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1. Scope

I.1 This specification covers the requirements for zinc
coating (galvanizing) by the hot-dip process on iron and steel
products made from rolled pressed and forged shapes, castings,
plates, bars, and strips.

1.2 This specification covers both unfabricated products and
fabricated products, [or example, assembled steel products,
structural steel fabrications, Iarge tubes already bent or welded
before galvanizing, and wirc work fabricated from uncoated
steel wire. This specification aiso covers steel forgings and iron
castings incorporated into pieces fabricated before galvanizing
or which are too large to be centrifuged (or otherwise handled
to remove excess galvanizing bath metal).

Hdrmeerd

Note 1—This specification covers thase prodi
in Spocificarions A 12178 and A 38698

1.3 This speclﬁamon does not apply to wu'e. pipe, tube, or
steel sheet which is galvanized on ialized or continuous
Tines, or to stee less than 22 gage (0, 0299 in.) [0.76 mm] thick.

1.4 The galvanizing of hardwarc items thal are (o be
centrifuged or otherwise handled to remové excess zinc (such
as bolts and similar threaded fasteners, castings and rolled,
pressed and forged items) shall be in accordance with Speci-
fication A 153/A 153M.

1.5 Fabricated reinforcing stecl bar assemblics are covered
by the present specification. The galvanizing of separate
remnforcing steel bars shall be m accordance with Specification
A TET/A T6TM.

1.6 This specification s applicable to orders in either
inch=pound units (as A 123) or SI units (as A 123M). Inch-
pound units and SI units are not necessarily exact equivalents,
Within the text of this specification and where appropriate, S1
units arc shown in parentheses, Each system shall be used
independently of the other without combining values in any
way. In the case of orders in SI units, all testing and inspection
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shall be done using the metric equivalent of the test or
mspection method as appropriate. In the case of orders in SI
anits, such shall be stated to the galvanizer when the order is
Maced,

1. Referenced Documents

2.1 ASTM Standards:

A 47/? 47M Specification for Fermitic Malleable Tron Casi-
ings

A 90/A 90M Test Mcthod for Weight [Mass] of Coating on
Tron and Steel Articles with Zinc or Zinc-Alloy Coatings’

A 143 Practice for Safeguarding Against Embrittlement of
Hot-Dip Galvenized Structural Stee] Products and Proce-
dure for Detecting Embrittlement”

A 153/A 153M Specification for Zine Coating (Hot-Dip) on
Iron and Steel Hardware®

A 3B4/A 384M Practice for Safeguarding Against Warpage
and Distortion During Hot-Dip Gulvanizing of Steel As-
semblics®

A 385 Practice for Providing High-Quality Zinc Coatings
(Hot-Dip)*

A 767/A 767M Specification for Zinc-Coated Galvanized
Steel Bars for Concrete Reinforcement?

A 780 Practice for Repair of Damaged and Uncoated Arcas
of Hot-Dip Galvanized Coatings®

A 9()2J Terminology Relating to Metallic Coated Steel Prod-
uets

B 6 Specification for Zinc®

B 4R7 Test Method for Measurement of Metal and Oxide
Coating Thicknesses by Microscopical Examination of a
Cross Section®

B 602 Test Methed for Attribute Sampling of Metallic and
Inorganic Coatings®

E 376 Practice for Measuring Coating Thickness by

? Al Book of ASTM Siandards, Vol 01.02.
! Armwal Book of ASTM Standarde, Vol 01.06.
* Anmcsl Book of ASTM Standorcie, Vol 01.04,
* Al Book of ASTM Siandarde, Vol 02.04,
¥ Anmual Book of ASTM Siandards, Vol 02.05,

Coopryht @ ASTM inteersiional, 100 Barr Marbor Drive, PO Box G700, West Constehooken, PA 198428-2060, Uniad Staxs



4 A 123/A 123m - 02

Magnetic-Field or Eddy-Curreat (Electromagneticy Test
Methods”
3. Terminology (See Fig. 1)

3.1 Definitions:

3.1.1 The following terms and definitions are specific to this
specification. Terminology A 902 contains other terms and
definitions relating to metallic-coated steel products.

3.2 Definitions of Terms Specific o This Standard:

3.2.1 average coating thickness, n—the average of three
specimen coating thicknesses.

¥ Anmwal Book of ASTM Ssandardy, Vol 03.03,

3.2.2 black, adi—denotes the condition of not galvanized or
otherwise coated. For purposes of this specification the word
“black™ does not refer to the color or condition of surface, or to
a surface deposit or contamination.

3.2.3 coating thickness grade, n—the numerical value from
Table 1 at the intersection of a material category and a
thickness range,

3.2.4 gross dross inclusions, n—the on/zne intermetallics
present in & galvanized coating in a form other than finely
dispersed pimples.

3.2.4.1 Discussion—These inclusions would create an ex-
pesed steel spot if they were removed from the coating, These
inclusions are raised surfaces and are casily knocked off

Muiti-Specimen Articles
Articles whose Surface Area is greater than 160 sq.in. (100,000 sq. mm)

Lot

3 Test Articles
Sample each composed of
3 Specimens

Each Specimen (5 or more measurements widely
dispersed) must have Minimum Average Coating
Thickness of (Table 1) -1 grade

EachTest Article in the Sample {3 Specimens each) must
have Minimum Average Coating Thickness of (Table 1)

Adicles whose Surface Area is equal 10 or less than 160 sq.in. (100,000 sq. mm)

Lot

3 Test Articles
3 Specimens

Each Specimen (5 or more measurements widely dispersed) must
have Minimum Average Coating Thickness of (Table 1) -1 grade

All Test Articles (Specimens) Together must have Minumum

Average Coating Thickness of (Table 1)

FIG. 1 Single- and Multi-Specimen Articles

(%]
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TABLE 1 Mi A ge C g Th Grade by Material Category
Al Specimens Tested
Matarial Catogory Steel Tuckness Ranga (Measurad), in, (mm)
<V (€15) Vinto <% (1.610<32) Wio¥e(32104.8) >¥elo <V (4.8 o <6.4) =i (=64)
Structural Shapas and Piate 45 65 75 a8 100
Strip and Bar 45 85 75 as 100
Pipe and Tubing 45 a5 75 78 75
Wie 335 50 = L] a0

through contact with lifting straps or chains, tools, fixteres, or
other galvanized parts,

3.2.5 material category, n—the general class or type of
material or process of manufacture, or both, that nominally
describes a unit of product, or from which a unit of product is
made. For example, bar grating belongs to the category “strip,”
handrail belongs to the category “pipe,” etc.

