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About Galvanizers Association Australia and Galvanizing Association of New Zealand

Who We Are

Galvanizers Association of Australia (GAA) and Galvanizing Association of New Zealand (GANZ), represent the hot dip galvanizing
industry in Australia and New Zealand. Our members are hot dip galvanizers, as well as zinc, equipment, chemical and other
suppliers of all sizes. Members of the GAA and GANZ are in Australia, New Zealand, and around the world.

GAA and GANZ are not-for-profit, membership-based organisations providing our members with a competitive advantage through
unique access to industry, research, education, certification, and the wider industrial community. Our employees are technically
qualified corrosion and hot dip galvanizing experts, providing support to members and non-members alike. For non-members we
also provide technical consulting services on a not-for-profit basis.

GAA provides technical and marketing support to GANZ, and are proud members of the IZA, AGA, APGGA, ASI, SCNZ, ACA, and
many other industry associations. We represent our industry on a range of Standards Australia, Standards New Zealand, 1SO, and
ASTM committees to ensure the local industry remains competitive and relevant to local steel fabricators.

Promotion of Hot Dip Galvanizing

Education: Providing information and resources to architects, engineers, builders, and other stakeholders about the advantages of
hot dip galvanizing.

Marketing: Conducting marketing campaigns and participating in industry events to raise awareness about hot dip galvanizing.

Technical Support and Standards

Technical Consulting Services: Free and expert advice to non-members on galvanizing processes, best practices, and technical
specifications, and technical services on a not-for-profit basis for acceptance assessment on all Standards.

Standards Development: Collaborating with Standards organizations to develop and maintain industry Standards for hot-dip
galvanizing.

Research and Development

Innovation: Supporting research projects aimed at improving galvanizing techniques and developing new applications for galvanized
steel.

Publications: Producing technical publications, case studies, and research reports to disseminate the latest findings and
innovations.

Training and Education

CPD, Workshops and Seminars: Organizing continuing professional development (CPD), training sessions, workshops, and
seminars on various aspects of galvanizing.

Certification Programs: Offering certification programs for galvanized coatings inspectors and operators to ensure that industry
practitioners are well-trained and qualified.

Advocacy and Representation
Policy Advocacy: Representing the industry’s interests in policy discussions and regulatory matters.
Industry Representation: Acting as the voice of the galvanizing industry in various forums and industry groups.

Sustainability and Environmental Responsibility

Environmental Standards: Encouraging the adoption of environmentally responsible practices and compliance with environmental
regulations.

Sustainable Development: Highlighting the environmental benefits of hot dip galvanizing, such as the longevity and recyclability of
galvanized steel.

Networking and Collaboration

Industry Events: Organizing conferences, trade shows, and networking events to foster collaboration and knowledge sharing.
Membership Services: Providing services and support to members, including access to industry news, resources, and professional
networks.

Further information:

For further information about Galvanizers Association of Australia or Galvanizing Association of New Zealand and how we can
help your business, please visit https://gaa.com.au/ or https://www.galvanizing.org.nz/.
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New [ssue
This is a new Advisory Note relating to the release of the 2025 edition of AS/NZS 4680.

Please check https.//gaa.com.auw/technical-publications/ to ensure you have the latest edition.

This document is intended to inform readers of issues and developments in the field of hot dip galvanizing. Any advice given,
information provided, or procedures recommended may be based on assumptions which while reasonable, may not be applicable
to all environments and potential fields of application and its accuracy, reliability or completeness is not guaranteed and should not
be used as a substitute for professional advice. GAA, GANZ, and their employees disclaim all liability and responsibility for any
direct or indirect loss or damage which may be suffered by the recipient through relying on anything contained or omitted in this
publication.
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ADVISORY NOTE 52

ACCEPTANCE INSPECTION FOR HOT DIP
GALVANIZED COATING APPEARANCE

INTRODUCTION

The primary function of hot dip galvanized coatings produced to AS/NZS 4680 is to protect fabricated
iron and steel from corrosion and aesthetic and decorative features are secondary. However, some
appearance effects on hot dip galvanized coatings provide an indication the corrosion protection might
be compromised, and these should be assessed at acceptance inspection. This Advisory Note provides
an explanation of the causes, acceptability and responsibility for the appearance of hot dip galvanized
coatings at acceptance inspection and includes representative images.

When aesthetics and decorative features are important for an application, these should be discussed
with the galvanizer in the design stage as experience shows that best practice design can minimise or
eliminate variations in colour and reduce lumps and runs to acceptable levels. Further information on
design and durability of hot dip galvanized coatings is available in AS/NZS 2312.2 and the GAA/GANZ
Guide for Best Practice Design for Hot Dip Galvanizing - Venting and Draining.

