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IEEE Standards documents are developed within the Technical Committees of the IEEE Societies and the Standards
Coordinating Committees of the IEEE Standards Board. Members of the committees serve voluntarily and without
compensation. They are not necessarily members of the Institute. The standards developed within IEEE represent a
consensus of the broad expertise on the subject within the Institute as well as those activities outside of IEEE that have
expressed an interest in participating in the development of the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard does not imply that there are no other
ways to produce, test, measure, purchase, market, or provide other goods and services related to the scope of the IEEE
Standard. Furthermore, the viewpoint expressed at the time a standard is approved and issued is subject to change
brought about through developments in the state of the art and comments received from users of the standard. Every
IEEE Standard is subjected to review at least every five years for revision or reaffirmation. When a document is more
than five years old and has not been reaffirmed, it is reasonable to conclude that its contents, although still of some
value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have the
latest edition of any IEEE Standard.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation
with IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to
specific applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate
action to prepare appropriate responses. Since IEEE Standards represent a consensus of all concerned interests, it is
important to ensure that any interpretation has also received the concurrence of a balance of interests. For this reason
IEEE and the members of its technical committees are not able to provide an instant response to interpretation requests
except in those cases whew the matter has previously received formal consideration.

Comments on standards and requests for interpretation should be addressed to:

Secretary, IEEE Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331
USA

IEEE Standards documents may involve the use of patented technology. approval by the Institute of Electrical and
Electronics Engineers does not mean that using such technology for the purpose of conforming to such standards
is authorized by the patent owner. It is the obligation of the user of such technology to obtain all necessary
permissions.
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Introduction

(This introduction is not a part of IEEE Std 515.1-1995, IEEE Recommended Practice for the Testing, Design Installation, and
Maintenance of Electrical Resistance Heat Tracing for Commercial Applications.)

The utilization of electrical resistance heat tracing in the commercial construction industry has increased steadily due
to the availability of more reliable products and more efficient operation. The need exists for broad-based technical
information about electrical resistance heat tracing systems. In the construction industry, these systems are used for
temperature maintenance of domestic hot water, general freeze protection of piping and drain lines, roof and gutter
deicing, snow melting of concrete and asphalt embankments, frost heave protection of freezer floors in cold storage
warehouses, and floor warming as an enhancement for the comfort of office personnel. The approval process for these
systems provides the basis for this recommended practice.

This recommended practice provides specific test requirements for qualifying electrical resistance heating cables for
commercial construction and a basis for electrical and thermal design. Type and routine production tests are outlined
in this recommended practice and address such subjects as mechanical durability, resistance to moisture, and electrical
and thermal ratings. This recommended practice outlines specific recommendations dealing with the installation of
electrical resistance heat tracing systems for the intended use.

This recommended practice was developed by members of the 515.1 Working Group, with technical input from a
panel of invited experts. The expertise of the panel members within their respective engineering firms includes the
development of specifications and circuit designs for electrical resistance heat tracing for one or all of the applications
included herein.

The following working group members were responsible for the development of this recommended practice:

George B, Tarbutton, Chair

Dusty Brown Paul House Bob Rafferty

Lou Chiaponne Richard Hulett Date Schoff

Richard Farkas Noel Kelly Rick Shapka

Bill Hanthorn Frank Kennes John Turner

Bob Hart Dom Kumadan Clinton Veit
Bill Land

The following invited experts contributed to the technical details of this recommended practice:

Bruce Alward Abdul Q. Haideri Thomas Pitcherello
Jimmy Barber Robert Love Larry Robicheaux
Keith Franklin Doug Maust Irwin Smiley
Ron Gaines Dennis McCoskrie Frank Teebagy
Philip Gibisch Robert Northridge Ken Wintik
Kenneth Gil Steve Paniri Lindsay Young

Louis R. Pastor

Documents

Document Sharing Hub
111
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 16:51:21 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 515.1-1995


http://www.avadocuments.com/doc/ieee-515-1-1995
http://www.avadocuments.com/doc/ieee-515-1-1995

The following persons were on the balloting committee:

J. Kirk Armintor

Ralph L. Haynes

Kenneth Pitzer

Christine Bates F. P Hogan R. Knox Pitzer
Leo Berg Richard H. Hulett B. M. Polkinghorn
Frederick Bried John Hus John E. Propst
Robert Buente Ronald M. Jackson Sam L. Ralston
M. M. Cameron Ben C. Johnson Milton H. Ramsey
J. D. Campbell David Johnson Quentin Reynolds
William E Casper Michael Johnson Charles L. Roach
James M. Daly John H. Kassebaum Donn Rosen

John Davis J. W. Kilgore Scott W. Shannon
Frank DeWinter P M. Kinney Tam Shaw

Gary Donner Kim Kizer Paul J. Skobel
Richard L. Doughty Clark R. Lockerd A. W. Smith
Joseph S. Dudor Will E. McBride T. B. Smith
Marcus O. Durham Bill McCarty H. R. Stewart
John B. Dwyer Bob McDaniel Anne P Sutblen
Thomas E. Dye E. F. Merrill George B. Tarbutton
Richard Epperly Duane Miller E. B. Turner

