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Foreword

This national standard is modified in relation to ISO1461: 1999, Hot dip galvanized
coatings on fabricated iron and steel articles-Specifications and test methods, MOD.

This national standard was re-drafted in accordance with ISO1461: 1999, while
chapter and clause comparison table between this standard and ISO 1461 is listed in
Annex A.

There have been some significant changes in this national standard over ISO1461:
1999 in the following technical aspects, while technical differences between this
standard and ISO 1461: 1999 and reasons are listed in Annex B.

-In accordance with current domestic standards, the name of this standard is revised
as Metallic Coatings-Hot Dip Galvanized Coatings on Fabricated Iron and Steel
Articles-Specifications and Test Methods.

-Foreword in ISO 1461 is canceled.

-“This standard” is used instead of “this international standard”.

-Some domestic standard in which international standards are partly adopted are
referred.

4.2 clause and Annex A of ISO1461: 1999 are combined into 4.1 clause of this
standard.

-The 6" chapter in ISO1461: 1999 is divided into the 6™ and 7 chapters of this
standard.

-Requirement on galvanized coating thickness of hot dip galvanized fabricated
articles which are treated with zinc-explosion instead of centrifuge, or with
zinc-explosion and centrifuge at meanwhile, is proposed in this standard.

-Safety requirement is proposed in this standard on un-completely dried hot dip
galvanized fabricated articles.

This standard will replace GB/T 13912-1992 Metallic Coatings-Hot Dip
Galvanized Coatings on Fabricated Iron and Steel Articles-Specifications

The major difference between this national standard and GB/T 13912-1992 are as
following:

-If galvanized coating thickness is larger than specified value, dark or light grey
uneven color is allowable on galvanized fabricated articles;

- Safety requirement is proposed for hot dip galvanized process;

-It is required that each uncoated area shall not be larger than 10 cm?;

-The thickness of repairing layer shall be 30 u m thicker than the minimum
required thickness of galvanized coating.

Annex D of this standard is a normative annex, while Annex A, Annex B, Annex C
and Annex E are informative annexes.

This standard was proposed by China Mechanical Industry Administration.

This standard is under the jurisdiction of National Metallic and non-metallic
coatings Standardization Technology Committee.

This national standard was drafted by Wuhan Material Protection Facility.

This national standard was jointly drafted by Haerbin Iron Tower Factory.

The main drafters of this national standard are Wu Yong and Li Chunyan.
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Metallic coatings-Hot dip galvanized coatings on
Fabricated iron and steel articles-Specifications and test methods

1 Scope

This national standard specifies specifications and test methods for hot dip
galvanized coatings on fabricated iron and steel articles (total content of other alloy
elements is no more than 2%)).

This national standard is not applicable to following conditions:

a) Plate, belt, wire, pipe and bar which are manufactured by means of continuous
hot dip galvanized coating;

b) Hot dip galvanized products that special standard is adopted;

¢) Hot dip galvanized products that additional requirement or requirement different
with those in this standard is adopted.

Note: Standard for some products can be formed through reference of this standard
number or revising part clauses of this standard to specify hot dip galvanized coatings
of products,

2 Normative references

The following normative documents contain provision which, through reference in
this text, constitute provisions of this national standard. For dated reference,
subsequent amendments to, or revisions of (not include content for corrigenda), any of
these publications do not apply. All standards are subject to revision, and parties to
agreements based on this standard are encouraged to investigate the possibility of
applying the most recent editions of the standards indicated below. For undated
references, the latest edition of the normative document referred to applies.

GB/T 470 Zinc ingots (eqv ISO 752)

GB/T 4955 Metallic coatings-Measuring of coating thickness-Anode solving
Method (eqv ISO 2177)

GB/T 4956 Measuring of non-magnetic coating thickness on magnetic metal
base-Magnetic method (eqv ISO 2178)

GB/T 6462 Metal and oxide coatings-Measuring method for cross sectional surface
with microscope (eqv ISO 1463)

GB/T 9793 Metal and other inorganic coatings-Hot spraying-Zinc, aluminum and
other alloys (eqv ISO 2063)

GB/T 12334 Metal and other inorganic coatings-Definitions and generic regulations
on thickness measurement (eqv ISO 2064)

GB/T 13825 Metallic coatings-Mass determination of hot dip galvanized coatings
on black metallic materials-Weighing method (eqv ISO 1460)

GB/T 18253 Steel and steel products Types of inspections files (eqv ISO 10747)

GB/T 2859-1 Sampling procedure of characteristic inspection-Part 1: Inspection
and sampling plan which is confirmed in accordance with acceptable quality level as
per lot (eqv ISO)

GB/T 2859-3 Sampling procedure of characteristic inspection-Part 3: Sampling
procedure of un-continuous lot (eqv ISO)

3 Terms and definitions

The following terms and definitions are confirmed in GB/T 12334 and applicable in
this standard.

3.1 Hot dip galvanizing

A process and method with which pre-treated steel or cast iron fabricated articles
are immersed into melt zinc bath to form a zinc or zinc-iron alloy coatings on their

The book must be used together with the original book
Standard translation version is for reference only



surfaces.
3.2 Hot dip galvanizing coating

A zinc or zinc-iron alloy coating achieved on steel or iron article surface with hot
dip galvanizing method.

Note: It is briefly called as coating in this standard.
3.3 Coating mass

Total mass of zinc and (or) zinc-iron alloy coating on unit area of steel or iron
surface in unit of g/cm’.
3.4 Coating thickness

Total thickness of zinc and (or) zinc-iron coating on steel or iron surface in unit of
U m.
3.5 Significant surface

Part of surface which is or is going to be hot dip galvanized on fabricated article.
The coating on part of surface is very important to its appearance and (or) using
performance.
3.6 Control sample

Hot dip galvanizing fabricated article or article group which is sampled in random
from inspection lot for test.
3.7 Reference area

Area for inspection and test in accordance with specified times.
3.8 Local coating thickness

The mean value of coating thicknesses which are determined with magnetic method
in accordance with specified times in a certain reference area, or thickness conversion
value of coating mass which is determined with weighing method at one time.
3.9 Mean coating thickness

Mean value of local coating thicknesses determined with samples of a large article
or a certain lot of galvanized articles.

