
ISO 2808, Method 6.

Air spraying of protective coating
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Method of Application

Protective coatings can be applied by brush, roller, conventional air spray, pressure pot spray or
airless spray. The advantages and disadvantages of each method are briefly stated here:

Method

Advantage

Disadvantage

Brush Application

Good for coating small areas, where
good penetration of rusty steel
substrates is required.

Depending on paint type, may
need twice the coats fo achieve
similar build to that by airless spray
application. Requires considerable
care when brushing, otherwise result
in poor finish.

Roller Application

Faster than brush on large, even
surfaces.

Control of film fhickness not easily
achieved.

Conventional Air Spray

Simple and inexpensive

High build coatings generally
cannot be applied by this method
as most paints have to be thinned
to a suitable viscosity for satisfactory
atomisation, and so lose their high
build properties.

Pressure Pot Spray

Large quantities of paint can be
applied

Airless Spray

High build coatfings can be applied
without thinning. Very rapid
application is possible. Less dust and
fume.

With some products, the decorative
effect achieved with airless spray is
not as good as conventional spray.
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Shop Primers

Shop primer is applied immediately to the
blast-cleaned steel surface for temporary
protection against corrosion during
fabrication, transport, installation and storage.
The shop primer is then painted over with the
finishing paint system, which usually includes
a new primer coat. The top coat should have
high resistance to abrasion and aggressive
environmental conditions and should be
stable.

If the components are to be welded, a
weldable primer is to be applied. Weldable
primers are usually applied in a factory shop
by automatic spray equipment and are

very thin (typically 15-25 microns) and fast
drying. Guidance on shop primers is given
in standards EN ISO 12944-5, appendix B
and EN 10238 - Automatically blast cleaned
and automatically primed structural steel
products.

Completion

Upon completion, the painted product should
not be exposed to rain within 4 hours. Visual
inspection should be carried out to ensure
proper application. The painted surface
should be even, non-peeling and free of
bubbles.
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Reliability

Protective coatings give excellent
performance in many applications. However,
as with most paint coatings, the quality of the
application is a major factor in determining
the long-term performance of the coating.
The factors affecting coating quality include:

* Initial steel surface condition (new, rusty,
contaminated)

» Surface preparation (blasting equipment,
operator skill, access, design)

* Weather conditions (wet, dry, dew point)

* Paint application (equipment, operator
skill, paint mixing, pot life)

* Paint curing (humidity, temperature, time)

* Handling (paint hardness, full curing time,
handling methods)

Some Recommendations for Coating Steel
Surfaces:

1) Abrasive blast new steel. Old steel should
be abrasive blasted or hydroblasted
(ultra high pressure water jetting) down
to ‘white’ metal. The initial abrasive blast
gives a metal a surface profile which is
very important for a good coating bond.
Hydroblasted surfaces will need to be
checked to ensure that the revealed
surface profile is suitable.

2) Treat with a soluble/insoluble salt remover.
This is becoming more recognized as an
important pre-coating step.

3) Use organic zinc-rich primer. However for
shop applications, inorganic zinc should
be used instead.

4) A solvent based (greater than 0% VOC)
epoxy intermediate coat with a urethane
topcoat, or a polysiloxane topcoat.

The steel sections at the Henderson Waves are coated
with a polysiloxane topcoat
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Cathodic Protection

The phenomena of galvanic corrosion and
the galvanic series are the basis of Cathodic
Protection (CP), asysteminwhich the structure
to be protected is made the cathode. For
example if iron and copper are connected in
sea water the iron corrodes; connect a piece
of zinc into the system and a current flows
from the zinc to the iron and copper and turns
the iron into a cathode, i.e. the non-corroding
pole in the electrochemical cell.

Cathodic protection using sacrificial anodes
is established for the protection of steelwork
under immersed conditions. For large
installations, e.g. marine jetties, an “impressed
current” systemis often used. In this system the
anode isinert, e.g. graphite or titanium, and a
DC supply provides the voltage.

