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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-governm
International

International
The main tas
adopted by

International

Attention is d
rights. 1ISO sh

ental, in liaison with ISO, also take part in the work. ISO collaborates closely wit

h the

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
k of technical committees is to prepare International Standards. Draft International Stan
he technical committees are circulated to the member bodies for voting. “Publication

Standard requires approval by at least 75 % of the member bodies castinga vote.

rawn to the possibility that some of the elements of this document may be the subject of |
all not be held responsible for identifying any or all such patent rights.

ISO 1461 was prepared by Technical Committee ISO/TC 107, Metallic’ and other inorganic cog

Subcommitte]
This third ed
revised. This
procedures a

Significant ch

further re
are conti

adding a

adding €

moving
coatings

e SC 4, Hot dip coatings (galvanized, etc.).

ition cancels and replaces the second edition (ISQ“1461:1999), which has been tech
revision reflects the experience gained in the use“of ISO 1461 and includes a simplifica
hd presentation.

anges to the text include the following:

fining of the scope of application of the’standard to exclude woven or welded mesh product
huously galvanized;

definition for weld seepage-in‘Clause 3;

adding references to the availability of secondary zinc supply;

kplanatory notes 6n) coating finish;

simplifyimg requirements for sampling and testing;

adding r¢ferences for the use of alternative renovation materials and for methods of adhesion testing

dards
s an

batent

tings,

ically

mon of

s that

nized

much informative information on the influence of the basis metal on the hot dip galva

produced and designed for galvanizing into the guidance document ISO 14713-2 I°],
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INTERNATIONAL STANDARD ISO 1461:2009(E)

Hot dip galvanized coatings on fabricated iron and steel
articles — Specifications and test methods

1 cope

This International Standard specifies the general properties of coatings and test methods for coatings applied

by dipping fabricated iron and steel articles (including certain castings) in a zinc melt (contair
than 2 % of other metals). It does not apply to the following:

a) sheet, wire and woven or welded mesh products that are continuously hotdip galvanized;
b) tube and pipe that are hot dip galvanized in automatic plants;

c) hot dip galvanized products (e.g. fasteners) for which specifie“standards exist and which
dditional requirements or requirements which are different from'those of this International S

NOT Individual product standards can incorporate this International Standard for the coating by quof
or car] incorporate it with modifications specific to the product. Different requirements can also be made
coatings on products intended to meet specific regulatory requifements.

ing not more

might include
fandard.

ng its number,
for galvanized

After-freatment/over-coating of hot dip galvanized articles is not covered by this International Standard.

2 ormative references

The following referenced documents ‘are indispensable for the application of this documern
refergnces, only the edition citedv applies. For undated references, the latest edition of th
document (including any amendments) applies.

ISO 7152, Zinc ingots

ISO 1460, Metallic coatings — Hot dip galvanized coatings on ferrous materials — Gravimetric
of thg mass per unit.area

ISO 4064, Metallic and other inorganic coatings — Definitions and conventions concerning the
of thigkness

t. For dated
e referenced

Hetermination

measurement

ol as i i iy e ) s L . :
ISO Z4 78, Norrragnetic coatings o magrnetic substrates— Measurement of coatingthickmess — Magnetic

method

ISO 2808, Paints and varnishes — Determination of film thickness

ISO 2859-1, Sampling procedures for inspection by attributes — Part 1: Sampling schemes indexed by

acceptance quality limit (AQL) for lot-by-lot inspection

ISO 2859-2, Sampling procedures for inspection by attributes — Part 2: Sampling plans indexed by limited

quality (LQ) for isolated lot inspection

ISO 2859-3, Sampling procedures for inspection by attributes — Part 3: Skip-lot sampling procedures
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ISO 3549, Zinc dust pigments for paints — Specifications and test methods

ISO 3882, Metallic and other inorganic coatings — Review of methods of measurement of thickness
ISO 10474, Steel and steel products — Inspection documents

EN 1179, Zinc and zinc alloys — Primary zinc

EN 13283, Zinc and zinc alloys — Secondary zinc

3 Terms@anddefinitions
For the purpgses of this document, the terms and definitions given in ISO 2064 and the following apply.