3.2.6 multi-specimen article, n—a unit of product whose
surface area is greater than 160 in’[100 000 mm’]. For
thickness testing gurposes. articles whose surface area is
greater than 160 in.” are subdivided into three continuous local
sections, nominally equal in surface area, each of which
constitutes a specimen. In the case of any such local section
containing more than one material category or steel thickness
range as delincated in Table 1, that section will contain more
than one specimen (see Fig. 1).

3.2.7 sample, n—a collection of individual units of product
from a single Tot selected in accordance with Section 7, and
mtended to represent that lot for acceptance. If a sample is
taken as representing the lot for acceptance, the sample shall be
aken ai random from the 1ot without regard (o the perceived
quality or sppearance of any mdividual unit in the lot being
sampled. The sample consists of ane or more test articles.

3.2.8 single-specimen article, n—a unit of product whose
surface area is equal to or less than 160 in.? [100 000 mm?) or
that is centrifuged or otherwise similarly handled in the
galvanizing process (o remove excess galvanizing bath metal
(free zinc). For thickness testing purposes, the entire surfuce
area of each unit of product constitutes a specimen. In the case
of any such article containing more than one material category
or steel thickness range as delincated in Table 1, that article
will contain more than one specimen (see Fig. 1),

3.2.9 specimen, n— the surface of an individual test article
or a portion of a test article, upon which thickness measurc-
ments are'to be performed, which is a member of a lot, or a
member of a sample representing that lot. For magnetic
thickness measurcments, specimen excludes any area of the
surface which is subject to processes (such as flame cutting,
machining, threading, ctc.) that can be expected to result in
surfage conditions not rep ive of the g I surface
condition of the test article, or is disqualified by the measure-
ment method. The minimum average coating thickness grade
for any specimen shall be one coating grade below that
required for the appropriate material category and thickness in
Table 1. For a unit of product whose surface arca is equal to or
less than 160 in.> [100 000 mm?), the entire surface area of
each test article constitutes a specimen. In the case of an article
containing more than one material category or steel thickness
range as delineated in Table 1, that article will contain more
than one specimen, as appropriate (see Fig. 1).

3.2.10 specimen coating thickness, n—the average thick-
ness from no less than five test measurements on & specimen,
when each measurement location is selected w0 provide the
widest dispersion (in all applicable directions) of locations for
the steel category of the test article within the confines of the
specimen volume,

3211 test article, n— an individual unit of prodduct that is
& member of the sample and that 1s cxamined for conformance
w a part of this specification,

4. Ordering Information

4.1 Orders for coatings provided under this specification
shall include the following:

4.1.1 Quantity (number of picces to be galvanized) and total
weight,

4.1.2 Description (type and size of products) and weight.

4.1.3 ASTM specification designation and year of issuc,

4.1.4 Material identification (see 5.1) and surface condition
or contamination

4.1;5 Sampling plan, if different from 7.3.

4.1.6 Special test requirements (see 8.1).

4.1.7 Special requirements (special stacking, heavier coat-
ing weight, cte.).

4.1.8 Tagging or piece identification method.

5. Materials and Manufacture

5.1 Steel or Iron—The specification, grade, or designation
and type and degree of surface contamination of the iron or
steel in articles to be galvanized shall be supplied by the
purchaser to the hot-dip galvanizer prior to galvanizing.

Notn 2-The presence in steels md weld metal, in certain percentages,
of some ciements such 2s silicon, carbon, and phosphorus tends o
woelerate the growth of the zine-iron alloy layer so that the coating mey
have a mstte Anish with little or no outes zinc Inyer The galvanizer has
only limited control over this condition. The mass, shape, and amouat of
wld working of the product being galvanized may also affect this
condition. Practice A 385 peovides d on steel ion and
discusses the effects of various elements in steel compositions (for
example, silicon), that influcace coating weight and appearsnce.

5.2 Fabrication—The design and fabrication of the product
to be galvanized are the ibilitics of the designer and the
fabricator. Practices A 143, A 384, and A 385 provide guidance
for steel fabrication for optimum hot dip galvanizing and shall
be complied with in both design and fabrication. Consultation
between the designer, fabricator, and galvanizer at appropriate
stages in the design and fabrication process will reduce future
problems.

5.3 Castings—The composition and heat treatment of iron
«nd steel castings shall conform to specifications designated by
the purchaser. Some types of castings have been known to
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show potential problems with predisposition 0 bemng em-
brittled during the normal thermal cycle of hot-dip galvanizing.
It is the responsibility of the purchaser to heat treat or
otherwise allow for the possibility of such embrittling phenom-
ena. The requirements for malleable iron castings to be
galvanized shall be as stated in Specification A 47.

5.4 Zinc—The zinc vsed in the galvanizing bath shall
conformn to Specification B 6, If a zinc alloy is used as the
prmary feed to the galvanizing bath, then the base material
used to make that alloy shall conform to Specification B 6.

