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Standard for Safety for Electrical Metallic Tubing — Steel
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Summary of Topics

This revision dated April 28, 2023 includes the following changes in requirements:
— Introduction of a Range for the Specific Gravity; 6.2.2.1

— Electrical Metallic Tubing, Addition of trade sizes 5” & 6” in Steel; 5.1.2, Table 5.1, 6.2.2.5,
Table 5.2, B.1 and Table F1

— Rempval of “for reference only (not a requirement)” from Table 5.2
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Comments or proposals for revisions on any part of the standard may be submitted to ANCE, CSA
Group, or UL at any time. Revisions to this standard will be made only after processing according to the
standards development procedures of ANCE, CSA Group, and UL. CSA Group and UL will issue
revisions to this standard by means of a new edition or revised or additional pages bearing their date of
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1-888-853-3503.
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Preface

This is the harmonized ANCE, CSA Group, and UL standard for electrical metallic tubing — steel. It is the
third edition of NMX-J-536-ANCE, the second edition of CSA C22.2 No. 83.1, and the ninth edition of UL
797. This edition of CSA C22.2 No. 83.1 supersedes the previous edition published in 2004. This edition of
UL 797 supersedes the previous edition published June 30, 2004. This harmonized standard has been

jointly revised on April 28, 2023. For this purpose, CSA Group and UL are issuing revision pages dated
April 28, 2023, and ANCE is issuing a new edition dated April 28, 2023.

This harmonized standard was prepared by the Association of Standardization and Certification (ANCE),
CSA Group, and Underwriters Laboratories Inc. (UL), and the conduit manufacturing industry. The efforts
and support of the Technical Harmonization Subcommittee for Conduit and Tubing, of the Council of the
Harmonizatiop of Electrotechnical Standards for the Nations of the Americas (CANENA) are gratefully
acknowledged.

This standard is considered suitable for use for conformity assessment within<the stateq scope of the
standard.

The present Mexican standard was developed by the CT 23 Electrical Accesories from the Comite de
Normalizacion de la Asociacion de Normalizacion y Certificacion, A.C.\CONANCE, with th¢ collaboration
of the Electrical Metallic tubing — steel manufacturers and users.

This standarg was reviewed by the CSA Subcommittee -on Metal Conduit and Tubihg, under the
jurisdiction of the CSA Technical Committee on Wiring “\Products and the CSA Strajegic Steering
Committee oph Requirements for Electrical Safety, and\has been formally approved by|[the Technical
Committee. This standard has been developed in compliance with Standards Coung¢il of Canada
requirements [for National Standards of Canada. ltthas been published as a National Standpard of Canada
by CSA Group.

Application ¢f Standard

Where referepce is made to a specific number of samples to be tested, the specified nymber is to be
considered a minimum quantity,

Note: Although the intended primary“application of this standard is stated in its scope, it is important to note that it remains the
responsibility of the users of the'standard to judge its suitability for their particular purpose.

Level of harmonization

equwalent standard is a standard that is substantially the same in technical content except as foIIows
Technical deviations are allowed for codes and governmental regulations and those recognized as being
in accordance with NAFTA Article 905, for example, because of fundamental, climatic, geographical,
technological or infrastructural factors, scientific justification, or the level of protection that the country
considers appropriate. Presentation is to be word for word except for editorial changes.

Reasons for differences from IEC

The Technical Harmonization Subcommittee identified several IEC standards that address electrical
conduit and tubing included in the scope of this standard. The IEC standards for electrical conduit and
tubing are recognized as being generally system-specific, containing the requirements for the relevant
conduits, tubing, and associated fittings in several discrete IEC standards.
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3.6 Electrical metallic tubing — steel (EMT). An unthreaded steel raceway of circular cross-section
designed for the physical protection and routing of wire conductors and for use as an equipment grounding
conductor when installed utilizing appropriate fittings.

3.7 Primary coating. A coating on the outside of the tubing for protection against corrosion. See Clause
5.3.1.1.

3.8 Supplementary coating. A coating on the outside of the tubing in addition to the primary coating, for
protection against severe corrosive conditions. See Clause 5.3.5.

4 Units of measurement

4.1 In Canada and Mexico, the values given in S| (metric) units shall be normative. Any other values
given shall be for information purposes only.

In the United $tates, the values stated in either Sl units or inch-pound units shallybe regarded separately
as standard. Tlhe values stated in each system may not be exact equivalents; therefore, each system shall
be used independently of the other. Combining values from the two systems-\¢an result in nopconformance
with the standard.

5 Construction
5.1 Tube

5.1.1 Each thbe shall be of steel, shall be straight, and shall have a circular cross-sectipn. All seams
shall be thoroyghly welded.

5.1.2 A welded seam shall not have metal trimmings, sharp edges, or sharp projections on|the interior or
exterior surfades of the tube. A slight bead.on the interior wall at the weld line shall be allowgd if the bead
is not sharp and if the bead does not exceed 0.38 mm (0.015 in) in height for the trade size 16 — 53 (1/2 —
2) or 0.51 mm|(0.020 in) in height for the trade size 63 — 155 (2-1/2 — 6).

5.1.3 Beforelthe protective coating is applied, the interior and exterior surfaces of each tubg¢ shall be free
from scale, flagh, or any otherprotrusion, other than as specified in Clause 5.1.2.

5.1.4 The end of the tubing shall be cut off squarely and shall be without any burrs and sharp edges.

5.1.5 Electri¢al.metallic tubing shall not be threaded unless the integral fittings mentioned|in Clause 5.5
are steel, and fhe_thread is not of the standard pipe-thread dimensions.

5.2 Finished tubing

5.2.1 The outside diameter and the minimum weight of finished electrical metallic tubing shall be as
indicated in Table 5.1. The standard length of electrical metallic tubing shall be 3.05 m (10 ft) £6 mm (£1/4
in). Each length of EMT shall be examined visually on both exterior and interior surfaces to determine the
absence or presence of poor coatings, hard scale, burrs or fins, or other defects. See Annex D.

5.2.2 Lengths, other than standard lengths, shall have a minimum acceptable weight proportional to the
weights specified in Table 5.1. The length tolerances in Clause 5.2.1 shall be applicable for non-standard
lengths.
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Table 5.1
Dimensions and Weights
Minimum Minimum
Outside diameter, acceptable Outside diameter, acceptable
Metric designator mm weight, kg/m Trade size in weight, Ibs/ft

16 17.93+0.13 0.424 12 0.706 + 0.005 0.285
21 23.42+0.13 0.647 3/4 0.922 +0.005 0.435
27 29.54 +0.13 0.952 1 1.163 £ 0.005 0.640
35 38.35+0.13 1.414 1-1/4 1.510 £ 0.005 0.950
41 4420+ 0.13 1.637 1-1/2 1.740 £ 0.005 1.10
53 55.80+0.13 2.083 2 2.197 £ 0.005 1.40
63 73.03+0.25 3.051 2-1/2 2.875+0.010 2.05
78 88.90 +0.38 3.720 3 3.500 £ 0.015 2.50
91 101.60 £ 0.50 4.837 3-1/2 4.000 +0.020 3.25
103 114.30 £ 0.50 5.506 4 4.500 +(05020 3.70
129 141.30+£0.50 2.732 5 5.563 £0.020 7.00
155 168.28 + 0.50 3.263 6 6.625 + 0.020 8.37

5.2.3 Other dimensions of EMT complying with the requirements in‘this standard are proviqg

ed in Annex B

for information only.
5.3 Protective coatings

5.3.1 General

5.3.1.1 Theexterior surface of EMT shall be protected against corrosion by a coating solely of zinc, as
described in Clause 5.3.2, or an alternate cerrosion-resistant coating, as described in Clatise 5.3.3. The
interior surface of the tubing shall be protected against corrosion by a coating of zinc or an ofganic coating,
as described in Clauses 5.3.2 and 5.3 4 respectively. See Annex C for an overview.

5.3.2 Zinc doating

5.3.2.1
smooth and fi
in metal-to-m

e from blisters and other defects that can lessen the protective value of the cgating, shall be

A p%tective coating-of zinc shall cover completely, shall adhere firmly at all ppints, shall be
tal contact with the steel, and shall comply with Clause 6.2.2.

5.3.3 Alternate corrosion-resistant coating

5.3.3.1 An alternate corrosion-resistant coating shall cover completely, shall adhere firmly at all points,
and shall be smooth and free from blisters and other defects that can lessen the protective value of the
coating.

5.3.3.2 An alternate corrosion-resistant coating shall comply with the requirements of Clause 6.2.4. The
tubing or elbow shall be subjected to the assembly, bending, resistance, pull, and fault current tests in
accordance with Reference Item No. 3, Annex A, with both set-screw and compression type couplings,
without removal of the alternate corrosion-resistant coating.

5.3.3.3 Tubing provided with a nonmetallic alternate corrosion-resistant coating that is not marked with a
temperature designation, or is marked "90°C" (“200°F”), is for use in ambient temperatures that do not
exceed 90°C (200°F). It is not prohibited that tubing provided with a nonmetallic alternate corrosion-
resistant coating that is for use at temperatures in excess of 90°C (200°F) be marked with a rating that has
been evaluated in accordance with Clause 6.2.4.4.1.
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Table 5.2
Minimum Dimensions of Elbows
Length Lg of Each i Length L of Each
Radius R to Straight End Radius R to Straight End
Centerline of Portion of Centerline of Portion of
Tubing, Tubing, Tubing Tubing,
Metric Designator mm mm Trade Size in in

16 102 38 1/2 4 1-1/2
21 114 38 3/4 4-1/2 1-1/2
27 146 48 1 5-3/4 1-7/8
35 184 51 1-1/4 7-1/4 2
41 2710 51 =172 8-171% 2
53 241 51 2 9-1/2 2
63 267 76 2-1/2 10-1/2 3
78 330 79 3 13 3-1/8
91 381 83 3-1/2 15 3-1/4
103 406 86 4 16 3-3/8
129 610 92 5 24 3-5/8
155 762 95 6 30 3-3/4

5.5 Expandpd-end integral couplings

5.5.1 Electrical metallic tubing may be provided with ancintegral fitting such as an expangled end. Each
such fitting shall comply with the relevant standard for<ittings for conduit, tubing, and cabl¢ in Reference

Item No. 6, Apnex A.

6 Testrequjrements

6.1 Tube

6.1.1 At ambient temperature, one specimen of the smallest available trade size of EMT shall be capable
of being bent|into a quarter of aycircle, without the formation of any cracks in the metal, the opening of
seam or weld] or the appreciable distortion of the circular cross-section of the tube. Compliance of tubing
with this requ{rement regarding cracks and openings shall be determined, after bending, by|subjecting the
tubing to a vigual examination.

6.1.2 After heing conditioned at a temperature of 0°C (32°F) for 60 min, one specimen o¢f the smallest
available trade‘size of finished tube shall be capable of being bent into a quarter of a ciTcIe using any

suitable bending equipment capable of producing elbows with a radious of the curve to the centerline not
less than that referenced in Table 5.2. The same specimen may also be used to determine compliance
with the coating test in Clause 6.2.1.3. Compliance shall be determined by bending the tube using any
suitable bending equipment capable of producing elbows with a radius of the curve to the centerline not
less than that referenced in Table 5.2. The tube shall not develop a crack and the weld shall not open. The
test shall be conducted inside the cold chamber or shall begin within 15 s of removal from the cold
chamber. Tubing that is provided with a nonmetallic alternate corrosion-resistant coating and that is
marked with a temperature rating below "0°C" ("32°F") shall be conditioned at the rated temperature. The

rated temperature shall be any temperature below 0°C (32°F) in 5°C (9°F) increments.