CORROSION PROTECTION MECHANISM FOR HOT DIP GALVANIZED COATINGS

Hot dip galvanized coatings protect steel against corrosion in three ways. Firstly, the hard and abrasive
resistant zinc and zinc/iron alloy coating provides a metallurgical barrier where the corrosive influences in
the environment are kept from the steel. Secondly, if the barrier is breached, the zinc and zinc/iron alloy
act to protect the steel through galvanic action, and the coating will corrode in preference to the steel.
Finally, the formation of the zinc patina provides long-term corrosion protection of the coating, slowing
down the rate of corrosion of the zinc coating compared to the first-year corrosion rate.

In combination with best practice design, and with the thickest galvanized coating available in the market,
a hot dip galvanized coating produced to AS/NZS 4680 offers the most durable corrosion protection
system with all welds, holes and cut edges fully protected. More information on the metallurgy of hot dip
galvanizing and corrosion protection mechanisms are available in the Design Manual website.

INITIAL APPEARANCE

At acceptance inspection a hot dip galvanized coating should be free from uncoated areas, blisters,
roughness and sharp points. Roughness is a relative term, and the coating cannot be compared with the
smooth and relatively thin two-dimensional surface of continuously galvanized sheet steel since this is
produced by a process which permits close control of coating thickness and appearance. In contrast,
the coatings produced by the batch hot dip galvanized process are affected by the weight, size and
shape of the three-dimensional article being galvanized, along with the required handling of the article
during the process and the steel chemistry. Importantly, the purchaser can also affect the appearance of
the new coating through design.

The most common point of contention where aesthetics is concerned is the initial appearance or colour
of the galvanizing. Irrespective of the initial lustre and colour of galvanized coatings, it does not affect the
corrosion protection offered by the coating and over time the appearance of the galvanized coating will
change as it naturally weathers.
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There are four initial appearances a batch hot dip galvanized coating can develop based on its formation;
shiny, spangled, dull and mottled. Some galvanized articles may even develop more than one of these
appearances across their surface.

Galvanized steel with a shiny appearance is the most common and has become what people expect to
see when looking at newly galvanized steel (Figure 1). This shiny appearance is created by the
solidification of unreacted (or free) zinc on top of zinc-iron alloy layers when it is withdrawn from the zinc
bath (Figure 2).

Zeta € (94% Zn 6% Fe) 179HV

Delta & (30% Zn 10% Fe) 244Hv

Gamma y (75% Zn 25% Fe) 250HV
Base Steel 158HV

s e

Figure 1 Typical initial shiny Figure 2 Typical galvanized Coatihg showing the pure zinc outer layer with
appearance of hot dip galvanizing zinc-iron alloy layers.

A spangled appearance (Figure 3) has the same general coating structure and lustre as the shiny
appearance, with the only difference being how the zinc solidifies. For spangle to form, certain types of
additional elements must be present in the zinc to allow the crystalline pattern to form. The
concentration of these elements and the cooling rate of the article influence the size and shape of the
crystal formation. Spangled appearance is less common in batch hot dip galvanizing.

Duller or matte coatings on newly galvanized steel are seen by some as an inferior coating, but this is
an inaccurate assumption. A duller colouring as an initial appearance is due the coating structure being
entirely made of zinc-iron alloy layers, with no top layer of zinc. While there is always free zinc picked up
on top of the zinc-iron alloys when an article is withdrawn from the bath, it does not always just solidify
in place as with shiny and spangled appearances. Sometimes, the free zinc will continue to react with
the base iron and be totally converted, leaving only zinc-iron alloy at the coating’s surface (Figure 4 and
Figure 5). These coatings are usually thicker than their shiny or spangled counterparts and in-turn will
have a longer service life when placed in the same environment.

Figure 3 Shiny spangled Figure 4 Hot dip galvanized coating Figure 5 Micrograph of a dull hot
appearance on pipe changing to dull dip galvanized coating with no
appearance while still being outer zinc layer

withdrawn from the molten zinc
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A mottled appearance consists of a dull-grey cellular pattern around areas with a shiny finish (Figure 6). It
is also described as a web (spider web), or mechanical scale pattern and is often mistaken to be the
result of cracks in the coating. This appearance occurs due to a partial presence of zinc-iron alloy layers
at the surface of the galvanized coating (Figure 7), with the pattern believed to be due to the alloys being
created at grain boundaries only and the remaining zinc solidifying without reacting. The appearance may
occur in a localised area or extend over the entire surface of an article.

5 Y 1

Figure 6 Mottled appearance of a newly galvanized Figure 7 Micrograph showing part of the structure of a
pipe part dull, part shiny galvanized coating

FACTORS INFLUENCING THE INITIAL APPEARANCE

Why can’t | specify the appearance | want?

A simple question with a complicated answer. The commonly seen differences in initial appearance can
rarely be controlled by the galvanizer, as it is highly dependent on the metallurgical reaction of coating
formation that occurs while immersed in the molten zinc. There are numerous factors that influence how
a galvanized coating forms on any given piece of steel with the four main factors affecting the initial
appearance being steel composition (or chemistry), the surface condition of the article, its cooling rate
and its design and fabrication, including venting and draining.