5.5 Bath Composition—The molten metal in the working
volume of the galvanizing bath shall contain not less than an
average value of 98.0 % zinc by weight.

Note 3 The plvumw may choese to add trace amounts of certain
1 (for P i nickel, and tin) to the zine bath to help
m the processing of certain reactive steels or to enhance the cosmetic
appearance of the finshed product. The use of these trace elements is
permitted provided that the bulk ch y of the galvanizing bath is at
least 98.0 % zinc by weaght. The elements can be sdded to the galvanizing
bath s part of a pre-alloyed zine fied, or they can be added to the bath by
the galvanizer using n master feed alioy.

6. Coating Properties

6.1 Coating Thickness—The average thickness of coating
for all specimens tested shall conform to the requirements of
Table 1 for the categories and thicknesses of the material being
galvanized. Minimum average thickness of coating for any
individual specimen is one coating grade less than that required
in Table 1. Where products consisting of various material
thicknesses or categaries are palvanized, the coating thickness
grades for ecach thickness range and material category of
material shall be as shown in Table 1. In the case of orders in
SI units, the values in Table 1, shall be applicable as metric
units in micrometres. In the case of orders in inch-pound units,
the measured value shall be converted to coating grirde units by
the use of Table 2. The specification of ¢oating thicknesses
heavier than those required by Table | shall be subject to
mutual agreement between the galvanizer and the purchaser.
(Fig. 2 1s a graphic representation of the sampling and
specimen delineation steps, and Fig. 3 is a graphic representa-
tion of the coating thickness inspection steps.)

61 | For articles whose surface area is greater than 160
in.? [100 000 mm?] (multi-specimen articles), cach test article
in the sample must meet the appropriate minimum average
coating thickness grade requirements of Table 1, and each
specimen coating thickness prade comprising that overall

Nore |—FEach speci pri Ily oae third of the wial
suface arca of the article. A mini of five should be
made within the volume of cach specimen, as widely dispersed witlin that
volume as is pructical, so 8s 10 rep as much as possible, the general

coating thickness within that specimen volume,
FIG. 2 Articles Made of Many Componants

awerage for each test article shall average not less than one
ceating grade below that required m Table 1.

6.1 2 For articles whose surface area is egual to or less than
160 in.* [ 100 000 mm’] (single-specimen articles), the average
of all test articles in the sample must mcet the appropriate
mmnimum average coating thickness grade requirements of
Tuble 1, and for each test arucle, its specimen coating thickness
shall be not fess than one coating grade below thal reqquired in
Teble 1.

6,13 No individual measurement, or cluster of measure-
meants at the same general location, on a test specunen shall be
cauee for rejection under the conting thick ta of
ths specification provided that when those measurements arc
averaged with the other dispersed measurements to determine
ths specimen coating thickness grade for that specimen, the
rejuirements of 6.1.1 or 6.1.2, as appropriate are met,

Note &—The coating thickness grades in Table 1 represent the mini-
mum value obtainsble with & high level of confidence for the ranges
typically found in cach matenial category. While most costing thicknesses
will be in excess of those values, some materials in each category may be
less reactive (for ple, b of chemistry or surfoce condition) thin
other materials of the steel category spectrum. Therefore, some articles
miey have n coating grads at or ¢lose to the minimum requirement shown
in Table 1. In such cuses, the precision and accuracy of the coating
thickness measuning technique should be taken into consideration when
Tepeting such articles fnr counng thickness below that required by this
specification, Purcl g2 of heavier coatings than the
minimum thicknesses shown herein should use the special requirements
{s0¢ 4.1.6) to specify conting thickness grades higher than those shown in

TABLE 2 Coating Thickness Grade™

m mie azn? ym ar?
35 14 08 35 248
45 18 10 e 320
= 20 12 50 355
55 22 13 85 390
&0 24 14 60 425
& 26 5 65 480
75 30 27 7% 530
0 a1 19 &0 535
8 33 20 85 600

00 38 23 100 705

A The values in micrometres {|im) are based on the Costng Grads, Tha alhes valies are hased on canversions using the followng formulas: mils = pm =« 0.03937;

o2/ = pm % 0.02318; g/m = = pm x 7.067
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shall not be grounds for rejection (see Note 7). Surface
e Riysat Bl U Arbces Preseniad conditions related to deficiencies related to design, detailing, o
Flan e fabrication as addressed by Practice A 385 shall not be grounds
o for rejection. The zinc coating on threaded components of
FrheGon i articles galvanized under this specification shall conform to
that required in Specification A 153/A 153M, Surfaces that
Test remain uncoated after galvanizing shall be renovated in accor-
Articles Fit No Inspect each Material dance with the methods in Practice A 780 unless directed by
Singe Matenal Catogory Separalely the purchaser to leave the uncoated arcas untreated for subse-
legory quent renovation by the purchaser.
6.2.1 Each area subject to renevation shall be 1 in, [25 mm]
Yes or less in its narrowest dimension,
6.2.2 The total arca subject to renovation on each article
shall be no more than % of | % of the accessible surface arca
et to be coated on that article, or 36 in. per short ton [256 em” per
Article Surtace No Cne Specimen metric ton] of piece weight, whichever is less.
Area > 1680 in? or par Test Article Note S—Inaccessible surfice areas are thase which cannot be renched
100,000 mim? for appropriate surface preparation and application of repuir ials as
described in Practice A 780, Such i ble areas, for ple. would
Yeos be the intemnl surfaces of certain tanks, poles, pipes, tubes, sl so forth,
6.2.3 The thickness of renoyation shall be that required by
Subdivide Each Test the thickness grade for the appropriate material category and
Articke into Thiea - thickness range in Table T in accordance with the requirements
Specimen of 6.1, except that for removation using zinc paints, the
thickness of renovation shall be 50 % higher than that required
by Table [, but not greater than 4.0 mils.
624 When areas requiring renovation exceed the criteria
previously provided, or are inaceessible for repair, the coating
m vos shall be rejected.
Compies with Nom 6—The requirements for the finish of a galvanized product
Yes Saction 6.1 address themselves to a visual type of inspection, They do not address the
matter of messured costing thickness varistions that can be encountered
because of different steels or different thicknesses of & given steel bes
Mo l.ﬂ“ .F'* for used in an assembly. = Ei