6.1.3 Deleted
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6.2 Protective coatings
6.2.1 General

6.2.1.1 The protective coating used on the interior or exterior of the tubing shall not crack or flake, as
visible using normal or corrected to normal vision, when a finished specimen of the smallest available
trade size produced by the manufacturer is tested at ambient temperature. Testing shall be performed by
bending the tubing into a semi-circle, using any suitable bending equipment capable of producing elbows
with a radius of the curve to the centerline not less than that referenced in Table 5.2.

6.2.1.2 Deleted

6.2.1.3 One ppecimen of the smallest available trade size of finished tube shall be capable| of being bent
into a quarter pf a circle using any suitable bending equipment capable of producing elbowsg with a radius
of the curve tg the centerline not less than that referenced in Table 5.2 being conditioned at & temperature
of 0°C (32°F) for 60 min. The tube shall not develop a crack and a weld shall not-gpen. The [coatings shall
not be damaged to the extent that bare metal is exposed or that the coating separates from the metal. The
test shall be cpnducted inside the cold chamber or begun within 15 s of retmoval from the ¢old chamber.
Tubing that is |provided with a nonmetallic alternate corrosion-resistant coating and that is marked with a
temperature nating below "0°C" ("32°F") shall be conditioned at,the rated temperatufe. The rated
temperature shall be any temperature below 0°C (32°F) in 5°C (9°F)drcrements.

6.2.1.4 For iglentification of compounds, a nonmetallic material used as an alternate corrgsion-resistant
or organic cogting shall be subjected to the infrared spectroscopy (IR), thermogravimetric anpalysis (TGA),
and differentigl scanning calorimetry (DSC) tests speeified in the applicable standard [for polymeric
materials. Seg Reference Item No. 7, Annex A.

6.2.1.5 The{
6.2.2 Zinc c¢
6.2.2.1 A sol

cupric sulfate
container in w|

hot distilled water. The purpose'is to obtain a solution that has a specific gravity within the r|

to 1.189 after
might be pres
gram of cupri
water to obtain

upplementary coating described in-Clause 5.3.5 need not comply with 6.2.1.1,
bating
ution of copper sulfate for this test shall be made from distilled water and a rez

CuSOQy). In a coppencontainer or in a glass, polyethylene, or other chemical
hich a bright piece._of copper is present, a quantity of the cupric sulfate shall b

he solution‘is' cooled to a temperature of 18.3°C (65.0°F). As necessary, any|
bnt shall"be neutralized by the addition of approximately 1 gram of cupric oxi
hydroxide (Cu(OH),) per liter of solution. The solution shall then be diluteg
a‘specific gravity within a range of 1.183 to 1.189 at a temperature of 18.3°C

gent grade of
y nonreactive
e dissolved in
ange of 1.183
free acid that
je (CuO) or 1

with distilled
(65.0°F). The

solution shall then’bhe filtered

6.2.2.2 Several 150-mm (6-in) specimens shall be cut from a sample length of the finished zinc-coated
tubing. With prudent attention to the risks to health and to the risk of fire, the specimens shall be cleaned
with a suitable organic solvent. Each specimen shall be examined for evidence of damage to the zinc
coating, and only specimens that are not damaged shall be selected for use in the test. When a zinc
coating is used on the inside and outside of the tubing, half of the specimens shall be longitudinally cut in
half to expose the inside surface. If a zinc coating is used only on the outside of the tubing, none of the
specimens shall be cut longitudinally.

6.2.2.3 The selected specimens shall be rinsed in water, and all surfaces shall be dried with clean
cheesecloth. As much of the water as possible shall be removed in the drying operation because water
slows the reaction between the zinc and the solution, thereby adversely affecting the test results. The
surface of the zinc shall be dry and clean before a specimen is immersed in the solution of copper sulfate.
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The specimens shall not be touched by the hands or anything else that can contaminate or damage the
surfaces.

6.2.2.4 A glass, polyethylene, or other chemically nonreactive beaker having a diameter equal to
approximately twice the diameter measured over the specimen shall be filled with the solution of copper
sulfate to a depth of not less than 76 mm (3 in). The temperature of the solution shall be maintained at
18.3 £1.1°C (65.0 £2.0°F). The specimen shall be immersed in the solution and supported on end in the
center of the beaker so that not less than 64 mm (2-1/2 in) of its length is immersed. The specimen shall
remain in the solution for 60 s, during which time it shall not be moved, nor shall the solution be stirred.

6.2.2.5 Atthe end of the 60 s period, the specimen shall be removed from the beaker, rinsed immediately
in running tap water, rubbed with clean cheesecloth until any loosely adhering deposits of copper are

removed, an
objects and

then dried with clean cheesecloth. Again, hands and other damaging and
bstances shall not touch the surfaces that were immersed. The part of(the

was immersgd shall be examined, considering each broad surface separately @nd dis

portions of th
for sizes 63
preparing the

6.226 Are
adhering cop

edge portions]

6.2.2.7 Whe
examining, ar
of copper is n|

specimen within 13 mm (1/2 in) of the cut ends on sizes 12 — 53 (3/8 —2) an
L 155 (2-1/2 — 6) and within 3 mm (1/8 in) of any longitudinal edges cut in
specimen.

cord shall be made when the immersed part of the specimen*has any deposit 0
per exclusive of the 13 mm (1/2 in) cut-end portions and any 3 mm (1/8 in) Ig

d recording shall be repeated up to the reguired number of immersions, or unt
pted, whichever comes first, using the same specimen and beaker of solution

are completed on any one specimen, the portion of-the solution of copper sulfate used shal

A fresh portio

6.2.2.8 A pr
exterior of the
deposit of cof

6.2.2.9 A p1
interior of the
deposit of cof

6.2.2.10 WH
steel surface,

n of the solution shall be employed.foreach of any succeeding specimens.

ptective zinc coating that prevides the sole means of primary corrosion res
tubing shall be such that.a'specimen of the finished tubing does not show a b
per after four 60-s immersions in a copper sulfate solution.

ptective zinc coating that provides the sole means of primary corrosion res
tubing shall be'such that a specimen of the finished tubing does not show a b
per after one.60-s immersion in a copper sulfate solution.

en it.is.desired to show the character of the bright metallic copper deposit ¢
prepare a reference standard for comparison as follows. Partially submerge,

contaminating
specimen that
regarding the
d 25 mm (1 in)
he process of

f bright, firmly-
ngitudinal cut-

n bright adhering copper is not found, the process of immersing, washing, ryibbing, drying,

| the presence
After the dips
be discarded.

stance on the
right, adherent

stance on the
right, adherent

n an exposed
a zinc-coated

specimen in

strong _hydrochloric acid until a violent action ceases. Immediately remove

the specimen,

wash, and wipe it dry. Then dip the specimen, with an area of bare surface thus exposed, including a
portion with zinc coating intact, for a few seconds in the copper sulfate solution at a temperature of 16 —
20°C (61 — 66°F), remove it, wash it, and wipe it dry. Prepare this copper-coated reference standard at the
time of testing.

6.2.2.11 For an alternate test method to the one described in Clauses 6.2.2.1 — 6.2.2.10, see Reference
Iltem No. 8, Annex A.
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B.1 Dimensions of EMT — Steel

(See Clause 5.2.3)

Annex B (informative)

(For information only)

Wall Wall
thickness, Wall thickness, Wall
Internal US and thickness, Internal US and thickness,
Metric diameter, Canada, Mexico, diameter, Canada, Mexico,
designators mm mm mm Trade size in in in

16 15.80 1.07 1.1 1/2 0.622 0.042 0.042
21 20.93 1.24 1.2 3/4 0.824 0.049 0.049
27 26.64 1.45 1.5 1 1.049 0.057 0.060
35 35.05 1.65 1.5 1-1/4 1.380 0.065 0.060
41 40.89 1.65 1.5 1-1/2 1.610 0.065 0.060
53 52.50 1.65 1.5 2 2.067 0.065 0.060
63 69.37 1.83 1.8 2-1/2 2:7381 0.072 0.072
78 85.24 1.83 1.8 3 3.356 0.072 0.072
91 97.38 2.11 2.1 3-1/2 3.834 0.083 0.083
103 110.08 2.1 2.1 4 4.334 0.083 0.083
129 136.46 2.41 24 5 5.373 0.095 0.095
155 163.45 2.41 2.4 6 6.435 0.095 0.095
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Annex F (informative)
F.1 Master Bundle Quantity

(See Clauses 7.8 and 7.9)

Table F1
Master bundle quantity — 3.05-m (10-foot) lengths
(Metric Nominal
Trade size designator) Pieces Feet (Meters) Wt/Lbs (Wt/kg)
12 16 700 7000 2133 6 2100 948.0
3/4 21 500 5000 1524 2300 1037.8
1 27 300 3000 914.4 2010 916.3
1-1/4 35 200 2000 609.6 2020 911.7
1-1/2 41 150 1500 457.2 1740 789.2
2 53 120 1200 365.8 1776 807.4
2-1/2 63 61 610 185.9 1318 598.7
3 78 51 510 155.4 1341 607.8
3-1/2 91 37 370 1128 1291 585.1
4 103 30 300 Q14 1179 535.2
5 129 25 250 76.2 1390 629.7
6 155 20 200 61.0 1328 601.7
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Standard for Safety for Electrical Metallic Tubing — Steel

Second Edition, Dated November 30, 2007
Summary of Topics

This revision dated March 30, 2021 includes the following changes in requirements:

— Annex A Normative References Update;

— Inter,
Layer)|of an Alternate Corrosion Protection System; 6.2.4.11.1

— Clarification of EIbow and Bend Radius Requirements, Removal of the Term Mandrel,
Additipn of Exemption for Supplementary Coatings from Bend Test to.Better Aljgn with RMC
Standard and Editorial Changes; 5.4.3, Table 5.2, 6.1.2, 6.1.3, 6.2.1.1-6.2.1.3, 6.p.1.5 and

Figure 2
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Preface

This is the harmonized ANCE, CSA Group, and UL standard for electrical metallic tubing — steel. It is the
third edition of NMX-J-536-ANCE, the second edition of CSA C22.2 No. 83.1, and the ninth edition of UL
797. This edition of CSA C22.2 No. 83.1 supersedes the previous edition published in 2004. This edition of
UL 797 supersedes the previous edition published June 30, 2004. This harmonized standard has been
jointly revised on March 30, 2021. For this purpose, CSA Group and UL are issuing revision pages dated
March 30, 2021, and ANCE is issuing a new edition dated March 30, 2021.

This harmonized standard was prepared by the Association of Standardization and Certification (ANCE),
CSA Group, and Underwriters Laboratories Inc. (UL), and the conduit manufacturing industry. The efforts
and support of the Technical Harmonization Subcommittee for Conduit and Tubing, of the Council of the
Harmonization of Electrotechnical Standards for the Nations of the Americas (CANENA)| are gratefully
acknowledged.

This standarg
standard.

is considered suitable for use for conformity assessment withimthe stateq scope of the

he Comite de
b collaboration

The present Mexican standard was developed by the CT 23 Electrical Accesories from
Normalizacion de la Asociacion de Normalizacion y Certificacion, A.C.,"*CONANCE, with th
of the Electrical Metallic tubing — steel manufacturers and users.