3.1
hot dip galvanizing

formation of g coating of zinc and/or zinc iron alloys on iron and steel products by dipping prepared st
cast iron in afzinc melt

3.2
hot dip galvanized coating
coating obtaihed by hot dip galvanizing

NOTE The term “hot dip galvanized coating” is subsequently referred to.asrthe “coating”.

3.3
coating mas|
total mass ofzinc and/or zinc alloys per area of surface

NOTE The coating mass is expressed in grams per square metre, g/m2.

3.4
coating thickness
total thicknesfs of zinc and/or zinc alloys

NOTE The thickness is expressed in mi¢rometres, um.

3.5

significant surface

part of the article covered ‘of to be covered by the coating and for which the coating is essent
serviceabilityland/or app&arance

3.6
control sample

eel or

al for

article or groyp-of articles from a lot that is selected for sampling

3.7
reference area
area within which a specific number of single measurements are made

3.8
local coating thickness

mean value of coating thickness obtained from the specific number of measurements within a reference area

for a magnetic test or the single value from a gravimetric test

3.9
mean coating thickness
average value of the local thicknesses
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3.10
local coating mass
value of coating mass obtained from a single gravimetric test

3.1

mean coating mass

average value of the coating masses determined either by using a control sample selected in accordance with
Clause 5 using tests in accordance with ISO 1460 or by conversion of the mean coating thickness (3.9)

3.12
minimum value of the coating thickness
lowe i ' i i

ied number of

rements in a magnetic test within a reference area

ction lot
singlg order or single delivery load

3.14
acceptance inspection
inspeftion of an inspection lot at the hot dip galvanization works, unless otherwise specified

3.15
uncopted area
areas| on the iron or steel articles that do not react with the molten-zinc

3.16
zinc melt
molteh mass containing primarily zinc

3.17
weld |seepage
emisgion of previously retained pretreatment solutions from narrow spaces between two closgly contacting
surfages that have been subject to intermittent welding or from very small cavities (pinholes) in the welds of a
galvahized article

4 General requireménts

4.1 |General

This International\Standard sets out requirements for the contents of the zinc melt used to apply|a galvanized
coating to articles (see 4.2). The chemical composition and the surface condition (finish and roughness) of the
basis| metal;~the mass of the parts and the galvanizing conditions may affect the appearange, thickness,
textune -and 'physical/mechanical properties of the coating. This International Standard does npt define any

requilements regarding these paints Guidance on these parameters can be found in 1ISO 14713-D (8],

4.2 Hot dip galvanizing bath

The hot dip galvanizing bath shall primarily contain molten zinc. The total of the other elements (as identified
in ISO 752, EN 1179 or EN 13283, excluding tin and iron) in the molten zinc shall not exceed 1,5 % by mass.

4.3 Information to be supplied by the purchaser

The information listed in Annex A (Clauses A.1 and A.2) shall be supplied by the purchaser.
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4.4 Safety

Venting and draining shall be provided for in accordance with Annex B.

5 Acceptance inspection and sampling

Acceptance inspection can be undertaken by, or on behalf of, the purchaser and shall be undertaken before
the products leave the hot dip galvanizers custody, unless otherwise specified at the time of ordering by the
purchaser. Acceptance inspection involves assessment of the appearance of the coated product and testing
of the zinc coating thickness. Adhesion tests are normally not carried out and are only tested by agreement.

If the custor]mer requires this, a control sample for thickness testing shall be taken randomly frem|each
inspection lofl (3.13) selected for testing. The minimum number of articles from each inspection let.that forms
the control sgmple shall be in accordance with Table 1.

Table 1 — Control sample size related to lot size

Number of articles in lot Minii:]t";:z (r:‘::t‘?oelrszfr::liedes
1t03 All
4 to 500 3
501 to 1 200 5
1201 to 3 200 8
3201 to 10 000 13
> 10 000 20

6 Coatinpg properties

6.1 Appegrance

At acceptanck inspection, the signifieant surface(s) of all the hot dip galvanized article(s), when first examined
by normal orf corrected visionfrom a distance of not less than 1 m, shall be free from nodules, blisters
(i.e. raised afeas without solid) metal beneath), roughness and sharp points (if either can cause injury) and
uncoated areps.

