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INTERNATIONAL

Standard Test Method for

Smoke Obscuration 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 5424; 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 factors required for fire hazard or fire risk assessment of the
1.1 This is a fire-test-response standard. materials, products or assemblies under actual fire conditions.

1.2 This test method provides a means to measure the 1.12 Fire testing of products and materials is inherently
smoke obscuration resulting from burning electrical insulatingh@zardous. Employ adequate safeguards for personnel and
materials contained in electrical or optical fiber cables wherProperty in conducting these tests.
the cable specimens, excluding accessories, are subjected to a-13 This standard does not purport to address all of the
specified flaming ignition source and burn freely under weliSafety concerns, if any, associated with its use. It is the
ventilated conditions. responsibility of the user of this standard to establish appro-

1.3 This test method provides two different protocols forPriate safety and health practices and determine the applica-
exposing the materials, when made into cable specimens, to &ity of regulatory limitations prior to use.
ignition source (approanately 20 kw), for a '20 min test, o ofarenced Documents
duration. Use it to determine the flame propagation and smoke

2.1 ASTM Standards:

release characteristics of the materials contained in single and Aikal ) )
multiconductor electrical or optical fiber cables designed for D 1835 Specification for Liquefied Petroleum (LP) _Ge_&ses
E 84 Test Method for Surface Burning Characteristics of

use in cable trays. . )
1.4 This test method does not provide information on the _Building Material§

fire performance of electrical or optical fiber cables in fire E 176 Terminology of Fire Standartls

conditions other than the ones specifically used in this test E 800 Guide for Measurement of Gases Present or Gener-

method nor does it measure the contribution of the cables to a _ated During Fire$ o
developing fire condition. E 1354 Test Method for Heat and Visible Smoke Release

1.5 Data describing the burning behavior from ignition to ~ Rates for Materials and Products Using an Oxygen Con-
the end of the test are obtained. sumption Calorimetér .

1.6 The production of light obscuring smoke is measured. EEE/ASTM SI 10 Standard for Use of the International

1.7 The burning behavior is documented visually, by pho- _System of Units (SI): The Modern Metric Systém
tographic or video recordings, or both. 2.2 NFPA Standard: _ _

1.8 The test equipment is suitable for making other, op- ANSI/NFPA70-1990, National Electrical Code—1990, Na-
tional, measurements, including the rate of heat release of the _ tional Fire Protection Associatin
burning specimen, by an oxygen consumption technique and 2-3 Underwriters Laboratories Standards: .
weight loss. UL 1056: Fire Test of Upholstered Furniture, Underwriters

1.9 Another set of optional measurements are the concen- Laboratories, 1989 _ _
trations of certain toxic gas species in the combustion gases. UL 1581: Reference Standard for Electrical Wires, Cables,
1.10 The values stated in SI units are to be regarded as the @nd Flexible Cords, March 6, 1987, Underwriters Labo-
standard (See IEEE/ASTM SI 10) ratories, Inc., ANSI/UL 1581-1985 . .
1.11 This standard measures and describes the response of UL 1685: Standard Vertical Tray Fire Propagation and
materials, products, or assemblies to heat and flame under
controlled conditions, but does not by itself incorporate all

2 Annual Book of ASTM Standardgol 05.01.

2 Annual Book of ASTM Standardgol 04.07.

1 This test method is under the jurisdiction of ASTM Committee D-9 on 4 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 5424 — 93. Last previous edition D 5424 — 98. IL 60062.
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Smoke Release Test for Electrical and Optical Fibers. Significance and Use

Cables, Underwriters Laboratories, Inc., January 27, 1992 5 1 Thjs test method provides a means to measure a variety
2.4 Canadian Standards Association Standafds: _ of fire-test-response characteristics associated with smoke
CSA Standard FT-4, Vertical Flame Tests: Cables in Cablgyyscyration and resulting from burning the electrical insulating
Trays, Section 4.11.4 in C22.2 No. 0.3-M1985, Testmgaierials contained in electrical or optical fiber cables. The
Methods for Electrical Wires and Cables specimens are allowed to burn freely under well ventilated
2.5 IEEE Standards: , conditions after ignition by means of a propane gas burner.
IEEE 1202-1991: Standard for Flame Testing of Cables for 5 5 gmoke obscuration quantifies the visibility in fires.
Use in Cable Tray in Industrial and Commercial OCCU- g 3 Thjs test method is also suitable for measuring the rate
pancies, May 29, 1991. of heat release as an optional measurement. The rate of heat
2.6 Othe_r Standards: . release often serves as an indication of the intensity of the fire
CATeqhnlcaI Bglletm 133, Elammgb|l|tyTest Prpcedure for enerated.
fgg%ng Furniture for Use in Public Occupancies, January, 5.4 Other optional fire-test-response characteristics that are
. . _measurable by this test method are useful to make decisions on
Nordte;t Method_ NT Fire 032, Upholstered Furnlture'fire safety. The most important gaseous components of smoke
Burning Behavior—Full Scale Test are the carbon oxides, present in all fires. They are major
3. Terminology indicators of the toxicity of the atmosphere and of the
ompleteness of combustion and are often used as part of fire
azard assessment calculations and to improve the accuracy of
heat release measurements. Other toxic gases, which are
specific to certain materials, are less crucial for determining
{:ombustion completeness.

3.1 For definitions of terms used in this test method ancﬁ
associated with fire issues, refer to Terminology E 176.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 sample n—an amount of the cable type and construc-
tion to be tested, which is representative of the product for tes S,

3.2.2 specimenn—the individual length of cable, or cable 2.5 Test Limitations

bundle, to be placed in the cable tray, which is representative 5.5.1 The fire-test-response .characteristics mea}sureq in this
of the product to be tested. test method are a representation of the manner in which the

specimens tested behave under certain specific conditions. Do
4. Summary of Test Method not assume they are representative of a generic fire perfor-

4.1 This fire-test-response standard determines a number Bfance of the materials tested when made into cables of the
fire-test-response characteristics associated with smoke obs@@Rnstruction under consideration.
ration resulting from burning the materials insulating full-scale 5-5.2 In particular, it is unlikely that this test method is an
specimens of electrical or optical fiber cables located in @dequate representation of the fire behavior of cables in
vertical cable tray and ignited with a propane gas burner. Thi§onfined spaces, without abundant circulation of air.
test method is also suitable for making other, optional mea- 5.5.3 This is an intermediate-scale test, and the predictabil-
surements, including rates of heat release, total amounts of he#it of its results to large scale fires has not been determined.
released, rates and concentrations of carbon oxides release@me information exists to suggest that it has been validated
and rates and amounts of mass of the specimen lost (s@gainst some large-scale scenarios.
Appendix X2). Further optional measurements are also pos-

sible. 6. Apparatus
4.2 The vertical cable tray that holds the specimen is located 6.1 Enclosure
in an enclosure of specified dimensions. 6.1.1 The enclosure in which the specimen is tested is

4.3 A hood, connected to a duct, is located above the firghown in Fig. 1.
enclosure. Smoke release instrumentation is placed in the duct.g 1 2 The enclosure has a floor area of 2.44 85 mm by

Heat and gas analysis release instrumentation (optional) is al$044 m + 25 mm, with a height of 3.35 nt 25 mm (8 ft =+
placed in the duct. 3 ~ 1in.by8ft= 1in. by 11 ft= 1 in. high). On top of the walls

4.4 Two different test procedures are specified, which diffefnere is a pyramidal collection hood with a collection box.
in the burner used and in the electrical or optical fiber cable g 1 21 Other enclosure sizes. such as 2.4 by 2.4 by 2.4 m (8
loading. These reflect details of three existing test methods: Uby 8 by 8 ft) or the 3 m cube aré permitted, provided that the
1581 (protocol A) and CSA Standard FT-4 in C22.2 NO.jnerna| volume of the enclosure, exclusive of the pyramidal
0.3-M1985 or IEEE 1202 (protocol B) and UL 1685 (both hood, ranges between 14.5(512 f€) and 36 mi(1272 t), the
protocols). floor area ranges between 6(® ft2) and 9 n#(97 ft?), and the

maximum air movement within the enclosure complies with

7 Available from Canadian Standards Association, 178 Rexdale Blvd., Rexd.alle,6'1'1O (NOte 1)'
Ontario, Canada, MOW 1R3. N 1—Th . t t hinf fi toth ival
8 Available from Institute of Electrical and Electronic Engineers, 345 East 47th ote 1—Ihereis, as yet, no enqug n 9,”,“6‘ lon as 1o the equivalence
St., New York, NY 10017. on smoke release between the various facilities. Further work needs to be
° Available from Bureau of Home Furnishings and Thermal Insulation, State ofdone to confirm this.
California, Department of Consumer Affairs, 3485 Orange Grove Ave., North .
Highlands, CAp95660_5595_ 9 6.1.2.2 In case of disputes, the referee method are the tests

10 Available from Nordtest, P.O. Box 22, SF-00341, Helsingfore, Finland, 1987.conducted using the enclosure in 6.1.2.
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3353 mm +25 mm (132in. £ 1in.)
1143 mm £25mm (45in. £ 1in.) [ 1143 mm25mm (45in.£1in.)

457 mm 25 mm (18in.+ 1in.)
Nominal 610 mm x 610 mm
(24 in. x 24 in.) baffle
centered over cable-tray specimens

FRONT
VIEW SFEAW
‘ 3353 mm £ 26 mm (132in. £ 1 in.)
wired-glass

343mm+6mm (13 1/2in. £ 1/4in.)

;a//BJ L114§mm¢_25mm
. J 1 : —'—\(45 in.+1in.)
2 Q= 1295 mm + 26
Q? %? (51 inr.mtn1 in‘)mm

559 mm £ 6 mm (22 in. £ 1/4in.) <
V24%mm125mm \r\,/"
914 mm £ 6 mm (36 in. = 1/4 in.) M%f"-?1 in.) £25mm 5 2438 mm £ 25 mm (96 in. £ 1 in.)
NG (inside) (96in. £ 1in) ~ (inside)
2438 mm £ 25 mm (96 in. £ 1 in.) ” \ (inside)

inside

(inside) g 1295 mm + 25 mm 7

659 mm 6 mm (22 in. £ 1/4 in.) (81in.£1in.) 305 mm £ 6 mm (12in. £ 1/4 in.)

