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[lIM) Designation: D 5537 _ 99 An American National Standard
il

INTERNATIONAL

Standard Test Method for

Heat Release, Flame Spread and Mass Loss Testing of
Insulating Materials Contained in Electrical or Optical Fiber
Cables When Burning in a Vertical Cable Tray
Configuration *

This standard is issued under the fixed designation D 5537; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 1.9 Fire testing of products and materials is inherently
1.1 This is a fire-test-response standard. hazardous. Employ adequate safeguards for personnel and
1.2 This test method provides a means to measure the he@foPerty in conducting these tests.

released by burning the electrical insulating materials con- 1.10 This standard does not purport to address all of the

tained in electrical or optical fiber cables when the cableSafety concerns, if any, associated with its use. It is the

specimens, excluding accessories, are subjected to a specifi@§Ponsibility of the user of this standard to establish appro-
flaming ignition source and burn freely under well ventilatedPriate safety and health practices and determine the applica-
conditions. Flame propagation cable damage, by char lengtRility of regulatory limitations prior to use.

and mass loss are also measured.

1.3 This test method provides two different protocols for
exposing the materials, when made into cable specimens, to an2-1 ASTM Standards: _ _

ignition source (approximately 20 kW), for a 20 min test D 1711 Terminology Relating to Electrlcal_lnsulat?on _

duration. Use it to determine the heat release, flame propaga- D 9424 Test Method for Smoke Obscuration of Insulating

tion and mass loss characteristics of the materials contained in Materials Contained in Electrical or Optical Fiber Cables
single and multiconductor electrical or optical fiber cables. When Burning in a Vertical Cable Tray Conflgura.t?o'n
1.4 This test method does not provide information on the E 84 Test Method for Surface Burning Characteristics of

fire performance of materials insulating electrical or optical ~_Building Materials

fiber cables in fire conditions other than the ones specifically E 176 Terminology of Fire Standa_r‘tis

used in this test method nor does it measure the contribution of E 603 Guide for Room Fire Experimefits

the materials in those cables to a developing fire condition.  E 800 Guide for Measurement of Gases Present or Gener-

1.5 Data describing the burning behavior from ignition to ~_ated During Fire$ -
the end of the test are obtained. E 1354 Test Method for Heat and Visible Smoke Release

1.6 This test equipment is suitable for making other mea- Rates for Materials and Products Using an Oxygen Con-
surements, including the smoke released by the burning speci- SUmption Calorimetér .
men (Test Method D 5424) and the concentrations of certain |EEE/ASTM SI 10 Standard for Use of the International
toxic gas species in the combustion gases (see Appendix X4). System of Units (SI): The Modern Metric System

1.7 The values stated in S| units are the standard (see 2-2 NFPA Standard: _ _ _
IEEE/ASTM SI 10); the values stated in parentheses are for ANSI/NFPA 70, National Electrical Code, National Fire
information only. Protection Associatidh

1.8 This standard measures and describes the response of 2-3 Underwriters Laboratories Standards:
materials, products, or assemblies to heat and flame under UL 1581: Reference Standard for Electrical Wires, Cables,

controlled conditions, but does not by itself incorporate all and Flexible Cords, ANSI/UL 1581
factors required for fire hazard or fire risk assessment of the
materials, products or assemblies under actual fire conditions.

2. Referenced Documents

2 Annual Book of ASTM Standardgol 10.01.

2 Annual Book of ASTM Standardgol 10.02.

4 Annual Book of ASTM Standardgol 04.07.

1 This test method is under the jurisdiction of ASTM Committee D-9 on 5 Annual Book of ASTM Standardgol 14.02.
Electrical and Electronic Insulating Materials and is the direct responsibility of  © Available from National Fire Protection Association, Batterymarch Park,

Subcommittee D09.21 on Fire Performance Standards. Quincy, MA 02269.
Current edition approved Oct. 10, 1999. Published December 1999. Originally * Available from Underwriters Laboratories, Inc., 333 Pfingsten Rd., Northbrook,
published as D 5537 — 94. Last previous edition D 5537 — 98. IL 60062.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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UL 1685: Standard Vertical Tray Fire Propagation and5. Significance and Use
Smoke Release Test for Electrical and Optical Fiber 51 This test method provides a means to measure a variety

Cable$ _ o of fire-test-response characteristics associated with heat release
2.4 Canadian Standards Association Standard: and resulting from burning the materials insulating electrical or
CSA Standard C 22.2 No. 0.3-M1985, Test Methods forgptical fiber cables, when made into cables and installed on a

Electrical Wires and Cablés vertical cable tray. The specimens are allowed to burn freely
2.5 IEEE Standard: “under well ventilated conditions after ignition by means of a

IEEE 1202: Standard for Flame Testing of Cables for Use ifyropane gas burner.
Cable Tray in Industrial and Commercial Occupanties 52 The rate of heat release often serves as an indication of

2.6 1SO Standard: the intensity of the fire generated. General considerations of the
ISO 9705, oFlre Tests—Full Scale Room Test for Surfacqmportance of heat release rate are discussed in Appendix X1
Products and considerations for heat release calculations are in Appen-

dix X2.

o ] ) 5.3 Other optional fire-test-response characteristics that are
3.1 For definitions of terms used in this test method andyeasurable by this test method are useful to make decisions on

associated with fire issues refer to Terminology E 176. FO¥ire safety. Test Method D 5424 uses the apparatus described

definitions of terms used in this test method and associategqre for measuring smoke obscuration. The most important

with electrical insulation refer to Terminology D 1711. gaseous components of smoke are the carbon oxides, present in
3.2 Definitions of Terms Specific to This Standard: all fires. The carbon oxides are major indicators of the
3.2.1 sample n—an amount of the cable type and construc-completeness of combustion and are often used as part of fire

tion to be tested, which is representative of the product for teshazard assessment calculations and to improve the accuracy of
3.2.2 specimenn—the individual length of cable, or cable peat release measurements.

bundle, to be placed in the cable tray, which is representative g 4 Test Limitations

of the product to be tested. 5.4.1 The fire-test-response characteristics measured in this
test are a representation of the manner in which the specimens

4. Summary of Test Method . - o
7 ) tested behave under certain specific conditions. Do not assume
4.1 This fire-test-response standard determines a numberg{ey are representative of a generic fire performance of the

fire-test-response characteristics associated with burning th@aterials tested when made into cables of the construction
materials insulating electrical or optical fiber cables, made intq, qer consideration.

cable specimens, and located in a vertical cable tray and ignited 5 4 o | particular, it is unlikely that this test is an adequate

with a propane gas burner. The mgin fire properties measur?r‘épresentation of the fire behavior of cables in confined spaces,
are the rate of heat release and its amount. Associated Wlwithout abundant circulation of air.

these measurements, the test procedure also determines flame 4 3 This is an intermediate-scale test, and the predictabil-
propagation cable damage (by char length) and mass 0SS @, of its results to large scale fires has not been determined.

specimen. The apparatus described in this test method is als)me information exists to suggest validation with regard to
suitable for measuring smoke obscuration (Test Methodyme large-scale scenarios.

D 5424) and rates and concentrations of gaseous combustion

3. Terminology

products released. 6. Test Specimens
4.2 The vertical cable tray that holds the specimen is located 6.1 Use multiple lengths of electrical or optical fiber cable
in an enclosure of specified dimensions. as test specimens.

4.3 A hood, connected to a duct is located above the fire 6.2 The mounting of the specimen on the cable tray is
enclosure. Heat and gas release analysis instrumentation dpecified in 7.8.
placed in the duct. Smoke release instrumentation (optional) i
also placed in the duct.

4.4 Two different test procedures are specified, which differ 7.1 Enclosure
in the burner used and in the electrical or optical fiber cable 7.1.1 The enclosure in which the specimen is tested is
loading. These reflect details of four existing test methods: Ulshown in Fig. 1.
1581 (vertical tray flammability test, protocol A) and CSA 7.1.2 The enclosure has floor dimensions of 2.44:n25
Standard C 22.2 No. 0.3-M1985 (FT-4 vertical tray flamma-mm by 2.44 m+ 25 mm, with a height of 3.35 it 25 mm (8
bility test) or IEEE 1202 (protocol B) and UL 1685 and Testft = 1in. by 8 ft= 1 in. by 11 ft+ 1 in. high). On top of the

S
7. Apparatus

Method D 5424 (both protocols). walls there is a pyramidal collection hood with a collection
4.5 Information specific to the individual protocols is found box.
in 7.6, 7.8, and 11.1. 7.1.2.1 Other enclosure sizes, suchas 2.4 by 2.4 by 2.4 m (8

by 8 by 8 ft) or the 3 m cube are permitted, provided that the
- internal volume of the enclosure, exclusive of the pyramidal
® Available from Canadian Standards Association, 178 Rexdale Blvd., Rexdalehood, ranges between 14.5 112 ft) and 36 ni( 1272 ff),

Ontario, Canada, M9W IR3.
9 Available from the Institute of Electrical and Electronic Engineers, 345 Eastthe floor are.a range_s between 6 (.64. ft2) and 9 n?r(97 ftz)' .
47th St., New York, NY 10017. and the maximum air movement within the enclosure complies
10 Available from (ISO), P.O. Box 56, CH-1211, Geneva, Switzerland. with 7.1.12 (Note 1).
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3353 mm +25 mm (182in. 1 in.)
1143 mm £ 25 mm (45in. + 1in,) [ 1143 mm+25mm (45in. £ 1in.)

