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This edition of NFPA 286, Standard Methods of Fire Tests for Evaluating Contribution of Wall and
Ceiling Interior Finish to Room Fire Growth, was prepared by the Technical Committee on Fire
Tests and acted on by NFPA at its June Association Technical Meeting held June 6–10, 2005, in
Las Vegas, NV. It was issued by the Standards Council on July 29, 2005, with an effective date of
August 18, 2005, and supersedes all previous editions.

This edition of NFPA 286 was approved as an American National Standard on August 18, 2005.

Origin and Development of NFPA 286
The 2000 edition was the first edition of this standard. This document was developed in

response to activities associated with the regulation of interior finishes in NFPA 101®, Life
Safety Code®. The Fire Safety Technical Committee on Furnishings and Contents had pro-
posed modifications to NFPA 265, Standard Methods of Fire Tests for Evaluating Room Fire Growth
Contribution of Textile Wall Coverings, for the 1997 edition of NFPA 101. These modifications
would have established a test protocol that was not appropriate to the scope of NFPA 265. The
NFPA 286 standard addresses those concerns associated with interior finishes that do not
remain in place during testing to NFPA 255 test protocols.

The 2006 edition includes a complete editorial rewrite for compliance with the Manual of
Style for NFPA Technical Committee Documents. Further organizational and editorial changes have
been made to improve the application of the test method, particularly with regard to the test
procedure. The purpose of the document has been revised to clarify the document’s intent.
Technical changes address recording and documentation of the fire test.
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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 Dis-
claimers Concerning NFPA Documents.” They can also be obtained
on request from NFPA or viewed at www.nfpa.org/disclaimers.

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 C. Editorial
changes to extracted material consist of revising references to
an appropriate division in this document or the inclusion of
the document number with the division number when the
reference is to the original document. Requests for interpreta-
tions or revisions of extracted text shall be sent to the techni-
cal committee responsible for the source document.

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

Chapter 1 Administration

1.1* Scope. This standard describes a method for determining
the contribution of interior finish materials to room fire
growth during specified fire exposure conditions.

1.1.1 This method is intended for the evaluation of the flam-
mability characteristics of wall and ceiling interior finish,
other than textile wall coverings, where such materials consti-
tute the exposed interior surfaces of buildings.

1.1.2 This fire test method is not intended for the evaluation
of fire endurance of assemblies, nor is it intended for the
evaluation of the effect of fires that originate within a wall
assembly.

1.1.3 This standard specifies three types of specimen mount-
ing, depending on the application of the interior finish mate-
rial, as follows:

(1) Three walls (for interior finish to be used on walls only)
(2) Three walls and the ceiling (for interior finish to be used

on walls and ceilings)
(3) The ceiling alone (for interior finish to be used on ceil-

ings only)

1.2 Purpose.

1.2.1 This method of test measures certain fire performance
characteristics of interior finish materials in an enclosure un-
der specified fire exposure conditions.

1.2.2 This method of test determines the potential extent to
which the interior finish materials contribute to fire growth in
a room, including the heat and smoke released, the combus-
tion products released, and the potential for fire spread be-
yond the room, under the particular conditions simulated.

1.2.3 The method of test provides the following:

(1) Extent of fire growth in the fire test room
(2) Rate of heat release by the specimen
(3) Total heat released by the specimen
(4) Time to flashover in the fire test room if flashover occurs
(5) Time to flame extension beyond the doorway of the fire

test room if flame extension occurs
(6) Total heat flux incident to the floor of the fire test room
(7) Upper level gas temperature in the fire test room
(8) Smoke obscuration, as determined in the exhaust duct
(9) Production of carbon monoxide, as determined in the

exhaust duct
(10) Emissions of other combustion gases, as determined in

the exhaust duct

1.2.4 This method does not provide data that can be general-
ized to apply to rooms or spaces of different shapes, sizes, and
ventilation.

1.2.5 The performance observed in the test is based on the
test conditions.

1.2.6 If a test specimen is exposed to a different environment,
as in an actual fire, the performance of the specimen can be
different.

