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This edition of NFPA 262, Standard Method of Test for Flame Travel and Smoke of Wires and Cables for
Use in Air-Handling Spaces, was prepared by the Technical Committee on Fire Tests. It was issued by
the Standards Council on November 5, 2018, with an effectuve date of November 25, 2018, and
supersedes all previous editions.

This edition of NFPA 262 was approved as an American National Standard on November 25, 2018,

Origin and Development of NFPA 262

The test procedure covered by this standard was originally developed by Underwriters
Laboratories Inc. and published as UL 910, Standard for Safety Test for Flame-Propagation and Smoke-
Density Values for Electrical and Optical-Fiber Cables Used in Spaces Transporting Environmental Air. It is an
adaptation of the Steiner tunnel test (NFPA 255, Standard Method of Test of Surface Burning
Characteristics of Building Materials; ASTM E84, Standard Test Method for Surface Burning Characteristics of
Building Malerials; UL 723, Tests for Surface Burning Characleristics of Building Materials), which was
designed to provide information for evaluating the potential for fire spread along cables and wires
housed in a plenum or other environmental space. The original 1985 editon was reconfirmed in
1990. The 1994 edition contained minor editorial changes.

The 1999 edition was revised to reflect the practices that were used with this type of test apparatus
and procedure. Revisions were made to the requirements associated with the fire test chamber
transition, exhaust blower instrumentation, and data acquisition. The title and scope were editorially
revised to reflect the true application of the test procedures for the testing of flame travel and optical
density of smoke for wires and cables used in an air-handling space.

The 2002 edition was revised to conform with NFPA's formatting requirements, in compliance
with the provisions of the Manual of Style for NFPA Technical Committee Documents. The chapters were
reorganized to reflect the NFPA standard document format, metric conversions were reviewed and
revised, and some editorial clarifications were made.

There were no substantive changcs in the 2007 edition.

The 2011 editon was revised to create cmlsi:au:ncy with other test standards. Provisions on the

Standard Insulated Conductor Test were removed and replaced with an annex on Reference Cable
Tests (Annex D).

There were no substantive changes in the 2015 edition, and no substantive changes have been
made in the 2019 edition.

NFPA and National Fire Protection Association are registered trademarks of the National Fire Protection Association, Quincy, Massachusetts 02169,
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IMPORTANT NOTE: This NFPA document is made available for
use subject to important notices and legal disclaimers. These notices
and disclaimers appear in all publications containing this document
and may be found under the heading “Important Notices and
Disclaimers Concerning NFPA Standards.” They can also be viewed
at wunenfpa.org/disclaimers or obtained on request from NFPA.

UPDATES, ALERTS, AND FUTURE EDITIONS: New editions of
NFPA codes, standards, recommended practices, and guides (i.e.,
NFPA Standards) are released on scheduled revision cycles. This
edition may be superseded by a later one, or it may be amended
outside of its scheduled revision cycle through the issuance of Tenta-
tive Interim Amendments (TIAs). An official NFPA Standard at any
point in time consists of the current edition of the document, together
with all TIAs and Errata in effect. To verify that this document is the
current edition or to determine if it has been amended by TIAs or
Errata, please consult the National Fire Codes™ Subscription Service
or the “List of NFPA Codes & Standards” at www.nfpa.org/docinfo.
In addition to TIAs and Errata, the document information pages also
include the option to sign up for alerts for individual documents and
to be involved in the development of the next edition.

NOTICE: An asterisk (*) following the number or letter
designating a paragraph indicates that explanatory material on
the paragraph can be found in Annex A,

A reference in brackets [ ] following a section or paragraph
indicates material that has been extracted from another NFPA
document. As an aid to the user, the complete title and edition
of the source documents for extracts in mandatory sections of
the document are given in Chapter 2 and those for extracts in
informational sections are given in Annex E. Extracted text
may be edited for consistency and stvle and may include the
revision of internal paragraph references and other references
as appropriate. Requests for interpretations or revisions of
extracted text shall be sent to the technical committee respon-
sible for the source document.

Information on referenced publications can be found in
Chapter 2 and Annex E.

Chapter 1 Administration

1.1 Scope.

1.1.1* This standard shall prescribe the methodology to meas-
ure flame travel distance and optical density of smoke for insu-
lated, jacketed, or both, electrical wires and cables and optical
fiber cables that are to be installed in plenums and other
spaces used to transport environmental air without being
enclosed in raceways.

1.1.2 This test method shall not provide information on the
fire performance of insulating materials contained in electrical
or optical cables in fire conditions other than the ones specifi-
cally used in Section 6.6 of this standard, nor shall it measure
the contribution of the cables to a developing fire condition.

Shaded text = Revisions. A = Text deletions and figure /table revisions.

e = Section deletions. N = New material.