C. James Erickson Paul W. Myers Donald Voltz
Eugene J. Fagan R. L. Nailen Albert E. Whiteside
H. Landis Floyd John P. Nelson Barry Wiseman
Amy Frere John B. Overmeyer Barry M. Wood
R. W. Gallant Lorraine Padden Raoul Wood
Stephen W. Hagemoen T. P Pearson Bob Zahn

Paul S. Hamer C. L. Pittman Peter A. Zotos

Documents

. Document Sharing Hub
v
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 16:51:21 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 515.1-1995


http://www.avadocuments.com/doc/ieee-515-1-1995
http://www.avadocuments.com/doc/ieee-515-1-1995

When the IEEE Standards Board approved this recommended practice on June 14, 1995, it had the following

membership:
E. G. "AI" Kiener, Chair
Donald C. Loughry, Vice Chair
Andrew G. Salem, Secretary
Gilles A. Baril Richard J. Holleman Marco W Migliaro
Clyde R. Camp Jim Isaak Mary Lou Padgett
Joseph A. Cannatelli Ben C. Johnson John W. Pope
Stephen L. Diamond Sonny Kasturi Arthur K. Reilly
Harold E. Epstein Lorraine C. Kevra Gary S. Robinson
Donald C. Fleckenstein Ivor N. Knight Ingo Rusch
Jay Forster* Joseph L. Koepfinger* Chee Kiow Tan
Donald N. Heirman D. N. "Jim" Logothetis Leonard L. Tripp

L. Bruce McClung
*Member Emeritus
Also included are the following nonvoting IEEE Standards Board liaisons:

Satish K. Aggarwal Richard B. Engelman Chester C. Taylor
Robert E. Hebner

Stephen J. Huffman
IEEE Standards Project Editor

Documents

Document Sharing Hub
A\
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 16:51:21 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 515.1-1995


http://www.avadocuments.com/doc/ieee-515-1-1995
http://www.avadocuments.com/doc/ieee-515-1-1995

CLAUSE PAGE

1. OVETVIBW ...ttt ettt ettt ettt ettt et e s bt e et e s bt et e s bt et e e bt et e bt et e e bt e bt eaeesaeemeesb e e st e sbeembesbe e s e sbeeaseeueenteeneenneenee 1
Lol SCOPE -ttt ettt et a e et a e e ae e s e b enesh e neeneenneene 1
L2 PUIPOSE ...ttt sttt ettt e e bt e se e e st e st s et e a e e e a e e s heeaneeheeanesreeneereenneene 1
2 RETEICIICES ... ettt sttt st e bt a e bt e et e b e st e s bt eat e s bt et e e bt e bt satenbeesbesbeenbenbeensenbeans 2
3. DIETINILIONS ... ittt ettt ettt ettt be et e bt b e eae e sa e et sb et s bt et e s bt et te et eae ettt e b eaee 2
4, GENETAl PrOAUCT tESHINE ...c.vveutieeieiieeierie ettt ettt et et e et este e s et e ese e st e st e st eneesaeensesseensesseensesseenseentenseensanseensenseenes 4
4.1 Type test— ZeNneral TEQUITEIMEIILS ......cc.eeuirtiertirtietiettenteetterteeite st etesbeestesbe e tesbeentesbeenteeseenseeatesbeeneenbeensensens 4
4.2 Type test—InSuUlated SUITACES .......eoueitiiiiiiiiiiitiete ettt ettt e e st e et e e b eate b 4
4.3 Type test—outdoor eXPOSEd SUITACES .........cceeriirieriieieniieiente ettt sttt ettt et bt et st e e eae 13
4.4 Type test—installations with embedded traCing .........cceeeevieriirenieriieee e 15
4.5 Type test—tracing Inside of piping O CONAUIL .........cccuiririiiririiinieie ettt 15
4.0 ROULINE EESTINE ...uveetentieiietieieiteete sttt ettt ettt et eb et e et e st e eatesbe e st e s bt eatesbeemte s bt emseebeemteebeentesbeentesbeeneeeaie 16
5. IMEATKINIES ..ottt ettt et ettt s e et e e s ht e e st e e bt e et e e satesabeesabeesseesaeeenseesaseenbeesabeenbaesabeenseesateenseenaneenbes 16
5.1 Bulk cable MarKings........ccceouieiierieiiieieiie ettt ettt ettt e ste st e st e et esae et e b e et e st e teeneeneeeneeeeenes 16
5.2 Cable reel Or Carton MATKIIZS .....c.ceerviererirtirterienieieteteteitete ettt st see sttt et et et e e ese et eaeeseebesbesaesaennenee 17
5.3 Markings for factory fabricated SELS .........coiririerierierieieieietrcet ettt 17
5.4 Package markings for field fabrication Kits ..........ccccceverieriririninininnnereeteeeeteeeeee e 17
6. Design, installation, and MAINTENANCE..........cc.eerteririertieiert ettt eitente ettt st etesbe e besbee b e sbe et eaeenbeeaeeneeenees 18
6.1 Temperature maintenance of PIPING SYSIEIMS .....coueererrirrieriiertiriientireenteeteneetesieetesieeresieesreseeenseeeeenseene 18
6.2 ROOf aNd GUHET AEICINGZ ... .eeveeuririiiiiriieieriteierit ettt ettt ettt et st sbeebte bt et e s beeene bt eanesbeennesbeennesaee 28
6.3 SNOWIMEILINZ ..ottt sttt ettt ettt ettt e e sb et sbee bt sbee bt e ba e bt eene bt eenesbeentesbeennesue 34
6.4 FlOOT WAITIIIZ ..c..eeutiiientieiietieitenteete sttt sttt sttt sttt et et e st e st e et e sbeemtesbeeaesbee bt ebne b e eesebeeanesbeentesseennesnee 41
6.5 FrOSt NEAVE PIEVEINTION ...c.ueeutiiiiiieiiiriteie sttt ettt ettt ettt sbe ettt esbe st sbeeaae bt eenesbe et esbe et e sbeenneeae 46
6.6 Earth thermal STOTage SYSIEIMS. .....cocuirteriirierierienieetenteetenteetenteetesbeestesreesteeseesaeessesbeessesbeennesbeensesseensesnee 50
7. BIDHOZIAPIY ..ottt st et n e et saeeanes 52
8. Annex Sample 1og sheet (INFOrMAtIVE) .......coouiiiiriiiiiiiieeee ettt ettt see e 55
v Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 16:51:21 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 515.1-1995