1.2.7 The method of test does not provide the following:

(1) Full information concerning toxicity of combustion gases
(2) Fire resistance of wall–ceiling systems

1.3 Application.

1.3.1 The specimen is tested by using the ignition source
described in 1.3.10.

1.3.2 Ceiling finish materials are tested mounted on the ceil-
ing only.

1.3.3 For materials intended for use only as interior wall finish,
the specimen is mounted on three walls of the fire test room.

1.3.4 For materials intended for use as interior wall and ceil-
ing finish, the specimen is mounted on three walls and on the
ceiling of the fire test room.

1.3.5 These methods use a gas burner to produce a diffu-
sion flame to expose the walls in the corner of a fire test
room 2.44 m × 3.66 m × 2.44 m (8 ft × 12 ft × 8 ft).

1.3.6 The burner produces a prescribed rate of heat output,
as described in 1.3.10.

1.3.7 The contribution of the interior finish material to fire
growth is measured by constant monitoring of the following:

(1) Incident heat flux on the center of the floor
(2) Temperature of the gases in the upper part of the fire test

room
(3) Rate of heat release
(4) Smoke release
(5) Time to flashover

1.3.8 The test is conducted with natural ventilation to the
fire test room provided through a single doorway that is
0.78 m × 2.02 m (30.75 in. × 79.50 in.).

286–4 FIRE TESTS FOR EVALUATING INTERIOR FINISH

2006 Edition



1.3.9 The combustion products are collected in a hood that
feeds into a plenum connected to an exhaust duct in which
measurements of the gas velocity, temperature, smoke obscu-
ration, and concentrations of selected gases are made.

1.3.10* The ignition source is a gas burner that is capable of
supplying a net rate of heat output of 40 kW for 5 minutes
followed by 160 kW for 10 minutes, for a total exposure period
of 15 minutes.

1.3.11 Flashover is considered to have occurred when any two
of the following conditions have been attained:

(1) Heat release rate exceeds 1 MW
(2) Heat flux at the floor exceeds 20 kW/m2

(3) Average upper layer temperature exceeds 600°C (1112°F)
(4) Flames exit doorway
(5) Autoignition of a paper target on the floor occurs

Chapter 2 Referenced Publications

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

2.2 NFPA Publications. (Reserved)

2.3 Other Publications.

2.3.1 ASTM Publication. American Society for Testing and
Materials, 100 Barr Harbor Drive, West Conshohocken, PA
19428-2959.

ASTM C 36, Standard Specification for Gypsum Wallboard, 1995.

2.3.2 Other Publication.

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

2.4 References for Extracts in Mandatory Sections.

NFPA 265, Standard Methods of Fire Tests for Evaluating Room
Fire Growth Contribution of Textile Coverings on Full Height Panels
and Walls, 2002 edition.

Chapter 3 Definitions

3.1 General. The definitions 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
Dictionary, 11th edition, shall be the source for the ordinarily
accepted meaning.

3.2 NFPA Official Definitions.

3.2.1 Shall. Indicates a mandatory requirement.

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

3.2.3 Standard. A document, the main text of which contains
only mandatory provisions using the word “shall” to indicate
requirements and which is in a form generally suitable for
mandatory reference by another standard or code or for adop-
tion into law. Nonmandatory provisions shall be located in an
appendix or annex, footnote, or fine-print note and are not to
be considered a part of the requirements of a standard.

3.3 General Definitions.

3.3.1 Average Upper Gas Layer Temperature. Temperature
based on the average of the four ceiling quadrant thermo-
couples and the center of the room ceiling thermocouple.
[265, 2002]

Chapter 4 Test Equipment

4.1 Ignition Source.

4.1.1* The ignition source for the test shall be a gas burner
with a nominal 305 mm × 305 mm (nominal 12 in. × 12 in.)
porous top surface consisting of a refractory material, as
shown in Figure 4.1.1.

4.1.1.1 The refractory material specified in 4.1.1, through
which the gas is supplied, shall be either of the following:

(1) A nominal 25 mm (nominal 1 in.) thick porous ceramic
fiberboard over a 152 mm ± 5 mm (6 in. ± 0.2 in.) plenum

(2) A minimum 102 mm (4 in.) layer of Ottawa sand used to
provide the horizontal surface through which the gas is
supplied

4.1.1.2 A burner using a layer of sand as specified in 4.1.1.1(2)
shall be used for test specimens with a potential for dripping.