457 mm£25mm (18in.+ 11in))
Nominal 610 mm x 610 mm
(24 in. x 24 in.) baffle
centered over cable-tray specimens

REAR
VIEW VIEW
) 3353 mm 25 mm (132in. £ 1 in.}
wired-glass
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343 mm £6 mm (13 1/2in. ¢ 1/4in.) (45in. £ 1in.)

1295 mm +25 mm
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#2438 mm £ 25 mm 5438 . ? (
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559 mm £6 mm (22 in. + 1/4 in.) (8tin.£1in.) | 305 mm+6mm(12in. + 1/4in.)
1205 mm 25 mm (51in. £ 1in.)

;!/ I l 1143 mm £ 25 mm
AT,

559 mm 6 mm (22 in. + 1/4in.)

914 mm£6 mm (36 in. & 1/4 in.)

1. Enclosure: an acceptable construction consists of concrete masonry blocks, laid up with mortar, nominally 203 mm high by 406 mm wide by 152 mm thick (8 by 16
by 6 in.).

. Wired-glass door, for access and observation. The overall size of the door is 2.1 m high and 0.9 m wide (84 by 36 in.).

. Steel-framed wired-glass observation windows, 457 mm (18 in.) per side (optional).

. Truncated-pyramid stainless steel hood, with each side sloped 40°.

. Cubical collection box, 914 mm (36 in.) per side, with exhaust duct centered on one side.

. Cable tray, mounted vertically in the center of the enclosure. Tray base (stand) is optional.

. Air intake openings.

~NoO b~ wWN

FIG. 1 Cable Test Enclosure

Note 1—There is, as yet, not enough information as to the equivalence 7.1.5 Construct a door with wired glass and locate it as
on smoke release between the various facilities. Further work needs to ghown in Fig. 1. The door is 908 25 mm wide and 2108 25
done to confirm this. mm high (35 1 in. by 83+ 1 in.), with an overall conductive
7.1.2.2 In case of disputes, the referee method is the teskeat flux loss no greater than that of the walls, that is, 6.8
conducted using the enclosure in 7.1.2. W/(m2 K) (30 Btu/h-f%). A steel framed wired glass door will
7.1.3 Walls—The maximum conductive heat flux loss of the meet these requirements. Adequately seal the sides and top of
walls of the structure is 6.8 W/(fK) (30 Btu/h-f), based the door to prevent drafts.

upon an inside wall temperature of 38°C (100°F) and an 7.1.6 Construct a truncated pyramid stainless steel hood,
outside air temperature of 24°C (75°F). Paint the interiorformed as shown in Fig. 1, and locate it on top of the enclosure
surface of the walls flat black. Any materials of constructionwalls. Make the slope on each side of the hood 40°. Form a seal
that meet the preceding requirements are acceptable. TWsetween the hood and the walls; a compressible inorganic
examples of acceptable construction materials are nominallijatting as gasket is suitable.

152 mm (6 in.) thick concrete masonry blocks (density: 1700 7.1 7 |nsulate the exterior of the hood to make an overall
kg m™ (106 Ib fC?) and thermal conductivity nominallk — conqyctive heat loss no greater than that of the walls.

- 1'.75 WH(mK), at 2.1 C; 12.13 Bw m.ﬁ‘th F, at 70°F) or 7.1.8 Locate a cubical stainless steel collection box, €10
nominally 13 mm (0.5 in.) gypsum board, with 896 mm (3.5 55 (36+ 1in.), on a side on top of the exhaust hood, with

+ 0.25in.) of standard fiberglass insulation, withRwalue of : : : :
. ; . ) a nominal 410+ 25 mm (16= 1 in.) diameter stainless steel
1.94 nt K/W (which corresponds in practical units to & pipe exhaust duct centered in one side.

value of 11 hff °F/Btu). Windows for observation of the fire . .
test are allowed in thg walls: ensure that the total area of thEi~|7.1.9 Install the exhaust duct horizontally and connect it to
windows does not exceed 1.86 120 ft%). the plenum of the hood. .

7.1.3.1 Select materials of construction which can withstand 7-1.10 Construct a square 610 mm25 mm (24= 1 in.)
the high temperatures and presence of open flame within tHeaffle, centered over the cable tray. An acceptable height is 300
test enclosure and duct. to 400 mm (12 to 15 in.) above the tray.

7.1.4 Provide air intakes at the base of two opposite walls, 7.1.11 Construct a collection-exhaust system, as explained
one of which contains the access door. Ensure that the totét 7.2 and Annex A2.
cross sectional area of the air intakes is 1:48.03 nf (2250+ 7.1.12 Ensure that the maximum air movement within the
50 in?), and that the intake areas are divided approximatelynclosure, with only the intake and exhaust openings open, the
equally. Fig. 1 shows dimensions for the air intakes installed irexhaust fan on, and the burner off, does not eddem s* (3.3
the walls. Air intakes are not permitted in either of the otherft s™), as measured by a vane-type anemometer in the areas in
two walls. 7.1.12.1 and 7.1.12.2:
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7.1.12.1 At the floor level where the burner is positioned 7.26 mm Variable-length
during the test, and (0.286 in.) —"] ,‘— support tubes
7.1.12.2 At 1.50= 0.05 m (4.9 ft+ 2 in.) above the 4.70 mm I
enclosure floor, where the cable tray is positioned during the [P || Y
test. (0.1851n.)
7.2 Exhaust Collection System Weld
7.2.1 Construct the exhaust collection system containing, as L) N1 1.83 mm
a minimum: a blower, a steel hood, a duct, a bidirectional 22 mm * (0.0721n.)
probe, thermocouple(s), and an oxygen measurement system. (0'875""')1_
Optional components of the exhaust collection system include e
a system for combustion gas sampling and analysis and a I L-(:";?ir:)
smoke obscuration measurement system (white light photocell '

lamp/detector or laser). 0.91 mm
7.2.2 Ensure that the system for collecting the smoke (0.036 in.) o
(which includes gaseous combustion products) has sufficient FIG. 2 Bidirectional Probe
exhaust capacity and is designed in such a way that all of the
combustion products leaving the burning specimen are col-

lected. Make the exhaust system capacity at least 2. Ensure that the thermocouple does not disturb the flow pattern
(340 f h™) at normal pressure and at a temperature of-25 around the bidirectional probe. Further details are discussed in

2°C (77+ 4°F). Al3. _ _
7.2.3 Place probes for sampling of combustion gas and for /-4 Combustion Gas Analysis
measurement of flow rate in accordance with 7.3. 7.4.1 Sampling Line

7.2.4 Make all measurements of gas concentrations or flow 7-4.1.1 Construct the sampling line tubes using a material
rates at a position in the exhaust duct where the exhaust Which is not affected by the combustion gas species, thereby
uniformly mixed so that there is a nearly uniform velocity influencing the concentration of the combustion gas species to
across the duct section (turbulent flow). Make the minimumpPe analyzed. The recommended sequence of the gas train is:
straight section before the measuring system at least 8 times t§8@Mpling probe, soot filter, cold trap, gas path pump, vent

inside diameter of the duct, to ensure the exhaust is uniformiyalve, plastic drying column and carbon dioxide removal
mixed. columns (if used), flow controller and oxygen analyzer. Each

analyzer in the gas train shall also include appropriate spanning
and zeroing facilities.