Setting up a cathodic protection system on
an immersed or semi-immersed structure
requires expert advice. There are however
three points to remember when considering
a CP system.

a.To do their job, sacrificial anodes must
corrode! They require regular inspection
to ensure they are replaced before they
disappear completely.
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b. There must be sufficient anodes to give the
correct current density over the complete
surface to be protected.

c. In systems using an external DC supply
the polarity of the electrical connection
is vital. Reversed connections can cause
extremely rapid corrosion of the item the
system is supposed to protect!

Cathodic protection may be the best solution
for steel structures in water, as illustrated in the
following figure.

Steel Structure - \\ |
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(Cathode) (Anode)
Cathodic protection using sacrifical or galvanic anode

Steel Structure

(Cathode) (Anode)

Steel sturctures in water




Selection of Corrosion

Protection System

be considered carefully to ensure that

the proper coating is chosen for
the intended application and service
environment. The corrosion resistance of the
coating varies depending on the coating
thickness.

T he selection of protective coatings must

When choosing a protftective system,
the maintenance cycle is an important
consideration. The ‘design’ of the steel
members and the way in which they are
jointed will affect the maintenance cycle.

Poorly prepared steel surfaces prevent the
protective treatment subsequently applied
from achieving its design life. Corrosion
prevention treatments can be either organic
(paint), metallic (zinc, etc.), duplex (metallic
and organic) or cathodic. Alternatively, in
order to limit or prevent corrosion, the steel
itself can be of a weathering or stainless
grade. Regular inspection of the structure
and proper routine maintenance prevents
major remedial work being necessary to the
corrosion prevention freatment.

The ‘design’ of the steel member and the way in which they are jointed will affect the

maintenance cycle
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Specifications

Writting the specification for corrosion
protection is infended to provide clear and
precise instructions to the contractor on what
isto be done and how itis to be done. It should
be written in a logical sequence, starting with
surface preparation, going through each
paint or metal coat to be applied and finally
dealing with specific areas, e.g. welds. It
should also be as brief as possible, consistent
with providing all the necessary information.
The most important items of a specification
are as follows:

* The method of surface ﬁreporoﬁon and
the standards required. This can often be
specified by reference to an appropriate
%/%ndord, e.g. BS 7079: Pt A1 Grade Sa 2-

* The maximum interval between surface
preparation and subsequent priming

The types of paint or metal coatings to be
use?, supported by standards where these
exis

The method/s of application to be used

The number of coats to be applied and the
interval between coats

The wet and dry film thickness for each
coat

Where each coatis to be applied (i.e. shops
or site) and the application conditions
that are required, in terms of temperature,
humidity etc.

DTe’roiIs for tfreatment of welds, connections,
etfc

Rectification procedures for damage, efc.

Information such as type

of paint, method of ap-

plication and location of

application  (shop/site)

should be written clearly
| In the specification
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Good Practices
of Corrosion
Protection




Inspection

especially those exposed to coastal and
marine environments, form the basis of
a good maintenance programme.

R egular inspection of steel structures,

The basic form of inspection is visual inspection.
Dirt, loose paint or corroded surface must
be removed before inspection as they will
interfere with an accurate assessment of the
extent of deterioration. However, protective
coatings which are not defective should not be
removed.

Visual inspections can be used to determine
the location and relative extent of corrosion
on many structures. However, the thickness of
metals cannot always be determined by direct
measurement such as normal caliper as access
to both sides is not always possible. The effects
of corrosion at the back of a metal may reduce
its thickness significantly and yet may not affect
the front surface. Hence, thickness measurement
by ultrasonic thickness gauges etc. can in
many cases give accurate and quantitative
determinations of the extent of corrosion without
access to both sides of the metal.

Other Non-Destructive Testing (NDT) methods
suchasultrasonicflawdetectionandradiography
(x-ray) can be employed to determine metal
thickness and to detect internal flaws. However,
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the operation of these instruments and
interpretation of results depend on the skill and
experience of the NDT operator.