http://www.avadocuments.com/doc/ieee-515-1-1995
http://www.avadocuments.com/doc/ieee-515-1-1995

IEEE Recommended Practice for the
Testing, Design, Installation, and
Maintenance of Electrical Resistance
Heat Tracing for Commercial
Applications

1. Overview

1.1 Scope

This recommended practice provides detailed recommendations for the testing, design, installation, and maintenance
of electrical resistance heat tracing in commercial applications. Commercial applications include installations inside
and outside of commercial business buildings, such as office buildings, hospitals, and airports. Typical applications
include freeze water pipes; temperature maintenance of hot water piping and other lines and tubing; protection of
sprinkler systems; roof, gutter, and pavement deicing; and other applications as shown in table 1. The recommendation
also include test criteria to determine the suitability of heating cables and fittings that are utilized for these
applications.

Commercial applications involving hazardous (classified) locations should meet the requirements in IEEE Std 515-1 989!
in addition to the requirements in this document.

1.2 Purpose

The provisions of this recommended practice should ensure that adequate material temperatures are maintained, and
that electrical, thermal, mechanical, and water-exclusion durability are provided to the heat tracing system. In
addition, it should provide that under normal use the products will exhibit long term performance reliability without
damage to the user or surroundings. This recommended practice is a supplement to those provisions outlined in
ANSI/NFPA 70-1993, Articles 426 and 427.

nformation on reference can be found in clause 2.
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2. References

This recommended practice shall be used in conjunction with the following publications. When the following
standards are superseded by an approved revision, the revision shall apply.

ANSI/NEMA 250-1991, Enclosures for Electrical Equipment (1000 Volts Maximum).2

ANSI/NFPA 70-1993, National Electrical Code (NEC).?

ANSI/UL 50-1987, Cabinets and Boxes.*

ASTM D5025-91, Specification for a Laboratory Burner Used for Small-Scale Burning Tests in Plastic Materials.”

ASTM D5207-91, Practice for Calibration for 20 mm and 125 mm Test Flames for Small-Scale Burning Tests on
Plastic Materials.

ASTM G26-93, Practice for Operating Light-Exposure Apparatus (Xenon-Arc Type) With and Without Water for
Exposure of Nonmetallic Materials.

IEEE Std 100-1992, The New IEEE Standard Dictionary of Electrical and Electronics Terms (ANSI).6

IEEE Std 515-1989, IEEE Recommended Practice for the Testing, design, Installation, and Maintenance of Electrical
Resistance Heat Tracing for Industrial Applications (ANSI).

3. Definitions

The following definitions apply to the subject matter presented in this recommended practice. Electrical and electronic
terms used in this recommended practice are defined in IEEE Std 100-1992 .

3.1 ambient temperature: The temperature surrounding the object under consideration. Where electrical heating
cable is enclosed in thermal insulation, the ambient temperature is the temperature exterior to the thermal insulation.

3.2 connections: In-line and tee splices that are designed to join heating cables or heating cables and power leads.

3.3 dry location: A location not normally subject to dampness or wetness. A location classified as dry may be
temporarily subject to dampness or wetness, as in the case of a building under construction.