Steel composition (chemistry)
Certain elements in the steel, in particular silicon (Si) and 0.01 004 0.14 0.25
phosphorus (P), affect the reactivity of the iron with molten
zinc. The extent of the reactivity is dependent on the Grey
concentration of each element and this relationship was Partally Bright Grey
first described by Sandelin in 1940 (Figure 8). iy

Brigh| Semi-lustrous

Bright
\A ht Smooth

Grey

The compositions that cause a prolonged or faster rate of
reaction between the iron and molten zinc while the steel
is submerged are known as ‘reactive steels.” These steels
usually result in mottled or dull appearances as well as
having thicker coatings. More information on steel , , , : , ;
chemistry is available in GAA/GANZ Advisory Note AN 35. 000 005 010 015 020 025 030 035 040

% Silicon Content in the Steel

Relative Zinc Thickness

Bright

Ultra-low reactive (ULR) steels are usually characterized  Figure 8 Schematic of the Sandelin Curve showing
by an initial shiny appearance and a thinner coating than  the relationship with silicon and galvanizing coating
other batch hot dip galvanized steels, although the minor thickness

reduction in coating thickness is usually acceptable for long term durability. These steels are often

Acceptance inspection for hot dip galvanized coating appearance (Issue 1) Page 3



ADVISORY NOTE 52

described as ‘laser-plate’ and are normally seen in cleats, stiffeners, end plates and brackets. Some
hollow sections, but not all, are also manufactured from ULR steels.

Surface condition

The condition of the article’s surface contributes to the initial appearance of galvanizing. On a macro level,
the surface of the galvanized coating typically matches or amplifies the article’s contours. A good example
is if the steel suffered from pitting corrosion before being galvanized, the coating will follow the corroding
pits. On a micro level, the surface profile affects the reactivity of the steel with the zinc. A rougher surface
with a higher surface area will generally result in increased reactivity and higher potential for dull or mottled
appearance, while smoother surfaces are less reactive and more likely to have a shiny appearance. For
example, plate that is rolled from coil such as AS/NZS 1594 is likely to have a smoother surface and be
less reactive than plate that is directly hot rolled, such as steel made to AS/NZS 3678.

Cooling rate

The thickness of the steel will affect the cooling rate of the
article when it is withdrawn from the molten zinc, with
thicker steel retaining heat longer. This retained heat can
allow the diffusion of the zinc to continue, creating more
zinc-iron alloy and hence mottled or dull coatings are more
likely to develop. Figure 9 is an example of thick hot rolled
sections overlapping, where the overlapping areas have
retained heat for longer after galvanizing, resulting in a
lighter initial colour in the thinner areas. The coating  Figure 9 Overlapping thick sections showing
thickness and corrosion protection is identical across the differential cooling

horizontal section.

Design and fabrication, including venting and draining

The influence of design and fabrication on appearance
generally relates to the adequacy of the venting and draining
along with variations in section thicknesses and fabrication
methods.

If vent and drain holes are too small, it will take more time for

the zinc to flow around and/or into the article when being

dipped as well as more time to flow out during withdrawal.

Figure 10 Dull appearance on one section | This also increases the time taken to cool the article and in
of a fabricated handrail turn can affect the surface appearance.

Ideally, thickness variations in fabrications should be minimised to help avoid distortion and this also
helps to limit variations in initial appearance due to different cooling rates.

Another factor related to design and fabrication that affects appearance is when steels of significantly
different chemical composition are used in the one article (Figure 10). This can lead to completely different
initial appearances between adjacent areas, despite the whole article being dipped at the same time.
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ZINC CORROSION PRODUCTS AND WET STORAGE STAIN

Zinc reacts with the environment to which it is exposed to form a series of zinc corrosion products. The
nature of the zinc corrosion products is environmentally dependent and the composition of them changes
over time. Different types of zinc corrosion products can coexist, however for a specific environment only
certain compounds can dominate, which is important when understanding the corrosion rate of
galvanized coatings. Figure 11 provides a schematic of the corrosion products that form naturally on
galvanized articles exposed in urban and rural atmospheric conditions.

The first corrosion product that forms is zinc oxide which develops at a rate of 0.01 — 0.02 um/h when
the galvanized article is withdrawn from the galvanizing bath and the zinc layer of the galvanized coating
solidifies.

Zinc hydroxide then forms as the galvanized surface is exposed to moisture, including rain, dew and
condensation. The e- form of zinc hydroxide is stable, while the B- form is the main component in wet
storage stain and appears as a powder-like white substance although it can also appear as black spots
or pits on the surface (see GAA/GANZ Advisory Note AN 05). Most galvanizers apply a mild passivation
solution in the quench stage which forms a conversion coating acting to stabilise the coating and
assisting in resisting the formation of wet storage stain (See GAA/GANZ Advisory Note AN 06).