Inspection and Testing Agency

To ensure that the profective freatment work

have been properly carried out on the structural

steelwork, it may be necessary to appoint an

Independent Inspection and Testing Agency
(ITA) to perform the following scope of services:

(a) Review the proposed protective treatment
system

(b) Review the quality control plan
(c) Assess the condition of substrate

(d) Check dew point, relative humidity and
metal tfemperatures

(e) Check condition of substrate for
contamination and rust grade

(f) Inspect surfaces after preparation for
grade and amplitude

(9) Check the wet and dry film thicknesses, if
applicable

(h) Witness all preparation and coating
procedures

(i) Prepare protective treatment inspection
reports




Steel structures, especially those exposed to coastal and marine environments,
have to be regularly inspected ‘
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Maintenance / Repair of

Steel Structures

structural engineer will carry out an

assessment on the condition of the
stfructure and recommend appropriate
measures to ensure structural soundness.

l | pon completion of inspection, the

Depending on the extent of deterioration, the
structural engineer may recommend one or
more of the following approaches:

(a) Re-apply the corrosion protection system
to the affected members.

(b) Strengthen the affected members and
re-apply the protective paint coating.

(c) Replace with another new section.

If corrosion is limited to a small area, it may be more economical or practical to strengthen than to replace existing

members
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Detailing to Minimise

Corrosion

D etails should be designed to shed water and avoid collection of dirt whenever possible.

A. Design to avoid formation of humid and dusty zones. Provide drainage holes and
openings with a > 30mm to drain moisture and dirt.

More Prone to Corrosion Improved
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B. Design to avoid entrapment of moisture and dirt and corrosive elements on or
between parts of structures. Use hermetic sealing for hollow sections, provide
drainage holes between inclined members and stiffeners.

More Prone to Corrosion Improved

Open Hermetic Welded

Attention for pressure fluctuations on
walls due fo

- changes in temperature

- changes in barometric pressure

- consumption of oxygen through rust

formation
J HHK—
X
\
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C. Design without edges and corners to avoid entrapment of moisture and dirt. If possible, avoid
stiffeners.

More Prone to Corrosion Improved

Provide
stiffeners only if
e

i unavoidable
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D. Provide good structural detailing to avoid corrosion.

46

More Prone to Corrosion

Dirt collection

Improved
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E. Design with rounded angles to avoid corrosion. Edges and corners are corrosion sensitive points
even when protected by coatings.

More Prone to Corrosion Improved
Paint Paint
coating coating
T B
steel _/./ steel _/)‘
With sharp edge With rounded edge
i

%,

01|01
-

Note:
Bolts always ==
difficult to paint

L..l.._l

Detritus build-up Deep penetration
weld
] - —
Revised location and |
—— welded externally

|
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F. Avoid bi-metallic contact to prevent galvanic corrosion by using an insulation material.

More Prone to Corrosion

Aluminium

]

L¢|J Steel
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E Steel
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Improved
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Steel

Acceptable
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Annexes

National Productivity and Quality Specifications (NPQS)

Sections C5-10 and C5-20 of the NPQS provides the general requirements for
protection of structural steelwork against corrosion.

The general standards referred to are:

BS EN ISO 1461 Hot dip galvanised coatings on fabricated iron and steel articles.
Specifications and test methods.

BS EN 10155 Structural steels with improved atmospheric corrosion resistance.
Technical delivery conditions.

BS 7079 Preparation of steel substrates before application of paints and

related products.
Part Al: Visual assessment of surface cleanliness.

BS EN ISO 12944

Paints and varnishes — corrosion protection of steel structures by
protective paint systems.

BS ENISO 14713

Protection against corrosion of iron and steel in structures — zinc and
aluminium coatings - Guidelines.

BS EN 22063

Metallic and other inorganic coatings — thermal spraying — zinc,
aluminium and their alloys.
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The standards pertaining to inspection,
cleaniness of steel surface, surface roughness
and surface treatment are listed here for

reference.