Lot Passes for
Thickness

FIG. 3 Coating Thickness Inspection Steps

Table 1, In addition, 1h= purch should anticipate the need for test
batch o extra ‘steps, or both, such as blasting before
nrolm hids, to pt to teach the higher requirements

wlth oonslmu:y Some higher-than-standard thicknesses may be imprac-
tica| or unaitainable,

6.2 Finish—The coating shall be continuous {except as
provided below), and as reasonably smooth and uniform in
thickness as the weight, size, shape of the item, and necessary
handling of the item during the dipping and draining operations
al the galvanizing kettle will permit, Except for local excess
coating thickness which would interfere with the use of the
product, or make it dangerous to handle (edge tears or spikes),
rejection for nonuniform coating shail be made only for plainly
visible excess coating not related to design factors such as
holes, joints, or special drainage problems (see Note 6). Since
surface smoothness is a relative term, minor roughness that
docs not interfere with the intended use of the product, or
roughness that is related to the as-received (un-galvanized)
surface condition, steel chemistry, or steel reactivity to znc

Notp 7 Items which are prepared for galvanizing by abrasive clean-
ing will genecally develop a thicker coating with & moderutely rougher
surface.

6.3 Threaded Comp 15 in A. bli The zine coating
on external threads shall not be subjected to a cutting, rolling,
or finishing tool operation, uniess specifically authorized by the
purchaser. Internal threads are not prohibited from being
tapped or retapped after galvanizing. Coatings shall conform to
the requirements of Specification A 153/A 153M.

6.4 Appearance—Upon shipment from the galvanizing fa-
cility, galvanized articles shall be free from uncoated areas,
blisters, flux deposits, and gross dross inclusions. Lumps,
projections, globules, or heavy deposits of zinc which will
interfere with the intended use of the material will not be
permitted. Plain holes of Y-in. [12.5-mm] diameter or more
shall be clean and reasonably free from excess zine. Marks
the zinc coating caused by tongs or other items used in
handling the article during the galvanizing operation shall not
be cause for rejection unless such marks have exposed the base
metal and the bare metal areas exceed allowable maximums
from 6.2.1 and 6.2,2. The pieces shall be handled so that after
galvanizing (hcy will not freeze together on cooling.

Note 8 Depending upon product design ot ial thick
both, filming or cxcess zine buildep in plain boles of less than M-m
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[12.5-mm)] dinmeter may ocour that requires additional work to make the
holes usable a5 intended.

6.5 Adherence—The zinc coating shall withstand handling
consistenl with the nature and thickness of the coating and the
normal use of the article, without peeling or flaking,

Note 9-Alibough some material may be formed after galvanizing, in
general the zine coaling on the articles covered by this specification is too
heavy to permit severe bending without damaging the coating.

7. Sampling

T.1 Sampling of each lot shall be performed for conform-
ance with the requirements of this specification,

7.2 Alot is a unit of production or shipment from which 2
sample is taken for testing. Unless otherwise agreed upon
between the galvanizer and the purchaser, or established within
this specification, the lot shall be as follows: For testing at a
galvanizer's facility, a lot is one or more atticles of the same
type and size comprising a single order or a single delivery
load, whichever is the smaller, or any number of articles
identified as a Jot by the galvanizer, when these have been
galvanized within a single production shift and in the same
bath. For test by the purchaser after delivery, the lot consists of
the single order or the single delivery load, whichever is the
smaller, unless the lot identity, established in accordance with
the above, is maintained and clearly indicated in the shipment
by the galvanizer.

7.3 The method of selection and number of test specimens
shall be agreed upon between the galvanizer and the purchaser.
Otherwise, the test spect shall be selected at random from
each Tot, In this case, the minimum number of specimens from
cach lot shall be as follows:

Numbs! of Pecas in Lot Number of Specimens
3or ksa =l
4 o 500 3
501 to 1200 5
1201 to 3 200 8
3201 o 10 000 13
10001 ard over 20

Nomr: 10-~Where & number of identical items are to be galvanized, o
statistical sampling plan may be denmd Such a plan is contained in Test
MedmdBﬁOZw)uch dd d: for the inspection of

deposited metallic ngs and gelited finishes, I Test Metbod
B 602 is u:d, the level of sampling shall be agreed upon between the
galvanizer and the purchaser at the ime the coeting order is placed.

74 Atest specimen which fails to conform to a requirement
of this specification shall not be used to determine the
conformance to other requirements.

8. Test Methods

8.1 Test Regquirements—The following tests shall be con-
ducted to ensure that the zinc coating is being fumished in
accordance with this specification. The specifying of tests for
adhesion and embrittlement shall be subject to mutual agree-
ment between the galvanizer and purch Visual insy
of the coating shall be made for compliance with the require-
ments.

8.2 Thickness of Coating Test—The thickness of coaling is
determined by one or more of the three methods described as
follows.

8.2.1 Mag

ic Thickness M The thickness of

the coating shall be determined by magnetic thickness gage
measurements in accordance with Practice E 376 unless the
methods described m 8.2.2, 8.2.3, or 8.2.4 arc used. For each
specimen (as described in 3.2.9) five or more measurements
stall be made at points widely dispersed throughout the
volume occupied by the specimen so as to represent as much as
puactical, the entire surface area of the test specimen. The
average of the five or more measurements thus made for cach
specimen is the specimen coating thickness,

8.2.1.1 For articles whose surface arca is greater than 160
in? [100 000 mm?] (multi-specimen articles as described in
32.6), the average of the three specimen coating thickness
grades comprising each test article is the average coaling
thickness for that test article. A specimen must be evaluated for
esch steel category and material thickness within the require-
ments for cach specimen of the test article.