4.1.2 The top surface of the burner through which the gas
is applied shall be located horizontally 300 mm ± 50 mm
(12 in. ± 2 in.) above the floor.

4.1.2.1 The burner enclosure shall be in contact with both
walls in a corner of the fire test room, opposite from the door.

305 mm (12 in.)
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m
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 in
.)
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15
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m
m

 (
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in
.) 76 mm (3 in.)

Gas
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White Ottawa silica sand

Nominal 19 mm
(0.75 in.) pipe
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15
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m
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6 
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.)
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FIGURE 4.1.1 Gas Burner.
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4.1.2.2 The edge of the diffusion surface shall be located
25 mm ± 0.3 mm (1 in. ± 0.1 in.) from the wall.

4.1.3 The gas supply to the burner shall be of C.P. grade
propane (99 percent purity).

4.1.3.1 Flow rates of gas shall be calculated using a net heat of
combustion of propane of 85 MJ/m3 (2280 Btu/ft3) at stan-
dard conditions of 101 kPa (absolute pressure of 14.7 psi)
pressure and 20°C (68°F) temperature.

4.1.3.2 The gas flow rate shall be metered throughout the
test, with an accuracy of at least ±3 percent.

4.1.3.3 The heat output to the burner shall be controlled
within ±5 percent of the prescribed value.

4.1.4* The gas supply to the burner shall produce a net heat
output of 40 kW ± 1 kW for the first 5 minutes, followed by a
net heat output of 160 kW ± 5 kW for the next 10 minutes.

4.1.5 The burner design shall allow switching from the first
fixed net heat output of 40 kW to the second fixed net heat
output of 160 kW within 10 seconds.

4.1.6 Burner controls shall be provided for automatic shutoff
of the gas supply if flameout occurs.

4.1.7 The burner shall be ignited by a pilot burner or a re-
motely controlled spark igniter.

4.2 Geometry and Construction of the Fire Test Room.

4.2.1* The interior dimensions of the floor of the fire test
room, when the specimens are in place, shall be as shown in
Figure 4.2.1 and shall measure 2.44 m ± 0.05 m × 3.66 m ± 0.05 m
(8 ft ± 2 in. × 12 ft ± 2 in.).

4.2.1.1 The finished ceiling shall be 2.44 m ± 0.05 m (8 ft ± 2 in.)
above the floor.

4.2.1.2 There shall be four walls at right angles defining the
fire test room as shown in Figure 4.2.1.

4.2.2* The fire test room shall be placed indoors in a draft-
free, heated space that is large enough to ensure that the sur-
roundings do not influence the test fire.

4.2.3 There shall be a 0.78 m ± 0.02 m × 2.02 m ± 0.02 m
(30.75 in. ± 0.75 in. × 79.50 in. ± 0.75 in.) doorway in the
center of one of the 2.44 m × 2.44 m (8 ft × 8 ft) walls, and
there shall be no other wall, floor, or ceiling openings that
allow ventilation.

4.2.4* The fire test room shall meet the following criteria:

(1) The room shall be a framed (with wood or metal studs) or
concrete block structure.

(2) The inside surface of the walls, ceiling, and floor shall
be of calcium silicate board of 500 kg/m3 to 800 kg/m3

(31 lb/ft3 to 50 lb/ft3) density and shall be a minimum
of 12 mm (0.5 in.) in nominal thickness or shall be of
fire-rated (Type X) gypsum wallboard that is at least
12 mm (0.5 in.) in nominal thickness.

4.2.5 The door frame shall be constructed such that it re-
mains unchanged during the test period to a tolerance of
±1 percent in height and width.

Chapter 5 Specimen Mounting

5.1 Specimen Mounting.

5.1.1* Test specimens shall be mounted on a framing or support
system that is comparable to that intended for their actual field
use, using substrates, backing materials, insulation, or air gaps as
appropriate to the intended application, and representing a typi-
cal value of thermal resistance for the wall system.