The primary purpose-of-the galvanized coating is to protect the underlying iron or steelwork against corrpsion.
Considerations related to aesthetics or decorative features should be secondary. Where these secondary
features are plso of importance, it is highly recommended that the galvanizer and customer agree upgn the
standard of finish-thatis-achievable-onthe-iron-or-steelwork{intotal-orinpart—giventherange-of-malerials
used to form the article. This is of particular importance where the required standard of finish is beyond that
set out in this subclause. It should be noted that “roughness” and “smoothness” are relative terms and the
roughness of coatings on articles galvanized after fabrication differs from that of mechanically wiped products,
such as galvanized sheet, tube and wire. In practice, it is not possible to establish a definition of appearance

and finish covering all requirements.

The occurrence of darker or lighter areas (e.g. cellular pattern or dark grey areas) or some surface
unevenness shall not be a cause for rejection. The development of wet storage staining, primarily basic zinc
oxide (formed during storage in humid conditions after hot dip galvanizing), shall not be a cause for rejection,
providing the coating thickness remains above the specified minimum value.

4 © 1SO 2009 - All rights reserved
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NOTE
application of additional coatings, the purchaser might ask the galvanizer

a) not to quench the article, and/or

b) to take measures to prevent the formation of corrosion products on the surface of the galvanized
storage and transport.

Flux residues shall not be permitted. Lumps and zinc ash shall not be permitted where they mi
intended use of the hot dip galvanized article or its corrosion resistance requirement (see 1SO 1
corrosion protection performance data).

In certain circumstances, for example, where the galvanized article is to receive a further treatment or

coating during

ght affect the
4713-1 [ for

Aesth
in thg
consi

etic effects (e.g. weld seepage) resulting from the use of intermittent welds around overlap
fabrication should not be a cause for rejection. Use of this type of welding pattern-ofter]
Heration of health and safety issues. Further guidance is given in ISO 14713-2 [8l.

ping surfaces
results from

Articlgs that fail visual inspection shall be renovated in accordance with 6.3. Otherwise, the artjcles shall be

regalyanized and resubmitted for inspection.

Wher
shall

particular requirements exist (for example, when the galvanized ceating is to be paintg
be produced [see A.2 f)] at the purchaser's request.

6.2 |Thickness

6.2.1| General

Coati
(see
coatin

ngs applied by hot dip galvanizing are designed to<protect the iron and steel products aga
Annex E). The length of time of corrosion protection by such coatings is approximately prop
g thickness (see ISO 14713-1 [7]).

Test methods

e of dispute regarding the test method, the method of calculating the coating thickness s
ination of the mean mass ofhot dip galvanized coating per unit area using the gravimet
dance with ISO 1460, and the“nominal density of the coating, 7,2 g/cm3, shall be used f

d), a sample

nst corrosion
prtional to the

nall be by the
ric method in
br calculation
avimetric test

ISO 2808 and
he magnetic
he coating, or
tive methods

ppriate within

If a sufficient number of measurements is made within a reference area, effectively the same local thickness

will be determined by magnetic as well as gravimetric methods.

6.2.3 Reference areas

The number and position of reference areas and their sizes for the magnetic or gravimetric
chosen with regard to the shapes and sizes of the article(s) in order to obtain a result as repr

test shall be
esentative as

possible of mean coating thickness or mass per unit area, as applicable. On a long article in the control
sample, the reference areas shall be cut approximately 100 mm from the edges and 100 mm from each end

and the approximate centre, and shall comprise the whole cross-section of the article.
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The number of reference areas, dependent upon the size of the individual articles in the control sample, shall
be as identified in Table 2.

Table 2 — Required number of reference areas for testing

Category Size of significant surface area Number of reference areas to be taken per article
a >2m?2 >3
b >100 cm? to < 2 m? >1
c > 10 cm? to < 100 cm? 1
d <10 cm? 1 on each of N articles
NOTE  2[m?=200cm x 100 cm; 100 cm? = 10 cm x 10 cm.

