AS 3894.3—2002 (Reconfirmed) 2013-11-12

STANDARDS AUSTRALIA

RECONFIRMATION

OF
AS 3894.3—2002
Site testing of protective coatings
Method 3: Determination of dry film thickness

RECONFIRMATION NOTICE

Technical Committee CH-003 has reviewed the content of this publication and in
accordance with Standards Australia procedures for reconfirmation, it has been determined
that the publication is still valid and does not require change.

Certain documents referenced in the publication may have been amended since the original
date of publication. Users are advised to ensure that they are using the latest versions of
such documents as appropriate, unless advised otherwise in this Reconfirmation Notice.

Approved for reconfirmation in accordance with Standards Australia procedures for
reconfirmation on 25 September 2013.

The following are represented on Technical Committee CH-003:

Australasian Corrosion Association
Australian Paint Approval Scheme
Australian Paint Manufacturers' Federation
Australian Pipeline Industry Association
Water Corporation Western Australia

Accessed by MONASH UNIVERSITY LIBRARY on 16 Jun 2015 (Document currency not guaranteed when printed)

Documents

Document Sharing Hub

Full document details: AS 3894.3-2002 (2013)


http://www.avadocuments.com/doc/as-3894-3-2002-2013
http://www.avadocuments.com/doc/as-3894-3-2002-2013

NOTES

Documents

(paund usym pasjuesent Jou Aousiind JuBWINI0Q) GTOZ UNL 9T U0 AHVHEIT ALISHIAINN HSYNOW Aq passadoy

Document Sharing Hub

Full document details: AS 3894.3-2002 (2013)


http://www.avadocuments.com/doc/as-3894-3-2002-2013
http://www.avadocuments.com/doc/as-3894-3-2002-2013

1 AS 3894.3—2002
Reconfirmed 2013

Australian Standard™

Site testing of protective coatings

€'768¢ SV

Method 3: Determination of dry film thickness

PREFACE

This Standard was prepared by the Australian members of the Joint Standards
Australia/Standards New Zealand Committee CH-003, Paints and Related Materials, to
supersede AS/NZS 3894.3:1993. After consultation with stakeholders in both countries,
Standards Australia and Standards New Zealand decided to develop this Standard as an
Australian Standard rather than an Australian/New Zealand Standard.

The terms ‘normative’ and ‘informative’ have been used in this Standard to define the
application of the appendix to which they apply. A ‘normative’ appendix is an integral part
of a Standard, whereas an ‘informative’ appendix is only for information and guidance.
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FOREWORD

When determining a method of measuring the dry film thickness of a protective coating in
the field, the following factors need to be taken into account:

(a) The need for an uncoated reference substrate that has a surface preparation identical
to that of the work piece.

(b) Provision of standard test blocks bearing a calibrated non-magnetic coating that is
traceable to a national Standard, i.e. NBS or DIN.

(c)  The utilization of non-magnetic or non-metallic shims.

(d) Calibration of instruments and adjustment of instruments.

(e) Examination of coating on various faces as a sampling process.
(f)  Expression of results.

The protective coating system examined here is not a separately manufactured article but
one that is part of a manufactured product. There are several ways in which the concept of
thickness, or its quantitative expression, differs from those criteria that usually characterize
the thickness of sheets, foils, films, plates and tubes.

The durability of the protective coating system can be governed by the thickness of film,
above the asperities of the substrate that is lying outside the peaks of the surface profile.
Measurement of this film thickness at a large number of arbitrarily chosen spots on the test
piece will commonly yield a number of readings, some of which are 50% greater than
others. At the same time, on any face of the test piece, a mean value for a large number of
readings will differ from the mean value of the reading observed on another face. It is the
objective of this Standard to achieve uniformity of practice in dealing with such a
distribution of film thickness values.

The coating surface in view may be sensibly smooth even though it has a waviness on the
large scale. As well as being hidden and inaccessible to the instrument, the underside of the
protective film replicates the irregularity of the surface profile, on both the small and the
large scale.

Many of the methods available for examining the dry film thickness of a paint coating on a
test panel are not for the use of site testing of protective coatings because of the inability to
weigh the work piece, measure volume of coatings, or to mar the coating by destructive
testing. It is for this reason that only non-destructive instruments, operating on magnetic or
electromagnetic principles, have any practical use. The range of thicknesses of protective
coatings is usually beneath the level of discrimination of acoustic instruments.