5.1.2 If a manufacturer specifies the use of an adhesive, then
specimens shall be mounted using the adhesive and the appli-
cation rate specified by the manufacturer and shall be compa-
rable to actual field installations.

5.1.3* Mounting methods shall be grouped according to ma-
terials to be tested, which are categorized either by their usage
or by the form of the material.

5.1.3.1 The mountings shall be described for test method
uniformity and for good laboratory practice.

5.1.3.2 The mountings shall not imply restriction in the spe-
cific details of field installation.

5.1.3.3 The mountings shall be used for general material test-
ing for which the specific details of the field installation either
have not been established or are so broad that any single in-
stallation method is not representative of the full range of
installation possibilities.

5.1.4 Where an interior finish material exhibits a distinct
direction, the sample shall be mounted such that the dis-
tinct direction is vertical, unless the manufacturer indicates
that a different method of mounting will be used in actual
installations.

5.1.5 If the product to be tested is in panel form, the standard
dimensions (width, length, and thickness) of the panels shall
be used.

3.66 m ± 0.05 m
(12 ft ± 2 in.)

2.44 m ± 0.05 m
(8 ft ± 2 in.)

0.78 m ± 0.02 m
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FIGURE 4.2.1 Interior Fire Test Room Dimensions and Inte-
rior Doorway Dimensions.
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5.1.6 If panels are tested in other than panel form, the ratio-
nale for the change shall be stated in the report.

5.1.7 A detailed description of the mounting method used
shall be given in the test report.

5.1.8 If a special mounting technique is used in order to im-
prove the physical behavior of the specimen during the test, it
shall be clearly stated in the report.

5.2 Materials Using Substrates.

5.2.1 Thin surface materials, thermoplastic products that
melt, paints, and varnishes shall be applied, depending on
their end use, to one of the substrates identified in 5.2.1.2
through 5.2.1.4.

5.2.1.1 When mounted on substrates described in 5.2.1.2 and
5.2.1.4, materials that use studs for support in an actual instal-
lation shall not be required to incorporate studs and the asso-
ciated airspace in the test specimen.

5.2.1.2 The following substrates shall be acceptable:

(1) Noncombustible fiber-reinforced silicate board with a dry
density of 680 kg/m3 ± 50 kg/m3 (42 lb/ft3 ± 3 lb/ft3), at
a thickness of 9 mm to 13 mm (3⁄8 in. to 1⁄2 in.)

(2) Noncombustible board with a dry density of 1650 kg/m3

± 150 kg/m3 (103 lb/ft3 ± 9 lb/ft3), at a thickness of 9 mm
to 13 mm (3⁄8 in. to 1⁄2 in.)

(3) Ordinary particleboard with a density of 680 kg/m3

± 50 kg/m3 (42 lb/ft3 ± 3 lb/ft3) at normal condition-
ing atmosphere of 50 ± 5 percent relative humidity and
23°C ± 2°C (73°F ± 4°F) temperature, at a thickness of
9 mm to 13 mm (3⁄8 in. to 1⁄2 in.)

(4)*Gypsum wallboard, complying with ASTM C 36, Standard
Specification for Gypsum Wallboard, at a thickness of 12.7 mm
to 15.9 mm (1⁄2 in. to 5⁄8 in.)

5.2.1.3* Other substrates shall be acceptable if the end use of
the product requires them.

5.2.1.4 The use of alternative substrates as permitted by
5.2.1.3 shall be justified in the report.

5.2.2 Paints and varnishes shall be applied to the substrate
with the application rate specified by the sponsor.

5.2.3 Coating materials, such as cementitious mixtures, mas-
tic coatings, sprayed fibers, or similar materials, shall be mixed
and applied to the substrate board as specified in the manu-
facturer’s instructions at the thickness, coverage rate, or den-
sity recommended by the manufacturer.

5.2.4 Coating intended for application to a wood surface
shall be applied to a substrate as specified in 5.2.1.2(2).

5.2.5 Coating materials intended for application to specific
combustible surfaces other than wood shall meet the follow-
ing criteria:

(1) They shall be applied to the specific surface for which
they are intended.