A 1.1.3* Although this test uses equipment similar to that used

in ASTM E84, Standard Test Method for Surface Burning Character-
istics of Building Materials, or in UL 723, Standard for Test for
Surface Burning Characteristics of Building Materials, sufficient
changes have been made to the chamber so that a test conduc-
ted in the apparatus used for ASTM E84 or UL 723 shall not be
considered identical or productive of comparable results,

1.1.4 Because this standard does not purport to address all of
the safety problems associated with its use, it shall be the
responsibility of the user of this standard to establish appropri-
ate safety and health practices and to determine the applicabil-
ity of regulatory limitations prior to use,

1.2 Purpose.

1.2.1 The purpose ol this test shall be 1o measure and record
the fire and smoke characteristics ol insulated, jacketed, or
both, electrical wires and cables and optical fiber cables that
are to be stalled in ducts, plenums, and other spaces used to
transport environmental air without being enclosed in race-
ways.

1.2.1.1 The test shall measure the flame travel distance and
optical density of smoke when a specimen is exposed o the test
[ire,

1.2.1.2 Optional measurements shall be permitted to include
heat and smoke release rates.

1.2.2 Optical density of smoke and flame travel distance shall
be recorded in this test; however, there is not necessarily a rela-
tionship between these measurements.

1.3*% Application.

1.3.1 This test shall be designed to provide comparative test
data on insulated, jacketed, or both, electrical wires and cables
and optical fiber cables that are to be installed in ducts,
plenums, and other spaces used to transport environmental air
without being enclosed in raceways.

1.3.2 Test data shall be used to evaluate the potenual for the
spread of fire along electrical cables or wires or along optical
[iber cables and o evaluate the potental for the development
of high smoke levels in these spaces if the wires and cables are
exposed 1o fire.

1.3.3 This test method shall not be used to investigate circuit
integrity characteristics or other such functionality perform-
ance during or alter the fire test

1.3.4 This test method shall not be used to invesugate the
toxicity of the products of combustion or decomposition.

1.4 Units.

1.4.1 SI Units. Metric units of measurement in this standard
are in accordance with the modernized metric system known as
the International System of Units (SI).

1.4.2 Primary and Equivalent Values. If a value for a measure-
ment as given in this standard is followed by an equivalent
value in other units, both values shall be regarded as complying
with the requirements,

1.5 Summary of Test Method.

1.5.1 This test method shall use the apparatus described in
Chapter 4 to determine flame travel distance and optcal
density of smoke from insulated, jacketed, or both, electrical
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wires and cables and optical fiber cables that are to be installed
in ducts, plenums, and other spaces used to transport environ-
mental air without being enclosed in raceways,

1.5.2 The test method shall expose a set of wire or cable speci-
mens, 7.32 m (24 ft) long and installed on a horizontal ladder-
type cable tray, to a controlled air and flaming fire exposure in
a fire test chamber,

1.5.3 A H]Jl?l‘."lill HI}I'.'{‘.iHlI..'H holder shall be used 1o exXpose the
test specimens,

1.5.4 The specimen holder shall be filled with one layer of test
specimens.

1.5.5 The specimens shall be exposed w0 a 86 kW
(294,000 Bru/hr) fire, 1.37 m (4.5 ft) long, for a period of
20 minutes, with an inital draft of 73 m/min (240 ft/min)
through the chamber.

1.5.6 During the test, flame travel distance and optical density
of smoke shall be measured, and peak and average opuical
density of smoke shall be calculated.

1.5.7 ﬂptimmi measurements shall be [H'rllliH{‘ﬂ to inclhade
heat and smoke release rates from the burning sample.

Chapter 2 Referenced Publications

2.1 General. The documents or portions thereof listed in this
chapter are referenced within this standard and shall be
considered part of the requirements of this document.

2.2 NFPA Publications. (Reserved)
2.3 Other Publications.

2.3.1 ASTM Publications. ASTM International, 100 Barr
Harbor Drive, P.O. Box C700, West Conshohocken, PA
19428-2959.

ASTM C1186, Standard Specification for Flat Fiber-Cement Sheets,
2008 (2016).

ASTM CI1288, Standard Specification for Fiber-Cement Interior
Substrate Sheets, 2017.

ASTM EB4, Standard Test Method for Surface Burning Character-
istics of Building Materials, 2018,

A 2.3.2 UL Publications. Underwriters Laboratories, 333 Pfings-

ten Road, Northbrook, IL 60062-2096,

UL 723, Standard for Test for Surface Burning Characteristics of

Building Materials, 2008, revised 2017,

2.3.3 Other Publications. Merriam-Webster’s Collegiate Dictionary,
11th edition, Merriam-Webster, Inc., Springfield, MA, 2003.

2.4 References for Extracts in

(Reserved)

Mandatory Sections.

Chapter 3 Definitions

3.1 General. The deflinitions contained in this chapter shall
apply to the terms used in this standard. Where terms are not
defined in this chapter or within another chapter, they shall be
defined using their ordinarily accepted meanings within the
context in which they are used. Merriam-Webster’s Collegiate

2019 Edition

f}ir'."frmr.tf:'l,'. | 1th edition, shall be the source for the nrdinarily
accepted meaning.