7.4.1.2 Locate the sampling probe in a position where the
exhaust duct flow is well mixed. Use a probe with a cylindrical

7.3 Instrumentation in Exhaust Duct
7.3.1 The following specifications are minimum require-
ments for exhaust duct instrumentation. Additional information

is found in Annex Al through Annex A3. . . ; . .
s d N 9 3 cross section to minimize disturbance of the air flow in the

7.3.2 Flow Rate , , duct. Collect the gas samples along the whole diameter of the
7.3.2.1 Measure the volumetric flow rate in the exhaust ductynaust duct.

by means of a bidirectional probe, or an equivalent measuring 7.4.1.3 Manufacture the sampling line, see Fig. 3, from

system, with an accuracy of at IgastG % (see Annex Al " corrosion resistant material, for example polytetrafluoroethyl-

through Annex A3). The response time to a stepwise change Qf,o - Remove the particulates contained in the combustion
0, . . . .

the duct flow rate shall not exceed 5 s, to reach 90 % of th%ases with inert filters to the degree required by the gas

final value. L ] _ analysis equipment. Preferably filter the gases in more than one
7.3.2.2 Use a bidirectional prc_>be or an equivalent measuringtep. Cool the gas mixture to a maximum of 10°C and dry the
system to measure pressure in the duct. Locate the prolfys samples completely before the smoke reaches each ana-
shown in Fig. 2 in the exhaust duct, at least 4.6 m (15 ft) bU?yzer.
no more than 13.7 m (45 ft) from the centerline of the * 7 4 1 4 yse a pump for the combustion gases which does
collection box. not allow the gases to contact oil, grease or similar products, all
7.3.2.3 Build a stainless steel bidirectional probe consistingf which can contaminate the gas mixture. A membrane pump
of a cylinder 44 mm (1.75 in.) long and 22 mm (0.875 in.) in js suitable.
inside diameter with a solid diaphragm in the center. The 7415 A suitable sampling probe is shown in Fig. 4. This
pressure taps on_elther side of the_ _d|aphragm alsc_) prowdgamp"ng probe is of the bar type. Ring type sampling probes
support for mounting the probe. Position the long axis of theyye a150 acceptable, although they do not collect gas samples
probe along the centerline of the duct. Connect the taps 10 gcross the full diameter of the duct. The sampling line is shown
pressure transducer which can detect pressure differences iASFig. 3. A suitable pump has a capacity of 10 to 50 L Fin

small as 0.25 Pa (0.001 in. of water). o _ at 10 kPa (minimum), as each gas analysis instrument con-
7.3.2.4 Measure the mass flow rate as indicated in Annexumes about 1 L mirt. A pressure differential of at least 10
A3. kPa, as generated by the pump, reduces the risk of smoke

7.3.2.5 Measure gas temperatures in the vicinity of theclogging of the filters. Turn the intake of the sampling probe
probe with Inconel sheathed Chromel-Alumel thermocouplesdownstream to avoid soot clogging the probe.
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» To Optional H20,

HCI, THC Analyzers
02
Analyzer*
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Flow
Sampler Waste Controljer
?old Regulator E
rap r(D—J —.-—> Outflow
?;ﬁgﬁ I_‘_i, 7 um Filter
P Desiccant ¢  CO» Rotameter
ump i Removal
gﬁ;;:gg?n ! Media NOTE: Rotameter is on outlet
: of O, analyzer
A\ J
% Drain To CO2 and CO

Analyzers *To include absolute
pressure transducer

FIG. 3 Schematic Diagram of Gas Analysis System

(8 ft = 1 in.) long. Arrange the tray so that the burner flame
will impinge on the cables midway between rungs.

7.5.1.1 Each rung in the tray is to measure26 mm (1=
0.25 in.) in the direction parallel to the length of the tray and
13 = 3 mm (0.5% 0.125 in.) in the direction parallel to the
depth of the tray.
210 Holeo 2 Hole @3 7.5.1.2 Space the rungs 23013 mm (9% 0.5 in.) apart
(measured center to center).

7.5.1.3 Attach the rungs to the side rails.

7.5.1.4 Mount the cable tray vertically in the center of the
FIG. 4 Sampling Probe enclosure. Position the tray on a tray base (stand) which is to

be no higher than 15& 25 mm (6= 1 in.).

7.4.1.6 Install a soot filter, capable of removing all particles /-6 Burner. _ _ _
>25um in size. 7.6.1 Use a 254-mm (10-in.) strip or ribbon type propane

7.4.1.7 A refrigerated column is the most successful ap9@s burner with an air/gas Venturi mixer. ,
proach to cool and dry the gases. Provide a drain plug to 7.6.2 The flame producing surface of the burner consists

remove the collected water from time to time. Alternative €Ssentially of a flat metal plate that is 341 mm¥edn.) long
devices are also acceptable. and 30 mm (¥s21in.) wide. The plate has an array of 242 holes

7.4.1.8 If carbon dioxide is to be removed, it is important todrilled in it. The holes are 1.35 mm (metric drill size: 1.35 mm)
use carbon dioxide removal media, as indicated in Fig. 3. O 0.052in. (No. 55 drill) in diameter, on 3.2-mm (0.125-in.)
7.4.2 Oxygen Measurement centers in three staggered rows of 81, 80 and 81 holes each, to

7.4.2.1 Measure the oxygen concentration with an accuracg’rm an array measuring 257 mm ¢&0n.) by 5 mm e in.).

of at least- 0.04 % of full scale in the output range of 0 to 21 Center the array of holes on the plate (see Fig:*5).

vol % oxygen, or+0.01 vol % oxygen, in order to have /-6.3 Protocol A _ o
adequate measurements of rate of heat release. Take thef -6-3.1 Position the burner behind the cable tray containing

combustion gas sample from the end of the sampling linethe specimen, with the flame-producing surface (face) of the
Calculate the time delay, including the time constant of thdurner vertical and its long dimension horizontal and with the

instrument, from the test room:; it is a function of the exhaus®®7-mm (18%-in.) dimension of the array of holes spaced 76

duct flow rate. This time delay shall not exceed 60 s. + 5 mm (3.0+ 0.2 in.) from the specimens in the tray and

7.4.2.2 Use an oxygen analyzer, meeting the specificatiorﬁemered midway between the side rails of the tray. Position the
of 7.4.2.1, preferably of the paramagnetic type. centerpoint of the array of holes at 460 mm (18 in.) above the

7.5 Cable Tray bottom end of the tray and specimen and midway between two

7.5.1 Use a steel ladder cable tray, 30@5 mm (12= 1
in.) wide, 75+ 6 mm (3% 0.25in.) deep, and 2448 25 mm

Sample flow ——

Exhaust duct

120ne satisfactory system is a burner supplied by American Gas Furnace
Company, Inc., of Elizabeth, NJ, Catalog No. 10L 11-55, with an air/gas Venturi
1 A Siemens Oxymat 2 or a Servomex 540 A are suitable. mixer, Catalog No. 14-18. Equivalent systems are probably available.
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\V‘ 7.6.6 Use a propane flowmeter capable of measuring at least
\ 257 mm (10 1/8in.) 230 cni s* (29 ft® ™) and an air flowmeter of at least 1330
| cm st (170 & h™1). Make flow rate measurements with an
© ©o o ¢ o ¢ I' accuracy of =3 %. Mass flow controllers with recordable
o O o o 5 mm (3/16 in.) outputs are permitted alternatives.

7.6.7 Supply compressed air to the burner, either bottled or
} from a compressed air system. Filter the air supply sufficiently

°© © . ° so as to eliminate any contaminants that might affect the test
3.2mm(0.125in.) results.
FIG. 5 Burner Holes 7.6.8 Use air with a dew point no greater than 0°C (32°F),

as measured by a dew point measuring de¥ice.
rungs. Support the burner in a manner that allows it quick 7.6.9 Use CP grade propane (99 % pure), having a heat
removal and precise repositioning of the burner to the positiomontent of approximately 50.8 MJ kty(21.7 k Btu I6%) (93.0
described. The tray faces the door. MJ m™3 at 20°C, 101 kPa), for the burner.
7.6.4 Protocol B 7.6.10 Use a propane flow rate of 2208 cns* (28 = 1
7.6.4.1 Mount the burner on a stand and place itz2@°  ft3 h™*) when corrected to standard temperature and pressure
from the horizontal with the burner ports up, in front of the (20°C, 101 kPa). This propane flow will provide a theoretical
cable tray. Locate the major axis of the burner ports 3085  heat output of 20 kW (approximately 70 000 Bti'h The
mm (12 = 1 in.) above the base of the cable tray and parallebctual heat output is less, due to incomplete combustion of the
to the cable tray rungs during the fire test (Fig. 6). The traypropane at the burner. Accurate flow rates of propane gas are
faces away from the door. calculated using the mass flow rate equations.
7.6.4.2 Attach a guide to the burner or stand such that the 7.6.11 Use an air flow rate to the burner of 128@0 cn?
leading edge of the burner face is located quickly and accus™ (163 + 10 ft2 h™) when corrected to standard temperature
rately 75+ 5 mm (3 = 0.2 in.) horizontally away from the and pressure.
nearest surface of the cables during the burn period of the test. 7.7 Mass Loss Measuring Device
7.6.5 Insert a flowmeter in both the propane and the air lines 7.7.1 Use a mass measuring device, such as a load cell, to
feeding the burner to measure the flow rates of these gasesntinuously measure the mass loss of the burning specimen.
during the test. 7.7.2 The mass measuring device needs to measure the
specimen mass with an accuracy of at leadb g (1.6 0z) up
to at least 90 kg (198 Ib) of specimen mass. Install it in such a
way that the heat from the burning specimen and any eccen-
Open-ladder tricity of the load does not affect the accuracy. Avoid range
steel cable tray shifts during measurements. Protect all parts of the weight
measuring device by a thermal barrier.
7.7.3 There are two alternative locations for the mass
measuring device, as described in 7.7.4 to 7.7.5 and in 7.7.6.
7.7.4 Alternative —Place the mass measuring device under

H ‘\\- a platform, with a thermal barrier of dimensions @:3.05 m

T

by 0.3+ 0.05m (1 ft= 2in. by 1 ft = 2 in.) and of a
non-combustible material, for example calcium silicate boards.
Provide the platform with sides of 0.1 m 10 mm (4*+ 0.4 in.)
height in order to prevent melting or falling material from the
tested specimens from falling off the thermal barrier.
7.7.5 Do not exceed 0.5 m (20 in.) from the upper surface of
1 the thermal barrier to floor level. Shield the area between the
thermal barrier and the floor level to avoid lifting forces due to
fire induced air flow that could influence the measurement.
Y \ Ensure that there are virtually no obstructions to the air supply
Burner for the test set-up.
7.7.6 Alternative 2—Place the mass measuring device in the
305 mm | hood and hang the cable tray from it. Thermal and combustion
(12in) | /\/v | 76 mm gas protection of the mass measuring equipment is still
_'L . @3in) required.
— — ' 7.7.7 Place a square galvanized steel platform under the
cable tray. The platform shall be constructed of nominally 1.6

| ___— Lengths of cable
wire-tied to
cable-tray rungs

2440 mm
(96 in.)