1295 mm 25 mm (51in.t1in.)

[y

. 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
6in.).

. 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 sioped 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.

NOoOOsAWN

FIG. 1 Cable Test Enclosure

6.1.3 Walls—The maximum conductive heat flux loss of the heat flux loss no greater than that of the walls, that is, 6.8
walls of the structure is 6.8 W/(fK) (30 Btu/h-f), based W/(m?K) (30 Btu/h-ff). A steel framed wired glass door will
upon an inside wall temperature of 38°C (100°F) and ammeet these requirements. Adequately seal the sides and the top
outside air temperature of 24°C (75°F). Paint the interiorof the door to prevent drafts.

surface of the walls flat black. Any materials of construction 6.1.6 Construct a truncated pyramid stainless steel hood,
that meet the preceding requirements are acceptable. Twgrmed as shown in Fig. 1, and locate it on top of the enclosure
examples of acceptable construction materials are nominallyalls. Make the slope on each side of the hood 40°. Form a seal
152 mm (6 in.) thick concrete masonry blocks (density: 1700etween the hood and the walls; a compressible inorganic
kg m>(106 Ib ft3) and thermal conductivity nominallk batting as gasket is suitable.

= 1.75 W/(m K), at 21°C; 12.13 Btu in.Ath°F, at 70°F) or g 1 7 |nsulate the exterior of the hood to make an overall
nominally 13 mm (0.5in.) gypsum board, with 896 mm (3.5 onductive heat loss no greater than that of the walls.
*0.25n,) of standard fiberglass insulation, withRwalue of 6.1.8 Locate a cubical stainless steel collection box (814

1.94 nf K/W (which corresponds in practical units to & . . .
value of 11 h ff°F/Btu. Windows for observation of the fire test 25 mm (36= 1 in.) per side) on t_op of_the exhaus_t hood, with
a nominal 406t 25 mm (16= 1 in.) diameter stainless steel

are allowed in the walls; ensure that the total area of the. . .
windows does not exceed 1.86(20 ff). pipe exhaust duct centered in one §|de. _
6.1.3.1 Select materials of construction which can withstand ©-1-9 Install the exhaust duct horizontally and connect it to
the high temperatures and presence of open flame within tH&€ Plenum of the hood.
test enclosure and duct. 6.1.10 Ensure that the maximum air movement within the
6.1.4 Provide air intakes at the base of two opposite walls€nclosure, with only the intake and exhaust openings open, the
one of which contains the access door. Ensure that the tot@khaust fan on, and the burner off, does not exceed 1 m/s (3.3
cross sectional area of the air intakes is 1248.03 nf(2250+  ft/s), as measured by a vane-type anemometer in the following
50 in?), and that the intake areas are divided approximately@reas: 1) at the floor level where the burner is positioned
equally. Fig. 1 shows dimensions for the air intakes installed irfluring the test, and?j at 1.50+ 0.05 m (4.9 ft= 2 in.) above
the walls. Air intakes are not permitted in either of the otherthe enclosure floor, where the cable tray is positioned during
two walls. the test.
6.1.5 Construct a door with wired glass and locate it as 6.1.11 Construct a square 63025-mm (24+ 1-in.) baffle,
shown in Fig. 1. The door is 90ff 25 mm wide and 2108 25  centered over the cable tray. An acceptable height is 300 to 400
mm high (35= 1 in. by 83* 1 in.), with an overall conductive mm (12 to 15 in.) above the tray.
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6.1.12 Construct a collection-exhaust system consisting of end and the probe is at least 8 times the inside diameter of the
blower, steel hood, duct, bidirectional probe, thermocouple(s)luct. If the system is positioned at a different location,
oxygen measurement system (optional), smoke obscuratiasemonstrate the achievement of equivalent results.
measurement system, and gas analysis system (optional).6.3.4 Build the probe of a short stainless steel cylinder
Ensure that the system for collecting the combustion product§4-mm (1.75-in.) long and 22-mm (0.875-in.) inside diameter
has the capacity and is designed in such a way that all of theith a solid diaphragm in the center. The pressure taps on
combustion products leaving the burning specimen are coleither side of the diaphragm are also the support for the probe.
lected. Make the exhaust system capacity at least 3s7'rat ~ Position the axis of the probe along the centerline of the duct.
normal pressure and at a temperature oft22°C. Construct Connect the taps to a pressure transducer able to resolve
the collection-exhaust system as explained in Annex A2 angressure differences of 0.25 Pa (0.001 in. of water).

Annex A3. 6.3.5 Measure gas temperatures in the vicinity of the probe
6.2 Exhaust Collection System with Inconel sheathed Chromel-Alumel thermocouples. Ensure
6.2.1 Construct the exhaust collection system with thehat the thermocouple does not disturb the flow pattern around

following minimal requirements: a blower, steel hood, duct,the bidirectional probe. Further details are discussed in Annex

bidirectional probe, thermocouple(s) and a smoke obscuratioA3.1.

measurement system (white light photocell lamp/detector or 6.4 Smoke Obscuration Measurements

laser). Construct the exhaust collection system as explained in 6.4.1 Install an optical system for measurement of light

Annex A2 and Annex A3. obscuration across the centerline of the exhaust duct. Deter-
6.2.2 Ensure that the system for collecting the combustiomine the optical density of the smoke by measuring the light

products has sufficient exhaust capacity and is designed in su¢fansmitted with a photometer system consisting of a white

a way that all of the combustion products leaving the burnindight source and a photocell/detector or a laser system for

specimen are collected. Design the capacity of the evacuatianeasurement of light obscuration across the centerline of the

system such that it will exhaust minimally all combustion gasesxhaust duct. Locate the system so that it is preceded by at least
leaving the cable specimen (see Annex A2, A2.1.4). eight diameters of duct without bends, to ensure a nearly

6.2.3 Place probes for sampling of combustion gas and founiform velocity across the duct section. If the system is
measurement of volume flow rate in the exhaust duct leadingositioned at a different location, demonstrate the achieve-
from the hood. ment of equivalent results.

6.3 Instrumentation in the Exhaust Duct 6.4.2 One photometer system found suitable consists of a

6.3.1 The following specifications are minimum require-lamp, lenses, an aperture and a photocell (see Fig. 3 and Annex
ments for exhaust duct instrumentation. Additional informationA3.2). Construct the system so that soot deposits on the optics
is found in Annex A3. during a test do not reduce the light transmission by more than

6.3.2 Flow Rate MeasurementMeasure the flow rate in 5 %.
the exhaust duct by means of a bidirectional probe, or an 6.4.2.1 Alternatively, instrumentation constructed using a
equivalent measuring system, with an accuracy of at lea€d.5 to 2.0 mW helium-neon laser, instead of a white light
+6 % (see Annex A3 for further details). The response time tesystem is also acceptable. See Fig. 4 and Annex A3.2 for
a stepwise change of the duct flow rate shall not eddes to  further details. White light and laser systems give similar
reach 90 % of the final value. results(15-19)

6.3.3 Use a bidirectional probe or an equivalent measuring 6.5 Cable Tray
system to measure pressure in the duct. Locate the probe6.5.1 Use a steel ladder cable tray, 36@5 mm (12+ 1
shown in Fig. 2 in the exhaust duct, at least 4.6 m (15 ft) buin.) wide, 75 6 mm (3= 0.25 in.) deep, and 2448} 25 mm
no more than 13.7 m (45 ft) from the centerline of the(8 ft = 1 in.) long. Arrange the tray so that the burner flame
collection box. Ensure that the minimum length between anywill impinge on the cables midway between rungs.

. Wall of

7.26 mm Variable-length exhaust

(0.286in.) —] r'— support tubes duct

4.70 mm

(0.185in.) ] 4 X Aperture

Weld E g L

— I 83 Lamp Ly IR PN J
22 mm t (0.0721n.) : R
(0.875*|n.)_L _

M

1.751n.
( ) Smoke Detector
0.91 mm .
(0.036 in.) particles
FIG. 2 Bidirectional Probe FIG. 3 Optical System
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CERAMIC FIBRE PACKING

SILICONE TUBING
PURGE AIR ORIFICES
|
NO
BEAM SPLITTER N R e FILTER SLOT
v
‘ - -} OPTICAL PATH 43 0.5 mW HELIUM-NEON LASER
CAP 7 U7A]
: L}
N . i A
Aot . 1 H OPAL GLASS
7 A2 | B :\
1 1 N COMPENSATION DETECTOR
FILTER SLOT ) . R
]
MAIN DETECTOR i ] . )J
! ]
ALIGNMENT CRADLE

FIG. 4 Laser Extinction Beam

6.5.1.1 Each rung in the tray is to measuret25 mm (1= holes each, to form an array measuring 257 mn¥410.) by
0.25 in.) in the direction parallel to the length of the tray and5 mm @16 in.). Center the array of holes on the plate (see Fig.
13 = 3 mm (0.5* 0.125 in.) in the direction parallel to the 5).*

depth of the tray. 6.6.3 Protocol A
6.5.1.2 Space the rungs 23013 mm (9= 0.5 in.) apart 6.6.3.1 Position the burner behind the cable tray containing
(measured center to center). the specimen, with the flame-producing surface (face) of the
6.5.1.3 Attach the rungs to the side rails. burner vertical and its long dimension horizontal, and with the

257-mm (1@%s-in.) dimension of the array of holes spaced 76
. .-+ 5mm (3.0x 0.2 in.) from the specimens in the tray and
enclosu_re. Position the tray on a tray t_)ase (stand) which is Qentered midway between the side rails of the tray. Position the
be no higher than 152 25 mm (_Gt Llin.). centerpoint of the array of holes at 457 mm (18 in.) above the
6.5.2 Place a square galvanized steel platform under thgottom end of the tray and specimen and midway between two
cable tray. The platform shall be constructed of nominally 1.6ungs. Support the burner in a manner to enable the burner to
mm (]/16 |n) thick Steel, and have dimensions of no less tharbe qu|ck|y removed and precise|y returned to the position
1.0 m by 1.0 m (approximately 39 in. by 39 in.), with a uniform gescribed. The burner faces the doorway.
raised lip, 100 mm (approximately 4 in.) high, on each side, to 6.6.4 Protocol B
catch falling material. The platform shall be covered by a tight 6.6.4.1 Mount the burner on a stand and place it2@°
fitting sheet of standard gypsum board, of nominally 13 mmfrom the horizontal with the burner ports up, in front of the

(0.5in.) thickness. If a load cell is placed underneath the cablgaple tray. Locate the major axis of the burner ports 3085
tray ( as optionally in X2.1), the platform shall protect the load

cell. The gypsum board shall be clean before the start of a test;
if the sheet used has been damaged it shall be replaced.