Note: Large article in this standard mainly means article that surface is larger than 2
m” (refer to 6.2.7.2).
3.10 Local coating mass

Coating mass which is determined with weighing method in a certain local coating
area.
3.11 Mean coating mass

Sampling shall be performed in accordance with specifications in 5" chapter. The
mean value of local coating mass determined with weighing method, or conversion
value of mean coating thickness.
3.12 Minimum value

The minimum value of conversion thickness values of coating mass determined
with weighing method on reference area, or the minimum value of mean values of
coating thickness determined with magnetic method in accordance with times.
3.13 Inspection lot

Briefly called as lot. Hot dip galvanized fabricated articles which are ordered or
delivered at one time.
3.14 Acceptance inspection

If it were not otherwise specified, inspection which shall be performed in hot dip
galvanizing manufacturer on certain inspection lot of hot dip galvanized articles.
3.15 Uncoated area

Area in which steel or iron article surface has not reacted with melt zinc.
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4 Generic requirements
4.1 Files that user shall provide to supplier
4.1.1 Necessary files
Standard number of this standard.
4.1.2 Additional files

If it is with special requirements from user, the following information shall be
provided:

a) The chemical composition and performance which have effect on hot dip
galvanizing (refer to Annex C);

b) Scaling of main surface, sample marked in accordance with drawings or proper
marking is provided;

¢) The area in which performance of galvanized article will be affected by surface
smoothness shall be marked in drawing or with other methods. These unevenness are
generally caused by factors such as zinc knob formed during galvanizing, or trace
which is formed by contacting between articles during galvanizing. These problems
shall be solved through discussion between both sides;

d) Surface smooth degree which is required for product shall be specified with
sample or other method;

e) If it is required for special pre-treatment;

f) If it is specially required on galvanized coating thickness (refer to note in 6.2
clause and Annex C);

g) If it is allowable that requirements in Table 3, instead of those in Table 2, are met
for galvanized coating thickness after centrifuge or zinc-explosion treatment;

h) If post-treatment or painting shall be required after hot dip galvanizing (refer to
6.2.3 sub-clause, C.4 and C.5 clauses in Annex C);

i) Sampling methods (refer to the 5t chapter);

j) If certificate is required to be conform with specifications in GB/T 18253.

Related files, including repairing methods (refer to 6.2.3 sub-clause, C.5 clause in
Annex C), shall be provided by supplier in accordance with requirements from user.
4.2 Base metal

The appearance, thickness, organization structure and physical/mechanical
performances of coating shall be affected by chemical composition, surface status,
weight of article and galvanizing conditions of base metal. Detail requirements on
these factors are unavailable in this standard. Selection of base metal and galvanizing
conditions can be discussed between both sides refer to Annex C.

4.3 Hot dip galvanizing bath

Zinc bath for hot dip galvanizing is mainly composed with melt zinc liquid. The
total content of impurity in melt zinc shall not be larger than 1.5% of total mass. Refer
to GB/T for specification on impurity.

4.4 Safety

Provisions for safety shall be adopted in accordance with requirements in Annex D
during hot dip galvanizing.

Note: Guide for choosing of hot dip galvanized coating for steel or iron has be
given in ISO 14713. Information about painting on hot dip galvanized coating are
inclusive in ISO 12944-5 (refer to Annex F).

5 Sampling

Samples for galvanizing coating thickness shall be sampled from each inspection
lot (refer to 3.6 clause). Articles which are not less than the minimum quantity shall be
sampled from each inspection lot in accordance with requirements in Table 1 to form
control sample.
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Table 1 Quantity of control samples which are confirmed in accordance with

quantity of lot
Article quantity of inspection lot The minimum quantity of articles
required for control sample
1—3 All
4—500 3
501—1200 5
1201—3200 8
3201—10000 13
>10000 20

Unless it is required by user during ordering, acceptance inspection shall be
performed prior to ex-factory of product from galvanizing factory.
6 Requirements on hot dip galvanized coatings
6.1 Appearance

All of articles shall be inspected visually. Their main surfaces (refer to 3.5 clause)
shall be smooth without dripped knob, coarse, zinc burr (if these zinc burr can cause
damage), peeling, uncoated area and remained solvent slag. There shall not be zinc
knob and zinc dust at position at which performance or anti-corrosion performance of
hot dip galvanized articles can be affected.

Note 1: Coarse and smooth are two relative concepts. The coarse degree of coating
on article is different with that of galvanized product (such as galvanized steel plate
and galvanized steel wire) which experienced mechanical rolling or (and) blowing and
beveling.

Once if coating thickness is larger than specified value, dark or light gray uneven
color area is allowable on galvanized article surface. About galvanized articles which
are stored under humid condition, white rust (white or grey corrosion product are
mainly basic zinc oxide) is allowable on surface.

Note: It is impossible to establish a definition on appearance and finishing which
can cover all of practical requirements.

Appearance shall be visually inspected. Unacceptable articles shall be repaired or
re-galvanized for re-inspection in accordance 6.3.2 sub-clause.

If with special requirement (such as painting after galvanizing), samples shall be
provided in accordance with requirements (refer to 4.1.2 sub-clause and C.1.4
sub-clause in Annex C).