3.2 NFPA Official Definitions.

3.2.1 Shall. Indicates a mandatory requirement,

3.2.2 Should. Indicates a recommendatuon or that which is
advised but not required.

3.2.3 Standard. An NFPA Standard, the main text of which
contains only mandatory provisions using the word “shall” 1o
indicate requirements and that is in a form generally suitable
for mandatory reference by another standard or code or for
adoption into law. Nonmandatory provisions are not to be
considered a part of the requirements ol a standard and shall
be located in an appendix or annex, footnote, informational
note, or other means as permitted in the NFPA Manuals of
Style. When used in a generic sense, such as in the phrase
“standards development process™ or “standards development
activities,” the term “standards” includes all NFPA Standards,
including Codes, Standards, Recommended Practices, and
Guides,

3.3 General Definitions,

3.3.1 Flame Travel Distance. Distance that the flame travels
beyond the extent of the gas burner flame.

3.3.2 Optical Density of Smoke (OD). Smoke obscuration
described in terms of logarithmic ratio of iniual light intensity
to instantaneous light intensity.

Chapter 4 Test Apparatus

4.1 Fire Test Room,

4.1.1 The fire test room in which the test chamber and smoke
measurement system are located shall have provision for a free
inflow of air to maintain the room at controlled pressure of
0-12 Pa (0-0.05 in. of water column) greater than ambient
barometric pressure and at a temperature of 18.3°C-26.7°C
(65°F=80°F) and relative humidity of 45-60 percent through-
out each test run,

4.1.2 The hre test room and smoke measurement area shall
have controllable lighting.

4.2 Fire Test Apparatus. The fire test apparatus shall consist
of the following:

(1) Airinlet chamber
(2) Airinlet shutter
(3) Fire test chamber
(4) Gas burner
(5) Removable top cover
(6) Exhaust transition
(7)  Exhaust duct
(8) Exhaust duct velocity measurement system
(9) Smoke measurement system
(10)  Exhaust duct damper

4.2.1 Air-Inlet Chamber.

4.2.1.1 The fire test chamber air-inlet transition shall consist
of an L-shaped galvanized steel unit secured to the air-inlet end
of the fire test chamber.

4.2.1.2 The unit shall contain a 298.5 mm + 6 mm x 464 mm
+ 6mm (11.8 in. £ 0.25 in. x 18.25 in. + 0.25 in.) rectangular
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opening to allow air to enter the fire test chamber through the
chamber air-inlet shutter.

4.2.1.3 A schematic of the air-inlet chamber shall be as shown
in Figure 4.2,1.3.

4.2.2 Air-Inlet Shutter,

4.2.2.1 A vertically sliding shutter, extending the entire width
ol the test chamber, shall be prm’i{lwl at the air-inlet end of the
fire test chamber,

4.2.2.2 The shutter shall be positioned to provide an air-inlet
opening 76 mm £ 2 mm (3 in. £ 0,08 in,) high, measured from
the floor level of the test chamber and across the full width of
the chamber, as shown in Figure 4.2.1.3. [See also Figure
4.2.3 1a).]

4.2.3 Fire Test Chamber,

4.2.3.1 The fire test chamber shall consist of a horizontal duct
of the shapes and sizes shown in Figure 4.2.3.1(a) and Figure
4.2.3.1(b).

4.2.3.2% The sides and base of the duct shall be lined with
insulating masonry, consisting of refractory firebrick, as illustra-
ted in Figure 4.2.3.1(b).

4.2.3.3* One side of the fire test chamber shall be provided
with a row of two panes of 6 mm (% in.) thick high-
temperature glass, pressure-tight observation windows, with the
inside pane mounted flush with the inner wall. [See Figure

4.2.3.1(b).]

4.2.3.4 The exposed window area shall be 70 mm = 6 mm x
280 mm = 38 mm (2.75in. £ 0.26in. x 11 in. £ 1.5 in.).

-

384 mm
(15.125in.)

<—T0 suit installation ————

| |

Side view Front view

~<—838 mm (33 in. )— 464 mm
<457 mm - (18.25in.) 51 mm
(18in.) (2in.)
o]
| A !
298.5 mm T
(11.75in.)
Y ] 483 mm
H (19 in.)

4.2.3.5 The windows shall be located so that the gas burner
and the length of the specimens being tested, from the point at
which the test fire ends, can be observed from outside the fire
test chamber,

4.2.3.6* The top cover support ledges shall be fabricated of a
structural material capable of withstanding the abuse of contin-
Lous testing.

4.2.3.7 The ledges shall be level with respect to length and
width of the chamber and with respect to each other.

4.2.3.8 To provide air turbulence for combustion, turbulence-
inducing baffles shall be provided by positioning six 229 mm
long x 114.5 mm wide x 64 mm thick (9 in. long x 4.5 in, wide
x 2.5 in, thick) refractory firebricks (long dimension vertcal
and 114.5 mm dimension parallel to the wall) along the side
walls of the chamber at distances of 1.98 m + 152 mm (6.5 ft
+ 0.5 1), 396 m + 152 mm (13 ft £ 0.5 ft), and 5.79 m
+ 1562 mm (19 ft £ 0.5 ft) on the window side (do not obstruct
the windows) and 1.37 m £ 152 mm (4.5 ft £ 0.5 ft), 2.90 m
+ 152 mm (9.5 ft £ 0.5 ft), and 4.88 m £ 152 mm (16 ft £ 0.5 ft)
on the opposite side, as measured from the centerline of the
gas burner to the centerline of the firebricks,

4.2.4 Gas Burners.
4.2.4.1 Positioning.

4.2.4.1.1 One end of the test chamber, designated as the air-
inlet end in Figure 4.2.3.1(a), shall be provided with a dual-
port gas burner, delivering flames upward, to engulf the test
specimens.