\

———t———

Tray base

/ //////////////// 13 A satisfactory system is Alnor Model 7000 U, No. 1999, but equivalent

FIG. 6 Protocol B Cable Tray alternative systems are probably available.
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mm (Y1ein.) thick steel, and have dimensions of no less than 1.@f %2 cable diameter, except do not exceed a spacing of 15 mm
by 1.0 m (approximately 39 in. by 39 in.), with a uniform (0.6 in.). Table 2 shows the tray loading.

raised lip, 100 mm (approximately 4 in.) high, on each side, to 7,83 On flat cables, calculate the equivalent cable diameter
catch falling material. The platform shall be covered by a tightysing Eq 2

fitting sheet of standard gypsum board, of hominally 13 mm

(0.5 in.) thickness. The platform shall protect the load cell, if it D = 1.128X /(T X W) @

is placed underneath the cable tray. The gypsum board shall bgnere-

clean before the start of a test. If the sheet used has beep

) calculated equivalent cable diameter,
damaged it shall be replaced.

minor axis of the cable, and
major axis of the cable.

T
Note 2—A square galvanized steel platform of dimensions of up to w
1.22 m by 1.22 m (approximately 4 ft by 4 ft) with a raised lip is also

acceptable. 8. Calibration

7.8 Cable Mounting 8.1 Calibrate all instruments carefully with standard sources

7.8.1 Protocol A—Fasten 2440+ 10-mm (96 + 0.5-in.)  after initial installation. Among the instruments to be calibrated
specimen lengths of finished cable in a single layer in the trayre |oad cells or weighing platforms, smoke meters, flow or
by means of steel or copper wire, not larger than 2.1°t4  yelocity transducers, and gas analyzers. Perform recalibration

AWG) in cross section, at their upper and lower ends and afests on the entire system, for example using standard output
two other equally spaced points along their lengths, with eaclyners.

cable vertical. Install as many specimens in the tray as will fit,

spaced one half cable diameter apart, to fill the center 150 mm 8.2 Heat Release . . .
(6 in.) of the tray width. 8.2.1 Perform the calibration of the heat release instrumen-

7.8.1.1 Determine the number of specimen lengths for ted@tion in the exhaust duct by burning propane gas and compar-
ing the heat release rates calculated from the metered gas input,

using Eq 1: _
and those calculated from the measured oxygen consumption.
N=[(4>254/D] + 0.33 (1) The value of net heat of combustion for propane is 46.5 MJ/kg.
where: Position the burner in the same location that the cable tray will
N = number of cables (rounded up to the nearest wholeoccupy during the test. Measure the gas flow rate at a pressure
number), and of 101+ 5 kPa (standard atmospheric pressure, measured at the
D = diameter of the cable, mm. flow gage) and a temperature of 205°C. Use Eq A4.7 for

7.8.2 Protocol B—Fasten 2440+ 10 mm (96* 0.5 in.)  calculation of heat release rate during calibration.
specimen lengths of finished cable in the tray. Depending upon 8.2.2 Obtain a minimum of two calibration points. Obtain a
the outside diameter of the individual cables, the test specimedwer heat release rate value of 40 kW and then a higher heat
is to be either an individual length or a bundle of individual release rate value of 160 kW. Approximate propane flow rates
lengths. Center the specimens or specimen bundles in a singir any required heat release rate value are estimated using the
layer between the side rails of the cable tray. Ensure that thgy|lowing constant: 1.485 kW min/L, determined at a pressure

lower end of each specimen is no more than 100 mm (4 in.pf 101 + 5 kPa (standard atmospheric pressure; measured at
above the bottom end of the cable tray. Attach each individuae flow gage) and a temperature of 205°C.
specimen or bundle of specimens separately to each rung of the

ble t . ; ool wire i l 8.2.3 Take measurements at least onceye6es and start 1
fr?anez.rf):nur?ulr(lioz\?vv(\g)ai?\%i:rﬁg?gfr or steelwire tie not largef,;, prior to ignition of the burner. Determine the average rate

L . .of heat release over a period of at least 1 minHttie oxygen
7.8.2.1 For c'ables gmaller |n'd|ameter than 13 mm (O'S.m')c:onsumption method, an@)(calculating the heat release rate
group the specimens into untwisted bundles (nominally CIrCUz om the gas mass flow rate and the net heat of combustion
lar) as shown in Table 1. Space the bundles one-half bundl? '

. . e two values must agree within 5 %. Make this comparison
diameter apart on the cable tray as measured at the point g .
only after steady state conditions are reached.
attachment to the cable tray.

7.8.2.2 For cables 13 mm (0.5 in.) in diameter and larger,

attach the individual specimens to the cable tray with spacings _ o
TABLE 2 Tray Loading for Cables 13 mm (0.5 in.) in Diameter

and Larger
; i Cable Diameter, mm
TABLE 1 Tray Loading for C_|rcu_lar Cables Smaller than 13 mm Number of Cables in Tray
(0.5 in.) in Diameter From But Less Than

Cable Diameter, mm Number of Cables  Number of Bundles 13 15 11
in Each Bundle in Tray 15 19 9

From But Less Than 19 o1 s
11 13 3 7 21 26 7
9 11 3 8 26 28 6

6 9 3 10 28 39 5

5 6 7 9 39 52 4

3 5 19 8 52 73 3

0 3 19 13 73 120 2
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8.2.4 Perform a calibration test in accordance with 8.2.1 and 10.7 At 20 min, extinguish the burner flame, but allow the
8.2.3 prior to each continuous test series. Perform a full basicable fire (if any) to burn out.
calibration on a new system or when modifications are intro- 10.8 Optionally, photograph or video record before and
duced. during the test. Include a clock, giving time to the nearest 1 s,
8.2.5 When calibrating a new system, or when modifica4in all photographic records.
tions are introduced, check the response time of the measuring10.9 During the test, record the following events and the

system by the following test sequence: time interval when they occur (beginning and end).
Time Burner Output 10.9.1 Ignition of the specimen,
g Eg iomr:‘m 48 m 10.9.2 Position of flame front,
10 to 15 min 160 KW 10.9.3 Melting and dripping,
15 to 20 min 0 kw 10.9.4 Occurrence of pool fire under the specimen,

The response of the system to a stepwise change of the heatL0-9-5 General description of the burning behavior,
output from the burner shall be a maximum of 12 s to 90 % of 10.9.6 Time of afterburn, after extinguishing the propane,

final value. and o
8.2.6 Perform the calibration in 8.2.5 at a duct air flow rate 10.9.7 Any other event of special interest.
comparable to that to be used in the test procedure. Note 3—It is possible for ignition of the cables to occur almost

8.2.7 Determine the time average value, over 1 min, of raténmediately after ignition of the burner. However, time to ignition of the
of heat release at each minute. The difference between thesables is occasionally difficult to determine.
time averaged measured rate of heat release values and th
actual heat output from the burner, shall not be more than 10

of the actual value. 10.11 Evaluation of Damage

8.3 Mass Loss I _ ) 10.11.1 After burning has ceased, let the cables and tray
8.3.1 Perform calibration of the mass measuring device by 5 room temperature, then wipe the cables clean with a
loading the weighing platform with known masses correspondg|ih and determine cable damage.

ing to the measuring range of interest, to ensure that the 1711 1 1 protocol A—Determine the maximum height of

req_uirer_nents _of accuracy in_7.7.2 are fulfilled. Carry out this 4o damage by measuring the blistering, char, and other

calibration daily, prior to testing. damage upward from the bottom of the vertical tray.
10.11.1.2Protocol B—Determine the maximum height of

cable damage by measuring the blistering, char, and other
9.1 Prior to testing, condition the cable specimen for at leastiamage from the lower edge of the burner face.

3 hinan atmosphere at a temperature of:23°C (73+ 10°F) 10.11.2 Determine the limit of charring by pressing against

with a relative humidity of less than 55 %. Test cables withinthe cable surface with a sharp object. Where the surface of the

10 min of removal from such conditions if test room conditionscable (outer jacket, if any) changes from a resilient surface to

0 ©0.10 Conduct the procedure in duplicate. Conduct each
|/8rocedure (burn) on untested cable specimens.