6.5.1.4 Mount the cable tray vertically in the center of the

11 A satisfactory system is a burner supplied by American Gas Furnace Company,
Note 2—A square galvanized steel platform of dimensions of up toInc., of Elizabeth, NJ, Catalog No. 10 L11-55, with an air/gas Venturi mixer,
1.22 m by 1.22 m (approximately 4 ft by 4 ft) with a raised lip is also Catalog No. 14-18. Equivalent systems are probably available.
acceptable.

6.6 Burner. \,L
. . . | Ll 257 10 1/8in.
6.6.1 Use a 254-mm (10-in.) strip or ribbon type propan \ l mm ( in.)

gas burner with an air/gas Venturi mixer. (o} o o o) o} g 1

6.6.2 The flame producing surface of the burner consists | .
essentially of a flat metal plate that is 341 mmZis3n.) long O O-reemme-e- o o 5mm(316in)
and 30 mm (¥szin.) wide. The plate has an array of 242 holes I
drilled in it. The holes are to be 1.35 mm (metric drill size: 1.35* © o o
mm) or 0.052 in. (No. 55 drill) in diameter, on 3.2-mm 3.2mm (0.125in.)
(0.125-in.) centers in three staggered rows of 81, 80 and 81 FIG. 5 Burner Holes
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mm (12 + 1 in.) above the base of the cable tray and parallel 6.6.10 Use a propane flow rate of 2208 cn?/s (28 = 1
to the cable tray rungs during the fire test (Fig. 6). The burneft®/n) when corrected to standard temperature and pressure
faces the doorway. (20°C, 101 kPa). This propane flow will provide a theoretical
6.6.4.2 Attach a guide to the burner or stand such that thaeat output of 20 kW (approximately 70 000 Btu/h). The actual
leading edge of the burner face is located quickly and accuReat output is less, due to incomplete combustion of the
rately 76 = 5 mm (3 = 0.2 in.) horizontally away from the propane at the burner.
nearest surface of the cables during the burn period of the test.6.6.11 Use an air flow rate to the burner of 128@0 cn?/s
6.6.5 Insert a flowmeter in both the propane and the air line§163 + 10 ft/h) when corrected to standard temperature and
feeding the burner to measure the flow rates of these gasesessure.
during the test. 6.7 Cable Mounting
6.6.6 Use a propane flowmeter capable of measuring at least6.7.1 Protocol A—Fasten 2438+ 10-mm (96 = 0.5-in.)
230 cnri/s (29 ft/h) and an air flowmeter of at least 1330%sn  specimen lengths of finished cable in a single layer in the tray
(170 ft/n). Flow rate measurements shall be accurate to withilby means of steel or copper wire, not larger than 2.1%(
3 %. Mass flow controllers with recordable outputs are permitAWG gage) in cross section, at their upper and lower ends and
ted alternatives. at two other equally spaced points along their lengths with each
6.6.7 Supply compressed air to the burner, either bottled otable vertical. Install as many specimens in the tray as will fit,
from a compressed air system. Filter the air supply sufficientlyspaced one half cable diameter apart, to fill the center 150 mm
SO as to eliminate any contaminants that might affect the teg6 in.) of the tray width.

results. 6.7.1.1 Determine the number of specimen lengths for test
6.6.8 Use air with a dew point no greater than 0°C (32°F)using Eq 1:
as measured by a dew point measuring de¥ice. N = [(4 X 25.4/D] + 0.33 (1)

6.6.9 Use CP grade propane (99 % pure), having a heat
content of approximately 50.8 MJ/kg (21.7 k Btu/lb) (93.0 where:
MJ/m? at 20°C, 101 kPa), for the burner. N = number of cables (rounded up to the nearest whole
number), and
D = diameter of the cable, mm.
12 A satisfactory system is Alnor Model 7000U, No. 1999, but equivalent 6'7_'2 Protocol B_F_a_Sten 2438+ _10 mm (96t 0.5 _m')
alternative systems are probably available. specimen lengths of finished cable in the tray. Depending upon
the outside diameter of the individual cables, the test specimen
is to be either an individual length or a bundle of individual
lengths. Center the specimens or specimen bundles in a single
Open-ladder layer between the side rails of the cable tray. Ensure that the
steel cable tray lower end of each specimen is no more than 100 mm (4 in.)
above the bottom end of the cable tray. Attach each individual
specimen or bundle of specimens separately to each rung of the
cable tray using one wrap of a copper or steel wire tie not larger

'L\ 6.7.2.1 For cables smaller in diameter than 13 mm (0.5 in.),

| than 2.1 mm(14 AWG) in diameter.

1 group the specimens into untwisted bundles (nominally circu-
lar) as shown in Table 1. Space the bundles one-half bundle
diameter apart on the cable tray as measured at the point of

2440 mm — Lengths of cable attachment to the cable tray.
(96 in.) ;‘“i't'ed to 6.7.2.2 For cables 13 mm (0.5 in.) in diameter and larger,
cabie-ray rungs attach the individual specimens to the cable tray with spacings

' of ¥2 cable diameter, except do not exceed a spacing of 15 mm
(0.6 in.). Table 2 shows the tray loading.

~ 6.7.3 On flat cables, calculate the equivalent cable diameter
20° | : \ using Eq 2:
I Bumner ) )
i TABLE 1 Tray Loading for Circular Cables Smaller than 13 mm
305 [ I (0.5 in.) in Diameter
(12 ::T i f Cable Diameter, mm Number of Number of
L /\/J 76 mm Cables in Bundles
s (3in.) From But Less Than Each Bundle in Tray
. 1 13 3 7
9 1 3 8
Tray base 6 5 3 10
| E— — 5 6 7 9
/7'L 3 5 19 8
///// S S S /// //// 0 3 19 13

FIG. 6 Protocol B Cable Tray
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TABLE 2 Tray Loading for Cables 13 mm (0.5 in.) in Diameter 9. Conditioning
and Larger

9.1 Prior to testing, condition the specimen for at least 3 h
il in an atmosphere at a temperature of2%°C (73°F) with a
From But Less Than Y relative humidity of less than 55 %. Test cables within 10 min

Cable Diameter, mm Number of Cables

13 15 n of removal from such conditions if test room conditions differ
13 ;i g from the preceding conditions.

21 26 7

26 28 6 10. Procedure

28 39 5

39 52 4 10.1 Do not carry out the test if the wall temperature of the
> I S chamber is below 5°C (41°F) or above 30°C (86°F).

10.2 Establish an initial volumetric flow rate of 069.05
m3/s (23 + 2 ft¥s) through the duct. Calculate the volumetric
flow rate of the gas in the duct from Eq Al1.1 in Annex A1 and

_ A ST reported as a function of time, starting 1 min prior to the test.
D= 128 VITxW @ Do not change the flow rate once the initial flow rate is
where: established.
D = calculated equivalent cable diameter, 10.3 Position the prepared cable tray vertically inside the
T = minor axis of the cable, and enclosure with the open front of the cable tray facing the front
W = major axis of the cable. of the enclosure. Fix the cable tray firmly in position.
i 10.4 Start all recording and measuring devices before start-
7. Test Specimens ing the ignition burner, to ensure they are stabilized.

7.1 Use multiple lengths of electrical or optical fiber cable 10.5 Ignite the gas mixture in the burner and adjust the gas
as test specimens. flows to the values specified in 6.6.10 and 6.6.11. Position the
7.2 The mounting of the specimen on the cable tray ishurner as indicated in 6.6.3 (Protocol A) or 6.6.4 (Protocol B).
specified in 6.7. See Fig. 6 for the relative positions of the cable tray and burner

in the enclosure.
8. Calibration 10.6 Allow the burner flame to impinge on the specimen for

8.1 Prior to the start of each day of testing, verify thea continuous period of 20 min.
linearity of the photometer system by interrupting the light 10.7 At 20 min, extinguish the burner flame, but allow the
beam with multiple calibrated neutral density filters to covercable fire (if any) to burn out.
the range of the recording instrument. Use at least two neutral 10.8 Photograph or video record the cable tray and flame
density filters of significantly different values, and also one forbefore and during the test. Include a clock, giving the time to
100 % transmission. Ensure that the transmittance valuade nearest 1 s, in all photographic records.
measured by the photometer, using neutral density filters, are 10.9 During the test, record the following events and the

within+ 3 % of the specified value for each filter. time when they occur:
8.2 At the end of each test, investigate and correct any 10.9.1 Ignition of the specimen,
excessive departure from the zero line. 10.9.2 Position of flame front,

8.3 Perform a calibration of the flow rates of propane andair 1993 Melting and dripping,
from the burner before each continuous test series.

8.4 The recommended procedure for calibration of the
propane gas flow rate is by measuring the heat release rate in
the duct using Eq 3. Further details are given in X2.3.