ISO 2808, and Steel Structures Painting Council Specification SSPC-PA-2 provide
additional information on the determination of film thickness.
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METHOD
1 SCOPE

This Standard provides practical test methods for the on-site determination of the range of
thicknesses and the mean dry film thickness of a protective coating system, or its
component coats, upon a metallic structure or fabrication.

The coated fabrications to which the methods may be applied include tanks or reservoirs,
bridge girders, equipment used in processing chemicals or petroleum, pipelines, and
fabricated articles such as vehicles, white goods and other items of industrial production,
where there is lack of uniformity of substrate thickness, metallographic character, surface
condition and the film of the protective coating.

NOTES:

1 Appendix A provides a laboratory test method for the microscopic determination of the
thickness of the film adhering to a substrate. This method would only be used where no other
method is acceptable.

2 Appendix B provides a method for determining the thickness of a flake of the coating using
an optical microscope.

3 ISO 2808 provides information on additional methods of determining film thickness.
2 REFERENCED DOCUMENTS

The following documents are referred to in this Standard:

AS

1199 Sampling procedures and tables for inspection by attributes

1399 Guide to AS 1199—Sampling procedures and tables for inspection by
attributes

2483 Testing of coatings

AS/NZS

1580 Paints and related materials—Methods of test

1580.108.2  Method 108.2:  Dry film thickness—Paint inspection gauge

2310 Glossary of paint and painting terms

2312 Guide to the protection of iron and steel against exterior atmospheric
corrosion

ISO

2808 Paints and varnishes—Determination of film thickness

3 DEFINITIONS
For the purpose of this Standard, the definitions of AS/NZS 2310 and those below apply:
3.1 Dry film thickness

The thickness of the coating measured, at any location on the test surface, above the peaks
of the profile (anchor pattern or surface profile) of the substrate.

3.2 Primary standards

Reference standards that are maintained and housed under controlled conditions at the
principal office of the test organization.

3.3 Reference substrate

A surface used to set the instrument zero, and for comparing results obtained from the test
piece.
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3.4 Secondary standards
Standards that are referenced to the primary standards and are used in the field.

4 TEST METHODS

The coating film thickness may be measured using magnetic pull-off gauges (see clause 9),
or by eddy current or magnetic induction type instruments (see clause 10) of the type
generally described in Table 1:
NOTES:
1 Owing to the inherent inaccuracies of some magnetic pull-off gauges, they are recommended
only for process control operations, where accurate and reproducible measurements are not
required.

2 Appendix C provides a method for determining the wet film thickness during application of a
coating, which will assist applicators in achieving the required dry film thickness.

5 PRECAUTIONS

The accuracy of measurement of a coating thickness may be affected by a number of
factors. The following precautions should be observed:

(a) Calibration The instrument should be calibrated in accordance with Appendix D
prior to use, re-calibrated after each hour and rechecked at the end of the work period.

(b) Substrate thickness For each instrument, there is a critical thickness of metal
substrate below which the accuracy of the instrument cannot be assured. Since this
thickness depends on both the measuring frequency of the probe system and the
electrical conductivity or the magnetic permeability of the substrate, its value should
be determined experimentally, unless it is specified by the manufacturer of the test
instrument.

(c) Edge effects Measurements should not be taken close to an edge, hole or inside
corner of a test specimen unless the instrument is calibrated for such measurements.

(d) Curvature Measurements are affected by the curvature of the specimen. The
influence of curvature varies considerably, depending on the make and type of
instrument, but always becomes more pronounced as the radius of curvature
decreases. Measurements made on curved test specimens will therefore not be valid
unless the instrument is specifically calibrated for such measurements.

(e) Surface profile and roughness Measurements are influenced by the surface
topography of the substrate and of the coating. Rough surfaces and the anchor pattern
of a surface profile can cause both systematic and random errors.

(f) Foreign particles The probes of the coating thickness gauge need to make contact
with the test surface. The instruments are therefore sensitive to any foreign material
that prevents intimate contact between the probe and surface of the coating. The
probe tip should be checked periodically for cleanliness and foreign particles
removed using plasticine or similar material.

(g) Soft coatings Soft coatings may be deformed by the probe. Valid measurements on
such test specimens may only be possible with the use of special probes or fixtures.
NOTE: When softness of the film is caused by the degree of cure, it may be necessary to
defer testing.