9. Conditioning

differ from the preceding conditions. a brittle (crumbling) surface determines the limit of charring.
Include distortion of the outer surface of the cable, such as
10. Procedure blistering or melting, immediately above the char, in the
10.1 Do not carry out the test if the temperature of thed@mage measurement.
chamber wall is below 5°C (41°F) or above 30°C (86°F). 10.11.3 Record the cable damage (char) to the nearest 25

10.2 Establish an initial volumetric flow rate of 0:68.05 MM (1 in.). On cable constructions that do not have charring,
m® s (23 + 2 ft* s through the duct. See Annex Al for the define the limit for the affected portion as the point where the
measuring techniques and for the equation to calculate volieverall diameter is visibly reduced or increased.
metric flow rate of the gas in the duct (Eq A1.1). Record the 10.11.4 Forengineering information, record damage such as
volumetric flow rate as a function of time, starting 1 min prior blistering, or softening/melting of combustible material above
to the test. Do not change the flow rate once the initial flow ratéhe char.
is established. 10.12 Heat Release Measurements

10.3 Position the prepared cable tray vertically inside the 10.12.1 Make continuous measurements of heat release by
enclosure with the open front of the cable tray facing the fronineasuring oxygen concentration and mass flow rate in the

of the enclosure. Fix the cable tray firmly in position. exhaust duct. _ _
10.4 Start all recording and measuring devices before start- 10.12.2 From these measurements and the equations in
ing the |gn|t|on burner, to ensure they are Stab”ized_ Annex A4 determine the rates and amounts of heat release.

10.5 Ignite the gas mixture in the burner and adjust the gaghese values together with the visual recordings constitute the
flows to the values specified in 7.6.10 and 7.6.11. Position thEesults from the test.
burner as indicated in 7.6.3 (Protocol A) or 7.6.4 (Protocol B). )
See Fig. 6 for the relative positions of the cable tray and burnekl. Calculation

in the enclosure. 11.1 Considerations for heat release measurements are pre-
10.6 Allow the burner flame to impinge on the cable sented in Appendix X2. The corresponding equations for heat
specimen for a continuous period of 20 min. release calculations are presented in Annex A4. The testing
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laboratory shall choose which of the equations in Annex A4 it 12.1.3.7 Peak flame height, m, and the appropriate time at

wishes to use for the heat release calculations. which it occurs,
12.1.3.8 Peak mass loss rate, ¢, s
12. Report 12.1.3.9 Average mass loss rate, over the entire buri,g s

and
12.1.3.10 Equation used to calculate rate of heat release.
12.1.4 Additional Table of Mandatory Numerical Results
Containing
12.1.4.1 Total heat release data after every minute,
12.1.4.2 Rate of heat release data after every minute,
12.1.4.3 Mass loss rate data after every minute, and

12.1 Report the following information:

12.1.1 Descriptive Information

12.1.1.1 Name and address of the testing laboratory,
12.1.1.2 Inside dimensions of enclosure,

12.1.1.3 Date and identification number of the report,
12.1.1.4 Methods of sampling for selecting the test speci-

mens, : :
12.1.1.5 Name of product manufacturer or supplier, if 12.1.4.4 Volumetric flow.rate after every minute.
Known., 12.1.5 Mandatory Graphical Results

12.1.5.1 Plot of rate of heat release versus time,

12.1.5.2 Plot of total heat released versus time, and
12.1.5.3 Plot of mass loss rate versus time.

12.1.6 Descriptive Results

12.1.6.1 Photographs or videotape, if available, of the fire
evelopment, and

12.1.6.2 All available information listed in 10.9.

12.1.1.6 Name or other identification marks and description
of the product,

12.1.1.7 Density, or weight per unit surface, and total mass,
thickness of the main components in the product (including
jacket and insulation), and mass of combustible portion 01:j
product, if known,

12.1.1.8 Description of the samples,

12.1.1.9 Conditioning of the specimens, 13. Precision and Bias

12.1.1.10 Date of test, and _ 13.1 Precision—The precision of this test method has not

12.1.1.11 Test number, Protocol (A or B) and any speciaheen determined. Results of a planned interlaboratory test
remarks. series will be included when available.

12.1.2 Test Results _ o 13.2 Bias—The true value of fire performance of electrical

12.1.3 Table of Mandatory Numerical Results Containing or optical fiber cables can only be defined in terms of a test

12.1.3.1 Maximum char damage, m, method. Within this limitation, this test method has no known

12.1.3.2 Peak rate of heat release, kW, and the appropriatgas and can be accepted as a reference method.
time at which it occurred,

12.1.3.3 Total heat released, MJ, 14. Keywords

12.1.3.4 Time of afterburn, s, 14.1 cable; calorimetry; char; electrical cable; electrical

12.1.3.5 Total mass loss, g, insulation; fire; fire-test response; flame; heat release; heat

12.1.3.6 Percentage of mass loss, %, release rate; optical fiber cable; oxygen consumption
ANNEXES

(Mandatory Information)

Al. VOLUMETRIC FLOW RATE

Al.1 One technique for measuring the flow is a bidirec-24 AWG (0.51 mm (0.020 in.) in diameter) thermocouple, type
tional probe located at the center line of the duct. The probé& Chromel-Alumel. Place the thermocouple wire, within 13
shown in Fig. 2 consists of a stainless steel cylinder, 44 mninm (0.5 in.) of the bead, along expected isotherms to minimize
(1.751in.) long and with an inner diameter of 22 mm (0.875 in.).conduction errors. Use an insulation between the Chromel and
The cylinder has a solid diaphragm in the center, dividing itAlumel wires that is stable to at least 1100°C (2000°F). Ensure

into two chambers. The pressure difference between the twat the thermocouple does not disturb the flow pattern around
chambers is measured by a differential pressure transducer.ihe pidirectional probe.

Al.2 Use a differential pressure transducer with an accu- . in fs L |
racy of at least+0.25 Pa (0.001 in. of water) and of the A1l.4 The volumetric flow rate, in ms™, in the duct under

capacitance type. A suitable range of measurement is 0 to 15%andard conditions is calculated in accordance with EqAl.1 as
Pa. follows (symbols in Annex A4.3):

A1.3 Place one thermocouple 15225 mm (6 * 1 in.) Vs = CKA - /[ZP—AO"%] = 20.1KA ~ /[g] (AL.1)

upstream from the bidirectional probe. Use an Inconel sheathed
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A2. DESIGN OF EXHAUST SYSTEM

A2.1 Hood and Exhaust Duct, Recommended Design: fully-developed flow profile is established at the point of
A2.1.1 Collect the combustion gases from the burningmeasurement. Connect the exhaust duct to an evacuation

specimen by means of a hood. A system is described in A2.1yStem: . _ _
which was tested in practice and proven to fulfill the specifi- #2-1.4 Design the capacity of the evacuation system so as to
cations given in this test method exhaust minimally all combustion gases leaving the specimen.

, This requires an exhaust capacity of at least 2.7 Rgabout
/A2.1.2 The hood is located above the room. The bottongggg 31 ot standard atmospheric conditions) corresponding
dimensions of the hood are 2.44 by 2.44 m (96 in. by 96 in.}, 5 griving under pressure of about 2 kPa at the end of the

(see Fig. 1). The hood feeds into a cubical box/plenum havingy,ct provide a means to control the exhaust flow from 0.5 kg
0.910* 0.025 mm (3& 1 in.) as the dimension of each side. -1 up to maximum flow as stated previously during the test

A maximum height of 1.8& 0.1 m (71+ 4 in.), to satisfy  hrocess. Ensure that the measurement system has sufficient
building constraints, is acceptable. Underneath the hood, locagnsitivity for measurement of low rates of heat release. Use
a baffle plate approximately 0.6 by 0.6 m (2 by 2 ft) (see Fig.mixing vanes in the duct if concentration gradients are found to
1), to increase mixing of the combustion gases. Design angxist. An alternative system for dealing with concentration

manufacture the hood and its attachment to the chamber so thgitadients is acceptable if it is shown to produce equivalent
no leakage exists. results.

A2.1.3 Connect an exhaust duct with the plenum chamber. A2.1.5 An alternative exhaust system design is acceptable if
The inner diameter of the exhaust duct is 41@5 mm (16= it is shown to produce equivalent results. Equivalency is
1in.). To facilitate flow measurements, locate guide vanes, ilemonstrated by meeting the calibration requirements of Sec-
needed, at both ends of the exhaust duct. Alternatively, makgon 8. Exhaust system designs based on natural convection are
the rectilinear part of the exhaust duct long enough that ainacceptable.