After three to twelve months in Australian and New Zealand urban and rural environments, the zinc
hydroxide converts under the influence of oxygen, moisture and carbon dioxide to a water insoluble zinc
corrosion product called zinc hydroxy carbonate. This is the normal matte grey patina that develops on
galvanized steel articles.

Zinc
Zn
02 l
Zinc oxide This product is formed at a rate of 0.01 ym/h — 0.02 uym/h as the
Zn0 galvanized article is withdrawn from the molten zinc.
!
Zinc hydroxide This product is formed on exposure to moisture in the air. The &- form
Zn(OH), is stable and the B- form is the main component in wet storage stain.

=~

] This is a water insoluble zinc corrosion product and is the final stage
Zm;: y(dCrooxy) c(e::r)tl)_?)nate of the zinc patina formation. Formed after three to twelve months of
S 372 6 outdoor exposure in urban and rural environments.

Figure 11 Development of zinc corrosion products including wet storage stain
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AS/NZS 4680 permits wet storage staining except if the coating thickness in the affected area measures
less than the local coating thickness specified in the relevant table. If the coating has been reduced below
the local coating thickness requirement, then repair is permitted to restore the corrosion protection
(clause 4.3), so long as the area of damage is less than 10 cm? and 0.5 % of the total area.

WHY DOES WET STORAGE STAIN OCCUR?

Wet storage stains appear on the freshly galvanized surface when the zinc is deprived of free-flowing air
(which provides natural drying plus a source of oxygen and carbon dioxide) and the surface is constantly
exposed to moisture. Here, zinc hydroxide will continue to develop and zinc hydroxy carbonate formation
is inhibited. If left for too long, zinc will be consumed more rapidly than expected and damage to the
coating will occur.

Figure 12 A handrail with wet storage staining in Figure 13 The same handrail showing the typical
middle 2022 patina in late 2024

THE CHANGE IN APPEARANCE OF HOT DIP GALVANIZED COATINGS OVER TIME

All metals oxidise in the atmosphere and create a passive film on their surface. For zinc, this natural
passivation process results in a noticeable change to its appearance and generally occurs in three stages
(Figure 11). The result of this process is the formation of a relatively insoluble zinc carbonate film, known
as the patina, which has a matte, light grey colouring. Everyday examples of commonly galvanized
objects where this light grey appearance of the patina can generally be observed include handrails, street
signposts, roadside guardrails, and light poles (Figure 13).

The development of the zinc patina is both time and environment related. At the extremes, it can happen
in as little as a couple of days or take as long as a few years, but for most common exposures in Australia
and New Zealand it will develop over a few weeks or months.

Acceptance inspection for hot dip galvanized coating appearance (Issue 1) Page 6
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Another appearance one may come across, usually on older galvanized coatings, is what is commonly
referred to as ‘bronzing’. For a typical shiny coating (shown in Figure 1 and with a structure typical of
Figure 2), bronzing will start after the eta layer is consumed and corrosion of the first alloy layer (zeta)
starts. As there is a small percentage of iron in the alloy layers, small amounts of iron oxide are formed
on the surface coating, creating a ‘bronze’ or ‘rusty’ appearance. This appearance can be confused with
rusting of the basis steel, however there is always a significant amount of galvanized coating remaining
on top of the basis steel. One method for determining the difference between bronzing and corrosion of
the base steel is to take coating thickness measurements of the area.

CHIPPING, FLAKING AND PEELING OF HOT DIP GALVANIZED COATINGS

When a coating chips, flakes or peels from the steel it is normally because of excessively rough treatment
from handling and/or transport after the process. These activities usually occur after acceptance
inspection (see Appendix C of AS/NZS 4680). However, there are occurrences of damage within the
galvanizing plant and the causes are described below:

e Damage on the edges of very thick coatings related to steel chemistry which are naturally more
susceptible to transport and handling damage. The coating thickness is often still above the specified
minimum, although difficult to measure. This issue is a purchaser responsibility (steel selection)
although repairs to the damaged areas are usually possible and usually carried out by the galvanizer
when they occur in the galvanizer’s plant.

o Damage on the edges and faces of laser-, plasma-, and oxy-cut steel that have not been ground off
and are typically, but not exclusively above 10 mm steel thickness. This issue is a purchaser
responsibility, although repairs to the damaged areas are usually possible and usually carried out by
the galvanizer when they occur in the galvanizer’s plant.

o Damage to the edges and flat surfaces from poor handling within the galvanizer’s plant or upon
loading or unloading from the truck within the purchaser’s control. Responsibility may be difficult to
assign, although the damage is usually minor, and repairs are possible to clause 4.3. Note that,
according to AS/NZS 4680 clause 4.3.2, repairs after acceptance inspection are not limited in size.

Damage to a galvanized coating from with the process are otherwise dealt with in the Standard, including
sharp points and bare spots from jigging damage.