This standardd was reviewed by the CSA Subcommittee.'on Metal Conduit and Tubi
jurisdiction of the CSA Technical Committee on Wiring Products and the CSA Stra

ng, under the
egic Steering

Committee o
Committee. T
requirements
by CSA Grou

Application ¢

Where refere
considered a

Note: Although {
responsibility of t

Level of harn

h Requirements for Electrical Safety, and *has been formally approved by
[his standard has been developed .in. compliance with Standards Coun
for National Standards of Canada. {t‘has been published as a National Stand
D.

pf Standard

hce is made to a_specific number of samples to be tested, the specified nu
Minimum quantity.

he intended, primary application of this standard is stated in its scope, it is important to note t
he users of{he standard to judge its suitability for their particular purpose.

honization

the Technical
til of Canada
ard of Canada

mber is to be

hat it remains the

This standard uses an IEC format, but is not based on, nor is it to be considered equivalent to an IEC
standard. This standard is published as an equivalent standard for ANCE, CSA Group, and UL. An
equivalent standard is a standard that is substantially the same in technical content, except as follows:
Technical deviations are allowed for codes and governmental regulations and those recognized as being
in accordance with NAFTA Article 905, for example, because of fundamental, climatic, geographical,
technological or infrastructural factors, scientific justification, or the level of protection that the country
considers appropriate. Presentation is to be word for word except for editorial changes.

Reasons for differences from IEC

The Technical Harmonization Subcommittee identified several IEC standards that address electrical
conduit and tubing included in the scope of this standard. The IEC standards for electrical conduit and
tubing are recognized as being generally system-specific, containing the requirements for the relevant
conduits, tubing, and associated fittings in several discrete IEC standards.
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The THSC determined the safe use of electrical conduit and tubing is dependent on the design and
performance of the conduit and tubing systems with which they are intended to be installed. Significant
investigation is required to assess safety and system compatibility issues that may lead to harmonization
of traditional North American electrical conduit and tubing and associated fittings with those presently
addressed in the known IEC standards. The THSC agreed such future investigation might be facilitated by
completion of harmonization of the North American standards for electrical conduit and tubing and their

fittings.

Interpretations

The interpretation by the standards development organization of an identical or equivalent standard is to
be based on the literal text to determine compliance with the standard in accordance with the procedural
rules of the stgndards development organization. If more than one interpretation of the literal
identified, a rpvision is to be proposed as soon as possible to each of the standaids

organizations

o0 more accurately reflect the intent.

text has been
development
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5.3.3.4 Tubing provided with a nonmetallic alternate corrosion-resistant coating that is not marked with a
temperature designation, or is marked "0°C" (“32°F”), is for use in ambient temperatures not below 0°C
(32°F). It is not prohibited that tubing provided with a nonmetallic alternate corrosion-resistant coating that
is for use at temperatures below 0° C (32° F) be marked with a rating that has been evaluated in
accordance with Clauses 6.2.1.3 and 6.2.4.10.

5.3.4 Organic coating

5.3.4.1 An organic coating shall cover evenly the surface to which it is applied, shall be of uniform quality
throughout, shall have a smooth and even appearance, and shall comply with Clause 6.2.3 and the
bending requirements of Clause 6.2.1.1.

5.3.5 Supplémentary coating

5.3.5.1 The yse of one or more supplementary coatings is not prohibited. The supplementary coating or
coatings are ot required to meet the requirements for primary corrosion-resistant coatings. Tubing or

elbows that a
resistance chg

5.3.5.2 Supp
a) flam

b) detri

e provided with supplementary coatings that have not been evaluated for t
racteristics shall be marked in accordance with Clause 7.7.

lementary nonmetallic coatings shall be evaluated with respect to:
B propagation,

mental effects on the corrosion resistance provided by the primary protective ¢

heir corrosion

patings,

c) the flt of the couplings, and

d) elecjrical continuity with couplings.

See Referenc ion to the full

primary corros

b Item No. 4, Annex A. The supplementary coating shall be provided in addi
ion-resistant coating.

5.3.6 Surface treatment
5.3.6.1 Whe

top coat or cor
COITOSioNn-resis

N one or more surface treatments not exceeding 0.0038 mm (0.00015 in) are §
version coating, the coatings shall not be required to meet the requirements fq
tant coating-or organic coating.

mployed as a
r an alternate

5.4 Elbows

5.4.1 Elbows shall be made from the same grade of tubing as that used for straight lengths of EMT and
shall be treated, coated, and otherwise produced according to the requirements for EMT. See Annex D.

5.4.2 An elbow may be provided with an integral coupling or other integral fitting on one or both ends.
Each fitting shall comply with Reference Item No. 5, Annex A.

5.4.3 The curve of an elbow shall be formed using any suitable bending equipment capable of producing
elbows with a radius of the curve to the centerline not less than that referenced in Table 5.2. The curved
portion of an elbow shall be smooth and continuous throughout the bend without creases when examined
visually under an artifical light source using normal or corrected-to-normal vision. Elbows sharper than 90
degrees are not included in this standard. For each size of tubing, the length L of the straight portions at
the ends of an elbow shall not be smaller than indicated in Table 5.2. See Figure 1 for illustration.
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Table 5.2
Minimum Dimensions of Elbows
Radius R to
Centerline of
Length L of Each Tubing, for Length L of Each
Radius R to Straight End reference only Straight End
Centerline of Portion of (nota Portion of
Tubing, Tubing, requirement) Tubing,
Metric Designator mm mm Trade Size in in
16 102 38 12 4 1-1/2
21 114 38 3/4 4-1/2 1-1/2
27 146 48 1 5-3/4 1-7/8
35 184 51 1-1/4 7-1/4 2
41 210 51 1-1/2 8-1/4 2
53 241 51 2 9-1/2 2
63 267 76 2-1/2 10-172 3
78 330 79 3 18 3-1/8
91 381 83 3-1/2 15 3-1/4
103 406 86 4 16 3-3/8

5.5 Expandpd-end integral couplings

5.5.1 Electrical metallic tubing may be provided with an integral fitting such as an expan@led end. Each
such fitting shall comply with the relevant standard for fittings for conduit, tubing, and cabl¢ in Reference

Iltem No. 6, Apnex A.

6 Testrequjrements

6.1 Tube

6.1.1 At ambient temperature, one-specimen of the smallest available trade size of EMT shall be capable

of being bent|into a quarter of axcircle, without the formation of any cracks in the metal,

he opening of

seam or weld} or the appreciable’ distortion of the circular cross-section of the tube. Compliance of tubing
with this requjrement regarding cracks and openings shall be determined, after bending, by|subjecting the
tubing to a vidual examination.

6.1.2 After beingsconditioned at a temperature of 0°C (32°F) for 60 min, one specimen ¢f the smallest

available trade

less than that referenced

size of finished tube shaII be capable of belng bent into a quarter of a cwcle using any
suitable bending-equi
less than that referenced in Table 5.2. The same specimen may also be used to determine compliance
with the coating test in Clause 6.2.1.3. Compliance shall be determined by bending the tube using any
suitable bending equipment capable of producing elbows with a radius of the curve to the centerline not
in Table 5.2. The tube shall not develop a crack and the weld shall not open.

centerline not

The test shall be conducted inside the cold chamber or shall begin within 15 s of removal from the cold
chamber. Tubing that is provided with a nonmetallic alternate corrosion-resistant coating and that is
marked with a temperature rating below "0°C" ("32°F") shall be conditioned at the rated temperature. The
rated temperature shall be any temperature below 0°C (32°F) in 5°C (9°F) increments.

| 6.13 Deleted
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6.2 Protective coatings
6.2.1 General

6.2.1.1 The protective coating used on the interior or exterior of the tubing shall not crack or flake, as
visible using normal or corrected to normal vision, when a finished specimen of the smallest available
trade size produced by the manufacturer is tested at ambient temperature. Testing shall be performed by
bending the tubing into a semi-circle, using any suitable bending equipment capable of producing elbows
with a radius of the curve to the centerline not less than that referenced in Table 5.2.

6.2.1.2 Deleted

6.2.1.3 One ppecimen of the smallest available trade size of finished tube shall be capable| of being bent
into a quarter pf a circle using any suitable bending equipment capable of producing elbowsg with a radius
of the curve tothe centerline not less than that referenced in Table 5.2 being conditioned at g temperature
of 0°C (32°F) for 60 min. The tube shall not develop a crack and a weld shall not-open. The [coatings shall
not be damaged to the extent that bare metal is exposed or that the coating separates from the metal. The
test shall be cpnducted inside the cold chamber or begun within 15 s of retmoval from the ¢old chamber.
Tubing that is|provided with a nonmetallic alternate corrosion-resistant coating and that is marked with a
temperature rpting below "0° C" ("32° F") shall be conditioned at the rated temperatufe. The rated
temperature shall be any temperature below 0°C (32°F) in 5°C (9°F)dncrements.

6.2.1.4 For igentification of compounds, a nonmetallic matetial used as an alternate corrgsion-resistant
or organic cogting shall be subjected to the infrared spectroscopy (IR), thermogravimetric anpalysis (TGA),
and differential scanning calorimetry (DSC) tests specified in the applicable standard ffor polymeric
materials. Seg Reference Item No. 7, Annex A.

6.2.1.5 The gupplementary coating described in-Clause 5.3.5 need not comply with 6.2.1.1,

6.2.2 Zinc coating

6.2.2.1 A solution of copper sulfate for this test shall be made from distilled water and a reggent grade of
cupric sulfate [CuSQ,). In a copper container or in a glass, polyethylene, or other chemically nonreactive
container in which a bright piece-of copper is present, a quantity of the cupric sulfate shall be dissolved in
hot distilled water. The purposg is to obtain a solution that has a specific gravity slightly higher than 1.186
after the solution is cooled\to a temperature of 18.3°C (65.0°F). Any free acid that might beg present shall
be neutralized|by the addition of approximately 1 gram of cupric oxide (CuO) or 1 gram of cupric hydroxide
(Cu(OH),) pef litersof-solution. The solution shall then be diluted with distilled water to obfain a specific
gravity of exaqtly*1:186 at a temperature of 18.3°C (65.0°F). The solution shall then be filtered.

6.2.2.2 Several 150-mm (6-in) specimens shall be cut from a sample length of the finished zinc-coated
tubing. With prudent attention to the risks to health and to the risk of fire, the specimens shall be cleaned
with a suitable organic solvent. Each specimen shall be examined for evidence of damage to the zinc
coating, and only specimens that are not damaged shall be selected for use in the test. When a zinc
coating is used on the inside and outside of the tubing, half of the specimens shall be longitudinally cut in
half to expose the inside surface. If a zinc coating is used only on the outside of the tubing, none of the
specimens shall be cut longitudinally.

6.2.2.3 The selected specimens shall be rinsed in water, and all surfaces shall be dried with clean
cheesecloth. As much of the water as possible shall be removed in the drying operation because water
slows the reaction between the zinc and the solution, thereby adversely affecting the test results. The
surface of the zinc shall be dry and clean before a specimen is immersed in the solution of copper sulfate.
The specimens shall not be touched by the hands or anything else that can contaminate or damage the
surfaces.


https://ulnorm.com/api/?name=UL 797 2023.pdf

MARCH 30, 2021 NMX-J-536-ANCE ¢ CSA C22.2 No. 83.1-07 ¢ UL 797 17

Clause 6.2.4.10.2. The coating shall not separate from the metal nor be damaged to the extent that bare
metal is exposed.

6.2.4.10.2 The impact test described in Clause 6.2.4.10.1 shall be performed using the Tup B falling
mass and the apparatus and method specified in Reference Item No. 18, Annex A. The test shall be
conducted inside the cold chamber or within 15 s of removal from the cold chamber.

6.2.4.10.3 Alternatively, a combination of any height and weight that results in the same impact force
specified in Clause 6.2.4.10.1 may be used when the impact face remains unchanged.