6.2 Thickness

Sampling in accordance quantity specified in the 5™ chapter shall be performed for
galvanizing coating thickness test, while test methods specified in 7.2 clause shall be
followed for test. In accordance with area of main surface (refer to 3.5 clause) of hot
dip galvanized articles, the following requirements shall be met for galvanizing
coating thickness determined in the test:

a) About article that main surface (refer to 3.5 clause) area is larger than 2 m’, i.e.
large article, the mean coating thicknesses determined in all of reference areas (refer
to 3.7 clause) of each article in control samples shall not be less than the minimum
value of respective mean coating thicknesses in Table 2 or Table 3;

b) About article that main surface (refer to 3.5 clause) area is less than or equal to 2
m’, the coating thicknesses determined in each reference area (refer to 3.7 clause) of
each article in control samples shall not be less than the minimum value of respective
mean coating thicknesses in Table 2 or Table 3, and the mean coating thicknesses
determined in all of reference areas (refer to 3.7 clause) of each article in control
samples shall not be less than the minimum value of respective mean coating
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thicknesses in Table 2 or Table 3.

Note: The length of anti-corrosion period of hot dip galvanizing coating is
approximately in direct ratio with coating thickness. About article which is servicing
under serious corrosive conditions and (or) longer service life is required, its coating
thickness can be larger than required specified in this standard. However, coating
thickness shall be limited by factors such as chemical composition of base metal,
surface conditions of article, dimension of article and hot dip galvanizing process
parameter etc. If thicker coating is required, the technical possibility of hot dip
galvanizing shall be discussed by both sides, while related technical conditions shall
be noted (refer to Annex C).

Table 2 Minimum thickness of coating without centrifuge treatment

Article and its | Local coating thickness/ 1 | Mean coating thickness/ 1
thickness/mm m min m min

Steel thickness =6 70 85

3= Steel thickness<6 55 70

1. 5= Steel thickness<3 45 55

Steel thickness<1.5 35 45

Cast iron thickness =6 70 80

Cast iron thickness<6 60 70

Note: Those listed in this table are general requirement. Practical product standard can
include each kind of requirement on different thickness grades and sorting. If it is not
conflict with this standard, requirement on thicker coating and other requirements can
be added.

Table 3 Minimum thickness of coating with centrifuge treatment
Article and its thickness/mm Local coating | Mean coating
thickness/ L m min | thickness/ b m min

Thread article Diameter =20 45 55
6<Diameter<20 35 45
Diameter<6 20 25

Other articles | Thickness =3 45 55

(include cast iron | Thickness<3 35 45

article)

Note: 1 Those listed in this table are general requirement. There can be different
requirements (refer to 4.1.2.g) on fixture article and detail standard.

Note 2: Refer to C.4 in Annex C for galvanized article with centrifuge treatment, or
with centrifuge and zinc-explosion treatment at meanwhile.

6.3 Uncoated areas and repairing

6.3.1 The total area of uncoated areas of hot dip galvanized article shall not be larger
than 0.5% of total area of article. The area of each uncoated area shall not be larger
than 10 cm®.

6.3.2 If there uncoated areas on hot dip galvanized article surface, uncoated areas
shall be repaired (refer to C.5) with methods such as hot zinc spraying, coating with
zinc rich coat or zinc alloy melting. Unless it is specially required by user, for
example, after hot dip galvanizing, the thickness of coating treatment or repairing
coating shall be the same with that of original galvanizing coating. The coating
thickness in repairing area generally shall be 30 1 m thicker than respective coating
thickness listed in Table 2 or Table 3. Coating repairing shall be such that sacrificial
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anode protection to steel shall be required for steel during its using.

Prior to repairing, any oxides and other dirt shall be removed from uncoated area,
or other pre-treating methods shall be required to assure adhesion between repairing
coating and base. If hot zinc spraying is adopted for repairing, requirement in GB/T
shall be met for it.

Repairing methods shall be informed to user by supplier. If it is specially required
by user, repairing methods shall be informed to supplier by user prior to repairing is
started.

Refer to C.5 for suggestion on repairing method for damaged surface.
6.4 Adhesive power

Under normal working conditions, faking and peeling shall not be allowed for hot
dip galvanized articles of general thickness. Faking and peeling caused by bending
and deforming fabrication after galvanizing does not mean poor adhesive power.

If it is specially required by user and adhesive power should be tested, discussion
between both sides shall be required.
6.5 Acceptance regulations

Several reference areas shall be selected in accordance with requirements in 7.2.2,
Test shall be performed on there reference areas in accordance with methods specified
in 7.2.3. Tested coating thickness shall not be less the value specified in Table 2 and
Table 3. Unless it is disputed, or cutting article for weighing test is allowed by
supplier, un-destructive test shall always be adopted. If steel article is in different
thicknesses, each thickness of article shall be deemed as an independent treatment lot,
while the respective values in Table 2 and Table 3 shall be reached for coating
thickness.

If the coating thickness of control sample can not meet these requirements, double
quantity of samples shall be sampled from samples of the lot (if the quantity of
articles is less than the minimum sampling quantity, all of articles shall be tested). If
samples of larger quantity can pass test, the lot of article is acceptable. If not, un
acceptable articles shall be discarded or re-galvanized with agreement from user.

7 Test methods
7.1 Appearance test

Visually inspected in normal reading environment with corrected vision shall be
performed.

7.2 Coating thickness test
7.2.1 General test conditions

If it is allowable for size of article, coating thickness shall not be measured at place
that distance to edge is less than 10 cm, flare cutting surface, edge or corner (refer to
C.1.2).

7.2.2 Reference area (refer to 3.7)

To achieve the most possible representative mean coating thickness (refer to 3.9) or
coating mass (refer to 3.1.1), if coating thickness is measured with magnetic method
or weighing method, the quantity, position and size of reference area shall be
confirmed in accordance with shape and size of article. About long fabricated article
in control samples, its reference area shall be about 100 mm away from each end of it,
and approximately nearer to center line, while the whole cross sectional area of article
shall be included.