8212 Fovr articles whose surface area is equal to or less
than 160 in.* [100 000 mm’] (smglc-cpccmum articles as
described in 3.2.8), the average of all specimen coating
thickness grades is the average coating thickness for the
sample.

8.2.1.3 In the case of threaded components, the thickness of
ceating shall be made on & portion of the article that does not
include any threads,

8.2.1.4 The use of magnetic measurement methods is ap-
propriate for larger articles, and is appropriate for smaller
atticles when there 18 sufficient flat surface area for the probe
tip to sit flat on the surface using Practice E 376,

822 Stripping Method—The average weight of coating
shall be determined by stripping a test article, a specimen
removed from a test article, or group of test articles in the case
of very small items such as nails, etc., in accordance with Test
Method A 90/A 90M unless the methods described in 8.2.1,
823, or 824 are used. The weight of coating per unit area
thus determined 1s converted to equivalent coating thickness
velues in accordance with Table 2 (rounding up or down as
appropriate). The thickness of coating thus obtained is the test
article coating thickness, or in the case of a specimen removed
from a test article, is the specimen average coating thickness.

8.2.2.1 The stripping method is @ destructive test and is
appropriate for single specimen artickes, but is not practical for
multi-specimen articles,

8.2.3 Weighing Before and After Galvanizing—The average
waight of coating shall be determined by weighing articles
before and after galvamzing, subtracting the first weight from
thz second and dividing the result by the surface area unless the
mzthods described in 8.2.1, 8.2.2, or 8.2.4 arc used. The first
weight shall be determined after pickling and drying and the
sccond after cooling to ambient temperature, The weight of
ceating per unit area thus determined is converted to equivalent
ccating thickness values according to Table 2 (rounding up or
down as appropriate). The thickness of coating thus obtained 1s
th: test article coating thickness.

8.2.3.1 The weighing before and after method is appropnate
for single-specimen articles, but is not practical for multi-
specimen articles,

Note 11--Both the smipping method and the weighing before and after
method do not take into account the weight of iron reacted from the article
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that is incorparated into the caating. Thus, the methods may unds

d with Practice A 143. These tests shall not be

coating weight (and therefore the caleulated thickness) by up to 10 %. The
v of both methods will be infl d by the accuracy (o which the
surface area of the articles tested can be determined.

824 Microscopy—The thickness of coating shall be deter-
mined by cross-scctional and optical measurement in accor-
dance with Test Method B 487 unless the methods described in
8.2.1,8.2.2, or 8.2.3 arc used. The thickness thus determined is
a pomnt value, No less than five such measurements shall be
made at locations on the test article which are as widely
dispersed ss practical, so as to be representative of the whole
surface of the test article. The average of no less than five such
measurements 1s the specimen coating thickness.

8.2.4.1 The microscopy method is a destructive test and is

ppropriate for single-speci articles, but is not practical for
multi-specimen articles.

8.2.5 Referee Method—In the event of a dispute over
thickness of coating measurcments, the dispute shall be re-
solved as follows:

8.2.5.1 For multi-specimen articles, a new sample shall be
taken randomly from the lot of material, which has twice the
number of test articles as the sample which failed to conform
to this specification. 1f the lot size is such that the sample size
cannot be doubled, then the sample size shall be as previous,
but the number of widely dispersed sites at which measure-
ments were made shall be doubfed, and these sites will
constitute the new sample. This new sample shall be measured
using magnetic thickness gages which have been calibrated for
accuracy against reference material thickness standards. If the
lot is found 10 be nonconforming by the new sample, the
galvanizer has the right to sort the lot for conforming articles
by individual test, to re-galvanize non-conforming articles, or
to renovate the nonconforming articles in accordance with 6.2,

8.2.5.2 For single-specimen articles, o new sample shall be
taken randomly from the lot of material, which has twice the
number of test articles as the sample which failed to ¢onform
to this specification, The test method for the new sample shall
be selected by mutual agreement between the purchaser and
galvanizer. I the ot is found to be nonconforming by the new
sample, the galvanmizer has the right to sort the lot for
conforming articles by individual fest, to re-galvanize non-
conforming articles, or to renovate the nonconforming articles
in accordancé with 6.2,

8.3 Adhesion—Determine adhesion of the zinc coating to
the surface of the base metal by cutting or prying with the pomt
of @ stout knife, applied with considerable pressure in a manner

required unless strong evidence of embrittlement is present.

9. Inspection, Rejection, and Retest

9.1 Inspection by the Gal It is the responsibility of
the galvanizer 10 ensure compliance with this specification.
Thxs shall be achicved by an in-plant inspection program

fesigned to maintain the g thickness, finish, and appear-
ance within the requirements ot' this specification unless the
inspection is performed 1n accordance with 9.2,

9.2 Inspection By the Purchaser—The purchaser shall ac-
cept or reject material by inspection cither through the galva-
nizer's inspector, the purchaser’s inspector, or an independent
inspector, The inspector representing the purchaser shall have
access at all times to those arcas of the galvanizer's facility
which concern the application of the zinc Coating to the
material ordered while work on the contract of the purchaser is
being performed. The galvanizer shall #fford the inspector all
reasonable facilitics to satisfy him that the zine coating is being
furnished in accordance with this specification.

9.3 Location—The material shall be inspected at the galva-
nizer's plant prior to shipment. However, by agreement the
purchaser is not prohibited from making tests which govem the
acceptance or rejection of the materials in his own laboratory
or elsewhere.