6.2.4.11 Flammability

6.24.11.1 V
coating shall
between appl

a) Em
wedgs

b) Con
c) Hav

Note: When an a
less than or equ
consumption of t
the requirements|
Coating test, 6.2

6.24.11.2 T

ertical specimens of finished tubing provided with a nonmetallic alternate corr

Dsion-resistant

not flame for longer than 5 s following any of three 60-s applications ©f flame, the period

cations being 30 s. A specimen shall not:

t flaming or glowing particles or flaming drops at any time that ignite~the cotton
, or floor of the enclosure (flameless charring of the cotton shall be ignored),

tinue to flame longer than 5 s after any application of the gas flame, or

e the coating consumed during or after any applicatién)of the gas flame.

ternate corrosion protection system employs a thin exterior honmetallic topcoat such as lacquer o)
Al to 0.125 mm (0.005 in) in thickness, over a confirmed 3 dips worth of zinc, a specimen m
e top coat at the point of flame contact to the conduitwithout any measurable flame propagation 4
of 6.2.4.11.1 a) and b). Confirmation of the presence of 3 dips of zinc coating shall be accomplis
P as part of a separate test.

his test shall be performed on 3cunaged specimens tested separately, with e

in a 3-sided metal enclosure in an exhaust hood or cabinet. The metal enclosure shall be 3

wide, 355 mn
in) specimen
enclosure. A
floor of the en
which is the
shown in Figu

6.24.11.3 T
and a length
an equivalent

(14 in) deep, and 610 mm.{24 in) high, and the top and front shall be open. A
of finished tubing shall\be secured with its longitudinal axis vertical in the
lat, horizontal layer of untreated surgical cotton 6 — 25 mm (1/4 — 1 in) thick
closure. The upper.surface of the cotton shall be 229 — 241 mm (9 — 9-1/2 in)
oint at which thie;tip of the blue inner cone of the test flame touches the spe
re 4.)

he burer shall conform to Reference Item No. 19, Annex A, having a bore g
bf 100°£10 mm from the top of the air inlet openings to the top of the mixing tu

on the burner,

I paint, measuring
ay display a total
s long as it meets
ed using the Zinc

hch positioned
05 mm (12 in)
A 457-mm (18-
center of the
shall cover the
below point B,
Cimen. (This is

f 9.5 £0.3 mm
be, or shall be

that meets the calibration requirements of Reference Item No. 20, Annex A. W

hile the barrel

is vertical an

the burner IS well away from the specimen, the overall height of the flame shall be adjusted

to approximately 100 — 125 mm (4 — 5 in). The blue inner cone shall be 38 mm (1-1/2 in) high and the
temperature at its tip shall be 816°C (1500° F) or higher as measured using a chromel-alumel (nickel-
chromium and nickel-manganese-aluminum) thermocouple. Without disturbing the adjustments for the
height of the flame, the valve supplying gas to the burner flame and the separate valve supplying gas to
any pilot flame shall be closed.

6.2.4.11.4 The gas supply used to supply the burner of Clause 6.2.4.11.3 shall be bottled, technical
grade methane or natural gas, approximately 37 MJ/m?® (1000 Btu/ft®) at normal pressure, with a suitable
regulator and meter for uniform gas flow.

6.2.4.11.5 A wedge, as shown in Figure 5, to which the base of the burner can be secured, shall be
provided for tilting the barrel 20 degrees from the vertical while the longitudinal axis of the barrel remains in
a vertical plane. The burner shall be secured to the wedge and the assembly shall be placed in an
adjustable support jig. A layer of untreated surgical cotton 6 — 25 mm (1/4 — 1 in) thick shall be placed on
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Figure 2

Test apparatus for bending EMT
Figure deleted

Figure 3

Scribe pattern

(See Clause 6.2.4.3.2)
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A1

(See Clause 2.1)

Annex A (normative)

Normative references

Standard Practice for
Operating Xenon Arc Light
Apparatus for Exposure of
Non-Metallic Materials

Standard Practice for
Operating Xenon Arc Light
Apparatus for Exposure of
Non-Metallic Materials

Clause
Reference where
item no. referenced United States Canada Mexico
1 11 NFPA 70-2017, National CSA C22.1, Canadian NOM-001-SEDE, Standard for
Electrical Code Electrical Code Electrical Installations
2 1.2 UL 797A Electrical Metallic CSA C22.2 No. 83, Electrical NMX-576-ANCE-2005,
Fobirmg="Aturmiror ttetattc—Fobimg Atform rgid Conduit for
Electrical Congdluctor Protection
and Fittings,
3 5.3.3.2 UL 514B Conduit, Tubing and C22.2 No. 18.3, Conduit, NMX-J-017-ANCE-2005,
Cable Fittings Tubing and Cable Fittings Conduit, Tubing and Cable
Eittings — Spegifications and
Test Methods
4 5.3.5.2 UL 746A Polymeric Materials — | CSA C22.2 No. 0.17-00 NMX-J-023/1-ANCE-2000,
Short Term Property (R2018) Evaluation of Electrical Products — Metallic
Evaluations, and UL 514B Properties of Polymeric Outlet Boxes Rart 1:
Conduit, Tubing and Cable Materials; and CSA'C22:2 No. | Specificationsfand Test
Fittings 18.3, Conduit, Tubing and Methods and NIMX-J-017-
Cable Fittings ANCE , Condyit, Tubing and
Cable Fittings - Specifications
and Test Methpds
5 5.4.2 UL 514B Conduit, Tubing and CSA C22'2 No. 18.3, Conduit, | NMX-J-017-ANCE-2005,
Cable Fittings Tubing-and Cable Fittings Conduit, Tubing and Cable
Fittings — Spegifications and
Test Methods
6 5.5.1 UL 514B Conduit, Tubing and CSA C22.2 No. 18.3, Conduit, | NMX-J-017-ANCE-2005,
Cable Fittings Tubing and Cable Fittings Conduit, Tubing and Cable
Fittings — Spegifications and
Test Methods
7 6.2.14 UL 746A PolymericMaterials — | CSA C22.2 No. 0.17-00 NMX-J-023/1-ANCE-2000,
Short Term Property (R2018), Evaluation of Electrical Products — Metallic
Evaluations Properties of Polymeric Outlet Boxes Rart 1:
Materials Specifications fand Test
Methods
8 6.2.2.11 ASTM A239-95 (2004), ASTM A 239-95 (2004), NMX-H-013-1984, Coating —
Standard Practice for Locating | Standard Practice for Locating | Zinc — Locating the Thinnest
the'Thinnest Spot in a Zinc the Thinnest Spot in a Zinc Spot on Galvahized Steel
(Galvanized) Coating on Iron (Galvanized) Coating on Iron Articles — Test|Method (Preece
or Steel Articles or Steel Articles Test)
9 6.2.4 UL 514BConduit, Tubing and CSA C22.2 No. 18.3, Conduit, | NMX-J-017-ANCE-2005,
Cable Fittings Tubing and Cable Fittings Conduit, Tubing and Cable
Fittings — Spegifications and
Test Methods
10 6.2.4.5.2 ASTM D 1654-05, Procedure ASTM D 1654-05, Procedure NMX-J-023/1-ANCE-2000,
A, Method 2, Standard Test A, Method 2, Standard Test Electrical Products — Metallic
Method for Evaluation of Method for Evaluation of Outlet Boxes Part 1:
Painted or Coated Specimens | Painted or Coated Specimens | Specifications and Test
Subjected to Corrosive Subjected to Corrosive Methods
Environments Environments
11 6.2.4.5.3 ASTM G 153-04, Standard ASTM G 153-04, Standard NMX-J-023/1-ANCE-2000,
Practice for Operating Practice for Operating Electrical Products — Metallic
Enclosed Carbon Arc Light Enclosed Carbon Arc Light Outlet Boxes Part 1:
Apparatus for Exposure of Apparatus for Exposure of Specifications and Test
Nonmetallic Materials Nonmetallic Materials Methods
12 6.2.4.5.4 ASTM G 155-05, Cycle 1, ASTM G 155-05, Cycle 1, NMX-J-023/1-ANCE-2000,

Electrical Products — Metallic
Outlet Boxes Part 1:

Specifications
Methods

and Test
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Clause
Reference where
item no. referenced United States Canada Mexico
13 6.2.4.6.1 ASTM B 117-03, Standard ASTM B 117-03, Standard NMX-D-022-1973, Method of
Practice for Operating Salt Practice for Operating Salt Test for Corrosion —
Spray (Fog) Apparatus Spray (Fog) Apparatus Resistance of Coated Metal
Parts Used in Motor Vehicles
Salt Spray (Fog) Method
14 6.2.4.6.2 ASTM D 1654-05, Procedure ASTM D 1654-05, Procedure NMX-J-023/1-ANCE-2000,
A, Method 2, Standard Test A, Method 2, Standard Test Electrical Products — Metallic
Method for Evaluation of Method for Evaluation of Outlet Boxes Part 1:
Painted or Coated Specimens | Painted or Coated Specimens | Specifications and Test
Subjected to Corrosive Subjected to Corrosive Methods
Environments Environments
15 6.24.7.2 ASTM D 1654-05, Procedure ASTM D 1654-05, Procedure NMX-J-023/1-ANCE-2000,
A, Method 2, Standard Test A, Method 2, Standard Test Electrical Prodycts — Metallic
Method for Evaluation of Method for Evaluation of Outlet Boxes Rprt 1:
Painted or Coated Specimens | Painted or Coated Specimens | Specifications gnd Test
Subjected to Corrosive Subjected to Corrosive Methods
Environments Environments
16 6.2.4.8.1 ASTM D 638-03, Standard ASTM D 638-03, Standard NNMX-E-082-20D2, Plastic
Test Method for Tensile Test Method for Tensile Industry-Tensil¢ Strength of
Properties of Plastics Properties of Plastics Plastic Materials-Test Methods
17 6.2.4.9.2 ASTM D 3359-02, Standard ASTM D 3359-02, Standard NMX-H-013-1984, Coating —
Test Methods for Measuring Test Methods for Measuring Zinc — Locating|the Thinnest
Adhesion by Tape Test Adhesion by Tape Test Spot on Galvarjized Steel
Articles — Test Method (Preece
Test)
18 $.2.4.10.2 ASTM D 2444-99 (R2005), ASTM D 244499 (R2005), NMX-E-012-SGF1-1999,
Standard Test Method for Standard<Jest Method for Plastics Industiy — Pipes and
Determination of the Impact Determiination of the Impact Connections — PVC Pipes and
Resistance of Thermoplastic Registance of Thermoplastic Connections without
Pipe and Fittings by Means of | Pipevand Fittings by Means of | Plastification foy Electrical
a Tup (Falling Weight) a,Tup (Falling Weight) Installations — $pecifications
19 $.24.11.3 ASTM D 5025-05, Standard ASTM D 5025-05, Standard NMX-J-192-ANCE-1999,
Specification of Laboratory Specification of Laboratory Electrical Prodycts — Wires
Burner Used for Small-Scale Burner Used for Small-Scale and Cables — Hame Test on
Burning Tests on Plastic Burning Tests on Plastic Electrical Cablgs — Test
Materials Materials Methods
20 $.24.11.3 ASTM D 5207-08,.Standard ASTM D 5207-03, Standard NMX-J-192-ANCE-1999,
Practice for,.Confirmation of Practice for Confirmation of Electrical Prodycts — Wires
20-mm (50-W) and 125-mm 20-mm (50-W) and 125-mm and Cables — Hame Test on
(500-W) Test Flames for (500-W) Test Flames for Electrical Cablgs — Test
Small-Scale Burning Tests on Small-Scale Burning Tests on Methods
Plastic’Materials Plastic Materials
ASME: American Society of Mechanical Engineers
ASTM: American Bociety for Testing and Materials

NFPA: National Fire Protection Association
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This standard is issued jointly by the Association of Standardization and Certification (ANCE), the
Canadian Standards Association (operating as “CSA Group”), and Underwriters Laboratories Inc. (UL).
Comments or proposals for revisions on any part of the standard may be submitted to ANCE, CSA
Group, or UL at any time. Revisions to this standard will be made only after processing according to
the standards development procedures of ANCE, CSA Group, and UL. CSA Group and UL will issue
revisions to this standard by means of a new edition or revised or additional pages bearing their date
of issue. ANCE will incorporate the same revisions into a new edition of the standard bearing the same
date of issue as the CSA Group and UL pages.