The quantity of reference areas shall be based on size of each fabricated article in
control samples, and confirmed with following specifications:

a) If main surface (refer to 3.5) area is larger than 2 m’, i.e. large article, at least 3
reference areas shall be sampled for each fabricated article in control samples;
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b) If main surface (refer to 3.5) area is larger than 10,000 mm*2 m? (include 2 m?),
at least 1 reference areas shall be sampled for each fabricated article in control
samples;

¢) If main surface (refer to 3.5) area is within 1,000 mm*-10,000 mm? (include
10,000 mmz), at least 1 reference areas shall be sampled for each article fabricated in
control samples;

d) If main surface (refer to 3.5) area is less than 1,000 mm?, there shall be sufficient
articles to provide at least 1,000 mm?® area as a independent reference area. The last
column in Table shall be followed for total quantity of reference areas. Therefore, the
total quantity of articles for measuring is equal to that articles quantity which is
required to provide an independent reference area timed with quantity listed in the last
column in Table 1. This is related with the quantity (if the lot is not large, all of
fabricated articles shall be tested) of total quantity of articles used for measuring and
inspection lot (refer to 3.13). If above specification is not adopted, sampling
procedure specified in ISO 2859-1 or ISO 2859-3 shall be followed.

Note: 10,000 mm’=100 cm’;

1,000 mm*=10 cmz;

The typical expression of 2 m? is 200 cm X 100 cm;

The typical expression of 10,000 mm? is 10 cm X 10 cm;

The typical expression of 1,000 mm® is 10 cm X 1 cm.
7.2.3 Thickness measuring method (refer to Annex E)

Coating thickness shall be measured with following method:

a) Weighing method. This method is applied for arbitration and requirement in
GB/T 13825 shall be followed. The coating mass of galvanizing coating measured
with this method shall be conversed into coating thickness in accordance with coating
density (7.2g/ cm®) (refer to E.2). This method is a destructive method. If fabricated
articles is less than 10, damage of fabricated articles caused by weighing method and
cost for repairing are unacceptable to user, the user shall not be forced to accept
weighing method.

b) Magnetic method. This is an un-destructive test method, and requirement in
GB/T 4956 shall be followed. During measuring, its reference area shall be in a
typical area which can be selected as reference area for weighing method. If thickness
is measured with magnetic method in each at least 1,000 mm? reference area, at least
5 points shall be measured. Their mean value is local coating thickness (refer to 3.9)
of the reference area. If the mean value is not less than local thickness value specified
in Table 2 or Table 3, it is allowable that measured values of some points are less than
value specified in Table 2 or Table 3. Magnetic method is suitable to on-line quality
control in factory. Because each area for measuring with this method is quite small,
individual measured value can possibly be less than local thickness or mean thickness
of coating. If sufficient measuring times have been performed in a reference area with
magnetic method, measured local thickness value shall approach to value measured
with weighing method.

¢) Cross sectional area microscope method. This method is a destructive method
and can represent only one certain point. Therefore, it is inapplicable to general
inspection on large article or expansive article. However, the metallographic of certain
point can be observed. Specification in GB/T 6462 shall be followed.

d) Anode solving coulomb method. This method is a destructive method.
Specification in GB/T 4955 shall be followed.

In above measuring methods, destructive test method can cause damage to hot dip
galvanized fabricated article. If fabricated article is quite small, the sum of main
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surfaces of at least 5 fabricated can reach 1,000 mmz, and reference area which is
suitable for magnetic method is available on each fabricated article, magnetic method
can be adopted. Otherwise weighing method shall be applied. Refer to Annex for
conversion between coating thickness and coating mass.

7.3 Adhesive power test

If the requirement of using and operating under normal conditions can be met for
adhesion between galvanized coating and base, generally, special test on adhesion
between galvanized coating and base shall not be required.

If it is specially required by user, test method (refer to C.6) for adhesion shall be
confirmed by both sides through discussion. Adhesion test shall be performed in main
surface and the area in which adhesion is specially required in certain degree.

8 Certificates

In accordance with need, hot dip galvanizing factory shall provide certificate that

requirement in this standard shall be met.

Annex A (Informative annex) Chapter and clause comparison between this
standard and ISO 1461: 1999
Chapter and clause comparison between this standard and ISO 1461: 1999 is given
in Table A.1
Table A.1 Chapter and clause comparison between this standard and ISO 1461:

1999
Chapter and clause number in this Respective chapter and clause number in
standard ISO 1461
4.1 4.2 and Annex A
4.2 Note 1 in the 4" chapter
43 4.1
4.4 4.3
Note in the 4™ chapter Note 2 in the 4™ chapter
6.7 6
8 7
Annex C Annex C
D.1 and D.2 Annex B
Annex E Annex D
Reference Annex E

Note: Except chapters and clauses listed in this table, all of other chapters and clauses
in this standard are the same and correspond to those ISO 1461:1999.

Annex B (Informative annex) Technical differences between this standard and
ISO 1461: 1999 and reasons
Technical differences between this standard and ISO 1461: 1999 and reasons is
given in Table B1.
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Table B.1 Technical differences between this standard and ISO 1461: 1999 and
reasons

Chapter and clause number | Technical difference Reason
in this standard

About galvanized article | Zinc-explosion or with

(refer to C.4) with | zinc-explosion and
6.2 zinc-explosion instead of | centrifuge treatment at
centrifuge or with | meanwhile is adopted in
zinc-explosion and | many hot dip galvanizing

centrifuge treatment at | factories in China.
meanwhile, its coating
thickness can be referred
to requirements in Table 3.

It is required to take | In many factories in China,
provision against burning | there is no  drying
D.3 hurt on human body from | procedure prior to
escaped zinc fluid. galvanizing, or hot dip
galvanizing is performed
prior to complete drying of
article.

Annex C (Informative annex) Effective factors of hot dip galvanizing

C.1 Base metal
C.1.1 Composition

Carbon steel, low alloy steel, grey cast iron and mottled cast iron are generally
suitable for hot dip galvanizing. If other iron-based metals are required for hot dip
galvanizing, files or samples shall be provided to supplier by user to decide whether
satisfied result can be achieved after hot dip galvanizing on these steels. Free cutting
steel that contains sulfur are unsuitable for hot dip galvanizing.