3.4 electrical resistance heat tracing: The utilization of electric heating cables, other electric heating devices, and
support components that are externally applied and used to reduce or eliminate ice build-up, to prevent the freezing of
pipes or surfaces, or to maintain a pipe or surface at a prescribed temperature.

3.5 end termination: The termination applied to the end of the heating cable, opposite the power supply end.
3.6 factory fabricated: A heating cable assembled by the manufacturer, including terminations and connections.

3.7 field assembled: Heating cable supplied in bulk form with terminating components and connections to be
assembled by field personnel.

2ANSI/NEMA publications are available from the National Electrical manufacture Association, 2101 L Street NW, Suite 300, washington, DC
20037, USA.

3 ANSI/NFPA publications are available from Publication Sales, National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101,
Quincy, MA 02269-9101, USA.

4ANSI/UL publications are available from Underwriters Laboratories, Inc., 333 Pfingsten Road, Northbrock, IL 60062-2096, USA

SASTM publications are available from the Customer Service Department, American society for Testing and Materials, 1916 Race Street,
Philadelphia, PA 19103, USA.

SIEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-
1331, USA.
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3.8 heat loss: A quantitative value of the rate of thermal energy flow from a pipe, vessel, or equipment to the
surrounding ambient.

3.9 high profile: Terminations or connections designed for use outside of thermal insulation, or away from the surface
being heated.

3.10 high-resistance sheath: A metallic covering with a characteristic resistance at a level high enough to prevent
usage as an effective ground path. More specifically, it is a metallic covering that either does not have a conductance
greater than or equal to that of the largest conductor under evaluation, based on the resistance of an equivalent sized
copper conductor, or is incapable of passing an overcurrent test at levels of 1.10, 1.35, and 2.00 times the maximum
branch circuit overcurrent protection for 7 h, 1 h, and 2 min, respectively.

3.11 jacket: A polymeric sheath, sometimes fabric reinforced, applied over the insulation or core of a cable.
3.12 low profile: Terminations or connections designed to be an integral part of the heating cable.

3.13 maximum exposure temperature: The highest temperature to which a component of the heat-tracing system
may be exposed either continuously or for a specified period of time.

3.14 maximum maintain temperature: Specified maximum temperature of a surface or process which the heat
tracing is capable of maintaining continuously.

3.15 metallic covering: A metal sheath or braid used to provide physical protection for heating cable and, usually, to
provide an electrical ground path.

3.16 operating voltage: The actual voltage applied to the heating cable when in service.
3.17 overjacket: A polymeric sheath, sometimes fabric reinforced, applied over the metallic covering.

3.18 parallel heating cable: Heating elements that are electrically connected in parallel, either continuously or in
zones, so that watt density per lineal length is maintained irrespective of any change in length for the continuous type
or for any number of discrete zones.

3.19 power connection: The connection between the heating cable and incoming power.

3.20 rated output: Total power or power/unit length of heating cable, at rated voltage or current, maintain
temperature, and length, normally expressed as W/m or W/ft.

3.21 rated voltage: The voltage to which the operating characteristics of the heating cable are referred.

3.22 routine test: A test that is carried out by the manufacturer of the heating cable on all cables during or after the
production process.

3.23 series heating cable: Heating elements that are electrically connected in series with a single current path and
have a specific resistance at a given temperature for a given length.

3.24 sheath: A continuous covering for a cable.

3.25 sheath temperature: The temperature of the outermost sheath that may be exposed to the surrounding
atmosphere.

3.26 start-up current: The transient current of a heating cable immediately following energization.

3.27 temperature sensor (sensing element): A device that responds to temperature and provides an electrical signal
or a mechanical operation.

3.28 thermal insulation: Material having air- or gag-filled pockets, void spaces, or heat-reflective surfaces that, when
properly applied, will retard the transfer of heat with reasonable effectiveness under ordinary conditions.

3.29 type test: A test or series of tests carded out on heating cables and accessories, representative of a type, to
determine compliance of the design, construction, and manufacturing methods within the requirements of the specified
standard (in this case, IEEE Std 515.1-1995).
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3.30 weather barrier: Material that, when installed on the outer surface of thermal insulation, protects the insulation
from water or other liquids; physical damage caused by sleet, wind, or mechanical abuse: and deterioration caused by
solar radiation or atmospheric contamination.

4. General product testing

4.1 Type test—general requirements

Products intended for use in commercial applications should meet the requirements of the type tests given in 4.2.
Products intended for type B, C, and D applications (as defined in table 1) should also meet the requirements of 4.3,
4.4, and 4.5, respectively.

Terminations and connections to be installed as an integral part of the heating cable, whether intended to be factory
fabricated or field assembled, should be subjected to the same type tests as the heating cable, except where otherwise
noted. These should include low-profile power connections, splices. and end terminations, as well as gland fittings or

seals where a cable enters a termination enclosure.