/’Airainlet shutter
A

Air-inlet end
of fire test
chamber

I

Air-inlet chamber to

fire test chamber

FIGURE 4.2.1.3 Schematic of the Air-Inlet Chamber. Tolerances are contained in applicable

paragraphs. Otherwise, dimensions are nominal.
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Draft gauge tap
- 892m(29ft 3in.) >
<—»r381 mm (15 in.)
- 7.62 m (25 ft) o
N |+ |«—202mm(115in) Tectchamberopening
N\ s
. L Tl
el | [E OO I ICICICICILILD | Exhaust
end ' end
AJ E-\\_ Gas burner for ignition flame

(52 in.) -« 6586 mm—»

Draft gauge tap (27 in.) 451 mm
Adjustable air-inlet shutter 55 mm \ (17.751n.)
(liny T «

Y

432 mm
(17 in.)

] '

305 mm
(12 in.)

b 4

Fire brick 2

SECTION A-A

FIGURE 4.2.3.1(a) Details of Fire Test Chamber. Tolerances are contained in applicable

paragraphs. Otherwise, dimensions are nominal.

6 mm (%a in.) Inorganic reinforced cement board

Nominal 51 mm (2 in.) mineral
composition insulation

Liquid seal / / H;/mwabla top cover

Test specimens

Top cover — [[slesnnsessnsnnns

support ledge

Cable tray —| \\

support

O O

-

— Observation

window

Fire bricks
229 mm x 114.5 mm = 64 mm
(9in.x4.5in. x 2.5in.)

FIGURE 4.2.3.1(b) Cross-Section of the Fire Test Chamber. Tolerances are contained in

applicable paragraphs. Otherwise, dimensions are nominal.

4.2.4.1.2 As shown in Figure 4.2.3.1(b), the burner shall be
positioned transversely to each side of the centerline of the
furnace so that the flame is evenly distributed over the width of
the specimens.

4.2.4.1.3 The burner shall be spaced 292 mm + 6 mm (11.5 in.
+ (.25 in.) from the amr-inlet end of the test chamber, and
191 mm £ 6 mm (7.5 in. £ 0.25 in.) below the removable top
cover [see Figure 4.2.3.1(a) and Figure 4.2.3.1(b)/.

4.2.4.1.4 The burner shall be located 1320 mm + 51 mm
(52 in. + 2 in.) downstream of the air-inlet shutter, as measured
from the burner centerline to the outside surface of the shut-
Ler.

4.2.4.2 Burner.

4.2.4.2.1 Gas to the burner shall be provided through a single
inlet pipe, distributed to each port burner through a tee-
section,
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4.2.4.2.2 The outlet shall be a nominal 19 mm (¥ in.) elbow.

4.2.4.2.3 The planr of the ports shall be parallf] to the cham-
ber floor, such that the gas is directed upward toward the speci-
men.,

4.2.4.2.4 Each port shall be positioned with its centerline
102 mm £ 6 mm (4 in. £ 0.25 in.) on each side of the centerline
of the fire test chamber so that the burner flame is evenly
distributed [see Figure 4.2.3.1(b)].

4.2.4.3 Ignition.

4.2.4.3.1 The gas burner shall be ignited remotely, using an
electronic ignition system,

4.2.4.3.2 The conwrols used to maintain a constant flow of
methane gas to the burners shall consist of the following:

(1) A pressure regulator

(2) A gas meter calibrated to read in increments of not more
than 28 L. (0.1 [t

(3) A gauge o indicate gas pressure in Pa (or inches ol water
column)

(4) A quick-acting gas shutoff valve

(5) A gas metering valve

(6) An orifice plate in combination with a manometer to
assist in maintaining uniform gas (low conditions

4.2.4.3.3 Alternative control equipment, if shown to be equiva-
lent, shall be permitted.

4.2.5 Removable Top Cover.

4.2.5.1 The removable top cover shall consist of a metal and
mineral insulation composite unit whose insulation consists of
nominal 51 mm £+ 6 mm (2 in. £ 0.25 in.) thick mineral compo-
sition material.

4.2.5.1.1 The top unit, shown in Figure 4.2,3.1(b), shall
completely cover the fire test chamber.

4.2.5.1.2% The metal and mineral composite material shall
have physical characteristics as follows:

(1) Maximum effective use temperature of not less than
650°C (1200°F)

(2) Bulk density of 335 kg/m* = 20 kg/m® (21 Ib/fi°
+ 1.5 Ib/ft*)

(3) Thermal conductvity of

[4.2.5.1.2a]
0.072 to 0.102——at 150° to 370°C
m-K
—. Btu-in.
0.50 to 0.71— at 300° to 700°F
ft' -hr-°F

(4) K. product of

[4.2.5.1.2b]

a
W* . sec
z 2

1x10" to 4x10°
m:k

o i .Il}tu“ lIL“
ft=- hr- °F°

A 4.2.5.2 The entire top panel unit shall be protected with flat

sections of uncoated hiber-reinforced cement board.
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N 4.25.2.1 The fiber-cement board shall comply with either

ASTM C1186, Standard Specification for Flat Fiber-Cement Sheets,
Grade I, or ASTM CI1288, Standard Spectfication for Fiber-Cement
Interior Substrate Sheets, and with the following additional specifi-
cations:

(1) The board shall have a nominal thickness of 6 mm
(1/41in.)