C.1.2 Surface conditions

Base metal surface shall be clean prior to entering hot dip galvanizing bath.
Pickling is suggested method for surface cleaning. However, over pickling shall be
avoided. About surface dirt which can not be removed with pickling, such as carbon
film (such as remains of rolled oil), oil failure, paint, weld slag and similar pollutions,
shall be removed prior to pickling. The responsibility for removing these impurities
shall be discussed and confirmed by both sides.

There shall be as less void and shrinkage void as possible on cast iron article.
Sandblasting, ball blasting, electrolytic pickling and other methods which are suitable
for cast iron article shall be applied for cleaning.

C.1.3 Effect of steel surface coarse degree on galvanizing coating thickness

Coarse degree of steel surface has effect on coating thickness and coating structure.
Unevenness of base metal surface generally shall maintain after hot dip galvanizing.

By treatment prior to pickling such as sandblasting or coarse milling etc, coarse
surface can be achieved on steel. After hot dip galvanizing, coating on such treated
steel will be thicker than that on steel which experienced pickling only. On the
contrary, it is difficult to achieve thicker coating on smooth surface of article.

Cutting with flare can vary structure and composition of steel in flare cutting area.
Therefore, coatings specified in 6.2, Table 2 and Table 3 are difficult to achieve in this
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area. To reach specified coating thickness, mill off flare cutting surface and then
perform hot dip galvanizing.
C.1.4 Effect of active elements in base metal on coating thickness and appearance

Most of steel can be satisfactorily hot dip galvanized. However, some of active
elements in steel, such as Silicon and phosphorus can affect hot dip galvanizing.
Surface composition of steel can affect coating thickness and appearance. In certain
range of composition, Silicon and phosphorus can cause uneven light and (or) dark
grey coating. Coating on these parts may be brittle and thicker. Guidance on steel
which is suitable for galvanizing and its performance has been given in France
standard NF A35-503:1994 (refer to Reference). However, research on effect of
special elements in steel is still going on [refer to ISO 14713 (reference to
Reference)].

C.1.5 Internal stress in base metal

Part of internal stress in base metal shall be released during hot dip galvanizing.
Therefore, deforming of galvanized fabricated article may be caused at meanwhile.

After certain degree of cold fabrication (such as bending), steel fabricated article
will tend to brittle. This depends on sort of steel and cold fabrication degree. Hot dip
galvanizing is a heat treatment process. If steel which will be coated is sensitive to
deforming ageing, deforming ageing will be accelerated so that steel and iron
fabricated article become brittle. To avoid embrittlement, steel which is insensitive to
deforming ageing-hardening can be used. If a certain kind of steel which is thought to
be sensitive to deforming ageing, deep cold fabrication shall be avoided if possible. If
impossible, heat treatment shall be performed prior to pickling and galvanizing.

Note: Deforming ageing hardening and brittleness increasing caused by it are
mainly caused by ammonia contained in steel, and more exactly depending on
manufacturing procedure of steel. In modern industry producing, this kind of problem
generally will not happen. Aluminum killed steel has the lowest degree of deforming
ageing.

Steel which experienced heat treatment and cold fabrication hardening will
experience heating and tempering during galvanizing. Therefore, strength achieved
with heat treatment and cold fabrication will be decreased.

Internal stress shall exist in quenched and (or) deep tensile steel. Internal stress is so
great that the possibility of cracking of article in zinc bath during pickling and hot dip
galvanizing will be increased. Prior to pickling and hot dip galvanizing, stress
releasing treatment shall be required for fabricated article to reduce risk of this kind of
cracking. However, consulting to expert shall be required prior to hot dip galvanizing
treatment of this kind of steel.

Structural steel generally will not be brittle broken because of hydrogen absorption
during pickling. Remained hydrogen (if has) generally will not affect structural steel.
As for structural steel, absorbed hydrogen shall be released during hot dip galvanizing.
If steel hardness is higher than 34HRC, 340HV or 325HB (refer to ISO 4964),
hydrogen absorbing amount shall be the lowest degree as possible during
pre-treatment.

As for preventing brittle failure, if experiences from a certain location can prove
that special steel, pre-treatment, heat treatment, mechanical treatment, pickling and
hot dip galvanizing can achieve satisfied result, these experiences can guide the same
steel, pre-treatment, heat treatment, mechanical treatment, pickling and hot dip
galvanizing at other locations.

C.1.6 Effect of article dimension
Two factors, large size and metallurgy property of thick steel article fabricated with
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normal fabrication method, will require that article need to stay in hot dip galvanizing
bath for longer period. Therefore, thicker coating will be caused.
C.1.7 Hot dip galvanizing process

As one part of hot dip galvanizing treatment technologies, less amount of alloy
elements can be added in hot dip galvanizing bath (requirement in 4.3 shall be met) to
remarkably decrease unfavorable effect of Silicon and phosphorus (refer to C.1.4) or
improve coating appearance. General quality and anti-corrosion life hot galvanizing
coating and mechanical performances of product will not be affected by these
possibly added elements. Standardization on these added elements is not required.

C.2 Design
C.2.1 Generic Principles

The design of hot dip galvanizing article shall be suit for hot dip galvanizing
process. Prior to design and fabrication of galvanizing product, user shall consult hot
dip galvanizing factory because it may be necessary to make the structure suitable for
hot dip galvanizing process.

C.2.2 Size tolerance of matching thread article

There are two different kinds of methods for preserved fabrication tolerance: the
first is down-cut external thread, the second is up-cut internal thread. Refer to related
specification and standard for fastener. Under general conditions, fabrication tolerance
shall be preserved on thread article which is required on matching to permit coating
thickness. It is not required on coating on which internal thread is fabricated after hot
dip galvanizing or re-fabricated.

Coating thickness of thread article means coating thickness achieved with
centrifuge and zinc-explosion immediately after hot dip galvanizing. The purpose of
this kind of post-treatment is for assuring thread cleanness.

Note 1: If an internal article and an external thread article are matched together,
coating on external one can form electrolytic protection to internal one. Therefore,
galvanizing coating on internal thread will not be required.