For articles in]
article (taken
equal to or gn

In categories
greater than
thickness on
values given

For category|
significant sul
articles requi

column of Table 1 related to the size of the lot (or the total number of articles galvanized if that is

Alternatively,

When the zipc coating thickness is determined by the magnetic method in accordance with ISO 217

reference arg
method.

When more
magnetic me
gravimetric tg

Within each
areas. If any
mean value
thickness giv
way for the m

category a in Table 2, with a significant surface area greater than 2 m2 (“large” articles) for
separately) in the control sample, the mean coating thickness within the reference areas sh
eater than the mean coating thickness values in Table 3 or Table 4.

b, c and d in Table 2, the average coating thickness on each reférence area shall be equa
he “local coating thickness” values given in Tables 3 or 4, as“appropriate. The average ¢

n Tables 3 or 4, as appropriate.

d in Table 2 only, N is the sufficient number of*articles to provide a minimum of 10 ¢
face for an individual reference area. The total.humber of articles tested equals the num
red to provide one reference area, N, multiplied by the appropriate number from the s

sampling procedures selected from 1SO, 2859-1, ISO 2859-2 or ISO 2859-3 shall be used.

as shall be within, and representative of, those that would have been chosen for the gravi

than five articles have.to-be taken to make up a reference area of at least 10 cm2, a

st shall be used.

reference aréa-of 10 cm?2, a minimum of five magnetic test readings shall be taken on g
of the individual readings is lower than the values in Tables 3 or 4, this is irrelevant, as on
over thexwhole of each reference area is required to be equal to or greater than the
en in the'table. The mean coating thickness for all reference areas shall be calculated in a g
agnetic test as for the gravimetric test (see ISO 1460).

each
all be

to or
bating

all reference areas in a sample shall be equal to or greater-than the “mean coating thicjness”

M2 of
ber of
econd
less).

B, the
metric

single

Asurement shall be taken on each article if a suitable area of significant surface exists; if n¢t, the

oated
ly the

local
imilar

Thickness measurements shall not be taken on cut surfaces or areas less than 10 mm from edges, flame-cut
surfaces or corners (see ISO 14713-2 [8]).
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Table 3 — Minimum coating thickness and mass on samples that are not centrifuged

Local coating Local coating Mean coating Mean coating
thickness mass thickness mass
Article and its thickness (minimum)2 (minimum)® (minimum)° (minimum)®
pm g/m2 pm g/m?2

Steel > 6 mm 70 505 85 610
Steel >3 mm to < 6 mm 55 395 70 505
Steel > 1,5 mm to < 3 mm 45 325 55 395
Steell< 1,5 mm 35 250 45 325
Castipgs > 6 mm 70 505 80 575
Castipgs < 6 mm 60 430 70 505
NOTH This table is for general use: individual product standards may include different requirements.ineluding differgnt categories of
thicknpss. Local coating mass and mean coating mass requirements are set out in this table for reference in such cases jof dispute.
8  Gee3s.
b Bquivalent coating mass using a nominal coating density of 7,2 g/lcm? (see Annex D).
¢ See3so.

The Ipcal coating thickness in Table 3 shall only be determined in relation to reference areas selected in
accordance with 6.2.3. In cases of dispute, the results of.gravimetric tests (coating mass) také precedence
over the results of coating thickness tests.

Table 4 — Minimum coating thickness and mass on samples that are centrifugﬁd

b

¢ See3.9.

Equivalent coating mass using a nominal coating density of 7,2 g/cm? (see Annex D).

Local coating Local coating Mean coating Mean coating
. . . thickness mass thickness mass
Article and its thickness (minimum)?2 (minimum)P (minimum)°© (ninimum)P
um g/m? pm g/m?2
Articlgs with threads:
> 6 mm diameter 40 285 50 360
< 6 npm diameter 20 145 25 180
Othef articles (including.Castings):
>3 nm 45 325 55 395
<3 r:‘rl‘m 35 250 45 325
NOT! This table is for general use: fastener coating standards and individual product standards may have differeft requirements:
see a|so-A.2.h). Local coating mass and mean coating mass_requirements are set out in_this table for reference i) such cases of
dispute.
@ See3.8.