(2) The board shall have a density of 1442 kg/m’
+ 160 kg/m”) (90 Ib/ft* £ 10 Ib/fit?).

(%) The board shall be uncoated,

(4) The board shall remain in place throughout the test.

(5)  The board shall be suitable for test sample adhesion.

4.2.5.2.2 The board shall be maintained in an unwarped and
uncracked condition through continued replacement.

4.2.5.2.3 While in place, the top panel shall rest on a nominal
3 mm (%4 in.) thick woven fiberglass belting, positioned on the
top cover support ledges.

4.2.5.2.4*% The top panel shall be completely sealed against
the leakage of air into the fire test chamber during the test,

4,2.6 Exhaust Transition,

4.2.6.1 The exhaust end of the fire test chamber shall be fitted
with a transition l:-itrcc.

4.2.6.1.1 The exhaust transition shall consist of a stainless
steel unit composed of a 902 mm £ 6 mm long x 686 mm
+ 6 mm wide x 438 mm £ 6 mm high (35.5 in. £ 0.25 in. long x
27 in. £ 0.25 in. wide x 17 in. £ 0.25 in. high) rectangular
section and a 457 mm * 6 mm (18 in. £ 0.25 in.) long
rectangular-to-round  transition section connected to the
406 mm = 3 mm (16 in. £ 0.125 in.) inside diamewer (1LD.)
exhaust duct, as shown in Figure 4.2.6.1.1.

4.2.6.1.2 The outside of the transition section shall be insula-
ted with 2 nominal 51 mm (2 in.) ceramic-fiber blanket [nomi-
nal density 130 kg/m* (8 Ib/fi")].

4.2.6.2 The unit shall be secured to the exhaust end of the hre
test chamber.,

4.2.7 Exhaust Duct.

4,2,7.1 The 406 mm = 3 mm (16 in. £ 0.125 in.) L.D. exhaust
duct shall be constructed from stainless steel and shall extend
4.88 m to 5.49 m (16 ft to I8 ft) horizontally from the vent end

of the transition to the centerline of the smoke measurement
system, to provide for a fully mixed exhaust gas flow.

4.2.7.2 The exhaust duct shall extend a minimum of 8.53 m
(28 ft) from the vent end of the exhaust transition section,

4.2,7.3* The exhaust duct shall be insulated with at least
51 mm (2 in.) of high-temperature mineral composition mate-
rial from the beginning of the exhaust transition piece up to
and including the smoke measurement system.

4.2.8 Exhaust Duct Velocity Measurement.

4.2.8.1 The velocity in the exhaust duct shall be determined
by measuring the differential pressure in the flow path with a
bidirectional probe connected to an electronic pressure gauge
or with an equivalent measuring system and a thermocouple.

4.2.8.1.1 The probe, as shown in Figure 4.2.8.1.1, shall consist
of a stainless steel cvlinder with a cylinder length that is nomi-
nally two times the outside diameter of the cylinder, with a
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o«
457 mm
/;ain}\

902 mm
(35.5in.)

438 mm
(17.25in.)

—_—

- BB MM
(27 in.)

406 mm (16 in.) I.D.
centrally located \\

438 mm
(17.25in.)

y

(27 in.) (35.5 in.) (18 in.)
Exhaust Transition Exhaust Transition
End View Side View

FIGURE 4.2.6.1.1 Exhaust Transition. Tolerances are

contained in applicable paragraphs. Otherwise, dimensions are
nomi

minimum length of 25.4 mm (1 in.) and a maximum length of
51 mm (2 in.) with a solid diaphragm in the center.

4.2.8.1.2 The pressure taps on either side of the diaphragm
shall support the probe.

4.2.8.1.3 The axis of the probe shall run along the centerline
of the ducL

Variable length support tubes
10 AP instrument)
7.26 mm —| (
(0.286 in.) . r_
] o
4.70 mm < |
(0.185in.) !
|
22 mm —
(0.875 in.) Weld
D 1.83 mm
+ (0.072in.)
\ S o S A
0.91 mm_T |<7L= 254’4
(0.036 in.)
FIGURE 4.2,8.1.1 Bidirectional Probe,

2019 Edition

4.2.8.1.4 The pressure taps specified in 4.2.8,1.2 shall be
connected to a pressure transducer that is able to resolve pres-
sure differences of 0.25 Pa (0.001 psi water column).

4.2.8.1.5 The response time to a Hn-pwiw :'h;mgv ol the duct
flow rate shall not exceed b seconds to reach 90 percent of the
final value,

4.2.8.2 The temperature of the exhaust gas shall be measured
within 152 mm (6 in.) from the probe and at the centerline of
the duct, with a 28 AWG Type K thermocouple having an
Inconel” sheath.

4.2.9 Smoke Measurement System.

4.2.9.1* A 12 V sealed-beam, clear lens, auto spot lamp shall
be mounted on a horizontal section ol the exhaust duct as
shown in Figure 4.2.9.1.