10.9.4 Occurrence of pool fire under the specimen,
10.9.5 General description of the burning behavior,
10.9.6 Time of afterburn, after extinguishing the propane,

and
A A XA 10.9.7 Any other event of special interest.
g- EX 110X C [Tp] [%] @) -y _ | “p
€ : : > Note 3—It is possible for ignition of the cables to occur almost
immediately after ignition of the burner. However, time to ignition of the
where: cables may be difficult to determine.
q = rate of heat release, kW,
C = orifice plate coefficient, in kg mv. Kz, 10.10 Conduct the procedure in duplicate on the number of
Ap = pressure drop across the orifice plate or bidirec- sets of specimens specified. Conduct each procedure (burn) on
tional probe, untested cable specimens.
Te = gas temperature at the orifice plate, K, 10.11 Evaluation of Damage
E = net heat released for complete combustion, per 10.11.1 After burning has ceased, and after the cables and
o unit of oxygen consumed, 13 100 kJ/kg,O tray have cooled to room temperature, wipe the cables clean
X"o, = measured mole fraction of On incoming air,  \th a cloth, and determine cable damage.
" 3 nondlmensmnﬁl,fanq ’ haust f 10.11.1.1Protocol A—Determine the maximum height of
X0, = measured mole fraction of On exhaust flow, charred cable damage by measuring the blistering, char and

nondimensional. other damage upward from the bottom of the vertical tray.
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10.11.1.2Protocol B—Determine the maximum height of  12.1.1.7 Name or other identification marks and description
charred cable damage by measuring the blistering, char araf the product,
other damage upward from the lower edge of the burner face. 12.1.1.8 Density, or weight per unit surface, and total mass,
10.11.2 Determine the limit of charring by pressing againsthickness of the main components in the product, and mass of
the cable surface with a sharp object. Where the surface of theombustible portion of product, if known,
cable (outer jacket, if any) changes from a resilient surface to 12.1.1.9 Description of the samples,
a brittle (crumbling) surface determines the limit of charring. 12.1.1.10 Conditioning of the specimens,
Include distortion of the outer surface of the cable, such as 12.1.1.11 Date of test, and
blistering or melting, immediately above the char, in the 12.1.1.12 Test number, Protocol (A or B) and any special
damage measurement. remarks.
10.11.3 Record the cable damage (char) to the nearest 2512.1.2 Test Resultgsee also Appendixes).
mm (1 in.). On cable constructions that do not have charring, 12.1.3 Table of Mandatory Numerical Results Containing
define the limit for the affected portion as the point where the 12.1.3.1 Maximum char damage, m,
overall diameter is visibly reduced or increased. 12.1.3.2 Peak rate of smoke releasésth and the appro-
10.11.4 For engineering information, record damage such ggriate time that it occurred,
blistering, or softening/melting of combustible material above 12.1.3.3 Total smoke released?,nand
the char. 12.1.3.4 Time of afterburn, s.
10.12 Smoke Obscuration Measurements 12.1.4 Additional Table of Mandatory Numerical Results
10.12.1 Make continuous measurements of light obscuracontaining
tion by the smoke and volume flow rate in the exhaust duct. 12.1.4.1 Total smoke release data after every minute, and
10.12.2 From these measurements and the equations in12.1.4.2 Rate of smoke release data after every minute.
Annex A4 determine the rates and amounts of light obscuring 12.1.5 Mandatory Graphical Results
smoke. These values together with the visual recordings 12.1.5.1 Plot of rate of smoke release versus time, and

constitute the results from the test. 12.1.5.2 Plot of total smoke released versus time.
12.2 Descriptive Results
11. Calculation 12.2.1 Photographs or videotape, if available, of the fire

11.1 Equations for smoke release calculations are presentggvelopment, an_d . L .
in Annex A4. Considerations for heat release measurements 12.2.2 All available information listed in 10.9.
(optiopal) are present_ed in Appendix X4. and the apprqpriatq& Precision and Bias
equations for calculations are in Appendix X5. The choice of
the equations in Appendix X5 that the testing laboratory wishe
to use for the (optional) heat release calculations is up to th
testing laboratory.

13.1 Precision—The precision of this test method has not
een determined. Results of a planned interlaboratory test
Series will be included when available.

13.2 Bias—The true value of fire performance of electrical
12. Report or optical f_ibe;r ca_blgs can only _be defined in terms of a test
' method. Within this limitation, this test method has no known

12.1 Report the following information: bias and can be accepted as a reference method.
12.1.1 Descriptive Information

12.1.1.1 Name and address of the testing laboratory, 14. Keywords

12.1.1.2 Inside dimensions of the enclosure, 14.1 cable; cable tray; carbon dioxide; carbon monoxide;

12.1.1.3 Date and identification number of the report, char; electrical cable; fire; fire-test response; flame; heat

12.1.1.4 Name and address of the test requester, release; heat release rate; ignition; optical density; optical fiber

12.1.1.5 Methods of sampling, cable; oxygen consumption calorimetry; smoke obscuration;

12.1.1.6 Name of product manufacturer or supplier, ifsmoke release; smoke release rate; total smoke released; toxic
known, gases
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ANNEXES
(Mandatory Information)

Al. CALCULATION OF VOLUMETRIC FLOW RATE

Al.1 The volumetric flow rate in fifs in the duct under A cross-sectional area of the duct at the location of the
standard conditions is calculated according to Eq Al.1, as probe, nf,

follows: A, differential pressure measured with the probe, Pa,

SAT A Po density of air, kg/m, at the reference temperatUfg
V, = Cy kA /[ p"T°] = 20.1KA /[T”} (A1.1) K

duct gas temperature, K, and
the reference temperature, K.

T
where: T,
C, = a suitable calibration factor for bidirectional probes
based upon air velocities in excess of 3.0 m/s (10 ft/s)
in a 0.4 m (16 in.) duct, nondimensional,

k. = ratio of the average duct gas mass flow per unit area,
as determined by measuring the velocity and tem-
perature profiles across the stack, to the duct mass
gas flow rate per unit area, as determined by measur-
ing the velocity and temperature at the centerline
where the bidirectional probe is located during the
test,

A2. DESIGN OF EXHAUST SYSTEM

A2.1 Hood and Exhaust Duct, Recommended Design:  Alternatively, the rectilinear part of the exhaust duct must have
A2.1.1 Collect the combustion gases from the burningsuch a length that a fully-developed flow profile is established
specimen by means of a hood. A system is described in A2.1.2t the point of measurement. The exhaust duct is connected to

which was tested in practice and proven to fulfill the specifi-an evacuation system.
cations given in the test method. A2.1.5 Design the capacity of the evacuation system so as
A2.1.2 The hood is located above the room. The bottomp exhaust minimally all combustion gases leaving the speci-
dimensions of the hood are 2.44 by 2.44 m (8 by 8 ft) (see Figmen. This requires an exhaust capacity of at least 2.7 kg
1). The hood feeds into a cubical box/plenum having 183 s(ahout 8000 A h™* at standard atmospheric conditions)
mm (36.0- 0.5 in.) as the dimension of each side. Amaximum o resnonding to a driving under pressure of about 2 kPa at the
heightof 1.8 m- 0.05m (Sft1linx 2in.), to satisfy building o of the duct. Provide a means to control the exhaust flow
constraints, is acceptable. Underneath the hood, two bafflﬁom about 0.5 kg & up to maximum flow as stated above

pl_ates app_roxmately_o_.61 by 0.61 m (2 bY 21ft) are Iocatgd (se uring the test process. Ensure that the measurement system
Fig. 1), to increase mixing of the combustion gases. Design an, . o
as sufficient sensitivity for measurement of low rates of heat

manufacture the hood so that no leakage exists. | Mixi in the duct £ solvina th
A2.1.3 If alaser beam is used, a suitable means of mountinaer ease. Viixing vanes in he duct are a means of solving the

the beam together with the gas sampling probes is shown i oblem if concentration gradients are found to exist.

Fig. A2.1. A2.1.6 An alternative exhaust system design is acceptable if
A2.1.4 An exhaust duct is connected with the plenumit is shown to produce equivalent results. Equivalency is
chamber. The inner diameter of the exhaust duct is 2085  demonstrated by meeting the calibration requirements of Sec-
mm (16 1in.). To facilitate flow measurements, guide vanes tion 8. Exhaust system designs based on natural convection are

if needed, are located at both ends of the exhaust ductunacceptable.
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LASER EXTINCTION MASS SAMPLING
BEAM PORT
BI-DIRECTIONAL PROBE

SMOKE THERMOCOUPLE
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l GAS SAMPLING PROBE ‘ !
LASER MOUNTING FLOW THERMOCOUPLE

VIEW OF GAS SAMPLING PROBE. HOLES
DOWNSTREAM TO AVOID CLOGGING

FIG. A2.1 Means of Mounting Laser Beam and Sampling Probe

A3. INSTRUMENTATION IN EXHAUST DUCT

A3.1 Volume Flow: light and a photocell, along the exhaust duct, across from each
A3.1.1 One technique for measuring the flow is a bidirec-other and at an angle to the vertical, is satisfactory in some
tional probe located at the centerline of the duct. The prob&aS€s.
shown in Fig. 2 consists of a stainless steel cylinder, 44 mm A3.2.1.1 Use a lamp of the incandescent filament type,
(1.75in.) long and with an inner diameter of 22 mm (0.875 in.).which operates at a color temperature of 2980100°K.
The cylinder has a solid diaphragm in the center, dividing itSupply the lamp with stabilized direct current, stable within
into two chambers. The pressure difference between the twtr0.2 % (including temperature, short term and long term
chambers is measured by a differential pressure transducer. stability). Center the resultant light beam on the photocell.
A3.1.2 Use a differential pressure transducer with an accu- A3.2.1.2 Select the lens system such that the leps

racy of at least=0.25 Pa (0.001 in.) of water and of the according to Fig. 3, has a diametdrchosen with regard to the

capacitance type. A suitable range of measurement is 0 to 15@cal length.f, of L, so thatd/f = 0.04.

Pa. ) A3.2.1.3 Place the aperture in the focus of lepsiccording
A3.1.3 Place one thermocouple 15225 mm (6* 1in.) o Fig. 3.

upstream from the bidirectional probe. Use an Inconel sheathed A3.2.1.4 Use a detector with a spectrally distributed re-
24 AWG gage (0.51 mm (0.020 in.) in diameter) thermocouple . P y

. - “~sponse according to the CIE photopic curve and linear within
type K Chrom_eI-AIumeI. Place the thermocouple_wwe, W'tth % over an output range of at least 3.5 decades. Check this
13 mm (0.5 in.) pf the bead, along _expect_ed isotherms ¢ Inearity over the entire range of the instrument periodically
minimize conduction errors. Use an insulation between th%\/ith calibrated optical filters
Chromel and Alumel wires that is stable to at least 1100°C . .