Standard Number

Title

BS 7079: Part A1 :Supplement 1:1989

Preparation of steel substrates before application of
paints and related products. Visual assessment of surface
cleanliness. Representative photographic examples
of the change of appearance imparted to steel when
blast-cleaned with different abrasives.

BS 7079:Part F1:1994, ISO 11126-1:1993

Preparation of steel substrates before application of
paints and related products. Non-metallic blast-cleaning
abrasives. General infroduction and classification.

BS 7079-0:1990

Preparation of steel substrates before application of
paints and related products. Infroduction.

BS 7079-A3:2002, ISO 8501-3:2001

Preparation of steel substrates before application of
paints and related products. Visual assessment of surface
cleanliness. Preparation grades of welds, cut edges and
other areas with surface imperfections. A3: Preparation
grades of welds, cut edges and other areas with surface
imperfections.

BS 7079-D1:1993, ISO 8504-1:1992

Preparation of steel substrates before application of paints
and related products. Methods for surface preparation.
General principles.

BS 7079-D2:1993, ISO 8504-2:1992

Preparation of steel substrates before application of paints
and related products. Methods for surface preparation.
Abrasive blast-cleaning.
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Standard Number

Title

BS EN ISO 11124-2:1997,

BS 7079-E2:1994

Preparation of steel substrates before application of
paints and related products. Specifications for metallic
blast-cleaning abrasives. Chilled-iron grit.

BS EN ISO 11124-3:1997,

BS 7079-E3:1994

Preparation of steel substrates before application of
paints and related products. Specifications for metallic
blast-cleaning abrasives. High-carbon cast-steel shot
and grit.

BS EN ISO 11124-4:1997,

BS 7079-E4:1994

Preparatfion of steel substrates before applicafion of
paints and related products. Specifications for metallic
blast-cleaning abrasives. Low-carbon cast steel shot.

BS EN ISO 11125-1:1997,

BS 7079-E6:1994

Preparation of steel substrates before application of
paints and related products. Test methods for metallic
blast-cleaning abrasives. Sampling.

BS EN ISO 11125-2:1997,

BS 7079-E7:1994

Preparation of steel substrates before application of
paints and related products. Test methods for metallic
blast-cleaning abrasives. Determination of parficle size
distribution.

BS EN ISO 11125-3:1997,

BS 7079-E8:1994

Preparation of steel substrates before application of
paints and related products. Test methods for metallic
blast-cleaning abrasives. Determination of hardness.

BS EN ISO 11125-4:1997,

BS 7079-E9:1994

Preparation of steel substrates before application of
paints and related products. Test methods for metallic
blast-cleaning abrasives. Determination of apparent
density.

BS EN ISO 11125-5:1997,

E10:1994

BS 7079-

Preparation of steel substrates before application of
paints and related products. Test methods for metallic
blast-cleaning abrasives. Determination of percentage
defective particles and of microstructure.
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Standard Number

Title

BS EN ISO 11125-7:1997, BS 7079-
E12:1994

Preparation of steel substrates before application of
paints and related products. Test methods for metallic
blast-cleaning abrasives. Determination of moisture.

BS EN ISO 11126-1:1997, BS 7079-F1:1997

Preparation of steel substrates before application of
paints and related products. Specifications for non-
metallic blast-cleaning abrasives. General intfroduction
and classification.

BS EN ISO 11126-10:2004, BS 7079-
F10:2004

Preparation of steel substrates before application of
paints and related products. Specificafions for non-
metallic blast-cleaning abrasives. Almandite garnet.

BS ENISO 11126-3:1998, BS 7079-F3:1994

Preparation of steel substrates before application of
paints and related products. Specifications for non-
metallic blast-cleaning abrasives. Copper refinery slag.

BS EN ISO 11126-5:1998, BS 7079-F5:1994

Preparation of steel substrates before application of
paints and related products. Specifications for non-
metallic blast-cleaning abrasives. Nickel refinery slag.

BS EN ISO 11126-6:1998, BS 7079-F6:1994

Preparation of steel substrates before application of
paints and related products. Specifications for non-
metallic blast-cleaning abrasives. Iron furnace slag.