4.2.9.2 The lamp shall be located at a point that is preceded
by a straight run of round pipe at least 4.88 m (16 1) and not
greater than 549 m (18 [t) [rom the vent end of the exhaust
transition section,

4.2.9.3 The light beam shall be directed upward along the
vertical axis of the exhaust duct.

4.2.9.4 A photoelectric cell having an output directly propor-
tional to the amount of light received shall be mounted over
the light source, with an overall light-to-cell path distance of
914 mm =51 mm (36 in. + 2 in.).

4.2.9.5 The light source and photoelectric cell shall be located
such that they are open to the environment of the test room.

4.2.9.6 The cvlindrical light beam shall pass through 76 mm
+ 3 mm (3 in. £+ % in.) diameter openings at the top and
bottom of the 406 mm (16 in.) LD. duct, with the resultant
light beam centered on the photoelectric cell.

FIGURE 4.2.9.1

Smoke Measurement System.
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4.2.9.7% The cell shall be connected to recording devices that
indicate the attenuation of incident light due to particulate
matter, and due to other effluents, in the passing smoke,

4.2.10 Exhaust Duct Damper.

4.2.10.1 A single-blade duct volume control damper for a
406 mm (16 in.) LD. duct shall be positioned in the exhaust
duct 168 m + 0,15 m (5.5 It £ 0.5 ft) downstream of the smoke
measurement system, centerline to centerline,

4.2.10.2 The relative locations of the exhaust transition piece,
exhaust duct, smoke measurement system, and exhaust duct
damper shall be as shown in Figure 4.2.10.2.

4.2.10.3 To maintain airflow control throughout each test run,
the exhaust duct damper shall be controlled by a closed-loop
[eedback system with respect to the air-inlet draft gauge static
pressure,

4.2.11 Exhaust Blower.

4.2.11.1 The exhaust blower shall have the capacity to develop
at least 37 Pa (0.15 in. of water column) at the draft gauge tap,
with the specimens in place, with the air shutter positioned to
provide an airinlet opening of 76 mm = 1.5 mm (3 in.
+ ().06 in.), and with the exhaust duct damper in the wide-open

position. (See 4.2.7,)

4.2.11.2 The exhaust duct connecting the exhaust duct
damper to the exhaust blower shall be 406 mm (16 in.) LD,
and shall be a straight section for a minimum of 1.83 m (6 f1)
from the centerline of the exhaust duct damper.

4.2.11.3 Provisions shall be provided for an airtight expansion
joint between the exhaust duct damper and the exhaust blower.

4.3 Fire Test Chamber Airflow System.

4.3.1 An air intake, fitted with a vertically sliding shutter that
extends the entire width of the test chamber, shall be provided
at the air-inlet end.

4.3.2 The draft plate shall be positioned to provide an air-inlet
port, as shown in Figure 4.2.1.5.

-+—— Exhaust —»
transition

Photoelectric cell \1

— e —S——N— SRR L

4.3.3 Movement of air throughout the exhaust duct shall be
by induced draft.

4.3.3.1 The draft-inducing system shall have a total draft
capacity of at least 37 Pa (0.15 in, of water column) with the
specimens in place, with the shutter at the air-inlet end open to
its normal position, and with the exhaust damper in the wide-
open position, (See Section C=C in Figure 4.2.10.2.)

4.3.3.2 A draft-gauge manometer to indicate static pressure
shall be inserted through the top at the mid-width of the
tunnel, 25.4 mm £ 13 mm (1 in. £ 0.5 in.) below the ceiling,
and 381 mm £ 135 mm (15 in, £ 0.5 in,) downstream of the air
intake shutter, as shown in Section A=A of Figure 4.2.3.1(a).

4.4 Ladder Cable Tray.

4.4.1 The laddertype cable tray used to support the open-
cable test specimens or the cables-in-raceway test specimens is
shown in Figure 4.4.1.

4.4.2 The tray shall be fabricated from cold-rolled steel.

4.4.3 The solid bar stock side rails shall be 38 mim + 3 mm x
95 mm +£ 3 mm (1.5 in. £ 0.125 in. x 0.375 in. + 0.125 in.), as
shown in Figure 4.4.1.

4.4.4 The Cshaped channel rungs shall be structural channels
I5mm+3dmmx254mm+£Immx3Imm £ 1.b mm (0.5 in,
+0.125in. x 1 in. £ 0,125 in. x 0.125 in. + 0,06 in.), as shown in
Section A-A in Figure 4.4.1.

4.4.4.1 Each rung shall be 286 mm £ 3 mm (11.25 in.
+0.125 in.) long.

4.4.4.2 The rungs shall be welded to the side rails 229 mm
£ 3mm (9in. £ 0,125 in.) on centers along the tray length.

4.4.5 The tray shall consist of one or more sections having a
total assembled length of 7.32 m + 51 mm (24 {t + 2 in.) and
shall be supported with a total of 16 supports spaced along the
length of the wray.

4.4.6 The tray supports, as shown in Figure 4.4.1, shall be
fabricated from bar steel. As an option to the description in

- 168m |-
(5ft6in.)