(h) Surface contamination Sticky, greasy, tacky material, or other types of
contaminants, may cause a build-up on the probe, so care should be taken that such
material does not affect measurements.

NOTE: If contamination is severe, it may become necessary to defer the testing.
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(i) Probe pressures Excessive pressure on the probe may damage a coating. Care
should be taken to ensure that magnetic instrument probes are held vertically and that
the coating is not damaged by the probe when determining measurements.

(j)  Electromagnetic fields Instruments may not operate correctly in the presence of
strong electromagnetic fields. Inaccurate results may be obtained where strong fields
are present, e.g. near aluminium smelter pot lines or in the vicinity of electric welding
activities.

(k) Magnetic properties of pigments The magnetic effect of certain pigments and
extenders, such as micaceous iron oxide (MIO) and red iron oxide, can affect the
accuracy of measurements obtained from some instruments.

NOTE: Such errors are usually within the normal accuracy of the instrument and may not be
significant.

(1)  Temperature effects Extremes of temperature may influence both the readings
obtained from the instrument and the deformation properties of the coating being
measured.

6 INSPECTION PERIOD
All thickness testing on the coating shall be performed at an appropriate time—

(a) after the coating manufacturer’s specified handling time has elapsed, or when the
coating has hardened sufficiently so that it is not deformed by the application of the
probe;

(b) before the maximum permissible recoating period has elapsed; and

(¢) not more than seven days after the manufacturer’s specified handling time has
elapsed.

7 INSPECTION PLANS
7.1 General

When devising an inspection plan for the number of measurements required to determine
the thickness of a coated finish, it is necessary to consider such aspects as—

(a) the extent and duration of the project;
(b)  when the inspection work is to be carried out;

(¢) the configuration of the coated work, including the presence of braces, supports and
other appurtenances; and

(d) the pattern of inspection points that has proved acceptable for previous projects that
have used the same coatings, the same methods of application, and operatives of
equivalent skill.

Clauses 7.3 to 7.5 provide a guide to inspection plans that have been found appropriate for
different programs of work. As each of Clauses 7.3 to 7.5 offers a different inspection plan,
a procedure appropriate to the specific program of work needs to be selected.

7.2 Point reading

When determining a reading at a point on the coating, a single reading is sufficient.
However, for suspect or disputed readings the mean of three separate gauge readings, taken
within the area of a 12 mm diameter, should be recorded.

7.3 Large surface areas

For large areas of flat or uniformly curved coated surfaces, five separate point readings (see
Clause 1.7.2), evenly spaced throughout, should be made in each 10 m* area examined. The
10 m? inspection areas should be selected as follows:
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(b)

(c)

(d)

7 AS 3894.3—2002

Structures not exceeding 30 m* Each 10 m” area should be measured.

Structures not exceeding 100 m*  Three 10 m” areas should be chosen at random and
measured.

Structures exceeding 100 m*  The first 100 m? area should be measured in accordance
with Option (b), and for each additional 100 m* area, a 10 m” area should be chosen at
random and measured.

Where the thickness for any 10 m” area chosen in accordance with Option (b) or (c)
does not meet the required specification, then each 10 m” area of surface should be
measured.

NOTE: This inspection plan is recommended by the National Association of Corrosion Engineers
(NACE) and Steel Structures Painting Council Specification SSPC-PA-2.
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TABLE 1
TYPICAL PROPERTIES OF FILM THICKNESS INSTRUMENTS
Instrument Typical
No. Test range | instrument | Application Scale Calibration Remarks
Type accuracy
1 Pencil gauge | 0-600 pm +15% Magnetic Fixed Nil Inherently
. substrates variable in its
Magnetic
pull-off accuracy
Suitable for
mid-range
readings only
on horizontal
surfaces
2 Banana gauge | 0-10 000 pm | +10% Magnetic Fixed Single Suitable for
Magnetic using substrates point use in any
. separate orientation
torsion pull- .
off models models locations
Hand-held,
portable, of
moderate cost
and suitable
for process
control
3 Multi-reel 0-2000 pm 5 um* Magnetic or Fixed Single Solid state
readout or non-ferrous point electronic
. +5% substrates, instrument
Magnetic . .
induction according to suitable for
model all
Electro- applications
mechanical and
operation orientations
Small,
compact,
battery-
operated,
hand-held
4 Magnetic 0-2500 pm +5 um* Magnetic or Adjustable | Two points | Solid state
induction or non-ferrous electronic
. +5% substrates, instrument
Electronic . .
operation according to suitable for
model all
Analogue applications
read out and
orientations
Small,
compact,
battery-
operated,
hand-held
5 Magnetic 0-20 000 pm | £2 pm* Magnetic Adjustable | Two points | Suitable for
induction or substrates all
Electronic- 1% only applications
digital liquid up to and rough
12 500 pm surfaces
crystal
display +5% greater Microprocess
(LCD) than or control
12 500pum
L1
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TABLE 1 (continued)