9.4 Reinspecrion—When inspection of matenals to deter-
mine confommity with the visual requirements of 6.2 warrants
rejection of a lot, the galvanizer is not prohibited from sorting
the lot and submit it once again for acceptance after he has
removed any nonconforming articles and replaced them with
conforming articles.

9.5 The sampling plan that was used when the lot was first
inspected shall be used for resampling of a sorted lot. By
mutual agreement, the galvanizer is not prohibited from
submitting the lot remaining afler sorting and removing non-
conforming articles without replacement of the nonconforming
articles. In such case, the now-smaller lot shall be treated as a
new lot for purposes of nspection and acceptance.

9.6 Materials that have been rejected for reasons other than
embrittiement are not prohibited from being stripped and
regalvanized and again submitted for inspection and test at
which time they shall conform to the requirements of this
specification.

10. Certification
10.1 When specified in the purchase order or contract, the

tending to remove a portion of the coating. The adh shall
be considered inadequate if the coating flakes off in the form of
a layer of the coating 50 as to expose the base metal in advance
of the knife point. Do not use testing carried out at edges or
comers (points of lowest coating adhesion) to determine
adhesion of the coating. Likewise, do not use removal of small
particles of the coating by paring or whittling to determine
failure,

8.4 Embrittlement—Test for embrittiement shall be made in

purck shall be furnished certification that samples repre-
senting each lot have been either tested or inspected as directed
by this specification and the requircments have been met.
When specified in the purchase order or contract, a report of
the test results shall be furnished.

11. Keywords
11.1 costings—zinc; galvanized coatings; steel prod
metallic coated; zinc coatings—steel products
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1. Scope

1.1 This specification covers zinc costings applied by the
hot-dip process on iron and steel hardware,

1.2 This specification 1s intended to be applicable to hard-
ware items that are centrifuged or otherwise handled to remove
excess galvanizing bath metal (free zinc). Coating thickness
grade requirements reflect this,

1.3 This specification is spplicable to orders in either
mch-pound units (as A 153) or in SI umits (as A 153M).
Inch-pound units and SI units are not necessarily exact
equivalents. Within the text of this specification and where
appropriate, SI units are shown in brackets. Each system shall
be used independently of the other without combining values in
any way. In the case of orders in SI units, all testing and
inspection shall be done using the metric equivalent of the test
or inspection method as appropnate. In the case of orders in S|
units, such shall be stated to the galvamzer when the order 18
placed.

1.4 This standard does not purport to address all of the
safety concerns, if amy, associated with its usé. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

A 90/A 90M Test Method for Weight of Coating on Zine-
Coated {Gaivanized) Iron or Stecl Articles®

A 143 Practice for Safeguarding Against Embrittlement of
Hot-Dip Galvanized Structural Steel Products and Proce-
dure for Detecting Embrittlement®

A 385 Practice for Providing High-Quality Zinc Coatings
(Hot-Dip)*

A 780 Practice for Repair of Damaged and Uncoated Areas
of Hot-Dip Galvanized Coatings®

! This s under the jurisdi of ASTM Committes AM an

A 902: Terminology Relating to Metallic Coated Steel Prod-
ucts

B 6 Specification for Zinc (Slab Zinc)®

B 487 Test Mcthod for Measurement of Metal and Oxide
Coating Thicknesses by Microscopical Exmmmmon of a
Cross Section*

B 602 Test Method for Autribute Sampling of Mctallic and
Inorganic Coatings*

E 376 Practice for Measuring Coating Thickness by
Magnetic-Field or Eddy-Current (Electromagnetic) Test
Methods®

F 1470 Guide for Fastener Sampling for Specified Mechani-
cal Propertics and Performance Inspection®

F 1789 Terminology for F16 Mechanical Fasteners®

3. Terminology

30 Definitions:

3.1.1 The following terms and definitions are specific to this
spectfication. Terminology A 902 contains other terms and
definitions relating to metalli ted steel prod: Terminol-
ngy F 1789 contains other terms and definitions relating to
mechanical fasteners,

3.2 Definitions of Terms Specific to This Standard;

3.2.1 average coating thickness, n—ithe average of the
specimen coating thickness values for the samples in an
inspection lot.

3.2.2 bare spots, n—uncoated areas on the surface of the
steel part that contain no measurable zinc coating.

3.2.3 dross inclusions, n—the iron/zinc intermetallics
present in a galvanized coating in a form other than the layer
arowth of the coating.

3.2.4 individual measurement, n—the reading from a mag-
netic thickness gauge of a single coating spot thickness, or the
microscopic reading of a coating thickness as seen in an optical
microscope at one spot.

lenlhc-cmla! Tron and Skel Prodects and 1g the cnol P of
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3.2.5 inspection lo!, n—the quantity of identical parts
cleaned, fluxed and galvanized together at one time in an
appropriate confamer that is being submitted for acceptance as
a group.

3.2.6 malleable casting, n—a steel article that has been
subjected to a prolonged anneal to decarburize or graphitize the
part to remove as much of the carbon as possible or to convert
the carbon to graphite, which permits plastic deformation in
compression without rupture.

3.2.7 sample, n—a collection of individual units of product
from a single inspection ot selected in accordance with Section
6 and intended to represent that mspection lot for acceptance.

3.2.8 specimen, n—an individual test article upon which
thickness measurements or weight determinations arc per-
formed.

3.2.9 specimen coating thickness, n—ithe average thickness
from no less than five test measurements on a specimen, when
each measurement location is selected to provide the widest
dispersion (in all applicable directions) of locations within the
specimen volume,

3.2.10 threaded areas, n—the sections of a steel part that
have threads formed before hot-dip galvanizing.