The local coating thickness in Table 4 shall only be determined in relation to reference areas selected in
accordance with 6.2.3. In cases of dispute, the results of gravimetric tests (coating mass) take precedence
over the results of coating thickness tests.
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6.3 Renovation

The total uncoated areas for renovation by the galvanizer shall not exceed 0,5 % of the total surface area of
the component. Each uncoated area for renovation shall not exceed 10 cm?2. If uncoated areas are larger, the
article containing such areas shall be regalvanized, unless otherwise agreed between the purchaser and the
galvanizer.

Renovation shall be by thermal zinc spraying (for example 1SO 2063 [2]) or by a suitable zinc-rich paint where
the zinc dust pigment conforms to ISO 3549 within the practical limits of such systems, or by suitable zinc-
flake or zinc-paste products. The use of a zinc alloy stick is also possible (see Annex C).

Wherethep """ aOviseS—a—SpceCia cquiremen S g a pamt—CcC
proposed renpvation procedure shall be advised in advance to the pu

), the

The treatment shall include the removal of any scale, cleaning and any necessary pretreatment to ensure

The coating thickness on the renovated areas shall be a minimum of 100 um unless_the: purchaser advises
r otherwise, for example, when the galvanized surface is to be over-coated and the thickness for
renovated arg¢as is to be the same as for the hot dip galvanized coating. The coating’on the renovated fareas

gion

No suitable Ipternational Standards currently exist for testing the adhesion of hot dip galvanized coatings on
fabricated iroh and steel articles.

Adhesion befween zinc and basis metal does not generally need to be tested as adequate bondjng is
characteristig of the galvanizing process and the coated work should be able to withstand, without peeljng or
flaking, hand|ing consistent with the nature and thickness of the coating and the normal use of the arti¢le. In
general, thicder coatings require more careful handling than thinner coatings. Bending or forming after hot dip
galvanizing afe not considered to be normal handling.

Where adhegion tests are required by.the) purchaser, any such test should be agreed by the galvanizgr and
the purchasef prior to the work being galvanized. Should it be necessary to test the adhesion, for example, in
the case of workpieces that are to-be/subject to high mechanical stresses, any test shall only be on signjficant
surfaces, i.e.[in areas in which geod adhesion is important for the proposed application.

A cross-hatch test (e.g. acCérding to ISO 16276-2 [°]) will give some guidance on the mechanical properties of
the coating Hut, in some\cases, may be more demanding than the application requires. Other impinggment
tests and cutling tests.may also be developed for hot dip galvanized coatings and will be further considered
for possible gventualissue as a separate document.

When tested in accordance with 6.2.2 for the appropriate number of reference areas given in 6.2.3, the
coating thickness shall be not less than the values given in Table 3 or Table 4, as appropriate. Except in the
case of dispute, the non-destructive test shall be used unless the purchaser specifically accepts that his
articles may be cut for mass loss determinations. Where articles include a number of different thicknesses of
steel, each thickness range shall be regarded as a separate article and the relevant values in Tables 3 and 4,
as appropriate, shall apply.

If the thickness of coating on a control sample does not conform to these requirements, twice the original
number of articles (or all the articles if that is the lesser number) shall be taken from the lot and tested. If this
larger control sample passes, the whole inspection lot shall be accepted. If the larger control sample does not
pass, the articles that do not conform to the requirements shall either be discarded or the purchaser may
authorize them to be regalvanized.

8 © 1SO 2009 - All rights reserved
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7 Certificate of compliance

When required, the hot dip galvanizer shall provide a certificate of compliance with the requirements of this
International Standard (see 1SO 10474). Additionally, if the galvanizer is so registered, the purchaser may
request a certificate that the work has been carried out according to this International Standard by a
galvanizer registered to an appropriate quality assurance scheme, such as ISO 9001 1.