(2000°F). Ensure that the thermocouple does not disturb the A3-2-2 The system described as follows is an example of a

flow pattern around the bidirectional probe. light measuring system that has been found satisfactory:
(1) Lenses-Plano convex: diameter 40 mm, focal length 50
A3.2 Smoke Obscuration: mm,

A3.2.1 One suitable light measuring system based on white (2.) Lamp—Osram Halo Stars: 64410: 6 V, 10 W, or
light has the following components: a lamp, plano convexduivalent,
lenses, an aperture, a photocell and an appropriate power(3) Photoceli—United Detector Technology: PIN 10 AP, or
supply. Mount lenses, lamp and photocell inside two housing§duivalent, and

located on the exhaust duct, diametrically opposite each other. (4) Voltage Supply-Gresham Lion Ltd: Model G< 012, or
It has been found that a system consisting solely of a whitequivalent.

10
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A3.2.2.1 Design a system that is easily purged against so@ouple the two halves of the device rigidly together (see Fig.
deposits. The use of holes in the periphery of the two housing4).1*

is a means of achieving this objective.
A3.2.3 An acceptable alternate system for measurements of _ _ . _
K b ti | r beam. AO5 to 2.0 m An example of a suitable system is that manufactured by Fire Testing
sm_o € oDbscuration USES_ a 6_136 eam. ' 0 ' Wechnology Ltd., P.O. Box 116, East Grinstead, West Sussex, RH19 2YE, UK, who
helium-neon laser beam is projected across the exhaust dugtovide detailed construction guidance.

A4. SMOKE MEASUREMENT EQUATIONS

A4.1 Mass Flow Rate Measurements: . Ap
m,=CX [T] (A4.3)
Note A4.1—Symbols are explained in A4.3. ] €
A4.1.1 There are primarily two techniques used to measure Aél.lAEZiVelocny Method
mass flow rate in the exhaust duct of full-scale fire tests. (Eq Ad.4)

A4.1.2 The first technique measures mass flow rate by o A Xk, Ap
means of the pressure drop across, and temperature at, an Me = 26.54x flRe ~ [Te]
orifice plate. If the test is conducted within a narrow range of a4.1.6 The function of the Reynolds numbér(Re is

conditions, the orifice plate coefficien€, is approximately gescribed, by McCaffrey and Heskest@®), as responding to
constant. Itis possible to determine its value with a gas burngtq a4 s:

calibration. However, if flow rates are varied during a test or if

(A4.4)

temperature changes are considerable, take into account the f(R = 1533~ 1.366X 10 - 3Re (A4.5)
effect onC of the Reynolds number and of pressure at the +1.688x 10 6Re2 — 9.705x 10 11Re3
downstream side of the orifice plate. Information on such + 255510 —-1Re 4 — 2.484x 10 -17Re 5
corrections and on various design options (for example, loca-

tion of the pressure taps) is found in Réf).1* A4.2 Smoke Measurement Equations:

A4.1.3 The other technique is to measure velocity at one Optical density OD) (Eq A4.6):
point in the duct, usually along the centerline. Calculate the
flow rate using a measured velocity profile in the duct. This OD = log{ly/1] (A4.6)
velocity profile is obtained by measuring velocity at a sufficient  Extinction coefficient k) (Eq A4.7):
number of representative points over the diameter or cross k= (1) X In (Ig)) (A4.7)

section of the duct prior to any fire tests. Detailed procedures . .
b y b The volumetric flow rate is calculated as the product of the

to obtain this profile are described in RefR). Usually, ! . .
conditions in full scale fire tests are such that the flow in the 35S flow rate and the density of air, at the corresponding

duct is turbulent, resulting in a shape facta(ratio of the temperature. Thus, both the volumetric flow and the density of

average velocity to the velocity along the centerline) close to q@ir must undergo temperature corrections. The volumetric duct

A4.1.4 Due to considerable soot production in many fires,ﬂow rate (V) is adjusted because it is measured in the exhaust

pitot tubes are generally not useful because of clogging of thQUCt’ bL.Jt required .at the temperature near the photodetector, as
holes. This is unlikely to cause a problem in a test of a single‘ShOWn in Eq A4.8:

item. Thus, if pitot tubes are used, they must be completely Vo= V. x (E) (A4.8)
cleaned after each test. In order to deal with this problem, a s e Te '

more robust bidirectional probe was designed by McCaffrey The density of air is adjusted between the literature value,
and Heskestad3). This involves measuring the differential measured at 273.15 K, and the value at the temperature in the
pressure across the probe and the centerline velocity, and éxhaust duct, as shown in Eq A4.9:

valid in the range of Reynolds numbeRe 27315
40 < Re< 3800 (A4.1) P = Po X (A4.9)
In many full scale fire test applications, duct diameter and Then, the final equation (Eq A4.10) for the volumetric flow
flow rate are such that the Reynolds number is: rate:
Re> 3800 A4.2 . '
) &= (A4.2) ) V= e %915 (A4.10)
In this casef(Re can be taken as a constant (1.08), which Po .
greatly simplifies the calculations. Rate of smoke releas®&R is defined by Eq A4.11:
A4.1.5 Mass Flow Rate Measurement Equatipns RSR= [V, X k] (A4.11)
A4.1.5.1 Pressure Drop MethodEq A4.3): . .
Total smoke released GR is defined by Eq A4.12:
TSR= [RSR dt (A4.12)
14The boldface numbers in parentheses refer to the list of references at the end Average Optlcal denSIty (A®D) (Eq A4'13):
of this test method. Av OD = X ODg,, (= scans (A4.13)

11
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A4.2.1 Measurement of Smoke Obscuration Parameters ke = velocity profile shape factor, nondimen-
A4.2.1.1 The optical density of smoke is dependent upon sional,
the volumetric flow rate in the duct, and is, thus, not an| = light path length of beam through smoky
absolute measurement. It is recommended that smoke release environment, m,
rate and its integrated value (total smoke released) are morén, = C(A/Te)», mass flow rate, by pressure drop
adequate measurement values. measurement, kg/s.
A4.2.1.2 In at least one document, UL 1685, rate of smokermn, = (26.54X A X kJ(f (Re)) X (a/Tg)v>, mass

release is defined in terms of optical density instead of being flow rate, by velocity measurement, kg/s.
defined in terms of the more usual extinction coefficient. The OD optical density, nondimensional,

difference between the two resulting values of rate of smokeAp pressure drop across the orifice plate or
release is a constant factor: the natural logarithm of 10, that is, bidirectional probe, Pa,

2.3026, with the numbers based on optical density being lowerRSR rate of smoke release,¥s,
T, gas temperature at the orifice plate, K,

e

A4.3 Symbols: T = duct temperature (near photodetector), K,
TSR = total smoke released,“n
. 5 Ve = volumetric flow rate in exhaust duct (at
A = cross sectional area of duct”m ) measuring location of mass flow rate)%m
Av OD = average optical density, V, = volumetric flow rate at location of smoke
C = orifice plate coefficient, kg myz Ky, meter (value adjusted for smoke measure-
f(Re) = Reynolds number correction, ment calculations), Afs
' = light intensity for a parallel light beam = density of air at the temperature in exhaust
having traversed a certain length of smoky duct, kg/n?
environment and reaching photodetector, . = density of air at 273.15 K: 1.293, kgfn
lo = light intensity for a beam of parallel light Y'op__ . = summation of the optical density values
rays, measured in a smoke free environment, measured at each scan, along the 20 min test
with a detector having the same spectral period, and
sensitivity as the human eye and reaching s scans = total number of scans, along the 20 min test
the photodetector, period.
k = extinction coefficient, 1/m,
APPENDIXES

(Nonmandatory Information)

X1. COMMENTARY

X1.1 Introduction X1.2.2.2 It has now been determined that the rate of heat
X1.1.1 This commentary is provided to give some insight_release can be determined by measuring the oxygen depletion

into the development of the test method and to describe X @ fire atmospherg9-11) Oxygen concentration measure-

rationale for various features used, both in the mandatory anff€nt devices, of the paramagnetic type, are now sufficiently
the optional sections of this standard. precise to measure the small differences in oxygen concentra-

tion needed for determining rate of heat release. Appendix
X2-Appendix X5 contain details on instrumentation, measure-

X1.2 Measurements . :
) ments and results to report for these optional fire-test-response

X1.2.1.1 The visibility in a fire atmosphere will adversely  x1.2.3 Smoke Toxicity

affect the ab|||ty of victims to escape and the ab|l|ty of fire X1.2.3.1 The victims of a fire are often overcome by the
brigades to fight the fire. toxicity of the atmosphere. This is determined by the concen-
X1.2.2 Rate of Heat Release tration of smoke (see Terminology E 176) and by the toxicity
X1.2.2.1 The rate of heat release is one of the mosbf its individual components. The overall amount of smoke
important variables, possibly even the single most importanfjenerated can be measured by means of the mass loss rate,
variable, in determining the hazard from a fi(é-8). In  which is equivalent to the rate of smoke generation. The single
particular, the rate of heat release is a measure of the intensityost important individual toxicant in a fire atmosphere is
of the fire. The rate of heat release and the amount of heaarbon monoxide, which is present in all fires, together with
released will determine the extent to which other materialscarbon dioxide and watdi2, 13). Some other gases, such as
products or assemblies in the fire compartment may ignite andcrolein, hydrogen cyanide and hydrogen chloride, are also
spread the fire further. The amount of smoke generated iBequently present and may thus also contribute to the toxicity
usually a direct function of the heat release rate. of the fire atmosphere. Appendix X2-Appendix X5 contain

12
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details on instrumentation, measurements and results to bm by 2.44 m high) and in a furniture calorimeter (such as those
reported for these optional fire-test-response characteristics.described in UL 1056 or Nordtest NT Fire 032), are equivalent,
. unless the heat release rate exceeds 6001d)V This suggests
X13 Electnca_l _Cables_, ) that, if heat or smoke release rate is the only information
X1.3.1 Traditional fire tests on electrical cables, such a%ought, the size of the test faC|||ty may not be critical.