4. Materials and Manufacture

4.1 Steel or Iron—Ferrous articles to be hot-dip zinc coated
shall conform to specifications designated by the purchaser.

4.2 Zinc—The zinc used for the coating shall conform to
Specification B 6 and shall be at least cqual to the grade
designated as “Prime Western,”

4.2.1 If a zinc alloy 1s used as the primary feed for the
galvanizing bath, then the base material used to make that alloy
shall conform to Specification B 6.

422 The molten metal in the working volume of the
galvanizing bath shall contain not Jess than an average value of
98.0 % zinc by weight [mass].

Nore |—The galvanizer may choose to add wace amounts of certam
clenents (for example, sluminurm, nickel, bismuth, or tin) to the zinc bath
1o help in the processing of certain redetive steels of o enhance the
cosmetic appearance of the finished product. The clements can be added

10 the galvanizing bath as a master feed alloy, or they can be added w the
bath by the galvanizer a5 individual feeds.

4.3 Minimum Coating Weight {Mass] or Minimum Coating
Thickness—The minmmum coating weight [mass] or the mini-
mam coating thickness shall conform to the requirements
prescribed in Table 1 for the material category and thickness of
material in which the article belongs.

4.4 Threaded Articles—The zinc coating on threads shall
not be subjected to a cutting, rolling, or finishing-tool opera-
ticn, unless specifically authorized by the purchaser. Tn order to
meet overtapping allowances, tapping the threads of nuts or
tapped holes after galvanizing is not prohibited,

4.5 Touch-up and Repair—Bare spots that are found on
parts after galvanizing shall be renovated by use of the methods
found in Practice A 780 if the following criteria are met. The
bare spots shall have an area totalling not more than | % of the
surface area to be coated excluding threaded areas of the piece
and the bare spots shall not include any threaded arcas of the
picce. The thickness of the repair shall be equal 1o the
surounding galvanized coating except for repairs made by
paints containing zine dust in which case the thickness of the
repair shall be 50 % greater than the thickness of the galva-
nized coating required for the class of matenal, but shall not be
greater than 4.0 mils {100 um}. Repair thickness measurements
shall be made in eccordance with Practice A 780. The galva-
nizer shall make repairs unless directed by the purchaser to
deliver items unrepaired for subsequent renovation by the
purchiser.

5. Workmanship, Finish, and Appearance

5.1 The zinc-coated articles shall be free from uncoated
arcas, blisters, flux deposits, dross inclusions, and other types
of projections that would interfere with the intended use of the
articles, or other defects not consistent with good galvanizing
practice.

5.2 The zinc coating shall be smooth and reasonably uni-
form in thickness,

Note 2—Smoothness of surface is & relative term. Minoe roughness
that does not interfere with the intended nse of the part, or roughaess that

TABLE 1 Thickness or Weight [Mass] of Zinc Coating for Various Classes of Material
 Note_1— Length of the peece, stated in Classes B-1, B-2, and B-3, refers 10 he finished dimension of the piece after fabrication.

Weignt (Mazs] of Zinc Coating, Coating Thickness, mis
czit’[gm?) o Surface, Minimum [microns], Mrimum
Clagsiof Maerni Aversgo of Ay Average of Any
Spocimens iy <p individual
Tosted Specimen Togted Soeciman
Clgss A—Csslings—Malleabie |ron, Steel 2.00 [610) 1.80 [550] 3.4 [96) 3179)
Class 8- Rollec, preszed, and forged articles
(excapt those which would b6 Inclxded under Classes C and Dy
B-1—54s in. [4.76 m] and over in thickness 2,00 [610) 150 [550] 3.4 [88) 319
and over 15 in. 1383 mm] in langth
B-2—under ¥ in. |4.76 mm) In thickness and 1.80 [458) 128 j381) 25 (58] 2,153
over 15 In. [381 mm] In length
B-3—arty thickness and 15 in, (381 mm] and under in kength 1.30 (397) 1.10 [336) 2.2 (58} 1.8 |48)
Class C—-Fastaners over 34 . 19.52 mmj b dameter 1.25 [381) 1.00 {305] 2.1 [53] 1.7 |43}
arvd similar anicies. Washers 3% In. and 54 in, [4.78 and 6.35
mem] in thickness
Class O—Fasteners % . [9.52 mm] and uncer n damater, 1.00 [308) 085 [269] 1.7 [43] 1.4 [36]

rivsts, nails and simllar articdas, Washers undar ¥ie I [4.76
] in thiconess
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is related to the as-received (ungalvanized) surface condition of the part,
shall mot be grounds for rejection.

Notr 3 Since this specification is applicable to items that are centri-
fuged or otherwise handled to remove cxcess bath metnl (see 12).

gular coating distributs hmx 1y 1. D

blems, which ifest th Ives us local excoss coating Iha:lmest
lhnl would interfere with function or a8 edge tears or spikes thal present
& safety huzard b of their sharp are grounds for rejection unler
the terms of 5.1,

5.3 Embrittlement is 3 potential condition of steel that is
cold-worked, depending on such factors as the steel type
(strength level, aging characteristics), thickness, degree of cold
work, and galvanizing process. The galvanizer, the designer
and the fabricator shall take precautions against embrittlement,
The precautions to fabricate properly and prepare the material
for palvanizing to prevenl embrittlement are described in
Practice A 143,

Note 4—Low scrvice temperatures increase the risk of brittle failure of
all pluin curbon steels including thase which have been galvanized. This
temperature embnttling effect vanes with type of steel. The expected
service tempersture should thus be taken into account when selecting
steels for galvanizing.

5.4 Malleable castings shall be of such composition as will
preclude the possibility that they become embrittled by the
galvanizing process, or they shall be either cooled from the
anneal, or subsequently heat-treated so as to inmunize them
against embrittlement.