A3

_’-E

‘ / 4.88 m (16 ft) min.

i o T 5.49 m (18 ft) max

902 mm 457 mm / g :
N

(33.5m.) (16in) ominal 51 mm (2 in.)
ceramic-fiber blanket insulation

406 mm (16 in.) 1.D.
Exhaust duct

SECTION C-C

Exhaust damper

Light source

Exhaust damper

FIGURE 4.2.10.2 Location of Exhaust Transition, Exhaust Duct, Smoke Measurement System,
and Damper. Tolerances are contained in applicable paragraphs. Otherwise, dimensions are

nominal.
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(11.25in.)

/ 13mm x 25.4 mm =« 3 mm (0.5 in. = 1 in. x 0,125 in.) structural channel ‘-l— 286 mm —»

‘ ¥

Bl M*qul i

scccoonrrzend|

I
SECTION A-A

[ 38 mm x 9.5 mm (1.5 in. x 0.375 in.) bar stock

Specimen Placement
Reference

16 mm x 16 mm x 3 mm

' - ] (0.62 in. x 0.62 in. x 0.125 in.) angle
—»| = §.4 mm = <51 mm
A A ! (0.25in.) (2in.)
305 mm T T -
(12 In.) T
1 206 mm
' ' 165 mm (8.125 in.)
Q Q —*S (6.5 in.) 6.4 mm
[ 1. 1 (0.25 in.)
=_J._
| o | > 1
95 mm <— Rungs 229 mm (9 in.) on center ————— €146 mm
(3.75in.) (5.75in.)
Cable Tray Tray Support

FIGURE 4.4.1 Details of Ladder Cable Tray Supports. Tolerances are contained in applicable paragraphs. Otherwise, dimensions

are nominal.

Figure 4.4.1, the horizontal, foot portion ol the tray supports
shall be permitied to consist of plates measuring 102 mm
+ 10mm x 102 mm + 10 mm (4 in. £+ 0.251in. x 4 in. + 0.25 in.)
*» 6.4 mm =2 mm (0.25 in. £ 0.1 in.) thick.

4.5 Fire Test Chamber Temperature Measurement Instru-
menis.

4.5.1 At the Floor.

4.5.1.1 A 19 AWG chromel-alumel thermocouple, with
9.5 mm £ 3 mm (0.375 in. £ 0.125 in.) of the junction exposed

in the fire chamber air, shall be inserted through the floor of

the test chamber.,

4.5.1.2 The up of the thermocouple shall be 25.4 mm = 3 mm
(1 in. = (0L125 in.) below the top surface of the glass fiber belt-
ing, 7.0l m £ 13 mm (23 ft £ 0.5 in.) from the centerline of the
burner, and at the center of the width of the chamber.

4.5.2 Below the Floor. A 19 AWG chromel-alumel thermo-
couple, embedded 3.2 mm + 1.5 mm (0.125 in. + 0.06 in.)
below the floor surface of the test chamber, shall be mounted
in refractory or portland cement (carefully dried to keep it
from cracking) at distances of 396 m = 13 mm and 7.09 m
+ 13 mm (13 ft £ 0.5 in. and 23.25 ft = 0.5 in.) from the center-

line of the burner and at the center of the width of the cham-
her.

4.6 Data Acquisition Equipment.

4.6.1 A digital data acquisition system shall be used to collect
and record light attenuation, temperature, flame spread, and
velocity measurements,

4.6.1.1 The data system shall be capable of collecting the data
at intervals of 2 seconds.

4.6.1.2 The data acquisition system shall have an accuracy
corresponding to at least £0.5°C (2°F) for the temperature
channels and 0.01 percent of full-scale instrument output for
all other instrument channels.

4.6.2 A smoothing routine shall not be used to process the
data.

Chapter 5 Test Specimens

5.1 Specimens. Test specimens shall consist of 7.32 m
+ 152 mm (24 ft + 6 in.) lengths of cables installed in a single
layer across the bottom of the cable tray, as shown in Figure
4.2.3.1(b).

Chapter 6 Maintenance and Calibration of Test Equipment

6.1 Maintenance. Maintenance for the apparatus shall be
conducted at intervals not exceeding 30 days and shall include
the following procedures (with replacement of components as
NEeCcessary):

(1) Inspection of tunnel and wall bricks

(2) Inspection of windows

(3) Inspection of the uncoated fiberreinforced cement
board

(4) Inspection of the castable block mix

6.2 Frequency of Calibration. The test apparatus shall be cali-
brated, as described in Section 6.3 through Section 6.6, at a
minimum of one-month intervals.

6.3 Airflow.
6.3.1 Material.

6.3.1.1 A610mmzz3mmx356 mm+3Imm x 1.5 mm =1 mm
(24 in. £ 0.125 in. x 14 in. £ 0.125 in. x 0.06 in. £ 0.03 in.) steel
plate shall be placed on the top cover support ledges at the air-
inlet end of the fire test chamber, over the gas burner.

6.3.1.2 Then three 244 m = 13 mm x 610 mm £ 13 mm x
6mmz3mm (Bfi£05in. x2ft£0.5in. x 0.25 in. £ 0.125 in.)
uncoated fiber-reinforced cement boards shall be placed to fill
the remaining length of the fire test chamber, placed end-to-
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end on the ledge of the furnace chamber, as shown in Figure
4.2.3.1(b).