A3. MASS FLOW RATE MEASUREMENTS

A3.1 There are primarily two techniques used to measur@itot tubes are generally not useful because of clogging of the

mass flow rate in the exhaust duct of full-scale fire tests.  holes. This is unlikely to cause a problem in a test of a single

item. Thus, if pitot tubes are used, they must be completely

A3.2 The first technique measures mass flow rate by meangeaned after each test. In order to deal with this problem, a

of the pressure drop across, and temperature at, an orifice platfiore robust bidirectional probe was designed by McCaffrey
If the test is conducted within a narrow range of conditions, thegng Heskestad3). This involves measuring the differential

orifice plate coefficient,C, is approximately constant. It is pressure across the probe and the centerline velocity, and is
possible to determine its value with a gas burner calibrationyajid in the range of Reynolds numbeRe

However, if flow rates are varied during a test or if temperature
changes are considerable, take into account the effe€t ain . o ]
the Reynolds number and of pressure at the downstream side ofin many full scale fire test applications, duct diameter and
the orifice plate. Information on such corrections and onflow rate are such that the Reynolds number is:

various design options (for example, location of the pressure Re > 3800

i i 14

taps) is found in Ref(1). In this cas€(Re is taken as a constant (1.08), which greatly
A3.3 The other technique is to measure velocity at Orlesimplifies the calculations. Further details of this and of all
point. in the duct, usually along the centerline. Calculate th other calculations discussed in this Annex are found in a paper

. . o .%y Janssen#t). For additional details see ISO 9705.
flow rate using a measured velocity profile in the duct. This A3.4.1 In the system described, the Reynolds number is

velocity profile is obtained by measuring velocity at a sufficient )

number of representative points over the diameter or Cros@lways greater than 3800, so that:

section of the duct prior to any fire tests. Detailed procedures f(Re = 1.08 (A3.1)
to obtain this profile are described in Ref). Usually, A3.5 Mass Flow Rate Measurement Equatiqisee sym-
conditions in full scale fire tests are such that the flow in theygis in Annex A4.3 ):

duct is turbulent, resulting in a shape factg(ratio of the

average velocity to the velocity along the centerline) close to 1. A3-5-1 Pressure Drop MethodEq A3.2):

40 < Re< 3800

Ap
A3.4 Due to considerable soot production in many fires, m=CX [Te] (A3.2)
A3.5.2 Velocity Method(Eq A3.3):
* The boldface numbers in parentheses refer to the list of references at the end _ A X ks A_P
of this test method. m, = 26.54% f(Re ~ Te (A3.3)

10
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A4. HEAT RELEASE MEASUREMENT EQUATIONS

A4.1 Rate of Heat ReleaseConsiderations for heat re-
lease measurements are given in Appendix X2; symbols ina
A4.3.

A4.1.1 Case 1:(Only O, concentration measurements are C
used)—Calculate the mass flow rate in accordance with thé>v
equations in A3.5 (A3.1 and A3.2) and the oxygen depletion
factor in accordance with Eq A4.1:

X5, = X5

ATEv Yy

(A4.1)

E
The rate of heat release is then calculated according to Eq 0
A4.2: f (Re
. M02 (1) A° kc
q:EXWXmXIﬂeXXOZ (A42) kt

If only O, is measured, Eq A4.2 can be converted into Eq
A4.3:

. Ap (Xéoz B Xéz
§=EX1.10X C [ﬁ]x[m
A4.3)

A4.1.2 Case 2: (Only O, and CQ measurements are M,
used)—Calculate the mass flow rate in accordance with the
equations in A3.5 (A3.1 and A3.2) and the oxygen depletionM
factor in accordance with Eq A4.4:

A X1 — XA — X& X [1 — XA
¢=on [A0 Xco,] i<oz E\ Xco,] (A4.4)
Xo, X [1 = Xo, = Xco,l H,0
and the rate of heat release according to the same equation MNZ
A4.1.1 (Eq A4.2). A

A4.1.3 Case 3:(0, and CQ and CO measurements are b
used)—Calculate the mass flow rate in accordance with the
equations in A3.5 (Eq A3.2 and Eq A3.3) and the oxygen

'\/lc()2

depletion factor in accordance with Eq A4.5: -?—
A 1 XA — XA ) — (XA 1-— A° TC
0= (Xo, X [1 = Xco, = Xcol) = (Xo, X [1 = Xco,l) (A4.5) T°

XGZX[l—XSQ—XéOZ—Xéo]
Then calculate the rate of heat release in accordance with Eds
A4.6:

A X*co
o 1-d X0
q= EX¢*[Eco*E]XTXg (A4.6) A
2 CcO,
XM_OzxLX A’ A°
M, T+ X (a—1 < "o X" co,

A4.2 Heat Release Measurement for Calibration Purposes:XAo2

A4.2.1 Use Eq A4.7 for heat release measurements during, ,o
calibration, which has the correct values for pure propane as &' ©:
fuel.

AY A
e 1.084— (1.5X Xp,
(A4.7)

A4.3 Symbols:

11

cross-sectional area of the duct at the location
of the probe, M

orifice plate coefficient, k> m
a suitable calibration factor for bidirectional
probes based upon air velocities in excess of
3.0ms* (0 ftsYina 0.4 m (16 in.) duct,
dimensionless,

net heat released per unit mass of oxygen
consumed (13.1 MJ/kg £

net heat released per unit mass of oxygen
consumed, for CO (17.6 MJ/kg D

Reynolds number correction,

velocity profile shape factor, nondimensional,
ratio of the average duct gas mass flow rate per
unit area, as determined by measuring the
velocity and temperature profiles across the
stack, to the duct mass gas flow rate per unit
area, as determined by measuring the velocity
and temperature at the centerline where the
bidirectional probe is located during the test,
mass flow rate in exhaust duct, kg's
molecular weight of incoming and exhaust air
(29 kg/kmol),

molecular weight of carbon monoxide (28
kg/kmol),

molecular weight of carbon dioxide (44 kg/
kmol),

molecular weight of water (18 kg/kmol),
molecular weight of nitrogen (28 kg/kmol),
molecular weight of oxygen (32 kg/kmol),
pressure drop across the orifice plate, Pa,
differential pressure measured across the bidi-
rectional probe, Pa,

rate of heat release, kW,

duct gas temperature, K,

gas temperature at the orifice plate, K,
reference temperature for volumetric flow rate,
K,

volumetric flow rate in the exhaust duct,®*m
S,

measured mole fraction of CO in exhaust flow,
nondimensional,

measured mole fraction of COin exhaust
flow, nondimensional,

measured mole fraction of CQn incoming
air, nondimensional,

measured mole fraction of On exhaust flow,
nondimensional,

measured mole fraction of On incoming air,
nondimensional,

combustion expansion factor (hondimensional,
normally a value of 1.105, except for pure
propane, where the value is 1.084, to be used
for calibration), and

1/2 K1/2
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Po = density of air at the reference temperatiie
(kg m™3).

APPENDIXES
(Nonmandatory Information)

X1. COMMENTARY

X1.1 Introduction of the fire atmosphere. Appendix X2 contains details on
X1.1.1 This commentary is provided to give some insightinstrumentation, measurements, and results to report for op-

into the development of the test method and to describe HOnal gas concentration measurements. Details of smoke

rationale for various features used, both in the mandatory an@Pscuration measurements are found in Test Method D 5424.

the optional sections of this test method. )
X1.3 Electrical Cables
X1.2 Measurements X1.3.1 Traditional fire tests on electrical cables, such as
X1.2.1 Smoke Obscuration those in the standards described as the basis of this test
X1.2.1.1 The visibility in a fire atmosphere will adversely procedure, have focussed on flame spread. This fire-test-
affect the ability of victims to escape and the ability of fire response standard goes beyond that by also measuring heat
brigades to fight the fire. release and mass loss.

X1.2.2 Rate of Heat Release X1.3.2 The determination of cable damage by measurement
X1.2.2.1 The rate of heat release is one of the mosbf maximum char length is not a totally adequate way of
important variables, possibly even the single most importantletermining cable flame spread properties, but it gives a simple

variable, in determining the hazard from a fi(6-9) In indication of quality of fire performance of the cable.

particular, the rate of heat release is a measure of the intensity X1.3.3 Several examples exist of experiments carried out
of the fire. The rate of heat release and the amount of heaheasuring heat release of cables using this test design, such as
released will determine the extent to which other materialsthose in Refs(15-19)

products or assemblies in the fire compartment may ignite and X1.3.4 The National Electrical Code has adopted a category
spread the fire further. The amount of smoke generated isf cables with a limited smoke (or -LS) designation, which are

usually a direct function of the heat release rate. listed after having undergone testing for flame propagation and
X1.2.2.2 The rate of heat release can be determined bymoke release according to UL 1685.
measuring the oxygen depletion in a fire atmospl{&fe12) X1.3.5 Optional measurements that are possible with this

Oxygen concentration measurement devices, of the paramatest method are smoke release (Test Method D 5424) and the
netic type, are now sufficiently precise to measure the smallates and amounts of carbon oxide release. These measure-
differences in oxygen concentration needed for determiningnents allow a more complete set of fire-test-response charac-
rate of heat release. teristics to be obtained from a single specimen with the same
X1.2.3 Smoke Toxicity fire model, which is then useful in assessing the fire hazard.
X1.2.3.1 The victims of a fire are often overcome by the
toxicity of the atmosphere. This is determined by the concen- X1.4 The platform described in 7.7.7 is needed to ensure all
tration of smoke (see Terminology E 176) and by the toxicitylaboratories use the same means of protecting the load cell, and
of its individual components. The overall amount of smokehelp to improve precision of results. It has been shown that
generated can be measured by means of the mass loss rateme materials that have been placed underneath the burning
which is equivalent to the rate of smoke generation. The singleample in large scale fire tests can cause significant differences
most important individual toxicant in a fire atmosphere isin the extent to which fire, flames and smoke continue being
carbon monoxide, which is present in all fires, together withreleased by the material that has fallen off the burning sample.
carbon dioxide and watdd.3, 14) Some other gases, such as In at least one known case the heat and smoke release varied by
acrolein, hydrogen cyanide, and hydrogen chloride, are alsover half the amount as a function of the material used beneath
frequently present and may thus also contribute to the toxicitghe sample.