Copyright © 2012 ANCE

Rights reseryed in favor of ANCE.

ISBN 978-1-565436-521-0 © 2007 CSA Group

All rights reserved. No part of this publication may be reproduced in any form whatsoevdr without the
prior permisgion of the publisher.

This Standand is subject to periodic review, and suggestions for itslimprovement will be rgferred to the
appropriate fommittee. To submit a proposal for change, please send the following ifformation to
inquires@cspgroup.org and include “Proposal for change” in“the subject line: Standard designation
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Preface

This is the common ANCE, CSA Group, and UL standard for electrical metallic tubing — steel. It is the third
edition of NMX-J-536-ANCE, the second edition of CSA C22.2 No. 83.1, and the ninth edition of UL 797.
This edition of CSA C22.2 No. 83.1 supersedes the previous edition published in 2004. This edition of UL
797 supersedes the previous edition published June 30, 2004.

This common standard was prepared by the Association of Standardization and Certification (ANCE),
CSA Group, and Underwriters Laboratories Inc. (UL), and the conduit manufacturing industry. The efforts
and support of the Technical Harmonization Subcommittee for Conduit and Tubing, of the Council of the
Harmonization of Electrotechnical Standards for the Nations of the Americas (CANENA) are gratefully
acknowledge

This standard| is considered suitable for use for conformity assessment within the stateq scope of the
standard.

This standard was reviewed by the CSA Subcommittee on Metal Conduit and Tubing, under the
jurisdiction off the CSA Technical Committee on Wiring Products and\the CSA Strafegic Steering
Committee o} Requirements for Electrical Safety, and has been formally approved by |the Technical
Committee.

This standard|has been approved by the American National Standdrds Institute as an Amgrican National
Standard.

Where reference is made to a specific number of samplés to be tested, the specified nymber is to be
considered a ninimum quantity.

Note: Although the intended primary application of.this standard is stated in its scope, it is important to npte that it remains
the responsibility of the users of the standard\te_judge its suitability for their particular purpose.

Level of harmonization

This standard|uses an IEC formaty but is not based on, nor is it to be considered equivalent to an IEC
standard. Thi$ standard is puplished as an equivalent standard for ANCE, CSA Groug, and UL. An
equivalent standard is a stafdard that is substantially the same in technical content, except as follows:
Technical devjations are allowed for codes and governmental regulations and those recogiized as being
in accordancg with NAFTA Article 905, for example, because of fundamental, climatic,|geographical,
technological for infrastructural factors, scientific justification, or the level of protection that the country
considers appfropriate. Presentation is to be word for word except for editorial changes.

Reasons for differences from IEC

The Technical Harmonization Subcommittee identified several IEC standards that address electrical
conduit and tubing included in the scope of this standard. The IEC standards for electrical conduit and
tubing are recognized as being generally system-specific, containing the requirements for the relevant
conduits, tubing, and associated fittings in several discrete IEC standards.

The THSC determined the safe use of electrical conduit and tubing is dependent on the design and
performance of the conduit and tubing systems with which they are intended to be installed. Significant
investigation is required to assess safety and system compatibility issues that may lead to harmonization
of traditional North American electrical conduit and tubing and associated fittings with those presently
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addressed in the known |IEC standards. The THSC agreed such future investigation might be facilitated
by completion of harmonization of the North American standards for electrical conduit and tubing and their
fittings.

Interpretations

The interpretation by the standards development organization of an identical or equivalent standard is to
be based on the literal text to determine compliance with the standard in accordance with the procedural
rules of the standards development organization. If more than one interpretation of the literal text has been
identified, a revision is to be proposed as soon as possible to each of the standards development
organizations to more accurately reflect the intent.

ANCE effectiye-date

The effective [date for ANCE will be announced through the Diario Oficial de la Federdacion (Official
Gazette) and |s indicated on the cover page.

CSA Group dffective date

The effective gate for CSA Group will be announced through CSA Informs or a CSA Grodp Certification
Notice.

UL effective ¢gate
As of December 21, 2012, all products Listed or Recognized.by UL must comply with the reéquirements in
this standard ¢xcept for Clauses 7.8, 7.9, and Annex F (Clause F.1 and Table F1) which are|effective June

21, 2014.

A UL effective| date is established by Underwriters Laboratories Inc. and is not part of the ANSI approved
standard.
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Electrical Metallic Tubing — Steel
1 Scope

1.1 These requirements cover electrical metallic tubing — steel (EMT) and elbows for use as a metal
raceway for installation of wires and cables in accordance with CSA C22.1, Canadian Electrical Code,
Part 1, NOM-001-SEDE, Standard for Electrical Installations, and NFPA 70, National Electrical Code (see
Reference Item No. 1, Annex A). EMT is provided with a zinc, zinc-based, nonmetallic, or other alternate
corrosion-resistant exterior coating and an organic or zinc interior coating. It is the users’ responsibility to

determine the

appropriate product for their application.

1.2 Aluminum-electrical-metallic hlhing is covered h‘,’ the standards listed-in Reference ltem No. 2, Annex

A.
2 Normative
2.1 Products

as appropriate
more than one

references

covered by this standard shall comply with the reference installation codes
for the country where the product is to be used. When the\preduct is inten
country, the product shall comply with the installation codes+and standards f

where it is intd
in this standa

numbers to applicable country publications.

2.2 For undated references to standards, such reference shall be considered to refer to thg
and all revisiops to that edition up to the time when this standard was approved. For dated
standards, su¢h reference shall be considered to refer 1o the dated edition and all revision
that edition ug to the time the standard was approyed.

3 Definition

3.1 The folloV
3.2 Coating(
zinc, which ug
required on th

Note: (

3.3 Coating(

nded to be used. A "Reference Item No.” is provided at the point of use for ¢
d. See Annex A for a list of reference publications andithe correlating list of

ing definitions apply in this.standard.
), alternate corrosion:resistant. A primary coating(s) other than one consistir
e exterior of tubing. See Clause 6.2.4.
oating(s) may-include zinc.

), organic. An interior coating(s), other than one consisting solely of zinc, wh

hnd standards
ded for use in
br all countries
ach reference
eference item

b latest edition
references to
S published to

g solely of

on evaluation has~demonstrated the ability to provide the level of corrosion rfesistance

ich, upon

evaluation, hg

ssdemonstrated the ability to provide the level of corrosion resistance necesg

ary where

the coating is

Not subject to physical damage. See Clause 6.2.3.

Note: Coating(s) may include zinc.

3.4 Coating(s), zinc. A primary coating consisting solely of zinc, which, upon evaluation, has
demonstrated the ability to provide the level of corrosion resistance required on the exterior of the
tubing. See Clause 6.2.2.

3.5 Elbow. A manufactured curved section of EMT.
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6.2.4.11.6 In the absence of a gas pilot light on the burner, the support for the burner and wedge shall be
arranged to enable the burner to be quickly removed from and precisely returned to the position described
in Clause 6.2.4.11.5 without disturbing the layer of cotton on the floor of the enclosure or the cotton on
the wedge and around the base of the burner.

6.2.4.11.7 In instances where the burner has a gas pilot light, the valve supplying gas to the pilot shall be
opened and the pilot lit. Where the burner does not have a gas pilot light, the burner shall be supported
as indicated in Clause 6.2.4.11.6 in a position away from the specimen and then lit. This operation, and
the remainder of the test, shall be conducted under a forced-draft exhaust hood or cabinet operating to
remove smoke and fumes without drafts that affect the flame.

6.2.4.11.8 When the burner has a gas pilot light, the valve supplying gas to the burner shall be opened
to apply the fl Hb d then closed

1l £ faYal
T oCTTCTO OpPCIT TUT o0~ odai

Py ot H-COoNY tona ot 1 T 1 =Y
MO e~ SPCUMTICTT autoTTIatCaity . o vaive Siict

for 30 s. This fprocedure shall be repeated twice for a total of 3 applications of flame to.tfig specimen.

7 Markings
Advisory Note: In Canada, there are two official languages, English and French. Annex E providds translations of
the markings specified in this Standard. All markings required by this Standard may be in other languages to
conform with the language requirements where the product is to be used.

7.1 Each finighed straight length of EMT and each factory elbow ghall be marked with the manufacturer’s

name, the tra
organization r

7.2 In the Ur
finished lengt
identified as t

In Canada :

|

e name for the product, or both, or any other distinctive marking by mean
bsponsible for the product can readily be identified.

ited States, when the tubing and elbows-are produced in more than one
of tubing and each elbow shall have\a“distinctive marking by means of w
e product of a particular factory. This,marking may be in code.

ind Mexico, this requirement dees not apply.

7.3 Each stra|
"EMT” by ad

shall be in letters at least 3 mm (148 in) high.

7.4 Each finighed length of tubing or elbow shall be legibly and durably marked “Consulf
for proper insfallation” or«eguivalent wording.

7.5 Tubing pfovided:with a nonmetallic alternate corrosion-resistant coating shall be

ght length of tubing and-each elbow shall be legibly marked “Electrical Metq
rable means such as by-die stamping, ink stamping with etching ink, or paint

5 of which the

factory, each

hich it can be

llic Tubing” or

This marking

manufacturer

bllowed to be
imum ambient

marked with af maximum use temperature of 790°C” (“200°F”). Tubing tested for use at max
temperature Higher than 90°C (200°F) shall be marked ” °C” (" °F”) with the rated temperature
as evaluated in Clause 6.2.4.4.1. The tubing shall be marked at a minimum of once every 3.05 m (10 ft)
and no less than once every piece.

7.6 Tubing provided with a nonmetallic alternate corrosion-resistant coating shall be allowed to be
marked with a minimum use temperature of “0°C” ("32°F”). Tubing tested for use at a minimum ambient
temperature below 0°C (32°F) shall be marked ” °C” (7 °F”) with the rated temperature as
evaluated in Clause 6.2.1.3. The tubing shall be marked at a minimum of once every 3.05 m (10 ft) and
no less than once every piece.
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7.7 Tubing or elbows provided with a supplementary coating or coatings that have not been evaluated for
furnishing corrosion protection for the tube shall be marked “Corrosion protection properties of the
coating were not investigated” or equivalent wording. The blank shall be filled in with the
type of supplementary coating.

7.8 Each master bundle tag for tubing, see Annex F, or carton/package for elbows shall have a distinctive
marking that indicates the date or other dating period of manufacture not exceeding any three consecutive
months. For an elbow or bend, the date of manufacture shall be the date that:

a) The tube is made and the bending occurs at the same location, or

b) The elbow or bend was formed, when the tubing is made at a different location.

7.9 The date pf manufacture may be abbreviated in a nationally accepted conventional-code or in a code
affirmed by the manufacturer if the code does not:

a) Repeat in less than 20 years, and

b) Regquire reference to the production records of the manufacturér'to determine when the
produft was manufactured.
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Annex E (informative)
E.1 Alternative National Markings
(See Clause 7)

E1.1 Products intended for use in specific national applications may bear the following alternative
markings to those specified in Clause 7 of the Standard.