Note 2: Sufficient strength shall be available for hot galvanized thread article to
meet designed requirement.

C.2.3 Effect of process heating

Hot dip galvanizing is not suit for material which will bear unfavorable effect in hot
dip galvanizing bath.

C.3 Hot dip galvanizing bath

If it is specially required, the contents of added elements or impurity in galvanizing
bath or galvanizing coating can be specified by user.

Especially for boiler (i.e. heat water storage duct and tank) which will be treated
with hot dip galvanizing and used for portable water system together with hot dip
galvanized steel pipe, user can put forward on composition of pipe coating that EN
10240 (refer to Reference) shall be followed for coating composition.

C.4 Post-treatment

Generally, if articles are hot and humid, they shall not be put together. Small
articles can be separately put in material basket or frame. Extra zinc shall be removed
by centrifuge or explosion immediately after out of hot dip galvanizing.

To prevent white rust on articles during storing in humid environment, fabricated
article surface without further painting shall be properly treated after galvanizing.

If painting or powder painting shall be performed after galvanizing of article,
supplier shall be informed by user prior to hot dip galvanizing.

C.5 Repairing of uncoated area and damaged area
If painting is required after galvanizing of article, supplier shall be informed by
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user that repairing to damaged areas is allowable. Suggested methods and materials
for repairing uncoated or damaged areas shall be informed also. User and contractor
for next painting shall assure the compatibility between next painting system and
repairing method/material adopted.

Acceptance requirements on repaired coating thickness are specified in 6.3. The
same method can be used for site repairing of damaged area. The area of repaired area
shall be the same with that of uncoated area. If uncoated area of certain size is
acceptable, repaired area of the same size is also acceptable.

C.6 Adhesive power test

Strong bonding between coating and base is a characteristic of hot dip galvanizing
process. Therefore, test on bonding force between coating and base is generally not
required. However, flaking or peeling on hot dip galvanized article of general
thickness and used in normal operation conditions shall not be allowed. If bonding
force should be tested, for example, article will bear large mechanical stress during its
using or assembling, proper test method shall be selected discussed by both sides in
accordance with servicing conditions of galvanizing article. Cross scaling has certain
reference for assessing mechanical performance of coating. However, under certain
conditions, requirements for test are stricter than that for using. Additionally, harming
method and filing method can be applied also.

Any suggested adhesive power test shall be agreed by both sides, while practical
operation conditions shall be concerned.

Annex D (Normative annex) Requirements on safety

D.1 Any related national code and standard on safety, environment protection and
human health shall be followed for hot dip galvanizing procedure.

D.2 Unless a hole is properly opened on enclosed void, hot dip galvanizing of article
with enclosed internal void should be strictly prohibited to prevent explosion caused
by heated air. Additional, properly opened hole can assure that zinc contained in
internal void can smoothly flow out after hot dip galvanizing. In case that air
discharging and flow leading of internal void are not involved in national code on
safety and health, opening method or other treatment provision shall be user.
Otherwise, it shall be treated by supplier. Refer to ISO 14713 (refer to Reference) for
opening, air discharging and leading method.

D.3 About incompletely dried article, water solution of solvent or other water shall
remain on surface, and explosion can be caused after entering zinc bath. Provisions
shall be taken against burn hurt on human body by escaped zinc liquid.

Annex E (Informative annex) Thickness determination

E.1 Generic principles

Measuring methods of coating thickness can be divided into destructive and
un-destructive method (NDT).

The most popular un-destructive method is magnetic method (refer to 6.2 and GB/T
4956). Electromagnetic method is also a kind of un-destructive test method (refer to
ISO 2808).

Destructive method includes weighing method (refer to GB/T 13825), anode
solving Coulumb method (refer to GB/T 4955) and cross sectional area microscope
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method (refer to GB/T 6462).

The 3™ chapter shall be carefully studied, especially while the relationship between
local thickness and mean thickness which are determined with magnetic method is
disputed. Measuring result with weighing method shall be followed.

E.2 Conversion between unit area coating mass and coating thickness (method
for reference)

Unit area coating mass can be determined with weighing method specified in GB/T
13825 in unit of g.m’. Divided by coating density (7.2 g.m’), it can be conversed into
coating thickness. Refer to Table E.1 and Table E.2 for coating thickness in Table 2
and Table 3 respective to approximate coating mass.

Table E.1 Relationship between coating mass without centrifuge treatment and

thickness
Article and its | Local value (min) Mean value (min)
thickness/mm Coating Thickness/ 1 m | Coating Thickness/ I m
mass/( g.mz) mass/( g.m°)
Steel thickness 505 70 610 85
=6
3 =< Steel 395 55 505 70
thickness<6
1.5 =< Steel 325 45 395 55
thickness<3
Steel 250 35 325 45
thickness<1.5
Cast iron 505 70 575 80
thickness =6
Cast iron 430 60 505 70
thickness<6
Table E.2 Relationship between coating mass with centrifuge treatment and
thickness
Article and its thickness/mm | Local value (min) Mean value (min)
Coating Thickness/ | Coating Thickness/
mass/( g.mz) Lm mass/( gm’) | 1 m
Thread Diameter=20 325 45 395 55
article 6 < 250 35 325 45
Diameter<20
Diameter<6 145 20 180 25
Other Thickness =3 325 45 395 55
articles Thickness<3 250 35 325 45
(include
cast iron
article)
Reference

1 ISO 2808:1997 Color paint and varnish-Determination of paint film thickness

2 ISO 4964:1984 Steel-Hardness conversion calculation

3 ISO 14713:1999 Corrosion protection of steel and iron structural article-Zinc and
aluminum coating-Guidance
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4 ISO 12944-4:1998 Color paint and varnish-Corrosion protection of coating system
of steel structure-Part 4: Sorts of surface and surface preparation

5 ISO 12944-5:1998 Color paint and varnish-Corrosion protection of coating system
of steel structure-Part 5: Protective coating system

6 EN 10240 Internal and (or) external protective coating-Specification on hot dip
galvanized steel pipe coated with automatic equipment

7 ISO NF A35-503:1994 Iron and steel-Steel for hot dip galvanizing
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WEAMRTR AR ITREEENERNE AF I INES LHUBERTE 2 RFE 3 PWE. %
WERBRERTEL AS#TERRREH . FRARTENROEARREBIES /N, A 5108 5 7T 881
FRENRHEER P EEME R AREEE N EANBE AT T RS REOINE, NENE
HEEEALTHARRENEME.

o HEHBEMEE ERAHREIENEMURRE— &L FFUREH KR REANE G
& EATMER A& 5B GB/T 6462 B3R,

d) ARBEFEELCE RBEFRMHRE T, % B GB/T 4955 ExR#FT.