12
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X2. CONSIDERATIONS FOR HEAT RELEASE MEASUREMENTS

X2.1 Measurement of Rate of Heat Release by Oxygen (2) All gases are considered to behave as ideal gases. In
Consumption other words, one mole of any gas is assumed to occupy a

X2.1.1 Introduction—In 1917, Thornton(20) showed that ~constant volume at the same pressure and temperature.
for a large number of organic fuels, a more or less constant net (3) Incoming air consists of £ CO,, H,0, and N. All
amount of heat is released per unit of oxygen consumed fofnert" gases, which do not take part in the combustion
complete combustion. Huggd®1) obtained an average value "€actions, are lumped into the nitrogen. _
for this constant of 13.1 MJ/kg of OThis value may be used ~ (4) Oz CO,, and CO are measured on a dry basis. In other
for practical applications and is accurate, with very fewWords, water vapor is removed from the sample before gas
exceptions, to within=5 %. analysis measurements are made._ N o

X2.1.2 Thornton's rule implies that it is sufficient to mea- X2.1.7 In the analysis to follow, initial emphasis is placed

sure the oxygen consumed in a combustion system in order @ the flow rate measurement. Equations to calculate flow rate
determine the net heat released. This is particularly useful fop'€ 9enerally applicable, irrespective of the configuration of the

full-scale fire test applications. For example, for compartmenl-gaS analysis system. In subsequent sections, distinction is made
fires, the oxygen consumption technique is much more acc Jetween various gas analyzer combinations.

rate and easier to implement than methods based on measurig@.2 Rate of Heat Release if Only Oxygen Concentration
all the terms in a heat balance of the compartment. Measurements are Used
X2.1.3 Perhaps the first application of thg G@nsumption X2.2.1 In this case all water vapor and Cére eliminated
principle in fire research was by Park@2) using Test Method  y the use of appropriate filtering media. This leads to the
E 84 (tunnel test). Later, Senseni@3) applied it to an  agsumption that the sample gas only consists ofd N..
|nterme_d|a§e scale room test. Durlng the late seventies anglis is approximately true provided CO production is negli-
early eighties, the National Institute for Standards and TeChgible. As the composition of the incoming air does not
nology (NIST, formerly NBS) refmed the ?Oconsumptlon normally change during a test, and as the temperatures in
technique. A paper by Parké24) gives equations to calculate jjging fires are usually not high enough to generate notice-
rate of heat release by @onsumption for various applica- apje amounts of nitrogen oxides by nitrogen fixation, the mole
tions. The technique is now used extensively in many laboragaction of O, in the air as measured by the analyzer prior to a
tories all over the world, both in bench-scé®b) and full-scale  est can be written on the basis of @nd N, exclusively. The
(5, 26)fire test applications. mole fraction of Q in the exhaust gases, as measured by the
X2.1.4 The objective of this appendix is to provide aoxygen analyzer, can be written likewise. As nitrogen is
comprehensive set of equations and guidelines to determine thgnserved and does not participate in the combustion reactions,
rate of heat release in full-scale fire tests based on the Ghe equations are derived on the basis of its conservation.
consumption principle. The approach followed here is some- x2 2.2 |n this case the rate of heat released (in kW) is
what different from Parkef25) as the emphasis is on full-scale ca|culated as a function of the heat released per unit of oxygen
fire test applications and it avoids the use of volumetric flowconsumed B, 13.1 MJ/kg of Q), the ratio of the molecular
rates. Volumetric flow rates require specification of temperaweight of oxygen K, 32.0 kg/kmol) and the molecular weight
ture and pressure. Various investigators have used differegf the incoming air K1, generally taken as 28.97 kg/kmol), the
combinations of reference pressure and temperature. This leagfyss flow rate of the incoming air (in kg*$ and the humidity
to confusion which is greatly eliminated by the use of massf the incoming air. The flow rate measured is that of the smoke
flow rates instead. within the exhaust duct and not that of the incoming air. In
X2.1.5 The basic requirement is to collect and remove albrder to find a relation between the two it is necessary to define
combustion products in a hood and through an exhaust duct. Ake oxygen depletion factor. The oxygen depletion factor is the
a distance downstream of the hood sufficient for adequatgaction of the incoming air which is fully depleted of its
mixing, measure both flow rate and composition of the gasesxygen. It has been demonstrated (see Appendix in Test
It is assumed that it is not possible to measure the air flow ratflethod E 1354), that the rate of heat release is a functidh of
into the system as this is generally the case for full-scale firgy,, M,, and the oxygen depletion factor, plus the expansion
tests. The differences in treatment and equations used afgctor. The expansion factor must be assigned: a recommended
mainly due to the extent to which gas analysis is madeaverage value is 1.105. For calibration with propane, the
Measure at least © but, if additional instrumentation is correct value is 1.084. The value for carbon in dry air is 1.0 and
available, heat release rate measurements are more accuratef@yhydrogen is 1.21.
measuring CQand CO as well. X2.2.3 The resulting equation is expected to be accurate to
X2.1.6 It needs to be emphasized that the analysis iithin + 5% provided combustion is complete. In other
approximate. The following list describes the main simplifying words, all carbon is converted to GCErrors will be larger if
assumptions made: CO or soot production is considerable or if a significant amount
(1) The amount of energy released by complete combustionf the combustion products are other than,G@d HO. It is
per unit of oxygen consumed is taken &s:= 13.1 MJ/kg of  unlikely that these errors will be of concern for a single item of
O.. test.
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X2.3 Rate of Heat Release if Oxygen and Carbon (2) Obtain the moisture content of the incoming air as in
Dioxide Concentration Measurements are Used X2.5.2,

X2.3.1 This case is similar to that covered in the former (3) Calculate the new oxygen depletion factor, and
section. We assume now that only water vapor is trapped (4) Calculate the new rate of heat release.
before the samp|e reaches the gas ana|yzers_ Again, theX255 Carbon dioxide is eliminated from the gas Sample
equations are derived on the basis of conservation of nitroge€ecause it may interfere with the oxygen measurement. If a
The mole fraction of CQin the incoming air is taken to be 440 CO, analyzer is used, this eliminates the need for removal of
ppm. Again the equation for the rate of heat release is accurafeO, out of the gas sample. This is mainly of practical
to within =5 % provided combustion is complete, in other importance as the scrubbing agent used to removeuSQally

words if all carbon converted to GO requires careful handling and is rather expensive. If significant
amounts of CO are produced (for example at or beyond
X2.4 Rate of Heat Release Measurement if Oxygen, flashover in ventilation controlled room fires), accuracy of the
Carbon Dioxide and Carbon Monoxide are Being rate of heat release measurement is greatly improved by
Measured measuring CO.

X2.4.1 This case reverts to that covered in Section X2.3 if X2.5.6 The presence of a water vapor analyzer simplifies
CO production is negligible. Taking CO into account, howeverthe analysis and improves accuracy even more. Unfortunately,

changes the equations. implementation of a water vapor analyzer is not straightfor-
) ward because heated sampling lines, filters, and so forth, are
X2.5 Conclusions needed to avoid condensation. Thus, the use of a water vapor

X2.5.1 Depending on the configuration of gas analyzers andnalyzer precludes the estimation of the expansion factor.
the type of flow rate measurement, use one of the followingHowever, for this test method, the use of water analyzers is not

procedures to calculate rate of heat release: recommended.
X2.5.2 Case 1: Only Q is measured
(1) Calculate the mass flow rate of the exhaust gases, X2.6 For solid specimens of unknown chemical composi-
(2) Obtain the moisture content of the incoming air, tion, as used in electrical or optical fiber cables, and other
(3) Calculate the oxygen depletion factor, and common occupant fuel load, it has been documented that the
(4) Calculate the rate of heat release. use of the oxygen consumption standard value of 13.1 MJ/kg
X2.5.3 Case 2: Both Qand CQ, are measured oxygen for the net amount of heat released per unit of oxygen
(1) Calculate the mass flow rate of the exhaust gases as tonsumed for complete consumption results in an expected
X2.5.2, error band of+5 % compared to the true value. For homoge-
(2) Obtain the moisture content of the incoming air as inneous materials with only a single pyrolysis mechanism, this
X2.5.2, uncertainty is reduced by determining the net heat of combus-
(3) Calculate the new oxygen depletion factor, and tion from oxygen bomb measurements and the stoichiometric
(4) Calculate the new rate of heat release. oxygen fuel mass ratio from ultimate elemental analysis. Guide
X2.5.4 Case 3: Q, CO,, and CO are measured E 603 and Test Method E 1354 contain other details relevant to
(1) Calculate the mass flow rate of the exhaust gases iheat release measurements by oxygen consumption and room
X2.5.2, fire tests.