Tests should be conducted at room temperature between 10 °C and 40 °C (50-104 °F) unless otherwise noted.

4.2 Type test—insulated surfaces

Heat tracing systems intended for installations on thermally-insulated surfaces, such as insulated pipes, tanks, and
tubing (type A applications as defined in table 1) should meet the requirements of 4.2.1-4.2.15.

4.2.1 Dielectric test

The dielectric test should be performed on a minimum 15 m (50 ft) sample length of bulk heating cable in accordance
with the following:

Rated voltage rl;‘;j:lz’(:.l;l?lsg)e
<30 Vrms 500
<60 Vdc 500
=30 Vrms 2F + 1000
=60 Vde J2E + 1000

The test voltage, where E = rated voltage, should be applied at a rate of rise neither less than 100 V/s nor more than 200
V/s, and maintained for 1 min without dielectric breakdown. The Vac rms test voltage waveform should be essentially
sinusoidal, with a frequency of 45-65 Hz.
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ELECTRICAL RESISTANCE HEAT TRACING FOR COMMERCIAL APPLICATIONS

Table 1—Commercial cable installation type

IEEE Std 515.1-1995

Installation
type

Type definition

Examples of type

Reference clause for
general testing
requirements

A

Insulated surfaces
(including pipe)

Hot water lines
Freeze protection
Sprinkler systems
Grease lines

Fuel oil lines
Pre-insulated pipe
Below grade tracing

4.1 and 4.2

Outdoor exposed areas

Roof deicing
Gutter and down spouts deicing
Catch basins and drains

4.1,4.2,and 4.3

Installations with
embedded tracing

Embedded snow melting
Embedded frost heave protection
Embedded floor warming
Embedded energy storage systems
Embedded door frames

4.1,4.2,and 4.4

Installations with tracing
inside of conduit or piping

Snow melting cable in conduit
Frost heave protection in conduit
Floor warming in conduit

Energy storage systems in conduit
Enclosed drains and culverts

4.1,4.2,and 4.5

The test voltage should be applied between the conductors and the metallic covering, or a specially applied conductive
metal tape or braid. Alternatively, for heating cables without a metallic covering, the dielectric test may be conducted
by submerging the cable in tap water at room temperature (resistivity of tap water typically 50 000 Qcm). The test
voltage should be applied between the conductors and the water.

4.2.2 Insulation resistance test

The insulation resistance should be measured on the above sample after the dielectric test specified in 4.2.1 is
completed. The resistance of the insulation should be measured between conductors and the metallic covering, or a
specially applied conductive metal tape or braid, by means of dc voltage of 500 V. For heating cables without a metallic
covering, the dielectric test may be conducted by submerging the cable in tap water at room temperature (resistivity of
tap water typically 50 000 Qcm). The test voltage should be applied between the conductors and the water. The
measured value should not be less than 50 M for all cases.
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END TERMINATION

CAM SWITCH (LOW PROFILE)

IN-LINE TEE OR
SPLICE CONNECTION
(LOW PROFILE)

END TERMINATION
(LOW PROFILE)

POWER CONNECTION
(LOW PROFILE)

COLD LEAD (O) PARALLEL CABLE

(b) SERIES CABLE, ONE CONDUCTOR
POWER CONNECTION (c) SERIES CABLE, TWO CONDUCTOR
(HIGH PROFILE)

Figure 1—Heating cable termination test apparatus
4.2.3 Water resistance test

A minimum 3 m (10 ft) sample, including terminations and connections, should be immersed in water at 10-25 °C
(50-77 °F) for a period of 336 h (14 days).7 After the conditioning period, the sample should be subjected to the
dielectric voltage outlined in 4.2.1 for 1 min without dielectric breakdown.

4.2.4 Terminations and connections resistance to water test

A sample of heating cable at least 3 m (10 ft) in length with factory- or field-assembled terminations and connections
(as specified in 4.1) should be placed in a water flow and drain apparatus as shown in figure 1.8 Water flow should be
initiated until the heating cable, terminations, and connections are completely covered. At that point, the water flow is
stopped and the cable is energized. The apparatus is then drained. The total time from the initiation of water flow to the
completion of draining should be no greater than 4.5 min. The cable will continue to be energized for 30 s after the
water has been drained. At that point, water flow is initiated for the second cycle and the cable is de-energized. The test
should be continued for 300 cycles. After completion, the dielectric voltage outlined in 4.2.1 should be applied for
1 min without dielectric breakdown.

4.2.5 Elevated temperature exposure test

A minimum 3 m (10 ft) sample, including connections and terminations, should be placed in a forced-air convection
oven. The oven temperature should be set to a level 25 °C + 5 °C (45 °F = 9 °F) above the maximum exposure
temperature declared by the manufacturer. This level of exposure should be maintained for a period of 336 h (14 d).