Acceptance inspection for hot dip galvanized coating appearance (Issue 1) Page 7
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ACCEPTANCE INSPECTION OF HOT DIP GALVANIZED COATINGS

Acceptance inspection is the process of determining whether an article meets the requirements of the
Standard. For hot dip galvanized coatings, there are two key aspects, appearance and coating thickness.
This Advisory Note deals with acceptance inspection for appearance, with acceptance inspection for the
hot dip galvanized coating thickness covered in Advisory Note AN 37.

Note: Adherence of the coating does not need to be formally assessed, as the metallurgical reaction provides a
coating that is able to withstand reasonable handling of the steel without flaking or peeling. Information on abrasion
resistance is available in the Design Manual.

While the Standard defines the primary purpose of a hot dip galvanized coating as providing corrosion
protection and aesthetic effects are considered secondary, where these effects will affect the corrosion
protection or might affect the intended use of the article, they are not permitted. Clause 4.1 of
AS/NZS 4680 requires that the visible significant surfaces of a hot dip galvanized article, when examined
from no closer than one metre, be free from uncoated areas, blisters, roughness and sharp points if the
roughness and sharp points can cause injury.

As a result, there are four questions to ask related to appearance upon acceptance inspection:

1. Does the appearance of the article affect the corrosion resistance or intended use of the article?
2. s the appearance of the article related to the steel or the fabrication of the article?

3. Is the appearance of the article related to control of the galvanizing process?

4. |s the appearance of the article acceptable to AS/NZS 46807

Following are the key aspects of appearance as described in the Standard set out in tabular format, along
with responsibility, possible causes of the effect and whether the appearance is acceptable. Typical
images are included for some common issues. It is very important when reading these tables that the
final decision on acceptability to the Standard may be controlled by either the requirements of the
Standard or the intended end use. However, it reasonable to expect both the galvanizer and purchaser
to explain appearance expectations prior to order acceptance.

Acceptance inspection for hot dip galvanized coating appearance (Issue 1) Page 8
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Uncoated areas
Responsibility and possible causes

Acceptability (Yes/No) and action required

Purchaser responsibility
e Rolling defects in basis steel

e Paint, grease or oil residue

e Excessive scale or rust residue

e Welding slag, porosity or undercut
e Airlocks and blowout

e Embedded sand in castings

Yes

e The bare spots have been caused by
unavoidable air locks, blowouts or prior
contamination of the steel and the articles
must be repaired by the galvanizer.

¢ When these issues are identified before
galvanizing, best practice is not to
galvanize the articles without approval
from the purchaser.

e When these issues are identified after
galvanizing, best practice is to ensure the
purchaser is aware of the cause of the
bare spots and to repair the bare spots
after approval from the purchaser.

Galvanizer responsibility
e Over-drying and under-drying of the flux

e Excess aluminium in the zinc melt
e Articles in contact during hot dip galvanizing
(igging issues)

No

e Unless otherwise approved by the purchaser,
the articles must be repaired where the bare
spots are less than 10 cm? or 0.5 % of the total
surface area and the articles can then be
presented for acceptance inspection.

o If the bare spots are larger than 10 cm? or
0.5 % of the total surface area, the articles
must be regalvanized.

Figure 14 A bare spot caused by an airlock due to a
missing air vent in the corner

7 o
Figure 15 Multiple bare spots from lacquer that was
unable to be removed in the pre-treatment process

Figure 16 A bare area from welding slag not removed
prior to galvanizing

Figure 17 Bare spots from excessive aluminium in the
galvanizing bath

Acceptance inspection for hot dip galvanized coating appearance (Issue 1)
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Sharp points
Responsibility and possible causes

Acceptability (Yes/No) and action required

Purchaser responsibility
e Saw cut or flame cut edges leaving sharp burrs
or swarf

e Steel quality (typically rolling defects)

Galvanizer responsibility
¢ Unfettled drain points

e Zinc layer tear-off from wires or jigs, often
including uncoated or partially coated areas

¢ Articles in contact during galvanizing

No

All sharp points that can cause injury must be
smoothed by the galvanizer.

e Inthe case of sharp points from burrs, swarf or
steel quality, fettling by the galvanizer may
expose bare steel which should be repaired.
See uncoated areas.

(and possible bare)
of a hanging wire

Figure 19 Drainage spike from accelerated bath
withdrawal

Figure 20 Small drainage spikes that are easily
smoothed by the galvanizer

Figre 21 Sharp points related to steel processing or
manufacturing are rare but are usually easy to assess

Acceptance inspection for hot dip galvanized coating appearance (Issue 1)
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Bilisters

Responsibility and possible causes

Purchaser responsibility
e Surface defects in the steel

e Absorbed hydrogen

Acceptability (Yes/No) and action required

No

 However, as the appearance is not related to
the galvanizing process, the repair procedure
must be agreed with the purchaser.
Regalvanizing these items will be unlikely to fix
the problem as they are related to the basis
steel condition.