those in the standards described as the basis of this tegfowever, further work is required to confirm these results for
procedure, have focused on flame spread. This fire-teskaple tests.

response standard goes beyond that by additionally measuringy ) 4 > |t has also been shown that very similar results are

smoke release. obtained from two different test facilities, in both heat and

¢ ; har lenath i ¢ a totally ad i f%woke release, for many electrical cab{&5-17) This is an
of maximum char length 1S not a totally adequate way Oimportant result, because it suggests, too, that the exact

determining cable flame spread properties, butit gives a Simpl('t:fimensions and layout of the facility are not as crucial as was

indication of quallyy of fire pgrformance of the cable. at one point thought. This also needs further confirmation.
X1.3.3 The National Electrical Code has adopted a category X1.4.3 It has been shown that the smoke release measured

of cables with a limited smoke (or -LS) designation, which are , o ,
ith a laser beam and with a white light system are equivalent,

being listed after being tested for flame propagation and smok¥ . . . ) .
release according to UL 1685. unless the scanning time is very long (>5 s). This applies to

X1.3.4 Optional measurements that are possible with thi?0th small scale instrument&§, 19) and full scale cable tray
test method are the rates and amounts of heat release, and(®$ting facilities(15-17)
carbon oxide release. These measurements allow a moreX1.4.4 The platform described in 6.5.2 is needed to ensure
complete set of fire-test-response characteristics to be obtain@dl laboratories use the same means of protecting the load cell,
from a single specimen with the same fire model, which is ther@nd help to improve precision of results. It has been shown that

useful in assessing the fire hazard. some materials that have been placed underneath the burning
N sample in large scale fire tests can cause significant differences
X1.4 Test Facility in the extent to which fire, flames and smoke continue being

X1.4.1 The rate of heat release of upholstered furniture imeleased by the material that has fallen off the burning sample.
the standard ASTM room (2.44 by 3.66 m by 2.44 m, or 8 byln at least one known case the heat and smoke release varied by
12 ft by 8 ft high), in the room described in California over half the amount as a function of the material used beneath
Technical Bulletin 133 (10 by 12 ft by 8 ft high, or 3.05 by 3.66 the sample.

X2. OPTIONAL MEASUREMENTS FOR WHICH THIS STANDARD IS SUITABLE

X2.1 Mass Loss Measurements fire induced air flow that could influence the measurement.

X2.1.1 If mass loss is to be measured, use a mass measurifgSure that there are virtually no obstructions to the air supply

device, such as a load cell, to continuously measure the ma&Qf the test set-up. _ o
loss of the burning specimen. X2.1.6 Alternative 2—Place the mass measuring device in

X2.1.2 The mass measuring device needs to measure tffge hood and hang the cable tray from it. Thermal and
specimen mass with an accuracy of at leag6 g (1.6 oz) up  cOmbustion gas protection of the mass measuring equipment is
to at least 90 kg (198 Ib) of specimen mass. Install it in such &till required.
way that the heat from the burning specimen and any eccen- _
tricity of the load does not affect the accuracy. Avoid rangeX2.2 Heat Release and Gas Analysis Measurements
shifts during measurements. Protect all parts of the weight X2.2.1 Exhaust Collection System

measuring device by a thermal barrier. X2.2.1.1 For measurement of heat release and other gas
X2.1.3 There are two alternative locations for the massanalysis, the requirements of 6.2 and 6.3 are insufficient.
measuring device: Beyond the requirements of 6.2 and 6.3, the exhaust collection

X2.1.4 Alternative 1—Place the mass measuring devicesystem needs an oxygen measurement system and a combus-
under a platform, with a thermal barrier of dimensions ©.3 tion gas sampling and analysis system. Construct these as
0.05 by 0.3 0.05m (1 ft= 2in. by 1 ft= 2 in.) and of a explained in X2.2.2, and as shown in Fig. 1 and Fig. A2.1.
non-combustible material, for example, calcium silicate X2.2.2 Combustion Gas Analysis
boards. Provide the platform with sides of 0.1#n10 mm (4= X2.2.2.1 Sampling Line-If combustion gases are mea-

0.4 in.) height in order to prevent melting or falling material sured, take the gas samples in the exhaust duct at a position
from the tested specimens from falling off the thermal barrierwhere the combustion products are uniformly mixed. Construct

X2.1.5 Do not exceed 0.5 m (20 in.) from the upper surfacahe sampling line tubes of a material not influencing the
of the thermal barrier to floor level. Shield the area between theoncentration of the gas species to be analyzed. A logical
thermal barrier and the floor level to avoid lifting forces due tosequence for the gas train is: sampling probe, soot filter, cold
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trap, plastic drying column and carbon dioxide removal col-ing to the measuring range of interest, to ensure that the
umns (if used), gas path pump, vent valve, flow controller andequirements of accuracy in X2.1.2 are fulfilled. Carry out this
oxygen analyzer (see Fig. X2.1 and Annex A3). The gas trairalibration daily, prior to testing.
shall also include appropriate spanning and zeroing facilities. X2.3.4 Calibrate gas analyzers daily, prior to testing (see
X2.2.2.2 Oxygen AnalyzerIf heat release is measured, Guide E 800 for further details).
measure the oxygen concentration with an accuracy of at leastx2 3 5 perform the calibration of the heat release instru-
+0.2 % of full scale in the output range of 0 to 21 vol % mentation in the exhaust duct by burning propane gas and
oxygen, or=0.05 vol % oxygen, in order to have adequatécomparing the heat release rates calculated from the metered
measurements of rate of heat release. Take the gas sample fr% input, and those calculated from the measured oxygen
the end of the sampling line. Calculate the time delay,consumption. The value of effective heat of combustion for
including the time constant of the instrument, from the room ofyrgpane is 46.5 MJ/kg. Position the burner in the same location
origin. Itis a function of the exhaust duct flow rate; a value ofag the cable tray is to be placed during the test. Measure the gas
over 30 s is unacceptable. A discussion of the calculations fofjgy rate at a pressure of 101235 kPa (standard atmospheric
rate of heat release is given in Appendix X4. pressure) and a temperature of 205°C.

A X|2.2.2.3hglarbon (I;/Ionomde t‘:]md Ct?rbt(_)n D|0X|de_ X2.3.6 Obtain a minimum of two calibration points. Obtain
halyzers—It measured, measure th€ combuslion gas SPECIES a1 heat release rate value of 40 kW and then a higher heat
concentration with an instrument having an accuracy of at Iea§l‘elease rate value of 160 kW. Approximate propane flow rates
0, i H 0, .
+0.1 V.Ol % for .carbon dioxide an¢0.02 vol % 1;or carbon for any required heat release rate value are estimated using the
monoxide. A suitable output range is 0 to 1 vol % for CarbonfoIIowing constant: 1.485 kW min/L. Accurate flow rates of

monoxide and 0 to 10 vol % for carbon dioxide. Take the ga - .
sample from the end of theosampling line. Caleulate the tE;*mj)ropane gas are calculated using the mass flow rate equations.
delay, including the time constant of the instrument, from the f)t(hz'e’g Take rgeiﬂsurementst starting 1 mtlhn prlof: totlgmtlon
room of origin. It is a function of the exhaust duct flow rate. ¢ ©' the burner and then at feast once 9v@rs thereatter to the
shall be a maximum of 30 s end of the test. Determine the average rate of heat release over

a 1 min period by 4) the oxygen consumption method ar (
X2.3 Calibration calculating the heat release rate from the mass gas flow rate and
X2.3.1 The calibrations described in Section 8 do notthe effective heat of combustion. The two values must agree

address measurements of mass, heat release or combustion Y3§in 5 %. Make this comparison only after steady state

concentrations. The appropriate instruments also need to K@nditions are reached.

Carefu”y calibrated with standard sources. X2.3.8 Perform a calibration test in accordance with
X2.3.2 Calibrate all instruments carefully with standardX2.3.5-X2.3.7 prior to each continuous test series. Perform a

sources after initial installation. Perform recalibration testsfull basic calibration on a new system or when modifications

routinely on the entire system, for example using standar@re introduced.

output burners. X2.3.9 The use of a higher rate of heat release for calibra-
X2.3.3 Perform calibration of the mass measuring device byion, for example 500 kW, will lead to higher accuracy in test

loading the weighing platform with known masses correspondresults.

» Jo Optional H20,
HCI, THC Analyzers

Oz
Analyzer*
Waste
Flow
Sampler Waste Controller
?0“ Regulator i I E
rap —._—> Outflow
Ei?tg: I : '| 7 um Filter
p Desiccant ;  CO» Rotameter
ion | * ump : Removal
gﬁgfn?g?n ‘ Media NOTE: Rotameter is on outlet
: of O, analyzer
Y
% Drain To CO2and CO .
Analyzers To include absolute

pressure transducer
FIG. X2.1 Schematic Diagram of Gas Analysis System
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X2.4 Test Procedure for Optional Measurements X2.5 Report of Optional Test Measurements
X2.4.1 Use a continuous mass measuring device to deter- X2.5.1 Table of Optional Numerical Results _
mine the mass loss rate of the burning specimen. X2.5.1.1 Peak rate of heat release, kW, and the appropriate

X2.4.2 During the test, measure the concentrations of calI-ime at which it occurs,
9 X2.5.1.2 Total heat released, MJ,

bon monoxide, carbon dioxide and oxygen in the exhaust duct. %25 1.3 Peak flame heiaht. m. and the appropriate time at
X2.4.3 The concentrations of other combustion gases arg .1 it occurs gnt. m. pprop

optional measurements, but their usefulness depends on theX2'5_1.4 Totr;ll mass loss, g,

chemical composition of the combustible portion of the speci- y5 5 1 5 Total percentage of mass loss, %,

men tested. In some cases it is also advantageous to measurg;s 1 g Total percentage of combustible mass loss, %
the concentration of gases such as hydrogen cyanide andy» g 1 7 Average yield of carbon monoxide, g CO/g fuel,
nitrogen oxides if the combustibles are known to contain y> 51 g Average yield of carbon dioxide, g ¢@ fuel,
nitrogen. In some other cases it is also advantageous t0 x» 51,9 Carbon monoxide/carbon dioxide molar yield ra-
measure the concentration of gases such as hydrogen chlorigg,

hydrogen bromide or hydrogen fluoride if the combustibles are 5(2_5_1_10 Average yield of any other measured gas, g gas/g
known or suspected to contain the corresponding halogefye| and

Precision in calculating heat release is increased by measuringx2 5.1.11 Equation used to calculate rate of heat release.
the concentration of water in the combustion gases. This x2.5.2 Optional Graphical Results
increases the experimental difficulties, which is why it is not x2.52.1 Plot of rate of heat release versus time,

recommended. X2.5.2.2 Plot of mass loss versus time,

X2.4.4 From these measurements, calculate the rates andX2.5.2.3 Plot of concentration of carbon monoxide versus
amounts of release of heat, generation of gas species and lagse,
of specimen mass using the equations in Appendix X4 and X2.5.2.4 Plot of concentration of carbon dioxide versus
Appendix X5. The testing laboratory is entitled to choosetime,
which of the equations in Appendix X5 to use for the (optional) X2.5.2.5 Plots of concentration of any other measured gas
heat release calculations. Report these optional values (seersus time, and
X2.5) together with the mandatory measurements from Section X2.5.2.6 Plot of mass flow rate in the exhaust duct versus
12 and the visual recordings as the results of the test. time.