A straight length of the conditioned healing cable (without terminations or connections) should be wound six close
turns around a mandrel having a radius equal to one of the following two criteria:

a) Six times the diameter of the primary bending plane or thickness of the heating cable
b) The manufacturer's stated minimum bend radius

"Terminations and connections for systems intended strictly for use in dry and accessible locations are not subject to this test.
8See footnote 7.
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While still on the mandrel, the sample, except at one end where the conductors are exposed, should be submerged in
tap water at 10-25 °C (50-77 °F) for 5 min. While still in the tap water, the dielectric voltage outlined in 4.2.1 should
be applied for 1 min without dielectric breakdown. Overjackets subjected to this procedure should have a dielectric
voltage of 500 Vac applied across the overjacket, between the metallic covering and water, for 1 min without dielectric
breakdown.

4.2.6 Performance after thermal aging

Three randomly selected cable samples representing the maximum rated output of all cables under evaluation should
be tested. If the set of cables has different levels of rated voltages, then the cables selected should represent the lowest
rated voltage level and the maximum rated output. Three randomly selected cable samples representing the maximum
rated voltage and the minimum rated output should also be tested.

Samples should be terminated according to the manufacturer's specifications, such that an effective heating length of
at least 0.61 m (2 ft) is provided. Before determining the initial values, the samples should be conditioned by exposure
to the aging temperature of the test for 120 h + 24 h. The aging temperature should be the maximum declared maintain
temperature of the heating cable. The initial output of the samples is then to be determined by one of the three methods
given in 4.2.11, with the exceptions of sample length and number of test temperature points for the procedure in4.2.11,
item c). For this case, the heating cable should be evaluated at rated voltage and at the manufacturer's stated reference
temperature for rated output. The rated output should be equal to or greater than the manufacturer's stated rated output.

The cable samples should be maintained at the specified aging temperature to a + 1 °C (+ 2 °F) tolerance for 5000 h.
The cables should be operated at rated output for series cable or rated voltage for parallel cable. The power supply
should be attached to a 15 min cycle timer such that the cables are energized for 12 min and de-energized for 3 min.
At the end of the 5000 h period, the output of the samples should be determined by the same procedure as utilized for
the initial readings. The percent change relative to the initial output should be calculated. These values should not show
a change of more than 25% or 6.5 W/m (2 W/ft), whichever is less, from the initial wading. For a parallel cable with
zones, all zones should remain functional.

4.2.7 Flammability test

A flammability test should be performed on samples of heating cables, terminations, and connections. The full range
of sizes should be capable of complying with the test. The test should be conducted in a three-sided metal cabinet
having dimensions of 30 cm (12 in) wide, 35 cm (14 in) deep, and 65 cm (25 in) high. The cabinet in which the test is
conducted should be in a draft-free room or chamber. A specimen of heating cable at least 46 cm (18 in) in length
should be supported in a vertical position. A gummed kraft paper indicator should be wrapped once around the
specimen such that it projects 2 cm (0.75 in) born the specimen.

The paper indicator should be positioned 25 cm (10 in) above the point at which the inner blue cone of the flame
contacts the specimen. In addition, a layer of dry, untreated surgical cotton not more than 0.6 cm (0.25 in) in depth
should be placed underneath the sample, such that the distance from the cotton to the point of the flame application is
23-24 cm (9-9.5 in).
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Figure 2—Flammability test

A standard laboratory burner, as described in ASTM D5025-91, should be used for the test. The gas flame produced by
the burner is to be calibrated as described in ASTM D5207-91. The fuel should be methane, propane, or natural gas,
and should be of a grade suitable for calibration to the ASTM D5207-91 procedure.

As shown in figure 2, the flame should be adjusted to a 12.5 cm (5 in) length with a 3.8 cm (1.5 in) inner blue cone. The
burner should be tilted to an angle of 20° from the vertical and the flame applied to the heating cable so that the tip of
the inner blue cone of the flame touches the specimen at a point 25 cm (10 in) below the kraft paper flame indicator and
approximately 15 cm (6 in) from the bottom of the specimen. For termination assemblies, the flame should be set such
that it will contact the material at the most vulnerable point. Clamps used to support the specimen should be above the
paper indicator and at least 8 cm (3 in) below the point of flame application.

The flame should be brought up to the heating cable in such a manner that the vertical plane containing the major axis
of the burner tube should be at right angles to the specimen. The flame should be applied for 15 s, then removed for
15 s, until five such applications have been made.

The test results should be considered satisfactory if the heating cable does not

— Support combustion for more than 1 min after the fifth application of the flame
— Burn more than 25% of the extended kraft paper
— Ignite the cotton from burning falling particles

4.2.8 Deformation test

A sample of heating cable at least 20 cm (8 in) in length, as well as a sample of each type of termination and
connection as defined in 4.1, should be used for testing. The ends of each sample should be stripped back, and sealed
if necessary, to expose the conductors. Each sample should be placed on top and at right angles to a 0.6 cm (0.25 in)
diameter steel rod, resting on a rigid flat steel support. Proof loading should be gradually applied without shock at the
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point of intersection of the specimen and the steel rod by means of a rigid square pressure plate having face dimensions
of 10 x 10 cm (3.94 x 3.94 in).