BS ENISO 11126-8:1998, BS 7079-F8:1994

Preparation of steel substrates before application of
paints and related products. Specifications for non-
metallic blast-cleaning abrasives. Olivine sand.

BS EN ISO 11126-9:2004, BS 7079-F2:2004

Preparation of steel substrates before application of
paints and related products. Specifications for non-
metallic blast-cleaning abrasives. Staurolite.

BS EN ISO 11127-1:1998, BS 7079-
F11:1994

Preparation of steel substrates before application of
paints and related products. Test methods for non-
metallic blast-cleaning abrasives. Sampling.
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Standard Number

Title

BS EN ISO 11127-2:1998, BS 7079-
F12:1994

Preparation of steel substrates before application of
paints andrelated products. Test methods fornon-metallic
blast-cleaning abrasives. Determination of parficle size
distribution.

BS EN ISO 11127-3:1998, BS 7079-
F13:1994

Preparation of steel substrates before application of paints
andrelated products. Test methods for non-metallic blast-
cleaning abrasives. Determination of apparent density.

BS ENISO 11127-4:1998, BS 7079-
F14:1994

Preparatfion of steel substrates before applicafion of
paints and related products. Test methods for non-
metallic blast-cleaning abrasives. Assessment of hardness
by a glass slide test.

BS EN ISO 11127-5:1998, BS 7079-
F15:1994

Preparation of steel substrates before application of paints
andrelated products. Test methods for non-metallic blast-
cleaning abrasives. Determination of moisture.

BS EN ISO 11127-6:1998, BS 7079-
F16:1994

Preparation of steel substrates before application of
paints andrelated products. Test methods fornon-metallic
blast-cleaning abrasives. Determination of water-soluble
contaminants by conductivity measurement.

BS EN ISO 11127-7:1998, BS 7079-
F17:1994

Preparation of steel substrates before application of
paints andrelated products. Test methods for non-metallic
blast-cleaning abrasives. Determination of water-soluble
chlorides.

BS EN ISO 8501-1:Supplement:2001, BS
7079A1:Supplement 1:1996

Preparation of steel substrates before application of
paints and related products. Visual assessment of surface
cleanliness. Representative photographic examples
of the change of appearance imparted to steel when
blast-cleaned with different abrasives.
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Standard Number

Title

BS EN ISO 8501-2:2001, BS 7079-A2:1996

Preparation of steel substrates before application of
paints and related products. Visual assessment of surface
cleanliness. Preparation grades of previously coated steel
substrates after localized removal of previous coatings.

BS EN ISO 8501-3:2007, BS 7079-A3:2006

Preparation of steel substrates before application of
paints and related products. Visual assessment of surface
cleanliness. Preparatfion grades of welds, edges and
other areas with surface imperfections.

BS EN ISO 8502-10:2004, BS 7079-
B10:2004

Preparation of steel substrates before application of paints
and related products. Tests for the assessment of surface
cleanliness. Field method for the fitrimetric determination
of water-soluble chloride.

BS EN ISO 8502-11:2006, BS 7079-
B11:2006

Preparation of steel substrates before application of
paints and related products. Tests for the assessment of
surface cleanliness. Field method for the turbidimetric
determination of water-soluble sulfate.

BS EN ISO 8502-12:2004, BS 7079-
B12:2004

Preparation of steel substrates before application of paints
and related products. Tests for the assessment of surface
cleanliness. Field method for the titrimetric determination
of water-soluble ferrous ions.

BS EN ISO 8502-5:2004, 7079-B5:2004

Preparation of steel substrates before application of paints
and related products. Tests for the assessment of surface
cleanliness. Measurement of chloride on steel surfaces
prepared for painting (ion detection tube method).

BS EN ISO 8502-8:2004, BS 7079-B8:2004

Preparation of steel substrates before application of
paints and related products. Tests for the assessment of
surface cleanliness. Field method for the refractometric
determination of moisture.
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Standard Number

Title

BS EN ISO 8502-9:2001, BS 7079-B9:1998

Preparation of steel substrates before application of
paints and related products. Tests for the assessment of
surface cleanliness. Field method for the conductometric
determination of water-soluble salfs.