Figure 22 Bliter shwmg bare are. The rust staining
provides confirmation this was a steel issue

o TET

Figure 23 Small blisters. These will typically follow a line
to show steel defects

Acceptance inspection for hot dip galvanized coating appearance (Issue 1)
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Roughness including lumps and runs

Responsibility and possible causes

Purchaser responsibility
e Chemical analysis of the steel

¢ Surface condition of the steel

¢ Delayed molten zinc draining from joints,
seams, small drain holes, and bolt holes

e Uneven cold working of the steel
¢ No provision for hanging points
e Designs requiring shallow dip angles

Acceptability (Yes/No) and action required

Yes

e General roughness is unlikely to affect
corrosion  protection except in  extreme
circumstances.

e Lumps and run marks due to delayed draining
of the molten zinc from joints, seams, small
drain holes, and bolt holes are not cause for
rejection although they will likely require the
galvanizer to smooth these areas for customer
satisfaction reasons.

Galvanizer responsibility

¢ Over-pickling

e Zinc melt temperature too low or high

¢ Long immersion time

e Dross particles

 Withdrawal speed too fast

e Articles immersed with shallow dip angle
e Articles in contact during withdrawal

Yes

e Unless the roughness can cause injury.

e Unless the appearance of the article will affect
the end use (for example, handrails should not
be rough from over-pickling, long immersion
time, dross particles or high/low galvanizing
temperature).

e Unless there has been prior agreement on the
acceptable levels of roughness.

s
o FIAR _
Figure 24 Lumps on an edge from excessive
withdrawal speed from the galvanizing bath

Figure 25 Zinc run from drainage hole that has solidified
over the coating. The drain hole was too small making
the runs unavoidable

3o } - ‘ 2
Figure 26 A mixture of steels used in the one handrail
with the rough coating typical of high phosphorus steel

Figure 27 An extreme case of roughness from plasma
cut edge leaving an oxide layer on the cut face with a
likely unstable coating formed as a result. The face
should have been ground back to remove the oxide
layer prior to galvanizing

Acceptance inspection for hot dip galvanized coating appearance (Issue 1)
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Ash or flux deposits and flux inclusions

Responsibility and possible causes

Acceptability (Yes/No) and action required

Purchaser responsibility
Vent holes too small

Unvented open sections

Hollow section connections incorporating
internal passing-through sections

No
e Ash and flux residues must be removed:
¢ Where the residues will or might affect the
intended use of the product.
e Where there is a bare spot underneath
(see uncoated areas).
Yes

Galvanizer responsibility
Ash burnt on during dipping

Ash picked up from top of bath upon exit from
zinc melt.

Flux burnt on during dipping
Surface residues on the steel
Flux picked up from the top of the bath

e Ash and flux residues do not have to be
removed:
o [fthe intended use or corrosion resistance
will not be affected.
o [fthe areais inaccessible and the intended
use or corrosion resistance is not affected.

Figure 28 Ash lumps that are sharp and should be
removed.

sl 2
Figure 29 Ash trapped near a corner. Inspechon should
investigate the coating thickness under the ash.

Vb‘:lw.'tﬂ‘lhf | |||'M| m ‘l‘ ‘ ‘
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Figure 30 A partially completed progressive dip
showing burnt on flux which will be removed manually
by the galvanizer once the part is fully galvanized.

Figure 31 Minor ash witness marks having no effect on
the corrosion protection.

Acceptance inspection for hot dip galvanized coating appearance (Issue 1)
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Dull grey or cellular patter, orange peel

Responsibility and possible causes Acceptability (Yes/No) and action required

Purchaser responsibility Yes

e Reactive steel due to silicon and/orie Unavoidable and corrosion resistance is
phosphorus levels unaffected.

e Design of articles with thick steels with|e  Slow cooling after galvanizing is a function of
naturally slow cooling the design of the articles and is unavoidable.

e Severe cold working of the steel

Galvanizer responsibility
e Slow cooling after galvanizing

Figure 32 A dull and light coating formed due to Figure 33 A pipe made from reactive steel with a
delayed cooling from the thick steel overlap. naturally thick and dull coating joined to an ULR steel
with a naturally thin and shiny coating

-

Figure 34 Steel that is partially dull from slower cooling, Figure 35 Cellular pattern from reactive steel
most likely from an unavoidable delay above the
galvanizing bath.
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ADVISORY NOTE 52

Rust staining
Responsibility and possible causes

Acceptability (Yes/No) and action required

Purchaser responsibility
e  Stitch (intermittent or ‘stop and go’) welding

« Tight folds

Yes

e Stitch welding may be a design requirement,
although best practice (if the design allows) is
to ensure a > 2.5 mm gap is provided between
the stitch welded surfaces.