X3. ADDITIONAL INSTRUMENTATION IN EXHAUST DUCT

X3.1 The instrumentation described in Annex A3 does not
address the measurement of heat release or the determination
of combustion gas concentrations. Appropriate instrumentation
is described in the following sections:

ple flow ——

X3.2 Sampling Line

X3.2.1 Locate the sampling probe in a position where the
exhaust duct flow is well mixed. Use a probe with a cylindrical
cross section to minimize disturbance of the air flow in the
duct. Collect the gas samples along the whole diameter of the
exhaust duct.

X3.2.2 Manufacture the sampling line, see Fig. X2.1, from
corrosion resistant material, for example polytetrafluoroethylis shown in Fig. X2.1. A suitable pump has a capacity of 10 to
ene. Remove the particulates contained in the combustioB0 L min* at 10 kPa (minimum), as each gas analysis
gases with inert filters to the degree required by the gamstrument consumes about 1 L minA pressure differential
analysis equipment. Preferably, filter the gases in more thaaf at least 10 kPa, as generated by the pump, reduces the risk
one step. Cool the gas mixture to a maximum of 10°C and drpf smoke clogging of the filters. Turn the intake of the
the gas samples completely before they reach each analyzesampling probe downstream to avoid soot clogging the probe.

X3.2.3 Use a pump for the combustion gases which does not X3.2.5 Install a soot filter, capable of removing all particles
allow the gases to contact oil, grease or similar products, all of 25 microns in size.
which can contaminate the gas mixture. A membrane pump is X3.2.6 A refrigerated column is the most successful ap-
suitable. proach to cool and dry the gases. Provide a drain plug to

X3.2.4 A suitable sampling probe is shown in Fig. X3.1.remove the collected water from time to time. Alternative
This sampling probe is of the bar type. Ring type samplingdevices are also acceptable.
probes are also acceptable, although they do not collect gasX3.2.7 If carbon dioxide is to be removed, it is important to
samples across the full diameter of the duct. The sampling linese carbon dioxide removal media, as indicated in Fig. X2.1.

@10 Hole ¢ 2 Hole @3

Exhaust duct
FIG. X3.1 Gas Sampling Probe
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X3.3 Combustion Gas Analysis X3.3.3 Other Gases-Guide E 800 provides details of suit-

X3.3.1 Oxygen ConcentratiorUse an oxygen analyzer, able analyzers to measure, for special purposes, the concentra-
meeting the specifications of X2.2.2.2, preferably of thetion of other gases, such as water, total hydrocarbon, nitrogen

paramagnetic typ& oxide, hydrogen cyanide, or hydrogen chloride.

X3.3.2 Carbon Monoxide and Dioxide Concentratien X3.3.4 Time Shift—-Gas concentration measurements re-
Analyzers found suitable are nondispersive infrared analyzerguire the use of appropriate time shifts in order to account for
See Guide E 800 for further details. gas transit time within the sampling system.

15 A Siemens Oxymat 2 or a Servomex 540 A have been found suitable.

X4. CONSIDERATIONS FOR HEAT RELEASE MEASUREMENTS

X4.1 Measurement of Rate of Heat Release by Oxygen tests. The differences in treatment and equations used are
Consumption mainly due to the extent to which gas analysis is made.
X4.1.1 Introduction—In 1917, Thornton(20) showed that Me:_asure at least £ but, if additional instrumentation is
for a large number of organic fuels, a more or less constant n&vallabl_e, heat release rate measurements are more accurate by
amount of heat is released per unit of oxygen consumed fgnéasuring C@and CO as well. o
complete combustion. Hugge®1) obtained an average value X4-1.6 It needs to be emphasized that the analysis is
for this constant of 13.1 MJ/kg of OThis value may be used approximate. The following list describes the main simplifying

for practical applications and is accurate, with very few@sSumptions made: _
exceptions, to withint5 %. (1) The amount of energy released by complete combustion

X4.1.2 Thornton’s rule implies that it is sufficient to mea- PEr unit of oxygen consumed is taken &s:= 13.1 MJ/kg of
sure the oxygen consumed in a combustion system in order {32 i )
determine the net heat released. This is particularly useful for (2) All gases are considered to behave as ideal gases. In
full-scale fire test applications. For example, for compartmenPth€r words, one mole of any gas is assumed to occupy a
fires, the oxygen consumption technique is much more accifonstant volume at the same pressure and temperature.
rate and easier to implement than methods based on measuringd3 ncoming air consists of © CO,, H,0, and N. All -
all the terms in a heat balance of the compartment. “inert” gases, which do not take part in the combustion
X4.1.3 Perhaps the first application of the @nsumption  "€actions, are lumped into the nitrogen. _
principle in fire research was by Parket?) using the Test  (4) Oz CO,, and CO are measured on a dry basis. In other
Method E 84 tunnel test. Later, Senser@g)(applied it to an words,_ water vapor is removed from the sample before gas
intermediate scale room test. During the late seventies an@@lysis measurements are made. o
early eighties, the National Institute for Standards and Tech- X4.1.7 In the analysis to follow, initial emphasis is placed
nology (NIST, formerly NBS) refined the Oconsumption 0N the flow rate measurement. Equauons to cal_culatg flow rate
technique. A paper by Parke24) gives equations to calculate are genera]ly applicable, irrespective of the conflg'urapon.of the
rate of heat release by,@onsumption for various applica- 9as anaIyS|s'system. In subsequent sections, distinction is made
tions. The technique is now used extensively in many laborab€tween various gas analyzer combinations.
tories all over the world, both in bench-sca®®) and full-scale
(4, 26) fire test applications. X4.2 _Rate of Heat Release Measurement if Only Oxygen
X4.1.4 The objective of this section is to provide a compre- is Measured
hensive set of equations and guidelines to determine the rate of X4.2.1 In this case all water vapor and ¢ére eliminated
heat release in full-scale fire tests based on theddsumption by the use of appropriate filtering media. This leads to the
principle. The approach followed here is somewhat differenassumption that the sample gas only consists ofatd N..
from Parker 25) as the emphasis is on full-scale fire testThis is approximately true provided CO production is negli-
applications and it avoids the use of volumetric flow ratesgible. As the composition of the incoming air does not
Volumetric flow rates require specification of temperature anchormally change during a test, and as the temperatures in
pressure. Various investigators have used different combinauilding fires are usually not high enough to generate notice-
tions of reference pressure and temperature. This leads tble amounts of nitrogen oxides by nitrogen fixation, the mole
confusion which is greatly eliminated by the use of mass flowfraction of G, in the air as measured by the analyzer prior to a
rates instead. test can be written on the basis of @d N, exclusively. The
X4.1.5 The basic requirement is to collect and remove alimole fraction of Q in the exhaust gases, as measured by the
combustion products in a hood and through an exhaust duct. Atxygen analyzer, can be written likewise. As nitrogen is
a distance downstream of the hood sufficient for adequateonserved and does not participate in the combustion reactions,
mixing, measure both flow rate and composition of the gaseghe equations are derived on the basis of its conservation.
It is assumed that it is not possible to measure the air flow rate X4.2.2 In this case the rate of heat released (in kW) is
into the system as this is generally the case for full-scale firealculated as a function of the heat released per unit of oxygen
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consumed K, 13.1 MJ/kg of Q), the ratio of the molecular X4.5 Conclusions

weight of oxygen,, 32.0 kg/kmol) and the molecular weight  X4.5.1 Depending on the configuration of gas analyzers and
of the incoming air 1,, generally taken as 28.97 kg/kmol), the the type of flow rate measurement, use one of the following
mass flow rate of the incoming air (in kg/s) and the humidityprocedures to calculate rate of heat release:

of the incoming air. The flow rate measured is that of the smoke X4.5.2 Case 1: Only Qis measured:

within the exhaust duct and not that of the incoming air. In (1) Calculate the mass flow rate of the exhaust gases,
order to find a relation between the two it is necessary to define (2) Obtain the moisture content of the incoming air,

the oxygen depletion factor. The oxygen depletion factor is the (3) Calculate the oxygen depletion factor, and

fraction of the incoming air which is fully depleted of its  (4) Calculate the rate of heat release.

oxygen. It has been demonstrated (see Appendix in Test X4.5.3 Case 2: Both ©and CQ are measured:

Method E 1354), that the rate of heat release is a functidh of ~ (1) Calculate the mass flow rate of the exhaust gases as in
M,, M,, and the oxygen depletion factor, plus the expansionX4.5.2,

factor. The expansion factor has to be assigned and a recom-(2) Obtain the moisture content of the incoming air as in
mended value is 1.084, the value for propane. The value fok4-3.2, _

carbon in dry air is 1.0 and for hydrogen is 1.21. (3) Calculate the new oxygen depletion factor, and

X4.2.3 The resulting equation is expected to be accurate to (4) Calculate the new rate of heat release.