The proof load should be applied by means of the pressure plate and should be either a gravitational force load of
102 kg (225 1b) or an equivalent mechanical force load. After 30 s and with the proof loading continuously applied, the
dielectric voltage outlined in 4.2.1 should be applied for 1 min without dielectric breakdown.

The test voltage should be applied between the heating cable conductors and the metallic covering, or where a metallic
covering is not provided, between tile conductors and the steel rod.

4.2.9 Impact test

The impact test should be conducted on a sample of the heating cable and a sample of each type of termination and
connection—both of which are conditioned along with a hardened steel plate for a minimum of 4 h at the
manufacturer's minimum recommended installation temperature.

After conditioning and while still at the minimum recommended installation temperature, each component of the
sample should be individually positioned on the steel plate. A 5.1 cm (2 in) diameter cylindrical steel plunger with
smoothly rounded edges, having a mass of 1.8 kg (4 Ib), should be allowed to free fall from a height of 76 cm (30 in),
resulting in an impact energy of 13.6 J (10 ft-Ib). The impacted portion of each sample should be immersed in tap water
at room temperature for 5 min, and the dielectric voltage outlined in 4.2.1 should be applied for 1 min without
dielectric breakdown. Overjackets subjected to this procedure should have a dielectric voltage of 500 Vac applied
between the metallic covering and water for 1 min without dielectric breakdown.

4.2.10 Cold bend test

The apparatus used for the bend test should be as represented in figure 3, with the radius of the steel mandrels as
shown, or with the radius equal to the manufacturer's stated minimum bend radius. A sample of heating cable without
terminations and connections should be fixed in the apparatus as shown. The apparatus and sample should be placed
in a refrigerated compartment and maintained at the minimum recommended installation temperature for a period of
not less than 4 h. At the end of this period, the sample should be fixed in the apparatus as shown in figure 3. The sample
should then be bent 90° around one of the bending mandrels, then bent through 180° in the opposite direction over the
second bending mandrel and then straightened to its original position. All the bending operations should be carried out
in the same plane. This cycle of operations should be performed knee times. When this has been completed, the sample
should be immersed in tap water at room temperature for 5 min, and then the dielectric voltage outlined in 4.2.1 should
be applied for 1 min without dielectric breakdown.
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Figure 3—Cold bend test apparatus

4.2.11 Verification of rated output
The rated output of the heating cable should be verified by one of the following three methods:

a) Conductance—the measured ac conductance per unit length at a specified temperature should be within the
manufacturer's declared tolerance.

b) Resistance—the measured dc resistance per unit length at a specified temperature should be within the
manufacturer's declared tolerance.

¢) Thermal—heating cables that change power output with temperature should be measured by the installation
of a 3—6 m (10-20 ft) sample on a schedule 40 carbon steel pipe of 5.1 cm (2 in) diameter or greater, as shown
in figure 4. The cable should be installed in accordance with the manufacturer's instructions. The test
apparatus should be completely covered with a fiberglass thermal insulation of 2.5 cm (1 in) or equivalent.

A suitable heat transfer fluid in the liquid phase should be circulated through the pipe at a sufficient rate to establish
turbulent flow corresponding to a Reynolds number greater than 2300. This will establish negligible temperature
difference between the fluid and the pipe temperature. Sufficient means should be utilized to maintain constant
temperature of the heat transfer fluid. These parameters should be verified by thermocouples placed at the entry and
exit ends of the pipe. Flow velocity should be sufficient so that the fluid temperature will not differ by more than 2 °C
(3.6 °F) from end to end.
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Figure 4—Verification of rated output

The thermal output of the heating cable should be measured at three pipe temperatures over the heater operating range.
The heating cable should be powered at its rated voltage and allowed to attain equilibrium. The voltage, current, and
fluid temperature should be recorded at each test temperature. Determinations should be made on knee separate
samples. The resulting values should be within the manufacturer's declared tolerances.

4.2.12 Verification of start-up current

This test is applicable to heating cables that change output with temperature. The start-up current of the heating cable
should be measured at the manufacturer's minimum designated start-up temperature. A sample of heating cable at least
1 m (3 ft) in length is installed in accordance with the manufacturer's instructions on a minimum 5.1 cm (2 in) diameter
fluid-filled steel pipe or solid rod. The testing apparatus should be completely covered with thermal insulation and
conditioned at the test temperature for at least 4 h. (The apparatus described in 4.2.11 can be used for this test.)