© 1SO 2009 — All rights reserved 9
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Annex A
(normative)

Information to be supplied

A.1 Essential information for provision by the purchaser

The number
galvanizer.

of this International Standard, i.e. ISO 1461, shall be supplied by the purchaser to theJh

A.2 Additional information for provision by the purchaser

The following
applicable, b

a) the composition and any properties of the basis metal that might affect hot dip galvanizing, inc
specificgtion for the steel supply condition, with references such-as/EN 10025 [11], EN 101631
EN 10204 [13I;

information might be required for particular purposes and, if so, shall be supplied or specifi
the purchaser:

b) the presg¢nce of flame-cut, laser-cut or plasma-cut surfaces on the work;

¢) an indication of significant surfaces, for example, by drawings or by the provision of suitably m

samples

d) a drawin
marks, V
with the

e) where fa
regardin

g or other means of identifying where surface unevenness, for example round drops or ¢
il make the coated article unacceptable for its intended purpose; the purchaser shall di
jalvanizer the way to deal with such problems;

brications sent for galvanizing. include internally vented enclosed cavities, written evi
j this design feature shall be) provided to the galvanizer prior to the work being undertak

ensure that the correct placementiand size of venting arrangements have been undertaken;

NOTE1 Th

f) asample

P galvanizer is not obliged to take on such work.

or other means.of showing the required finish;

pt dip

Bd, as

uding

3012]

arked

bntact
SCUSS

lence
en, to

g) any spegial pretr€atment requirements;

h) any spegialthickness of coating (see 6.2);

i) the need for, or acceptability of, a centrifuged coating that is to meet the requirements of Table 4 instead
of Table 3;

j)  any after-treatments or over-coating to be given to the galvanized coating (see 6.3);

k) inspection arrangements (see Clause 5).

NOTE 2  Detailed guidance is given in ISO 14713-2 8] on the effects of article condition on the results of hot dip
galvanizing, with reference to the following:

1) steel

2) steel

10

composition (bulk and surface chemistry);

surface condition;
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3) article surface roughness;
4) design of the article (size, weight and shape);
5) stresses in the article;

6) galvanizing practice used.

A.3 Additional information for provision by the galvanizer

The dgalvanizer shall, on request, provide the following:

a) dny relevant information available to him, including the method of renovation of uncoated argas;

b) 4 certificate of compliance in accordance with ISO 10474, if required;

c) iff the galvanizer is so registered, certification that the work has been )carried out by
registered to an appropriate quality assurance standard, such as 1ISO 9007 [4].

a galvanizer

Requpsts from the purchaser for this type of certificate should be madg, prior to the work being urjdertaken.
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Annex B
(normative)

Safety and process requirements

In the absence of national safety and health regulations covering venting and draining of cavities, the
purchaser shall provide for safe handling of the work throughout the galvanizing operation. The work shall
include a sufficient number of holes of sufficient size or other means for safe venting and draining of the work,
or the purchaser give consent for the galvanizer to provide such vents and drains.

WARNING Unvented enclosed cavities must not be galvanized as these can cause-explosions
during hot djp galvanizing which represent a major risk for those present.

NOTE 1  Further information on venting and draining is given in ISO 14713-2 [8],

NOTE 2  Additional information on the aspects of safety in operation of hot dip galvanizing thermoprocessing equipment
is given in EN 46-4 [10],
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Annex C
(informative)

Renovation of uncoated or damaged areas

Where the galvanizer is advised that an over-coating is to be specified (e.g. according to 1ISO 12944-5 [6] or
EN 13438 [14]), the purchaser should be informed that repair of damaged areas is permitted and informed
about the proposed methods and materials used for repair of uncoated or damaged areas. Purchasers and
appligators of subsequent coatings should ensure that such a subsequent coating system is compatible with
the meethods and materials used.

Subclause 6.3 covers the thickness of coating required by the renovation procedure at accéeptange inspection.
The s$ame techniques are used for on-site repairs to damaged areas. The size(ef areas agceptable for
treatment should be similar to those acceptable for uncoated areas.
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