H: AR AREE AR ERE R (EAHRE 1),

FEAPET B, BRI B S0 RS s R, — R TR AR RS
T ABR EFES UGN RCRARRE MR, HHEREAN BHEES MU EHENEERERZ A
BESAE] 1 000 mm®, A/ HFHEES TREENESNBE N KGT, 7 R HBER, 5 0 5 R H
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HEE. BREEESHERNRAETESANRE.
7.3 WEAHRRE
AEHEESRANME R HEEERN—RBEXMTHER BFATLIIMRAEE
BREEZEBES .
EEm A RER, W R E X R EME NIRRT RS RRRC. 6. WE T RBNAEE
EREAME AL BRI E DA —EERHXEAET.

8 AWIEH
BEFE, AREE FRRUAEFIREERGIES.
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W xR A
(ERHER R

FIREERES S5 IS0 1461:1999 E£ K EX R

RALIAHTEREELRSES SISO 1461:1999 A4S0 R — Kk,
KA FREEFRSS5I1S0 1461:1999 EL&HEXTHE

FARHER R B Xt R ISO 1461 I E K HRE
4.1 4.2 MH® A
4.2 BaEEL
4.3 4.1
4.4 4.3

EaEHE BaEE2
6,7 6
8 7
MR C Mg C
D.1fiD.2 fik B
Bi® E & D
2% 3k MRE

H: RPHERUSIMISRERMGELRRS 5 1SO 14611999 H b &K 4S5 F B R & A 5.
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- FERAS IS0 14611999 B A EER R ERHE
E B 1AHTAGHESISO 1461:199 MEREZS RHEFH.
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#£B.1 FFAESISO 1461:. 1999 HAMESBREER
SRR ARE HARMEES B &
SR R A A 5 7D B S A 6 o o ‘
G2 | DREBMEEHECLC ORBREETSRE | o AR ERAREAR O
P
3ER,
D.3 R R L B 1k I A BB £ A REARE FEMBASAXHAT LI

il 4 R 52 et T BT MR
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Mt ® C
(BRI 3R
RREFOXWE R

C.1 EheE

C.1.1 E%

B EREEMEKOFEMDOF& - BRESSHEEE HUEREREABEER.EH X
AL R TR BAES, DR EXEHNAREFEETHRRABHENER . SHNEUTHMARNESHE
HeE,

C.1.2 ®ERZE :

HARBEHBRIANWEREBREN T . RERFRRTOEIENTE, BRI ®# %S ERYE.
AEERRVER A RE IS Y, 20 - Bk B CA0EL T B SR R D) IS TR AR DA R A9 15 Y i 1 FE BR B Al
ER, ZRXERFEHFTIENHHETF T EE .

HHRGRE N R AL ML, AR A AL BBV b E A TR SN T
THH.

C.1.3 NHMREEREXNBEEERENXN

NREEEENEERENMERENERN. ERSRREAAY AN AERBEEZE—BN4S
&8,

MM ERERHITHD HESABAT KSR R, M OHN A A REEE BN ERER
FOUHITRELEY. RZ . RELENHGEERESRENERE.

KIGUEIBET XKER R BN AR  UETFRRBAEUSBE 6.2 I EFE 2 ME
SMENEREE . A THRIANMENEREE WEL AGVEETEERBER.

C.14 BEAESBTHEETRNBEERE RN AR M@

REBMAHEHREHLABET HERPH —LEHITE SR WMREE, I (SOMBEP) Wi
MR HEWERRHEEMINN A —ENRSEE N, MBS IR RAY SRS
MEOBKEER. XEHRUMERTRERKEEE. EERME NF A35-503:1994(RBE XHOAET
ERTABEGNNEAHEREE AEXTHRNIERCRERNTFRDERTZ R[S R ISO
14713 (LB % X #K) 1.

C.1.5 BUhE&EIMANESA

EESRPBONNEABREEIB TS E, Rl E 25 BN EE.

MG LE—ERBERRN T BINEHDE ST, XBR TS M IRE AR EERE—
A PALEE R, A0SR B A X AR B SRR, SN TR AR B AL A R e T ek AL . R T RS
b e Ak S, T 5 P X TR A B 28 A R BB B o B SR A R B R T A I SRR L 7E T BE R S O R
WA ES I T & R ER G BB 0 T, W ZE BR Uk M BOR S  2 RT BHAT 2 b 3

W AR R BUR B R A B N R P RS, BRI AR K B TR A R,

ERRAT AT, — MR 27 4 KR, 40 4 A 4 PT T i S B B B AR .

£33 PAAL TR VS 0 3R Ak B S TE R B A 1 TR B 5 2 B A [ K TR 2 AL BE B S B T AR AR SR B
FEAR

BRI (BOZRRERL B MEHE NI, 201 K B PR F7 AT 6 B8 YE A0 5 I8 48 B 5ot R 488 n 4 1 44
BT AROERE . TERUEMME S Z 30Tl 5 17 BRI A AL B AT AR/ X R R R . 8
R X IS M AT PR 4R B AL AT R B B RE ).
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ZEH N — R & 7E BR BRI ey TR AT 7 AR M, B AR (B B — R R MM . X T
EHAT S ERANESEABEEIBRPLERR S £, WRRWEER T 34HRC. 340HV =
325HB(RISO 4964) , R F MR BR R A REIRMERE.