X3. METHOD OF DETERMINING SUITABILITY OF OXYGEN ANALYZERS FOR MAKING HEAT RELEASE
MEASUREMENTS

X3.1 General X3.2.2 Connect the electrical power and let the analyzer
X3.1.1 The type of oxygen analyzer best suited for fire gagvarm up for 24 h, with one of the test gases from X3.2.1

analysis is of the paramagnetic type. Electrochemical analyzef#wing through it.

or analyzers using zirconia sensors have generally been foundX3.2.3 Connect a data acquisition system to the output of

not to have adequate sensitivity or suitability for this type ofthe analyzer. Quickly switch from the first gas bottle to the

work. The normal range of the instrument to be used is 0 to 28econd bottle, and immediately start collecting data, taking one

vol % oxygen. The linearity of paramagnetic analyzers isdata point per second. Collect data for 20 min.

normally, better than can be checked by a user laboratory; thus X3.2.4 Determine the drift by using a least-squares analysis

\rlg/lvfgzgr tge'zol;]?ﬁrir't%ésngge n:rfgsssﬁc?r'j[ tgrrlns éwf?oéia?;éﬁtting procedure to pass a straight line through the last 19 min
instrume,nt used of datg. Extrapolate the line back_ through the first min of d_ata.
' The difference between the readings at 0 min and at 20 min on
X3.2 Procedure the fitted straight line represents the short-term drift. Record
X3.2.1 Connect two different gas bottles having approxi-th€ drift in units of parts per million of oxygen.
mately two percentage points apart (for example 15 vol % and
17 vol %) to a selector valve at the inlet of the analyzer.
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X3.2.5 The noise is represented by the root-mean-squarftuctuations in the sample supply stream. It is essential that the
deviation around the fitted straight line. Calculate that rootflow rate be regulated. Use either a flow rate regulator of the
mean-square value and record it in units of parts per million ofmechanical diaphragm type, or an electronic mass flow rate
oxygen. controller. In order to protect against errors due to changes in

X3.2.6 The analyzer is suitable for use in heat releasgarometric pressure, one of the following procedures should be
measurements if the sum of the drift plus the noise terms is ysed: (a) control the back pressure to the analyzer with a back
50 ppm oxygen (note that both terms must be expressed @gessure regulator of the absolute-pressure type, or (b) electri-
positive numbers). cally measure the actual pressure at the detector element and
X3.3 Additional Precautions provide a signal correction output.

X3.3.1 Aparamagnetic oxygen analyzer is directly sensitive
to barometric pressure changes at its outlet port and to flow rate

X4. RECOMMENDATIONS ON CABLE CONSTRUCTIONS

X4.1 In terms of the char length, IEEE 1202 has a X4.3 If a single construction is chosen, to maximize the
recommendation for minimizing the number of tests of a cablerobability of obtaining the severest test for char length, select
construction line. Unless otherwise specified, IEEE 120Zhe minimum size construction as follows.
recommends testing the minimum size construction and the .
cable construction V\?i'[h the highest weight ratio of non-metallic .X4.'3'1 Mulﬂconduptor _CabIes—The smallest conductor
material to metallic material in each product line, in productsIze in the product line with the fewest conductors.
lines emp|oying identical materials. X4.3.2 Slngle Insulated Conductors1l/0 AWG or such

smaller single conductor size authorized for use in cable tray

X4.2 The objective of this recommendation is to find the,y National Electrical Code ANSI/NFPA 70, latest edition. The

construction likely to have the greatest difficulty in passing thejesting of a larger size is permitted, provided that it is the
char length test. There is no information available at present t@y,4/iest size in the product line.

suggest which construction would result in the severest smoke
obscuration test.

X5. OPTIONAL MEASUREMENTS FOR WHICH THIS STANDARD IS SUITABLE

X5.1 Combustion Gas Analysis Measurements carbon monoxide. A suitable output range is 0 to 1 vol % for
cﬁarbon monoxide and 0 to 10 vol % for carbon dioxide. Take

X5.1.1 If combustion gases are measured, take the g mple from the end of th mpling line. Calculate th
samples in the exhaust duct at a position where the combustia € gas sample Iro € end ot he sampling fine. L.aicuiate the
ime delay, including the time constant of the instrument, from

products are un_iformly_ mixed: Construct the sgmpling line he room of origin. The time delay is a function of the exhaust
tubes of a material not influencing the concentration of the gaéuct flow rate and shall be a maximum of 30 s
species to be analyzeq. Alogical sequence for_ the gas train | "X5.1.4 Gas concentration measurements reduire the use of
samplmg' prpbe, sootfilter, cold trap, plastic drying column and ppropriate time shifts in order to account for gas transit time
carbon dioxide removal columns (if used), gas path pump, Ven\?vithin the sampling system
vaI.ve,row control_lerand oxygen a_nalyzer (se_e Fig. 3). The gas X5.1.5 Analyzers found éuitable for carbon monoxide or
1t‘raa(1:Ii"|]iti:2a” also include appropriate spanning and Z€T0INY Arbon dioxide concentration measurements are nondispersive
: ) . infrared analyzers. See Guide E 800 for further details.

X5.1.2 The concentrations of combustion gases other than s 1 g Guide E 800 provides details of suitable analyzers to
carbon oxides are also optional measurements, but their Usgieasyre, for special purposes, the concentration of other gases,
fulness depends on the chemical composition of the combusg,cpy as water, total hydrocarbon, nitrogen oxide, hydrogen

tible portion of the specimen tested. In some cases it is alseyanide, hydrogen fluoride, hydrogen chloride or hydrogen
advantageous to measure the concentration of gases S”Chtﬁ‘émide.

hydrogen cyanide and nitrogen oxides if the combustibles are

known to contain nitrogen. In some oth_er cases it is alsG5 2 Gas Yield Measurement Calculations

advantageous to measure the concentration of gases such as ) . .

hydrogen chloride, hydrogen bromide or hydrogen fluoride if X-2-1 Calculate the gas yieldd) (using the following

the combustibles are known or suspected to contain thgauation (Eq X5.1):

corresponding halogen. £ = Jmass flow rate of gadt
X5.1.3 Measure the concentration of those combustion gas ¥~ mass loss of specimen

species to be assessed with an instrument having an accuracyCalculate the numerator in this equation by summing the

of at least: 0.1 vol % for carbon dioxide andt 0.02 vol % for  product of the fraction of combustion gas by the total mass

(X5.1)
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flow rate, measured at each scan, multiplying it by the total X5.3.2 Calibrate all instruments carefully with standard
time period involved and dividing by the number of scans, asources after initial installation. Perform recalibration tests

shown in Eq X5.2: routinely on the entire system, for example using standard
M output burners.
(Ei([x]) X Mgy X A)) X 0'001XW:1 X5.3.3 Calibrate gas analyzers daily, prior to testing (see
f,= mass [0ss of specimen (X5.2)  Guide E 800 for further details).

In this equation, ], the concentration of gas is expressed X5.4 Report of Optional Test Measurements
in ppm, m, the mass flow rate, calculated by Eq A3.2 or Eq X5.4.1 Table of Optional Numerical Resuits

A3.3, is expressed in kg’§ My is the molecular weight of gas 547 4 Average vyield of carbon monoxide (g CO/g fuel)
specie, At is the scan period, and mass loss of specimen is X5.4.1.2 Average yield of carbon dioxide (g G@ fuel) '
the mass lost over the perioq over which the gas Yi?'d Is X5.4.1.3 Carbon monoxide/carbon dioxide molar yie,Id ra-
calculated, and is expressed g with 0.001 a conversion tio. and
factor, to account for the unit ch_anges. , X5.4.1.4 Average yield of any other measured gas (g gas/g

X5.2.2 Report gas concentrations on a dry gas basis, unle§l§e|)_
water concentrations are being measured. X5.4.2 Optional Graphical Results

) ) X5.4.2.1 Plot of concentration of carbon monoxide versus

X5.3 Calibration time

X5.3.1 The calibrations described in Section 9 do not X5.4.2.2 Plot of concentration of carbon dioxide versus
address measurements of combustion gas concentrations. Tiivae, and
appropriate instruments also need to be carefully calibrated X5.4.2.3 Plots of concentration of any other measured gas
with standard sources. versus time.
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