Table E1
AlternativeNational-Matkings

Clause English Spanish French
7.3 Electrical Metallic Tubing Tubo metalico rigido de acero Tube électriqgue métallique
tipo ligero
7.4 Consult manufacturer for proper | Consultar con el fabricante sobre | Consulter les directivgs d’installation
installation los requisitos de instalacion du, fabricant
7.7 Corrosion protection properties of |Las propiedades de la cubierta Le degré de protectioh contre la
the __ coating were not de_ para la protecciéon contra_)] corrosion du revétemg¢nt _ n’'a
investigated la corrosion no ha sido sometidas | pas été étudié
a pruebas
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Annex F (informative)
F.1 Master Bundle Quantity

(See Clauses 7.8 and 7.9)

Table F1
Master bundle quantity — 3.05-m (10-foot) lengths
Trade size (Metric Pieces Feet (Meters) Nominal (Wt/kg)
destgmator) Witbs

1/2 16 700 7000 2133.6 2100 948.0
3/4 21 500 5000 1524 2300. 1037.8
1 27 300 3000 914.4 2010 916.3
1-1/4 35 200 2000 609.6 2020 911.7
1-1/2 41 150 1500 457.2 1740 789.2
2 53 120 1200 365.8 1776 807.4
2-1/2 63 61 610 185.9 1318 598.7
3 78 51 510 15574 1341 607.8
3-1/2 91 37 370 112.8 1291 585.1
4 103 30 300 91.4 1179 535.2
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Preface

This is the common ANCE, CSA, and UL standard for electrical metallic tubing — steel. It is the second
edition of NMX-J-536-ANCE-2007, the second edition of CSA C22.2 No. 83.1, and the ninth edition of UL
797. This edition of CSA C22.2 No. 83.1 supersedes the previous edition published in 2004. This edition
of UL 797 supersedes the previous edition published June 30, 2004.

This common standard was prepared by the Association of Standardization and Certification (ANCE),
Canadian Standards Association (CSA), and Underwriters Laboratories Inc. (UL), and the conduit
manufacturing industry. The efforts and support of the Technical Harmonization Subcommittee for Conduit
and Tubing, of the Council of the Harmonization of Electrotechnical Standards for the Nations of the

Americas (CA

IENA) are aratefully acknowledaed
7 - J b

This standard
standard.

This standarg
jurisdiction of
Committee or]
Committee.

This standard
of Canada.

This standard
Standard.

Where reference is made to a specific number.of samples to be tested, the specified nu

considered a

Note: A
the res

Level of harmonization

This standard
standard. Thig
standard is a
deviations ar

is considered suitable for use for conformity assessment within the stated

was reviewed by the CSA Subcommittee on Metal Conduit and Tubi
the CSA Technical Committee on Wiring Products and\the CSA Stra
Requirements for Electrical Safety, and has been formally approved by

will be submitted to the Standards Council of Canada for approval as a Nati

has been approved by the American Natiofidl Standards Institute as an Amgq

minimum quantity.

Ithough the intended primary application of this standard is stated in its scope, it is important to nj
bonsibility of the users of the standard to judge its suitability for their particular purpose.

uses an IECformat, but is not based on, nor is it to be considered equiva
standard s published as an equivalent standard for ANCE, CSA, and UL.
standard that is substantially the same in technical content, except as folld
allowed for codes and governmental regulations and those recognize

¥
D

accordance W

scope of the

g, under the
egic Steering
the Technical

onal Standard

rican National

mber is to be

bte that it remains

ent to an IEC

An equivalent

ws: Technical
i as being in

ith )NAFTA Article 905, for example, because of fundamental, climatic,

geographical,

technological

or Infrastructural factors, scientific justification, or the level of protection that the country
considers appropriate. Presentation is to be word for word except for editorial changes.

Reasons for differences from IEC

The Technical Harmonization Subcommittee identified several IEC standards that address electrical
conduit and tubing included in the scope of this standard. The IEC standards for electrical conduit and
tubing are recognized as being generally system-specific, containing the requirements for the relevant
conduits, tubing, and associated fittings in several discrete IEC standards.
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The THSC determined the safe use of electrical conduit and tubing is dependent on the design and
performance of the conduit and tubing systems with which they are intended to be installed. Significant
investigation is required to assess safety and system compatibility issues that may lead to harmonization
of traditional North American electrical conduit and tubing and associated fittings with those presently
addressed in the known IEC standards. The THSC agreed such future investigation might be facilitated
by completion of harmonization of the North American standards for electrical conduit and tubing and their

fittings.

Interpretations

The interpretation by the standards development organization of an identical or equivalent standard is to
be based on the literal text to determlne compllance with the standard in accordance W|th the procedural

rules of the stare

identified, a
organizations

ANCE effecti

The effective
Gazette) and

CSA effective date

The effective
Notice.

UL effective ¢ate

As of Novemi
this standard.

A UL effective
standard.

pvision is to be proposed as soon as possible to each of the standards
to more accurately reflect the intent.

ye date

s indicated on the cover page.

Hate for CSA International will be announced thtough CSA Informs or a CS

date is established by Underwriters Laboratories Inc. and is not part of the A

text has been
development

date for ANCE will be announced through the Diario Oficial’ de la Federaciéon (Official

A Certification

er 30, 2007 all products Listed or-Recognized by UL must comply with the requirements in

NSI approved
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Electrical Metallic Tubing — Steel
1 Scope

1.1 These requirements cover electrical metallic tubing — steel (EMT) and elbows for use as a metal
raceway for installation of wires and cables in accordance with CSA C22.1, Canadian Electrical Code,
Part 1, NOM-001-SEDE, Standard for Electrical Installations, and NFPA 70, National Electrical Code (see
Reference Item No. 1, Annex A). EMT is provided with a zinc, zinc-based, nonmetallic, or other alternate
corrosion-resistant exterior coating and an organic or zinc interior coating. It is the users’ responsibility to

determine the

appropriate product for their application.

1.2 Aluminum-electrical-metallic hlhing is covered h‘,’ the standards listed-in Reference ltem No. 2, Annex

A.
2 Normative
2.1 Products

as appropriate
more than one

references

covered by this standard shall comply with the reference installation codes
for the country where the product is to be used. When the\preduct is inten
country, the product shall comply with the installation codes+and standards f

where it is intd
in this standa

numbers to applicable country publications.

2.2 For undated references to standards, such reference shall be considered to refer to thg
and all revisiops to that edition up to the time when this standard was approved. For dated
standards, su¢h reference shall be considered to refer 1o the dated edition and all revision
that edition ug to the time the standard was approyed.

3 Definition

3.1 The folloV
3.2 Coating(
zinc, which ug
required on th

Note: (

3.3 Coating(

nded to be used. A "Reference Item No.” is provided at the point of use for ¢
d. See Annex A for a list of reference publications andithe correlating list of

ing definitions apply in this.standard.
), alternate corrosion:resistant. A primary coating(s) other than one consistir
e exterior of tubing. See Clause 6.2.4.
oating(s) may-include zinc.

), organic. An interior coating(s), other than one consisting solely of zinc, wh

hnd standards
ded for use in
br all countries
ach reference
eference item

b latest edition
references to
S published to

g solely of

on evaluation has~demonstrated the ability to provide the level of corrosion rfesistance

ich, upon

evaluation, hg

ssdemonstrated the ability to provide the level of corrosion resistance necesg

ary where

the coating is

Not subject to physical damage. See Clause 6.2.3.

Note: Coating(s) may include zinc.

3.4 Coating(s), zinc. A primary coating consisting solely of zinc, which, upon evaluation, has
demonstrated the ability to provide the level of corrosion resistance required on the exterior of the
tubing. See Clause 6.2.2.

3.5 Elbow. A manufactured curved section of EMT.
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3.6 Electrical metallic tubing — steel (EMT). An unthreaded steel raceway of circular cross-section
designed for the physical protection and routing of wire conductors and for use as an equipment

grounding conductor when installed utilizing appropriate fittings.

3.7 Primary coating. A coating on the outside of the tubing for protection against corrosio
Clause 5.3.1.1.

n. See

3.8 Supplementary coating. A coating on the outside of the tubing in addition to the primary coating,

for protection against severe corrosive conditions. See Clause 5.3.5.

4 Units of measurement

In the United

States, the values stated in either Sl units or inch-pound units shall be regarg
as standard. The values stated in each system may not be exact equivalents; therefore, eac|

be used independently of the other. Combining values from the two systems can.result in no
with the standard.

5 Constructipn
5.1 Tube

5.1.1 Each tupe shall be of steel, shall be straight, and shall\iave a circular cross-section. A
be thoroughly|welded.

5.1.2 A welded seam shall not have metal trimmings, sharp edges, or sharp projections
or exterior suffaces of the tube. A slight bead on\the interior wall at the weld line shall be
bead is not sharp and if the bead does not ex¢eed 0.38 mm (0.015 in) in height for the trad
(1/2 = 2) or 0.1 mm (0.020 in) in height for-the trade size 63 — 103 (2-1/2 — 4).

5.1.3 Before
from scale, flg

he protective coating is applied, the interior and exterior surfaces of each tub
sh, or any other protrusion, other than as specified in Clause 5.1.2.

5.1.4 The end of the tubing shall be cut off squarely and shall be without any burrs and s}

5.1.5 Electric
are steel, and

h| metalli¢{ubing shall not be threaded unless the integral fittings mentioned
the thread is not of the standard pipe-thread dimensions.

y other values

led separately
h system shall
nconformance

Al seams shall

on the interior
allowed if the
e size 16 — 53

e shall be free

arp edges.

in Clause 5.5
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5.2 Finished tubing

5.2.1 The outside diameter and the minimum weight of finished electrical metallic tubing shall be as
indicated in Table 5.1. The standard length of electrical metallic tubing shall be 3.05 m (10 ft) £6 mm (+1/4
in). Each length of EMT shall be examined visually on both exterior and interior surfaces to determine the
absence or presence of poor coatings, hard scale, burrs or fins, or other defects. See Annex D.

5.2.2 Lengths, other than standard lengths, shall have a minimum acceptable weight proportional to the
weights specified in Table 5.1. The length tolerances in Clause 5.2.1 shall be applicable for non-standard

lengths.
Table 5.1
Bi . I Weieht
Metric designator | Outside diameter, Minimum Trade size Outside diameter, Minimum
mm acceptable weight, in acgeptable weight,
kg/m Ibs/ft
16 17.93 £ 0.13 0.424 1/2 0.706 % 0.005 0.285
21 23.42 +0.13 0.647 3/4 0:922 + 0.005 0.435
27 29.54 +0.13 0.952 1 1163 + 0.005 0.640
35 38.35 +0.13 1.414 1-1/4 1.510 + 0.005 0.950
41 44.20 +0.13 1.637 1-1/2 1.740 + 0.005 1.10
53 55.80 + 0.13 2.083 2 2.197 + 0.005 1.40
63 73.03 £ 0.25 3.051 2-12 2.875+0.010 2.05
78 88.90 + 0.38 3.720 3 3.500 + 0.015 2.50
91 101.60 + 0.50 4.837 3-1/2 4.000 + 0.020 3.25
103 114.30 + 0.50 5.506 4 4.500 + 0. 020 3.70
5.2.3 Other djmensions of EMT complying with-the requirements in this standard are provided in Annex
B for informatjon only.
5.3 Protective coatings
5.3.1 Genera
5.3.1.1 The exterior surface(ofyEMT shall be protected against corrosion by a coating solely of zinc, as

described in (
interior surfad
coating, as de

lause 5.3.2, 0r-an alternate corrosion-resistant coating, as described in Clajyise 5.3.3. The

e of the 4ubing shall be protected against corrosion by a coating of zinc
scribed\in Clauses 5.3.2 and 5.3.4 respectively. See Annex C for an overvie

or an organic
W.
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5.3.2 Zinc coating

5.3.2.1 A protective coating of zinc shall cover completely, shall adhere firmly at all points, shall be
smooth and free from blisters and other defects that can lessen the protective value of the coating, shall

be in metal-to-metal contact with the steel, and shall comply with Clause 6.2.2.
5.3.3 Alternate corrosion-resistant coating

5.3.3.1

An alternate corrosion-resistant coating shall cover completely, shall adhere firmly at all points,

and shall be smooth and free from blisters and other defects that can lessen the protective value of the

coating.

shall be subjected to the assembly, bending, resistance, pull, and fault’c
ith Reference ltem No. 3, Annex A, with both set-screw and compresSion t
al of the alternate corrosion-resistant coating.

tubing or elba
accordance
without remo

5.3.3.3 Tubing provided with a nonmetallic alternate corrosion-resistant coating that is not
temperature designation, or is marked 790°C” (“200°F”), is for use in ambient temperatur
exceed 90°C
corrosion-resigtant coating that is for use at temperatures in excess 0f'90°C (200°F) be
rating that hag been evaluated in accordance with Clause 6.2.4.4.1y

5.3.3.4 Tubing provided with a nonmetallic alternate corrosion-resistant coating that is not
temperature designation, or is marked “0°C” (“32°F”), is for\tise in ambient temperatures

(32°F). It is ngt prohibited that tubing provided with a nonmetallic alternate corrosion-resistal
is for use at|temperatures below 0°C (32°F) be marked with a rating that has been|
accordance wjth Clauses 6.2.1.3 and 6.2.4.10.