6.3.1.3 The material for the board shall be as defined in
4.2.5.2,

6.3.1.4 The removable top of the test chamber shall then be
placed in position,

6.3.2 Air.

6.3.2.1 The air supply shall be maintained at 18.3°C-26.7°C
(65°F-80°F).

6.3.2.2 Relative humidity shall be kept at 40-60 percent
during the test.

6.3.3 Air Leakage Test.

6.3.3.1% The draft shall be established to produce a static pres-
sure 37 Pa (0.15 in. of water column) reading on the draft
manometer with the following conditions:

(1) Board in position and removable top in place

(2) Airinlet end shutter open 76 mm = 2 mm (3 in.
+ 0,06 in.)

(3) Exhaust damper manually adjusted

6.3.3.2 The airinlet end shutter shall then be closed and
sealed.

6.3.3.3 The manometer reading shall be increased to at least
93 Pa (0.575 in. of water column), which indicates that no
excessive air leakage exists.

6.3.3.4 The static pressure reading obtained shall be recor-
ded,

6.3.4 Supplemental Air Leakage Test.

6.3.4.1 A supplemental air leakage test shall be conducted by
activating a smoke bomb in the fire chamber while the air-inlet
shutter and exhaust duct beyond the differentual manometer
tube are sealed.

6.3.4.2 The bomb shall be ignited, and the chamber pressur-

ized to 6.2 Pa (0.025 in. of water column).

6.3.4.3 All points ol leakage observed in the form of escaping
smoke particles shall be sealed.

6.3.5 Velocity Traverse Test.

6.3.5.1 An air-inlet static pressure at the dralt gauge tap shall
be established 1o obtain the specified air velocity.

6.3.5.2 The required draft-gauge reading shall be maintained
throughout the test by regulating the controlled exhaust
damper.

6.3.5.3 Air Velocity.

6.3.5.3.1 The air velocity at seven points, each located 7 m
+ 25 mm (23 ft £ 1 in.) from the centerline of the gas burner
and 152 mm + 6 mm (6 in. £ 0.25 in.) below the plane of the
top cover support ledges, shall be recorded.

6.3.5.3.2 These seven pniuu; shall be determined b}' tli\-‘icling‘
the width of the tunnel into seven t:q_ual sections and rt‘curding
the velocity at the geometric center of each section,
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6.3.5.4 Measurement,

6.3.5.4.1 During the measurement of velocity, the turbulence
blocks shall be removed and the leading edge of the straighten-
ing vanes, 610 mm + 3 mm x 3056 mm + 3 mm (24 in. + 0.125 in,
x 12 in. = 0,125 in.), shall be placed 4.88 m (16 ft) from the
centerline of the burner.

6.3.5.4.2 The straightening vanes shall divide the chamber
cross-section into nine uniform vertical sections,

6.3.5.4.3* The average velocity shall be 1.22 m/sec
+ 0,025 m/sec (4 ft/sec £ 0,083 fi/sec), as determined using a
bidirectional probe.

6.5.5.4.3.1 The bhidirecuonal pr wbe 1o be used lor these meas-
urements shall be as specified in 4.2.8.1.1 through 4.2.8.1.3.

6.3.5.4.3.2 When the bidirectional prnhf: is used, the equation
in 8.2.1 shall be used to determine the linear vulncil}' in the
duct,

6.3.5.4.4 If deviation exists, adjustments shall be made to
obtain a velocity of 1.22 m/sec = 0025 m/sec (4 ft/sec
+ 0.083 ft/sec).

6.3.5.4.5 The aimr=inlet statc pressure set pﬂilll‘. shall be recor-
ded.,

6.3.5.4.6 Following calibration, the average pressure obtained
throughout the test for all subsequent testing shall be within
+5 percent of the set point described in 6.3.5.4.5.

6.4 Smoke Measurement System Calibration Test.

6.4.1* With the light source voltage established at a minimum
of 8 V and the photoelectric cell voliage established at a mini-
mum of 30 mV (clear beam), the syvstem shall be calibrated
using 10 neutral density filters with values of 0.1, 0.2, 0.3, 0.4,
0.5, 0.6, 0.7, 0.8, 0.9, and 1.0.

6.4.2 FEach filter shall be pmilinucd in front of the ]Jlmmclcc-
tric cell to cover the entire width of the light path.

6.4.3 The light obscuration using the neutral densitv filters
shall be used to calculate the opucal density ol smoke as
follows:

[6.4.3]
oD = log,, —

where:;
Ol = opucal density
I, = clear beam photo detector signal
I = photo detector signal with the neutral density filter

6.4.3.1 The calculated values ol OD for each filter shall be
plotted on the x-axis, with the corresponding neutral density
value on the yaxis.

6.4.3.2 The slope of a best-fit line shall be determined using
least-squares error technique. The slope of the best-fit line shall
be 1 +0.2,

6.4.3.3 The coefficient of regression, », shall be greater than
0.99.

6.4.3.4 Following calibration, all subsequent OD calculations
shall be corrected, using the slope of the line obtained.
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