o . o X4.5.4 Case 3: Q CO,, and CO are measured:
0,
within= 5 /° provided combustion is co'mplete. In o'gher words, (1) Calculate the mass flow rate of the exhaust gases as in
all carbon is converted to COErrors will be larger if CO or X452
soot production is considerable or if a significant amount of the (2) Obtain the moisture content of the incoming air as in

combustion products are other than Cd HO. Itis unlikely  y 4 £ 5

that these errors will be of concern for a single item of test. (3) Calculate the new oxygen depletion factor, and

, (4) Calculate the new rate of heat release.
X4.3 Rate of Heat Release Measurement if Oxygen and X4.5.5 Carbon dioxide is eliminated from the gas sample
Carbon Dioxide are Being Measured because it may interfere with the oxygen measurement. If a
X4.3.1 This case is similar to that covered in the formerCO, analyzer is used, this eliminates the need for removal of

section. We assume now that only water vapor is trappe§Q, out of the gas sample. This is mainly of practical
before the sample reaches the gas analyzers. Again, tii@portance as the scrubbing agent used to removeuSGally
equations are derived on the basis of conservation of nitrogef€quires careful handling and is rather expensive. If significant
The mole fraction of CQin the incoming air is taken to be 440 amounts of CO are produced (for example at or beyond
ppm. Again the equation for rate of heat release is accurate {flpshover in ventilation controlled room fires), accuracy of the
within 5 %, provided combustion is complete, in other words'@t€ Of heat release measurement is greatly improved by

if all carbon converted to CO measuring CO. o
X4.5.6 The presence of a water vapor analyzer simplifies

the analysis and improves accuracy even more. Unfortunately,
implementation of a water vapor analyzer is not straightfor-
ward because heated sampling lines, filters, and so forth, are
needed to avoid condensation. Thus, the use of a water vapor

X4.4.1 This case reverts to that covered in Section X4.3 ifanalyzer precludes the estimation of the expansion factor.
CO production is negligible. Taking CO into account, however,However, for this standard, the use of water analyzers is not
changes the equations. recommended.

X4.4 Rate of Heat Release Measurement if Oxygen,
Carbon Dioxide and Carbon Monoxide are Being
Measured

X5. HEAT RELEASE MEASUREMENT EQUATIONS

X5.1 Rate of Heat Release X5.1.2 Case 1 Only O, is measured—Calculate the mass
flow rate according to the Eqgs in X5.1.1 (X5.1-X5.2) and the

N X5.1—Symbols are explained in X5.3. . .
ore y xplained oxygen depletion factor according to Eq X5.3:

X5.1.1 Flow Rate

Pressure Drop Measurement (Eq X5.1): o X5, — X5, x5.3)
) Ap [1 - X(AJZ] X X(A)i '
m=cx /[ 7] (X5.1) : i
e The rate of heat release is then calculated according to Eq
Velocity measurement (Eq X5.2): X5.4:
. A X Al . M ) b . 0
m, = 26.54 % f(T@kc X |:le:| (X52) q= E X W(Z X m X my X ng (X54)

17



Ay D 5424

If only O, is measured, Eq X5.4 simplifies to Eq X5.5:

A (X5, = X5)
g-Ex110xC A [| ] x| 2o
Te 1.105— 1.5X X5,

(X5.5)

weight of gas species At is the scan period and mass loss of
specimen is the mass lost over the period over which the gas
yield is calculated, and is expressed in g, with 0.001 a
conversion factor, to account for the unit changes.

X5.2.3 Report gas concentrations on a dry gas basis, unless

X5.1.3 Case 2 Only O, and CQ are measured—Calculate Water concentrations are being measured.
the mass flow rate according to the Egs in X5.1.1 (X5.1-X5.2) yg 3 Symbols:

and the oxygen depletion factor according to Eq X5.6:

A A A A
p-ol U Tl ol el g A
Xo, X [1 = Xo, = Xeo | C
and the rate of heat release according to the same equation &
in X5.1.2 (Eq X5.4). ‘R
X5.1.4 Case 3 O, and CQ and CO are measured— k(c €)
Calculate the mass flow rate according to the equations i

X5.1.1 (Eq X5.1 and Eq X5.2) and the oxygen depletion factorMa
according to Eq X5.7: m;”y
b SO XL X~ Xeol X6 X[1-Xeo] Me
ngx[lfxézfxéozfxéo] . m,
Then calculate the rate of heat release according to Eq X5.8|:vI
_ A M Oz
Q—[EX¢—[Eco—E]><12¢><X%}XMOZ (X5.8) My
Xo, a _(IJ_
me 0 €
“Trex -1 "% I
e
X5.2 Gas Yield Measurement Calculatier€alculate the v
gas yields ) using the following equation (Eq X5.9): s
] mass flow rate of gasit
X~ mass loss of specimen (X5.9) XAOO

X5.2.1 Calculate the numerator in this equation by sum-
ming the product of the fraction of combustion gas by the total X o,
mass flow rate, measured at each scan, multiplying it by the
total time period involved and dividing by the number of scans, ¢
as shown in Eq X5.10:

(2 ([x] X gy X At)) X 0.001x %

a
= mass loss of specimens (X5.10) Ap

X5.2.2 In this equation,¥, the concentration of gas, is p
expressed in ppm, @, the mass flow rate, calculated by Eq
A4.3 or Eq A4.4, is expressed in kg/sl, is the molecular  p,

cross sectional area of duct?m

orifice plate coefficient, kg msw. Ky,

net heat released for complete combustion, per
unit of oxygen consumed, 13 100 kJ/kg,O
Reynolds number correction,

velocity profile shape factor (nondimensional),
molecular weight of incoming air (29 kg/kmol),
molecular weight of dry air (29 kg/kmol),

mass flow in exhaust duct, kg/s,

C (Ap/TYw(mass flow, by pressure drop mea-
surement),

26.54X A X kJ(f (R) X (a/Tg)v-(mass flow,

by velocity measurement),

molecular weight of oxygen, 32 kg/kmol,
molecular weight of gas species, kg/kmol,

rate of heat release, kW,

gas temperature at the orifice plate, K,

duct temperature (near photodetector), K,
volumetric flow rate in exhaust duct (at measur-
ing location of mass flow rate), s,

volumetric flow rate at location of smoke meter
(value adjusted for smoke measurement calcula-
tions), ni/s,

measured mole fraction of n incoming air,
non-dimensional,

measured mole fraction of n exhaust flow,
non dimensional,

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

pressure drop across the orifice plate or bidirec-
tional probe, Pa,

density of air at the temperature in exhaust duct,
kg/m?, and

density of air at 273.15 K: 1.293 (kgfin

X6. METHOD OF DETERMINING SUITABILITY OF OXYGEN ANALYZERS FOR MAKING HEAT RELEASE

MEASUREMENTS

X6.1 General

normally, better than can be checked by a user laboratory; thus

X6.1.1 The type of oxygen analyzer best suited for fire ga/€rifying their linearity is not necessary. It is important,
analysis is of the paramagnetic type. Electrochemical analyzefwever, to confirm the noise and short-term drift of the
or analyzers using zirconia sensors have generally been four@strument used.

not to have adequate sensitivity or suitability for this type of
work. The normal range of the instrument to be used is 0 to 25
vol % oxygen. The linearity of paramagnetic analyzers is,
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X6.2 Procedure X6.2.6 The analyzer is suitable for use in heat release

X6.2.1 Connect two different gas bottles having approxi-measurements if the sum of the drift plus the noise ternss is
mately 2 percentage points apart (for example 15 vol % and 130 ppm oxygen (note that both terms must be expressed as
vol %) to a selector valve at the inlet of the analyzer. positive numbers).

X6.2.2 Connect the electrical power and let the analyzer
warm up for 24 h, with one of the test gases from X6.2.1X6.3 Additional Precautions

flowing through it. . I -
X6.3.1 A paramagnetic oxygen analyzer is directl nsitivi
X6.2.3 Connect a data acquisition system to the output o{ 6.3 paramagnetic oxygen analyzer is directly sensitive

the analyzer. Quickly switch from the first gas bottle to the 0 barometrig pressure changes at its outlet port and t.o flow rate

second bottle, and immediately start collecting data, taking On%luctuatlons in the sample supply stream. Itis essential that the

data point per second. Collect data for 20 min. ow rate be r_egulated. Use either a flow rate regulator of the
X6.2.4 Determine the drift by using a least-squares analysi§'échanical diaphragm type, or an electronic mass flow rate

fitting procedure to pass a straight line through the last 19 migontroller. In order to protect against errors due to changes in

of data. Extrapolate the line back through the first minute off@rometric pressure, one of the following procedures should be

data. The difference between the readings at 0 min and at 2¢5€d: (@) control the back pressure to the analyzer with a back

min on the fitted straight line represents the short-term driftPressure regulator of the absolute-pressure type, or (b) electri-

Record the drift in units of parts per million of oxygen. cally measure the actual pressure at the detector element and
X6.2.5 The noise is represented by the root-mean-squarnerovide a signal correction for the analyzer output.

deviation around the fitted straight line. Calculate that root-

mean-square value and record it in units of parts per million of

oxygen.

X7. RECOMMENDATIONS ON CABLE CONSTRUCTIONS

X7.1 In terms of the char length, IEEE 1202 has a X7.3 If a single construction is chosen, to maximize the
recommendation for minimizing the number of tests of a cablegrobability of obtaining the severest test for char length, select
construction line. Unless otherwise specified, IEEE 1202Zhe minimum size construction as follows:
recommends testing the minimum size construction and the .
cable construction V\?ith the highest weight ratio of non-metallic _X7_'3'1 Multlcondu_ctor _Cables—The smallest conductor
material to metallic material in each product line, in productSiZ€ N the product line with the fewest conductors.
lines emp|oying identical materials. X7.3.2 Slngle Insulated Conductoers1/0 AWG or such

o ) o i smaller single conductor size authorized for use in cable tray

X7.2 The objective of this recommendation is to find they National Electrical Code ANSI/NFPA 70, latest edition. The

construction likely to have the greatest difficulty in passing theesiing of a larger size is permitted, provided that it is the
char length test. There is no information available at present tQ aiiest size in the product line.

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