5.3.4 Organiq coating

5.3.4.1 An organic coating shall cover-evenly the surface to which it is applied, shall be of

throughout, shall have a smooth and-even appearance, and shall comply with Clause
bending requifements of Clause 6:2,1.1.

se 6.2.4. The
urrent tests in
pe couplings,

marked with a
bs that do not

(200°F). It is not prohibited that tubing provided<with a nonmetallic alternate

marked with a

marked with a
not below 0°C
nt coating that

evaluated in

Iiniform quality
6.2.3 and the
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5.3.5 Supplementary coating

5.3.5.1 The use of one or more supplementary coatings is not prohibited. The supplementary coating or
coatings are not required to meet the requirements for primary corrosion-resistant coatings. Tubing or
elbows that are provided with supplementary coatings that have not been evaluated for their corrosion
resistance characteristics shall be marked in accordance with Clause 7.7.

5.3.5.2 Supplementary nonmetallic coatings shall be evaluated with respect to:

a) flame propagation,

b) detrimental effects on the corrosion resistance provided by the primary protective coatings,

c) thg fit of the couplings, and
d) elgctrical continuity with couplings.

See Referenck ltem No. 4, Annex A. The supplementary coating shall be provided in add|tion to the full
primary corrogion-resistant coating.

5.3.6 Surface]|treatment
5.3.6.1 When|one or more surface treatments not exceeding 0:0038 mm (0.00015 in) are ¢mployed as a
top coat or copversion coating, the coatings shall not be required to meet the requirements fpr an alternate
corrosion-resigtant coating or organic coating.

5.4 Elbows

5.4.1 Elbows|shall be made from the same grade of tubing as that used for straight lengths of EMT and
shall be treated, coated, and otherwise produgced according to the requirements for EMT. [See Annex D.

5.4.2 An elbow may be provided with-ah-integral coupling or other integral fitting on one|or both ends.
Each fitting sHall comply with Reference Item No. 5, Annex A.

5.4.3 No elbgw shall be sharpér than 90 degrees. Tolerances for elbows shall be plys or minus 2
degrees. For ¢ach size of tubing, the radius R and the length L of the straight portions at the ends of an
elbow shall ngt be smaller.ihan indicated in Table 5.2. See Figure 1 for illustration.
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1

Table 5.2
Minimum Dimensions of Elbows
Metric Designator Radius R to Length L of Each Trade Size Radius R to Length Lg of Each
Centerline of Straight End Centerline of Straight End
Tubing, Portion of Tubing, Tubing, Portion of Tubing,
mm mm in in
16 102 38 1/2 4 1-1/2
21 114 38 3/4 4-1/2 1-1/2
27 146 48 1 5-3/4 1-7/8
35 184 51 1-1/4 7-1/4 2
41 210 51 1-1/2 8-1/4 2
53 244 54 7 942 2
63 267 76 2-1/2 10-1/2 3
78 330 79 3 13 3-1/8
91 381 83 3-1/2 15 3-1/4
103 406 86 4 16 3-3/8
5.5 Expandef-end integral couplings
metallic tubing may be provided with an integral fitting-such as an expanded end. Each

such fitting sh
Item No. 6, A

5.51 ElectricF

6 Test requitements

6.1 Tube

6.1.1 At ambi
of being bent
seam or weld
with this requi
tubing to a vis

6.1.2 After bg
available trad
mandrel. The
6.2.1.3. Comg
2 with a radiug
The test shall

Il comply with the relevant standard for fittings for genduit, tubing, and cablé
nex A.

ent temperature, one specimen of the smallest available trade size of EMT sh

or the appreciable distortion.of the circular cross-section of the tube. Compli
fement regarding cracks and-openings shall be determined, after bending, by
ual examination.

ing conditioned at\a temperature of 0°C (32°F) for 60 min, one specimen ¢
b size of finished tube shall be capable of being bent into a quarter of a ¢
same specimen may also be used to determine compliance with the coating
liance shall-be determined by bending the tube with the test apparatus as sh
as described in Table 5.2. The tube shall not develop a crack and the weld §
be.conducted inside the cold chamber or shall begin within 15 s of removal

chamber. Tub

b in Reference

all be capable

into a quarter of a circle, withoub the formation of any cracks in the metal, the opening of

ance of tubing
subjecting the

f the smallest
rcle around a
test in Clause
own in Figure
shall not open.
from the cold

ing)that is provided with a nonmetallic alternate corrosion-resistant coatir

g and that is

marked with a

temperature rating below "0°C™ ("32°F") shall be conditioned at the rated ten

rated temperature shall be any temperature below 0°C (32°F) in 5°C (9°F) increments.

perature. The

6.1.3 Compliance of trade sizes 16 (1/2), 21 (3/4), and 27 (1) EMT with the requirements in Clauses 6.1.1
and 6.1.2 shall be determined by bending the tube with the test apparatus as shown in Figure 2 with a
radius as described in Table 5.2. Compliance of EMT larger than trade size 27 (1) with the requirements
in Clauses 6.1.1 and 6.1.2 shall be determined by bending the tube with any suitable bending equipment

that has a rad

ius as described in Table 5.2.
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6.2 Protective coatings
6.2.1 General

6.2.1.1 The protective coating used on the interior or exterior of the tubing shall not crack or flake, as
visible using normal or corrected to normal vision, when a finished specimen of the smallest available
trade size produced by the manufacturer is tested at ambient temperature. Testing shall be performed by
bending the tubing into a semi-circle, the centerline of which has a radius as described in Table 5.2.

6.2.1.2 Compliance of trade sizes 16 (1/2), 21 (3/4), and 27 (1) EMT with the requirement in Clause
6.2.1.1 shall be determined by bending the tube with the test apparatus as shown in Figure 2. Compliance
of EMT larger than trade size 27 (1) with the requirement in Clause 6.2.1.1 shall be determined by bending

the tube With f ||y Qu;tablc bcl Id;lly Uquipmcl It.

6.2.1.3 One gpecimen of the smallest available trade size of finished tube shall be capable
into a quarterfof a circle around a mandrel after being conditioned at a temperature lof 0°C
min. Compliarjce shall be determined by bending the tube with the test apparatus as sho

with a radius

is exposed of
chamber or |
nonmetallic al
("32°F”) shall
below 0°C (32

6.2.1.4 For i
or organic cog
and differenti
materials. Seq

6.2.2 Zinc co

6.2.2.1 A soly
cupric sulfate
container in W
in hot distilled
1.186 after thq
shall be neutn
hydroxide (Cu
specific gravit

s described in Table 5.2. The coatings shall not be damaged to the extent t
that the coating separates from the metal. The test shall*be’ conducted i
egun within 15 s of removal from the cold chamber.4Tubing that is pr
ernate corrosion-resistant coating and that is marked with-a temperature ratin
be conditioned at the rated temperature. The ratedtemperature shall be an
°F) in 5°C (9°F) increments.

lentification of compounds, a nonmetallic material used as an alternate corr
ting shall be subjected to the infrared specifoscopy (IR), thermogravimetric a

hl scanning calorimetry (DSC) tests specified in the applicable standard
Reference ltem No. 7, Annex A.

hting

tion of copper sulfate for-this’test shall be made from distilled water and a re
CuSOQy). In a copper container or in a glass, polyethylene, or other chemica

of being bent
(32°F) for 60
vn in Figure 2
nat bare metal
hside the cold
pvided with a
g below ”0°C”
y temperature

bsion-resistant
halysis (TGA),
for polymeric

hgent grade of
ly nonreactive
| be dissolved

hich a bright piece.of.copper is present, a quantity of the cupric sulfate sha
water. The purgose is to obtain a solution that has a specific gravity sligh

ly higher than

solution is codled to a temperature of 18.3°C (65.0°F). Any free acid that might be present

alized by the\addition of approximately 1 gram of cupric oxide (CuO) or 1

ram of cupric

(OH),) pértiter of solution. The solution shall then be diluted with distilled water to obtain a
of exaetly 1.186 at a temperature of 18.3°C (65.0°F). The solution shall then be filtered.

6.2.2.2 Sevel

AN150-mm (6-in) specimens shall be cut from a sample length of the finished zinc-coated

tubing. With prudent attention to the risks to health and to the risk of fire, the specimens shall be cleaned
with a suitable organic solvent. Each specimen shall be examined for evidence of damage to the zinc
coating, and only specimens that are not damaged shall be selected for use in the test. When a zinc
coating is used on the inside and outside of the tubing, half of the specimens shall be longitudinally cut
in half to expose the inside surface. If a zinc coating is used only on the outside of the tubing, none of the
specimens shall be cut longitudinally.
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6.2.2.3 The selected specimens shall be rinsed in water, and all surfaces shall be dried with clean
cheesecloth. As much of the water as possible shall be removed in the drying operation because water
slows the reaction between the zinc and the solution, thereby adversely affecting the test results. The
surface of the zinc shall be dry and clean before a specimen is immersed in the solution of copper sulfate.
The specimens shall not be touched by the hands or anything else that can contaminate or damage the
surfaces.

6.2.2.4 A glass, polyethylene, or other chemically nonreactive beaker having a diameter equal to
approximately twice the diameter measured over the specimen shall be filled with the solution of copper
sulfate to a depth of not less than 76 mm (3 in). The temperature of the solution shall be maintained at
18.3 £1.1°C (65.0 £2.0°F). The specimen shall be immersed in the solution and supported on end in the
center of the beaker so that not less than 64 mm (2-1/2 in) of its length is immersed. The specimen shall

Lon baoll +lo

1
TTOT STTIAIT O TeSUTO

ion be stirred.

remain in the

6.2.2.5 At the
in running tag
removed, and
objects and s
was immerse
portions of thg
in) for sizes 6
preparing the

6.2.2.6 A rec
firmly-adherin
cut-edge porti

6.2.2.7 When

setttonfor-66-sdufing-which-Hme—it-shat-rot-be-mevesd;
end of the 60 s period, the specimen shall be removed from the beaker rinse
water, rubbed with clean cheesecloth until any loosely adhering, deposits
then dried with clean cheesecloth. Again, hands and other damaging and
Ibstances shall not touch the surfaces that were immersed. The\part of the
d shall be examined, considering each broad surface separately and dig
specimen within 13 mm (1/2 in) of the cut ends on sizes<12 — 53 (3/8 — 2)
B — 103 (2-1/2 — 4) and within 3 mm (1/8 in) of any lopgitudinal edges cut in
specimen.

brd shall be made when the immersed part ofithe specimen has any def
) copper exclusive of the 13 mm (1/2 in) cut-end portions and any 3 mm (1/8
bNS.

bright adhering copper is not found;the process of immersing, washing, rd

examining, ampd recording shall be repeated up‘to the required number of immersions

presence of g
After the dips
be discarded.