Galvanizer responsibility
e Surface stains from chains, uncoated
strapping, or storage in rusty bins, etc

Yes

Corrosion protection will not be affected,
although it is not best practice and stains
should be removed.

Figure 36 Stitch welding with trapped cleaning

Figure 37 Poor galvaniZing practice leaving
on newly galvanized steel.

rusty chains

solutions leading to bare spots

2F | oy
Figure 38 Another example of overlapping surfaces
and stitch welding showing the previously trapped and
spent cleaning solutions draining out over time. This is
acceptable to the Standard as it relates to a design
decision.

Figure 39 A vent hole aced for saft reasons to avoid
explosions with cleaning fluids draining out. Staining can
be avoided by sealing the hole after galvanizing.
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ADVISORY NOTE 52

Wet storage staining

Responsibility and possible causes

Purchaser responsibility

Confinement of close-packed articles in damp
conditions

Storage of damp product under tarpaulins or
plastic

Storage of product with insufficient drainage
angle

Galvanizer responsibility

Bundling of articles while still drying after exit
from the quench

Confinement of close-packed articles in damp
conditions

Pooling of rain or moisture on packed items

Acceptability (Yes/No) and action required

Yes

When wet storage stain does not reduce the
local coating thickness below the specified
minimum, the article meets the requirements
of AS/NZS 4680.

The article can be repaired if the local staining
reduces the coating below the specified
minimum local thickness and the staining is
less than 10 cm? or 0.5 % of the total surface
area, otherwise the article will need
regalvanizing for conformance to

AS/NZS 4680.

Figure 40 Minor wet storage staining where the
corrosion protection is not compromised.

Figure 41 Very light wet storage staining.
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ADVISORY NOTE 52

SUMMARY

Acceptance inspection of hot dip galvanized steel involves an assessment of the coating thickness and
appearance, with the latter often involving a degree of subjectivity. Hot dip galvanized steel must be free
of bare spots, blisters, sharp points and roughness where the sharp points and roughness can cause
injury. Importantly, these aspects can sometimes be out of control of the galvanizer, with best practice
design, steel selection, and fabrication likely to play a major role in the appearance of the article presented
for acceptance inspection.
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GAA/GANZ ADVISORY NOTES

LISTING OF GAA/GANZ ADVISORY NOTES

AN 01 — Sweep blasting of hot dip galvanized steel
Provides guidance on the best practice for sweep blasting used in preparation of the galvanized surface immediately prior to
painting and powder coating. Sweep blasting is also specified when a friction bolt system is implemented.

AN 02 — Thicker galvanized coatings for specialised applications
Provides guidance on how to achieve thicker hot dip galvanized coatings when increased durability is desired, including thicker
steels, more reactive steels, surface blasting, and duplex coatings.

AN 05 — Wet storage stain

Provides guidance to assist with the prevention of wet storage stain, advice on maintaining the galvanized steel if staining has
developed, and information on determining the coating thickness after removal. A visual guide is also provided to help the reader
understand the severity of wet storage stain, which will be beneficial if cleaning is required.

AN 06 — Quenching hot dip galvanized coatings
Describes the purpose of quenching, the common passivation methods and gives examples of when quenching may or may not
be required to be specified.

AN 07 — Repair of damaged galvanized coatings
Provides general information on the repair of hot dip galvanized steel after on-site welding or where other field damage has
occurred.

AN 09 - The influence of thermal cutting processes on hot dip galvanized coatings

Provides advice on the effect of flame-cutting, laser-cutting, and plasma-cutting on and around the cut surface of a steel element
and the actions normally taken by a fabricator to minimise the effects on thickness and coating cohesion/adhesion of the coating
to the steel substrate.

AN 10 - The importance of zinc for human health
Introduces the importance of zinc described as an essential mineral of “exceptional biologic and public health importance” and
considered a “Life Saving Commodity” by the United Nations.

AN 11 — Abrasion resistance of hot dip galvanized coatings
Provides guidance on the relative abrasion resistance of galvanized coatings and discusses the galvanizing of selected quench and
tempered high strength steels.

AN 13 - Distortion of hot dip galvanized articles
Provides an explanation of the most common causes for distortion of articles in the process and gives best practice advice for
design and fabrication practices to reduce the likelihood of distortion occurring.

AN 16 — Model specification for hot dip galvanizing to AS/NZS 4680 and AS/NZS 1214
Provides a model specification for use in the application of hot dip galvanized coatings when the fabrication or article is required to
meet the requirements of AS/NZS 4680 and AS/NZS 1214.

AN 28 — Hot dip galvanizing Standards
Provides details of each of the key galvanizing Standards available in Australia and the products manufactured from them, including
the International (ISO) and American Standards (ASTM) for hot dip galvanizing and zinc coating.

AN 31 - Care and maintenance of hot dip galvanized coatings
Provides general guidance on care and maintenance of galvanized coatings with specific advice where the installed location,
including micro-environments, can play a significant part in the management of the coating.