After the conditioning period, med voltage should be applied and the time/current characteristics should be recorded
from time zero to at least 120 s. The start-up current reported should be the highest current response of three samples.
This time-current characteristic should not be more than the value declared by the manufacturer.
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4.2.13 Verification of metallic covering conductivity
A metallic covering should meet the requirements of 4.2.13.1, 4.2.13.2, or 4.2.13.3.
4.2.13.1 Grounded metallic covering—Ilow impedance

If a metallic covering is intended to be a ground path, then the dc conductance should not be less than the conductance
of the largest conductor under evaluation, based on the resistance of an equivalent mm? (AWG) copper conductor, but
in no case less than 0.81mm? (18 AWG). This measurement should be performed with an ohmmeter and a specimen
of sufficient length to provide an accurate reading within the meter's capability. The conductance per unit length should
be established by taking the reciprocal of the resistance measured and multiplying it by the specimen length.

4.2.13.2 Grounded metallic covering—other than low Impedance

Alternatively, the metallic covering may be evaluated by installing a 3 m (10 ft) long sample of heating cable on a flat
horizontal surface that is both non-combustible and electrically non-conductive. The heating cable should be installed
in three parallel runs and should not be kinked or crossed over itself. The distance between parallel runs should be
15 cm (6 in). A thermocouple should be affixed to the surface of the sample in the middle run to measure the sheath
temperature. Four layers of cheesecloth should then be laid over the entire heating cable and thermocouple installation.

A 50 or 60 Hz variable voltage source should be connected across the ends of the metallic covering. A voltmeter and
ammeter should be connected to measure the voltage and current of the test circuit. The variable voltage supply should
be adjusted so that a three-stage test current, equal to the multiplier shown below times the maximum allowable branch
circuit overcurrent protection specified by the manufacturer to which the unit can be connected in use, will flow
through the metallic covering for the times specified below:

Test current = multiplier x maximum branch circuit overcurrent protection

Stage Multiplier Test time

1 1.10 7h
2 1.35 lh
3 2.00 2 min

The results of the test should be acceptable based on all of the following criteria:

a) The cheesecloth does not ignite or smolder
b) The cable insulation has no visible damage
¢) The sheath temperature does not exceed 200 °C as measured by the surface thermocouple

4.2.13.3 Bonding of metallic coverings

Metallic coverings not intended as a ground path (high resistance metallic sheath) should, however, be bonded to
ground. Further, the heating cable package markings and set markings should conform to 5.2 and 5.3, respectively.
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4.2.14 Strain relief test for fittings

Fittings designed to terminate exposed heating cables directly to an exposed enclosure should be subjected to strain
relief testing. One sample of each strain relief fitting will be subjected to the test. The specimens will consist of at least
30 cm (12 in) of heating cable attached to the subject fitting according to the manufacturer's instructions. A steady load
of 9 kg (20 Ib) for conductors smaller than 0.81 mm? (18 AWG) and 16 kg (35 1b) for all other cases is to be gradually
applied between the heating cable and fitting. The load should be maintained for a period of 1 min. As a result of this
test, the heating cable should not loosen or separate by more than 1 mm (0.039 in) from the fitting, and there should be
no damage to the conductors, insulation, or fitting.

4.2.15 Enclosure considerations

Enclosures, mounting brackets, and associated components should be evaluated for their intended environments in
accordance with ANSI/NEMA 250-1991 and ANSI/UL 50-1987, or should be approved for use with the heating cable
by a nationally recognized testing authority.

4.3 Type test—outdoor exposed surfaces

Deciding of outdoor exposed surfaces (such as roof surfaces, gutters, and downspouts) requires the use of electric heat
tracing systems that can meet severe environmental constraints. In addition to the type tests described in 4.2, systems
for use in outdoor locations (type B applications as defined in table 1) should also meet the requirements of 4.3.1—
4.3.5.

4.3.1 Increased moisture resistance test

A minimum 3 m (10 ft) sample, including terminations and connections, should be immersed in water at 10-25 °C
(50-77 °F) for a period of 2000 h (12 weeks).

After conditioning as above, the sample should be subjected to the dielectric voltage outlined in 4.2.1 for 1 ruin
without dielectric breakdown.

4.3.2 UV and condensation test

A sample of heating cable, approximately 30 cm (12 in) in length, should be hung vertically in the drum of a xenon-
arc light-exposure apparatus as described in ASTM G26-93.

The procedure should be as described in ASTM G26-93 for a total period of 500 h. The cycle should be set for 102 min
of light and 18 min of combined fight and water spray. At the end of this time, the sample should be removed from the
chamber and subjected to the cold bend test in 4.2.10. The dielectric test is to be applied only to the outermost jacket.

4.3.3 Resistance to cutting test

A sample of heating cable, at least 20 cm (8 in) in length, should be used for testing. The sample should be placed on
top of a rigid flat steel support. A cutting surface with a 0.25 mm (0.010 in) radius edge should be mounted to a piston
hanging above the sample such that the cutting surface is at a right angle to the sample. An ohmmeter should be
attached to the cable conductors shorted together, and to the metal cutting surface.

A proof load of 445 N (100 Ib) is to be gradually applied to the sample. The cutting edge should not cut through to the
conductors of the cable, as indicated by the ohmmeter.
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