6.2.2.8 A pro
exterior of the
deposit of cop

6.2.2.9 A pro
interior of the
deposit of cop

opper is noted, whichever comes first, using the same specimen and beak
are completed on any one speeimen, the portion of the solution of copper sul
A fresh portion of the solution shall be employed for each of any succeeding

ective zinc coating_that provides the sole means of primary corrosion resi
tubing shall be stch*that a specimen of the finished tubing does not show a b
per after four 604s immersions in a copper sulfate solution.

ective zifi¢-coating that provides the sole means of primary corrosion resi
ubing shall be such that a specimen of the finished tubing does not show a b
per.after one 60-s immersion in a copper sulfate solution.

d immediately
of copper are
contaminating
specimen that
regarding the
and 25 mm (1
he process of

osit of bright,
n) longitudinal

bbing, drying,
5, or until the
er of solution.
ate used shall
specimens.

stance on the

ight, adherent

stance on the
ight, adherent

6.2.2.10 When it is desired to show the character of the bright metallic copper deposit on an exposed
steel surface, prepare a reference standard for comparison as follows. Partially submerge a zinc-coated
specimen in strong hydrochloric acid until a violent action ceases. Immediately remove the specimen,
wash, and wipe it dry. Then dip the specimen, with an area of bare surface thus exposed, including a
portion with zinc coating intact, for a few seconds in the copper sulfate solution at a temperature of 16 —
20°C (61 — 66°F), remove it, wash it, and wipe it dry. Prepare this copper-coated reference standard at
the time of testing.
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6.2.2.11 For an alternate test method to the one described in Clauses 6.2.2.1 — 6.2.2.10, see Reference
Iltem No. 8, Annex A.

6.2.3 Organic coatings

6.2.3.1 Elasticity test

6.2.3.1.1 The organic coating used to protect the interior of the tubing, when applied to a sheet-steel test
piece and baked in an oven for 5 h, shall withstand without damage 10 successive bends of the test piece
back and forth through an angle of 180 degrees against an edge having a radius of 1.6 mm (1/16 in).

6.2.3.1.2 The apparatus shaII COI’]SIS’[ of fIat test pleces of sheet steeI 75 by 125 mm (3 by 5 in) long and

approximatelyr8
75 mm (3 in)
shall be round

6.2.3.1.3 Twag
foreign materi
shall be susp
normal baking
135°C (275°F
150°C (275 —

room tempera
for 90 degrees
back past its
75-mm (3-in)
with the test g
not be accept

6.2.3.2 Warm|

6.2.3.2.1 Th{
approximately|
reservoir, pun
air, specimen

6.2.3.2.2 The
98 +2% relati

wde for holdmg the test pleces durlng the bendlng test. The 75 mm (3 in)~edq
ed to a radius of 1.6 mm (1/16 in).

test pieces shall be cleaned with a suitable organic solvent toCremove ar
bl and shall then be dipped in the organic coating. After air drying for 30 min,
ended by means of short wires in the oven. The test pieces\shall be baked
temperature for the coating in question, but if the normal‘baking temperatur
or if the coating is regularly air dried, the oven temperature shall be maint
302°F).

ture. Each flat test piece shall be secured in_th€ vise, gripped at its free end,
against one of the 75-mm (3-in) edges of-the vise jaws. Each test piece sha

bdge of the vise jaws. It shall then bepent for 90 degrees in the opposite dir
iece in its original position. This cycle shall be repeated 5 times. The organi
bd if the coating on any test piece cracks, flakes off, or is damaged otherwis

humid air test

p test apparatus shall be an insulated specimen chamber with insidg
119 by 71 by 74 ©m (47 by 28 by 28 in). It shall contain a temperature-cg
p, and spray chamber for humidifying the air, an air-circulating fan, provision
supports, andthe necessary means of control.

dry bulb-temperature of the test chamber shall be maintained at 60 £1°C (14
e humidity throughout the test. The specimens shall be supported in racks

15 degrees from_the vertical.

!

6.2.3.1.4 At the end of the 5 h, the test pieces shall be remaved from the oven and coolg

jaws at least
je of each jaw

y grease and
he test pieces
for 5 h at the
is lower than
ined at 135 —

d in still air to
and then bent
| then be bent

priginal position, through 180 degrees,\so that it ends bent 90 degrees against the other

ection, ending
c coating shall

a)

e.

b dimensions
ntrolled water
or heating the

D +2°F) and at
at an angle of

6.2.3.2.3 The test shall be conducted for a period of 60 d, at the end of which there shall not be any
corrosion of the metal.
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6.2.4 Alternate corrosion-resistant coatings

6.2.4.1 A coating other than one consisting solely of zinc, which is to be evaluated for its ability to provide
corrosion resistance on the exterior of tubing, shall, in addition to the requirements in Clauses 6.2.4.2 —
6.2.4.7.3, be evaluated with respect to flame propagation. See Clause 6.2.4.11. Additionally the tubing or
elbow shall be subjected to the assembly, bending, resistance, pull, and fault current tests in accordance
with Reference Iltem No. 9, Annex A, with both set-screw and compression-type couplings.

6.2.4.2 The coating shall comply with the salt-spray (fog), moist carbon dioxide-sulfur dioxide-air, and
ultraviolet light and water tests after being conditioned in accordance with Clause 6.2.4.4. Corrosion within
13 mm (1/2 in) of cut edges shall be disregarded.

6.2.4.3 Preparation-of-speeimens

6.2.4.3.1 Thir
trade size 2 (4

6.2.4.3.2 Half
of 15,000 — 3
(0.045 in) thic
be free of gre
to the test en

6.2.4.4 Air ov|

6.2.4.4.1 Six
temperature o
rating above ¢
rated temper

u
specimens sﬁEII be used for the resistance to-salt spray (fog) (Clauses 6.2.4.6.1 and 6.2.

resistance to

6.2.4.5 Resis

6.2.4.5.1 Thre

either of the methods specified/in Clause 6.2.4.5.3 or 6.2.4.5.4.

y 152 — 203 mm (6 — 8 in) long specimens, provided with the corrosion<resist
3), or the closest trade size manufactured, shall be tested.

of the specimens to be exposed shall be scribed using a rotary\tool operati
D,000 rpm. The specimens shall be scribed in accordance with’ Figure 3 usi
fiberglass reinforced cut-off wheel until bright base metalis exposed. The sj
bse or dirt. The coating thickness of each specimen shali-be measured prior
ironments.

en conditioning exposure

scribed and six unscribed specimens ofsedeh coating shall be conditioned

f 100 £1°C (212 £2°F) in an air-circulating oven. Tubing that is marked with

0°C (200°F) shall be conditioned at¢he rated temperature plus 10°C (18°F)
re shall be any temperature in excess of 90°C (200°F) at 25°C (45°F) incrg
oist carbon dioxide-sulfur digxide-air (Clauses 6.2.4.7.1 — 6.2.4.7.3) tests.

ance to ultraviolet light and water

be scribed and threg unscribed specimens shall be exposed to ultraviolet ligh

6.2.4.5.2 As

or any blisterg. For the-scribed specimens, the average creeping distance of red rust from t
not be greatef than Rating No. 6 (1.6 — 3.2 mm (1/16 — 1/8 in)) as designated in Referenc

Annex A, wit

ant coating, of

ng at a speed
ng a 1.14 mm
ecimens shall
to exposing it

or 240 h at a
A temperature
for which the
ments. These
4.6.2) and the

and water by

result of\the exposure, the unscribed specimens shall not show any base metal corrosion

he scribe shall
e [tem No. 10,

maximum isolated spot not exceeding 9.5 mm (3/8 in). There shall not

be any visual

evidence of pitting of the substrate and only the beginning of a buildup of red rust beneath the coating
uplifted from the scribe.

6.2.4.5.3 For twin enclosed carbon-arc, the specimens shall be exposed for 360 h to light and water in
accordance with Reference ltem No. 11, Annex A, using the apparatus designated as type DH. Method
1, continuous exposure to light and intermittent exposure to water spray, with a programmed cycle of 120
min consisting of a 102-min light exposure and an 18-min exposure to water spray with light, shall be
used. The apparatus shall operate with a black-panel temperature of 63 £3°C (145 +5°F).
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6.2.4.5.4 For xenon-arc, the specimens shall be exposed for 500 h to light and water in accordance with
Reference Item No. 12, Annex A, using the apparatus designated as type BH. Test Method A, continuous
exposure to light and intermittent exposure to water spray, with a programmed cycle of 120 min consisting
of a 102-min light exposure and an 18-min exposure to water spray with light, shall be used. The
apparatus shall operate with a 6500 W, water-cooled xenon-arc lamp, borosilicate glass inner and outer
optical filters, a spectral irradiance of 0.35 W/m2/nm at 340 nm, and a black-panel temperature of 63 +3°C
(145 £5°F).

6.2.4.6 Resistance to salt spray (fog)

6.2.4.6.1 Six as-received and six air-oven conditioned specimens shall be exposed to the salt spray (fog)
for 600 h in accordance with Reference Iltem No. 13, Annex A. Three of the as-received and three of the

a0 4.2 0

air-oven cond

6.2.4.6.2 As
corrosion ben

'H ol H baoll kb Jaadl 2l ad i ol
uauTicu OPUU””UI To OIdAdIT VU OoUTNTUCTU do UTOUINTUTU TTT UTAUOU V... V..

b result of the conditioning, the unscribed specimens shall not show “yror|
bath the coating system, with no visible pitting of the substrate and,only the

buildup or wegping of red rust. For the scribed specimens, the average creeping distance g

the scribe sha
ltem No. 14, A
separation of

6.2.4.7 Resis

6.2.4.7.1 Six
dioxide-sulfur

[ not be greater than Rating No. 5 (3.2 — 4.8 mm (1/8 — 3/16 in)) as designate

e than a light
beginning of a
f red rust from
i in Reference

nnex A, with maximum isolated spot not exceeding 9.5 mm (378 in). There shall not be any

he coating from the substrate as a result of the exposure:
ance to moist carbon dioxide-sulfur dioxide-air

ps-received and six air-oven conditioned specimens shall be exposed to thg
dioxide-air for 1200 h. The apparatus used for this exposure shall consist

having a vol

e of at least 0.085 m3 (3 ft3) with a waterjacket and thermostatically contr

maintain a tgmperature of 35 £2°C (95 +3°F). Three of the as-received and three o

conditioned specimens shall be scribed as described'in Clause 6.2.4.3.2.

6.2.4.7.2 As
corrosion ben

1

b result of the conditioning, theunscribed specimens shall not show mor
bath the coating system, withino visible pitting of the substrate and only the

buildup or wegping of red rust. For the-scribed specimens, the average creeping distance o

the scribe sha
ltem No. 15, A
separation of

6.2.4.7.3 The
cylinders conf
the volume of
each working

[ not be greater than Rating No. 6 (1.6 — 3.2 mm (1/16 — 1/8 in)) as designate
he coating from the substrate as a result of the exposure.

carbon dioxide and sulfur dioxide shall be supplied to the test chamber fro
pining thé<gases under pressure. An amount of carbon dioxide equivalent t
the test'chamber and an equal volume of sulfur dioxide shall be introduced int
Hay. Prior to introducing the new charge of gas each day, the remaining gas-a

moist carbon
of a chamber
blled heater to
the air-oven

e than a light
beginning of a
f red rust from
i in Reference

nnex A, with maximum isolated spot not exceeding 9.5 mm (3/8 in). There shall not be any

m commercial
b 1 percent of
b the chamber
r mixture from

the previous ¢

ay_shall be purged from the chamber. A small amount of water shall be ma

ntained at the

bottom of the chamber for humidity. This water shall not be changed during the exposure. T
shall be supported in plastic racks at an angle of 15 degrees from the vertical.

he specimens
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