BS EN ISO 8503-1:1995, BS 7079-C1:1989

Preparation of steel substrates before application of paints
and related products. Surface roughness characteristics
of blast-cleaned steel substrates. Specifications and
definitions for ISO surface profile comparators for the
assessment of abrasive blast-cleaned surfaces.

BS EN ISO 8503-2:1995, BS 7079-C2:1989

Preparation of steel substrates before application of paints
and related products. Surface roughness characteristics
of blast-cleaned steel substrates. Method for the grading
of surface profile of abrasive blast-cleaned steel.
Comparator procedure.

BS EN ISO 8503-3:1995, BS 7079-C3:1989

Preparatfion of steel substrates before application
of paints and related products. Surface roughness
characteristics of blast-cleaned steel substrates. Method
for the calibration of ISO surface profile comparators
and for the determination of surface profile. Focusing
microscope procedure.

BS EN ISO 8503-4:1995, BS 7079-C4:1989

Preparation of steel substrates before application
of paints and related products. Surface roughness
characteristics of blast-cleaned steel substrates. Method
for the calibration of ISO surface profile comparators and
for the determination of surface profile. Stvlus instrument
procedure.

BS EN ISO 8503-5:2004, BS 7079-C5:2004

Preparation of steel substrates before application of paints
and related products. Surface roughness characteristics
of blast-cleaned steel substrates. Replica tape method
for the determination of the surface profile.
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Standard Number Title

BS EN ISO 8504-1:2001, BS 7079-D1:2000 Preparation of steel substrates before application of paints
and related products. Surface preparation methods.
General principles .

BS EN ISO 8504-2:2001, BS 7079-D2:2000 Preparation of steel substrates before application of paints
and related products. Surface preparation methods.
Abrasive blast cleaning. Part 2: Abrasive blast cleaning.

Preparation of steel substrates before application of paints
BS EN ISO 8504-3:2001,.BS 7079-D3:1993 and related products. Surface preparation methods.
Hand-and power-tool cleaning.
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Protective Paint Systems

The protective paint systems are addressed in the following standards:

Standard

Description

ISO 12944-1.

Paints and varnishes -- Corrosion protection of steel
structures by protective paint systems -- Part 1: General
infroduction.

* The standard classifies protective paint systems by
durability. The durability class does not imply any
guarantee period but the expected serviceable life
before repainting for maintenance.

ISO 12944-2.

Paints and varnishes -- Corrosion protection of steel
stfructures by profective paint systems -- Part 2:
Classification of environments.

* The standard specifies the corrosivity categories
according to the type of atmosphere and stress
caused by immersion (tables T and 2)

ISO 12944-3.

Paints and varnishes -- Corrosion protection of steel
structures by protective paint systems -- Part 3: Design
considerations.

ISO 12944-4.

Paints and varnishes -- Corrosion protection of steel
stfructures by protective paint systems -- Part 4: Types of
surface and surface preparation.

e The standard makesreference tosurface preparation
standards
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Standard

Description

ISO 12944-5.

Paints and varnishes -- Corrosion protection of steel
structures by protective paint systems -- Part 5: Protective
paint systemes.

e The standard specifies the most common types
of anti-corrosive paint and gives instructions for
the selection of these for different environmental
classes.

ISO 12944-6.

ISO 12944-7.

Paints and varnishes -- Corrosion protection of steel
structures by protective paint systems -- Part 6: Laboratory
performance test methods.

Paints and varnishes -- Corrosion protection of steel
structures by protective paint systems -- Part 7: Execution
and supervision of paint work.

ISO 12944-8.

Paints and varnishes -- Corrosion protection of steel
structures by profective paint systems -- Part 8:
Development of specifications for new work and
maintenance.

* The standard gives detailed instructions for the
development of specifications.
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