AN 32 — Cleaning hot dip galvanized coatings
Provides specific advice for cleaning a galvanized coating when exposed to the most common contaminants, particularly in building
applications.

AN 33 - An introduction to common terms relating to durability and warranty
Explains common terms and how they are used, including design life, durability, life to first maintenance, maintenance, and repairs.
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GAA/GANZ ADVISORY NOTES

AN 35 - Steel composition and the effect on hot dip galvanized coatings
Discusses key aspects of the chemical composition of the steel and the effect this has on the galvanized coating formation,
thickness, and appearance.

AN 37 — Acceptance inspections methods for hot dip galvanized coating thickness

Provides guidance on the methods of demonstrating compliance to the coating thickness requirements of AS/NZS 4680 which
can be by acceptance and sampling inspection or an agreed alternative acceptance inspection, typically using a recognised
statistical sampling method. Suitable also for use for articles galvanized to AS/NZS 1214,

AN 39 — An introduction to AS/NZS 2312.2
Introduces the key features of durability and best practice design for hot dip galvanizing using AS/NZS 2312.2.

AN 40 — Hot dip galvanizing of high strength fasteners
Provides advice on the potential effects that the galvanizing process can have on mechanical properties of high strength structural
fasteners used in AS/NZS 1252.1.

AN 41 — Salt spray testing for hot dip galvanized coatings

Provides technical details on why salt spray tests seldom correlate to real life performance for metallic coatings, including hot dip
galvanizing and zinc-rich paints in atmospheric environments, and cannot be used to accurately test the life of a zinc based coatings
because they accelerate the wrong failure mechanism.

AN 42 — Hot dip galvanized steel embedded in soil

Provides general information on factors influencing the corrosivity of different soils, provides guidance on estimating corrosion rates
of galvanized steel and bare steel using local Standards, and provides recommendations which aim to prolong the life of hot dip
galvanized steel members in sail.

AN 44 — Temporary protective coatings on steel articles

Explains how contamination on the surface from paints, lacquers, oils, and markers applied to steel products prevents zinc from
meeting the steel surface and consequently prevents the metallurgical reaction and proper formation of the galvanized coating.
Provides solutions to these common problems.

AN 45 — Standard section properties for hot dip galvanizing
Contains tables showing the thickness, mass and coating area properties of standard structural steel sections used for hot dip
galvanized articles.

AN 46 — An introduction to the GAA Environmental Product Declaration

Provides a basic introduction the Environmental Product Declaration for Galvanizers Association of Australia: Hot Dip Galvanizing
in Australia. The Environmental Product Declaration is produced in accordance with EN 15804, ISO 14025 and PCR 2011:16 V2.2
and has EPD registration number: S-P-01166. Suitable for use in Australia only.

AN 47 — Model specification for hot dip galvanizing of fabrications to AS/NZS 5131
Provide a model specification for the application of hot dip galvanized coatings when the fabrication is required to meet the
requirements of AS/NZS 5131.

AN 49 - Best practice for BCA ABCB Housing Provisions corrosion protection
Provides additional advice to the Building Code of Australia, also known as the National Construction Code, for the corrosion
protection of structural steel in housing and related applications. Suitable for use in Australia only.

AN 50 - Progressive dip galvanizing (double-dipping)
Explains how an article that is too large for total immersion in the preferred galvanizing bath can be progressive dipped, also known
as ‘double dipping,” to sequentially to coat the entire item.

AN 51 — An introduction to AS/NZS 4680
Introduces the key features of the 2025 edition of the hot dip galvanizing Standard, AS/NZS 4680.

AN 52 — Acceptance inspection for hot dip galvanized coating appearance

Provides guidance on the methods used to assess appearance of a new galvanized coating, along with descriptions of the causes,
acceptability, and responsibility for the appearance of hot dip galvanized coatings at acceptance inspection. Includes representative
images.
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WE'RE HERE TO HELP

Are you looking for more information or advice on the durability, sustainability, application, design,
process, bolting, welding or painting of galvanized steel? Want advice on a specific situation or
issue? You're in the right place! We would love to hear from you.

G

-
Galvanizers Design Manual g ga’van'zers

Design Manual

GAA main website - Find a galvanizer, bath size & technical support

caaen com galvanizers

+61 3 9654 1266
Level 6/124 Exhibition Street Melbourne VIC 3000 Australia ASSOCIATION OF AUSTRALIA

TN T

enquiry@galvanizing.org.nz ASSOCIATION

GANZ main website - Find a galvanizer, bath size & technical support GALVANIZING


https://designmanual.gaa.com.au/
https://www.gaa.com.au/
mailto:gaa@gaa.com.au
https://www.galvanizing.org.nz/
mailto:enquiry@galvanizing.org.nz
http://designmanual.gaa.com.au/index.php/home/
http://www.gaa.com.au
https://www.galvanizing.org.nz/
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