5.5 The zinc coating shall adhere tenaciously to the surface
of the base metal.

S.6 1f the galvanized material covered by this specification
is beat or otherwise fabricated to the degree that causes the zinc
coatings to stretch or compress beyond the limit of elasticity,
any cracking or flaking of the coating resulting from the
bending or fabricating shall not be cause for rejection:

6. Sampling

6.1 Test specimens shall be selected at random from each
inspection lot.

6.2 The method of selection and sample size shall be agreed
upon between the galvanizer and the purchaser. Otherwise, the
sample size selected from each lot shall be as follows:

Number of Peces in Lot Sample Stze
3o ess all
4 1o 500 3
501 1o 1200 ]
1201 to 3200 8
3201 10 10000 13
10 001 and over 20

6.3 Aspecimen that fails to conform 1o a requirement of this
specification shall not be used o determine the conformance to
other requirements,

6.4 The method of sampling for fasteners that are required
to meet the standards of the Fastener Quality Act is described
in Guide F 1470. Sample quantities and definitions of termi-
nology are included in the referenced specification.

7. Test Methods
7.1 Tests shall be made to ensure that the zinc coating is

7.1.1 Thickness of coating in 4.3,

7.1.2 Finish and appearance in 5.1 and 5.2,

7.1.3 Embnittlcment in 5.3 and 5.4.

7.1.4 Adherence in 5.5.

7.2 Thickness of Coating:

7.2.1 The average weight of the zinc coating shall be
determined by weighing specimens after pickling and drying
and agein after galvanizing unless the method described in
7.2.2 or 7.2.3 is used,

Nors 5 This metbed does not take into account the weight of iron
eacted from the article thit is incorporated into the coating, It will thas
mderestimnte coating weight by up to approximately 10 %, Base metal
eactivity will affect the extent of underestimation,

7.22 In the case of matenials inspected afler galvanmizing,
he weight of coating shall be determined by stripping one or
Tore specimens in accordance with Test Method A 90/A 90M,
or the average thickness of coating shall be determined with the
1se of & magnetic thickness gage 1n conformity with Practice
E 376, unless the method described in 7.2.1 or 7.2.3 is used.

7.2.2.1 In the casc of fasteners such as bolts, nuts, and
screws, the determination of the thickness of coating shall be
made on a portion of the article that does not include any
“hreads.

7.2.3 The thickness of coating shall be determined by cross
section and optical measurement, unless the method described
n 7.2.1°0r 7.2.2 is used. The thickness thus determined is a
soint value. No less than five such measurements shall be made
1l locations on the test article, which are as widely dispersed as
aructical, 50 a3 to be reprecentative of the whole surface of the
«estarticle. The average of no less than five such measurements
1§ the specimen coating thickness.

1.3 Embrittlement—Hardware that 1s susceptible to em-
arittlement shall be tested in accordance with Practice A 143,
The tests shall be performed through agreement between the
zalvanizer and the purchaser.

7.4 Adherence—Determine adherence of the zinc coating to
‘he surface of the basc metal by cumng or prying with the point
of a stout knife, applied with id in & manner
‘ending to remove a portion of the coating. “The adherence shall
¢ considered inadequate if the coating flakes off in the form of
4 layer of skin 5o as to expose the base metal in advance of the
<nife point. Do not use testing carried out at edges or corners
[points of lowest coating adherence) to determine adherence of
coating. Likewise, do not use removal of small particles of the
coating by paning or whittling to determine failure,

3. Inspection

8.1 The inspector representing the purchascr shall have
access at all times while work on the contract of the purchaser
s being performed, to those areas of the manufacturer’s work
which concern the application of the zinc coating to the
matenal ordered. The manufacturer shall afford the inspector
all reasonable facilities to satisfy him that the zinc coating is
Seing fumnished in accordance with this specification. All
_nspecu'ou and tests shall be made al the place of manufacture
oriar to slupmems, unless otherwise specified, and shall be S0

being furnished in d with this specification and as
specified for the following:

Jucted as not fo interfere 1ly with the
of the works.

P
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9. Rejection and Retest

9.1 For all galvanized articles except those fasteners that
must meet the requirements of the Fastener Quality Act, the
following sections are used to determine rejection and retest-
ing. )
9.2 When partial inspection of materials 1o determine con-
formity with visual requirements of Section 5 warrants rejec-
tion of a lot, the galvanizer is not prohibited from sorting the
lot and submitting it once again for inspection.

9.3 The number of specimens in & sample of a lot permitted
to fail to conformance tests shall be agreed upon between the
galvanizer and the purchaser.

94 If a set of test specimens fails to conform to the
requirements of this specification, two additional sets shall be
tested, both of which shall conform to the requirements in
every respect, or the lot of material represented by the
specimens shall be rejected.

9.5 Materials that have been rejected for reasons other than
embnttlement are not prohibited from being stripped, regalva-
nized, and resubmitted for test and inspection. They shall then
conform to the requirements of this specification.

ASTM Internatonal takas no poation respecting the valdily of any prtent
dedavmination of the veially of any such patant dahts, and the risk
dmmwmdammmmwmumwry
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Lisers of this ae ly @avised that

18, Packaging

10.1 The supplicr shall employ such methods of packaging
zinc-coated articles as shall be required to ensure their receipt
by the purchaser in satisfactory condition, with the use to be
made of the article being taken into consideration,

11. Certification

11.1 When specified in the purchase order or contract, the
perchaser shall be furnished certification that samples repre-
senting each inspection lot have been either tested or inspected
as directed by this specification and the requirements have been
met, When specified in the purchase order or contract, a report
of the test results shall be furnished.

12, Keywords

12.1 coatings, zinc; galvanized coatmgs; steel hardware,
zine coated; steel preducts, metallic coaled; zine goatings, steel
products
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