Instrument Typical
No. Test range | instrument | Application Scale Calibration Remarks
Type accuracy
(continued)
6 Magnetic 0-10 000 pm | +2 pm* Magnetic or Adjustable | Two points | Microprocess
induction and or non-ferrous or control for

eddy current

+1% up to substrates

all

Micro- 12 500 pm applications
+5% greater .
processor than Statistical/
computer memory
controlled 12500 pm capacity/
LCD batch analysis
Hard copy
facility
7 Paint 0-1.3 mm +10% All substrates | — Certificate Hand-
inspection for cutter operated
gauge (PIG) optical
Cutter and microscope. A
. destructive
optical
microscope test (refer to
AS
1580.108.2)
8 Optical — +2 um Measurement | — Referee
microscope of film flake method
with Not suitable
magnification for site use
up to 500x

* Whichever is the greater.

and ceramics.

TABLE 2

NOTE: Ultrasonic gauges are available to measure coating thickness on concrete, masonry, timber, glass

SAMPLE INSPECTION PLAN FOR COATING

Number of 10 m? areas
in a batch

(Batch size)

Number of 10 m?
areas to be
randomly selected
for test

(Sample size)

Maximum number
of defective 10 m’
areas for batch to be
accepted

(Acceptance number)

2 to 8
9 to 15
16 to 25

26 to 50
51 to 90
91 to 150

151 to 280
281 to 500
501 to 1200

1201 to 3200
3201 to 10 000
10 001 and over

2
3
5

8
13
20

32
50
80

125
200
315

0

—_— 0 o OO

~N W W N~

—
o
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7.4 Small surface areas
For small items and coating areas, point thickness measurements may be taken as follows:
(a) Flat areaslessthan 10 n¥ A minimum of 3 point readings per square metre.

(b) Pipework At each metre of pipe run, point readings shall be taken evenly around the
circumference as follows:

Nominal pipe Number of
. PIp circumferential
size, mm .
readings
<150 2
>150 <300 4
>300 <600 6

(c¢) Beamg/angles One reading on each flat face less than 300 mm in width, for each
linear metre.

7.5 Statistical sampling

Depending on the nature of the work, it may be appropriate to devise a specific inspection
plan based on statistical sampling. Such a procedure will only be effective if the following
requirements are met:

(a) The sample is drawn randomly from work of known history. The sample should
enable verification of coatings produced at essentially the same time using essentially
the same process and system of control.

(b) For each situation, a suitable inspection plan needs to be defined. An inspection plan
devised for one contractor of given capability, when applying a particular coating,
may not be relevant to another contractor applying the same coating.

For statistical sampling to be of value, the contractor needs to have a demonstrated
level of expertise. Sampling and the establishment of an inspection plan should be
carried out in accordance with AS 1199, guidance to which is given in AS 1399.

NOTE: Table 2 provides an example of an inspection plan based on an AQL of 1.5%.
8 INSPECTION OBJECTIVES
8.1 General

The procedures of Clause 9 or Clause 10 shall be followed, according to the type of
instrument employed, to record an appropriate number of determinations with a properly
calibrated instrument.

The objective is to ascertain whether the structure or steel fabrication has the desired
thickness of protective coating; however, this is commonly a contractual matter between at
least two parties. For any point at which a measurement reveals a reading that is outside the
specification limits, it is not only necessary to inspect closely the immediate area to
establish the extent of the out-of-specification film, but also to identify and mark it for
further consideration or action.

The criteria for further action will depend upon the service to which the substrate is likely
to be exposed, and are given in Clauses 1.8.2 to 1.8.4. In some instances, it may be essential
that the specified maximum coating thickness be not exceeded, to ensure adequate
performance of the coating.

8.2 Severe environment
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