Xt F By I BEWT I & IR T W2 R RS AL A B AL AR AL B BR Y LA R
HBESFETURBHENSE R, X L2103 T H bt 7 fAF N B2 A A LR AL 2 |
MU RRBEH TR RARFEM.

C.1.6 HENLMRTARE

KRRSFREAHETEHROERGENARSEERIFRMIEEERWAEABRBHBTEERK
REHE, XS FHERBENES.

C.1.7 #HBERIE

Ve b AR S ERBEIR TS 4 3HERPMALEEE TR . TUEE
Ho R AEE R B OR A (L C. 1. OB EB R . XEABAMMTEAREMABREREN—R
BB, T FE 1 35 Ay A 7 S O 2 b B ST IR N TR R R/ TR ML .

C.2 igif
C.2.17 BN

PRSI ART ROE MBS T L AR MG E AR SR, TN A REERE
FHTHEH BN LEFFFNENES TRERERLZ,

C.2.2 BABRYUGHR~ITRE

ARAAFRMBTENTARE . —ET/MREG R EYRBY., WREREGHATSZAAR
EEEMAENGE., —BREATHARSERNIBLHEENAEN IR, UBSAERBE . MARE
BEMTHEEMTHHONBI LMERAHBER.

BTN EEEERN R T SRR EEZE LT B O BREL BTN ABHNEER
BT XA R B R RIEREEE.

B 1. RSB RS TE— e, MR AR T X N BEUE RERRY B A E RN EHEEE.

2. BRBESNRAENERBREHERGIHNER.

C.2.3 IEMHRMKEIE
TEMBERB PRS2 2R A R A R A R AR B .

C.3 ABE®E

EEBHRERNGE FHIAEEFEREFETHRMTRIEAN TR,
BRI RE SR CED ORI ) #E 1T AR B A B K S RS RE — R THRAKRSE
BE T B T ER R B A FAEAS EN10240(L B % XEO M E FEER M KR EK.

C.4 BaE

— ST » 2400 58 R FIE RS B B R R — . DT B E T RET
B, BB B S SL A O R SRR BRI

% T B Lk AR MR IR B R R R A L, AR R R R BT E SR E
UL N

R R S BRSO AR, T R R R AT E AT

C.) REEMBGENEE

EH AR E R B R T 07 ARG T AT 8 B L B R 4 048 B U R 4 X
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HEFTTIRABIRE % J5 RS S22 B R 7 BLARIE 5 S0 B IR R 5 TR AR 16 8 J7 s FUb Bl gy M 24
6.3 ME TIEEZEEE KB WER 5145 T 1 B35 6 2 77 LR A RIRE B9 05 B 4T . 18 B E A K/
5% 9 T A9 R/ — B IR E — R RS R T DU 32 0, W R RN B T R0 R AT A2 1

C.6 MEARR
BRESREEENBREARERE L LN TUBE AT RERENREEZ AHEE T HR

,qa.lﬁf B Ghs 2k 35 ey T i e I PR Ty MRA S P T e g Ay U Ga e rhaai 4 B O SNBSS O T ek
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M R D
(HSEHE B 3R
REER

D.1 MBHHEF BN EERE XL L IR RSB EZ R ETT.

D.2  FEEEST LA A B B A AT R G BR AR TE BT P PO bl X T AL DABY Lk PR P B R
FRENFEAMMPERLE. B ELFFATRIERBRERE, AR NSRBI RS . £F
R TR IR R XA SRR BT % 07 B R AT L 77 ks At b 3
e, BN By AfTA . FFAHRFRNTEN SISO 14713 (RS % 30D .

D.3 RAREMTHH M, RE SR BENKKBERSFEAMAKD 3 A GG SRIE, BR R KB
1R PR AR,
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M R E
(FRHE R
BEmNE

E.1 2N

BHEREEORNFEEREAREMEBRTRE(CHUERE).

BEANERTREREEE (SN 6.2 FIGB/T 4956) , MBSt B — R IEBRRR 3 (2 1 ISO
2808),

BREARERRIE (B3 GB/T 13825) IR BB E G (B R GB/T 4955) MM H B Mg (3
R GB/T 6462),

RIAFABTRSE 3 &, AR AR RN RN EE M EYEENXRE SN, EN B R
 RILARRE R,

E? BUEAEEERRSEENE S ANGRE (2L

A GB/T 13825 LEMHRBHRANERVEREENEER He/m* ZR, BRUEESE .22/
e ) ERNEERREREREE. SR MR IhEEEEM N EN RN EREREE. 1
MEE. 2.
RE| REBELLBNBEENEERMEENEER

JEEB{E (min) I #{8 (min)
il 48 B H B /mm
HHER/(g/m") J% B / pm SR/ (g/m>) B /um
NEE =6 505 70 610 85
SR <6 395 55 505 70
Lo<HBEE<3 325 45 395 55
WEE<1.5 250 35 325 45
FRIEE >6 505 70 575 80
FREE <6 430 60 505 70
RE? SEOLENEENERERNERNXER
R &R (min) F {8 (min)
il R B /mm
EER/(g/mD R /pm BHEE/ (g/mD) B /pm
HE>20 325 45 395 55
R B<HEAE<20 250 35 325 45
HE<6 145 20 180 25
b RE=>3 325 45 395 55
(AR JE B <3 250 35 325 45
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ISO 2808:1997 BEMFEER BEEE KNI E

ISO 4964:1984 40 FRERE#HHE

ISO 14713:1999 MERLEM B B0 HMEEE HE

ISO 12944-4:1998 BB FIER MEMBREERNOBMBF H4 Mo REMNEERESHLR
18O 12944-5:1998 BEMER MEAEMGRKERWEMEET 5 5 B0 - RIREER

EN 10240 RNEMAMGSOIMEPE BB SERNABREFNEHEAER

NF A35-503:1994 &M — AR FEH AN
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