(2) The coating material and combustible material shall be
attached to the substrate board as specified in 5.2.1.

5.2.6 Coating materials intended for application only to non-
combustible surfaces shall be applied to a substrate as speci-
fied in 5.2.1.2(1) or 5.2.1.2(2).

5.3 Backing Materials.

5.3.1 Whenever calcium silicate board or gypsum wallboard
is specified as a backing substrate in this standard, the material
shall be as described in 5.2.1.

5.3.2 All backing materials, when used, shall be supported on
a framed support system as shown in Figure 5.3.2.

5.3.3 When metal screws in combination with washers and
wing nuts are specified for fastening, they shall be one of the
following:

(1) Standard 6.35 mm (1⁄4 in.) by 0.8 threads per mm [20
threads per in. (TPI)]

(2) Round-head steel machine screws, 6.35 mm (1⁄4 in.) by
0.8 threads per mm (20 TPI) steel wing nuts

(3) 51 mm (2 in.) outside diameter by 1 mm (0.044 in.) thick
flat steel washers with a 7 mm (9⁄32 in.) inside diameter
hole

5.3.4 Fastening screws shall be installed as shown in Figure
5.3.4.

24
38

 m
m

 ±
 2

5 
m

m
  (

96
 in

. ±
 1

 in
.)

  

76 mm × 76 mm 
× 6.4 mm

(3 in. × 3 in.
× ¹⁄₄ in.)

2438 mm ± 25 mm
(96 in. ± 1 in.)3658 mm ± 25 mm

(144 in. ± 1 in.)

762 mm ± 6.4 mm
(30 in. ± ¹⁄₄ in.)

2032 mm ± 6.4 mm
(80 in. ± ¹⁄₄ in.)

Framing

Post

FIGURE 5.3.2 Steel Frame Support System.

6.35 mm (¹⁄₄ in.) 
× 20 machine screw

51 mm (2 in.)  
flat steel washer

Sample

Wing nut

13 mm (¹⁄₂ in.) calcium silicate board or
16 mm (⁵⁄₈ in.) type X gypsum wallboard

FIGURE 5.3.4 Material Fastening Technique.
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5.3.5 The fastening pattern shall be as shown in Figure 5.3.5(a)
for rigid wall materials, and in Figure 5.3.5(b) for flexible wall
materials.

5.3.6 The fastening pattern for all ceiling materials shall be as
shown in Figure 5.3.6.

5.4 Acoustical Materials and Other Board Materials.

5.4.1 Depending on the type of field mounting required by
the acoustical product, either wood furring strips or metal
runners shall be used to support acoustical material.

5.4.2 Metal runners for mounting shall be attached to the
substrate to replicate the field suspension systems application.

5.4.3 Wood furring strips for mounting acoustical materials
and other board materials shall be nominal 25 mm × 50 mm
(nominal 1 in. × 2 in.) wood furring strips and attached to a
substrate to replicate the field installation.

5.5 Batt- or Blanket-Type Insulating and Other Flexible Mate-
rials. Batt- or blanket-type and other flexible materials that do
not have sufficient rigidity or strength to support themselves
shall be supported by round-head machine screws in combina-
tion with wing nuts and flat washers, as specified in 5.3.2,
which are inserted through the material in such a way as to
fasten the material to a substrate board.

5.6* Building Units.

5.6.1 If building units have sufficient structural integrity to
support themselves, no additional mounting to a substrate
board support shall be required.

5.6.2 If the building units are of such construction that they
require individual components that are not self-supporting,
the component shall be fastened to the substrate board as
specified in 5.3.2.

5.7 Wall Covering Materials.

5.7.1 Wall coverings, such as vinyl coatings and wallpaper,
shall be mounted using one of the following methods:

(1) On gypsum wallboard, as specified in 5.2.1.2(4)
(2) On the actual substrate to which they are to be applied for

actual use according to the adhesive and application tech-
nique specified by the manufacturer

5.7.2 Where a wall covering has a distinct directionality, the
sample shall be mounted such that the machine direction is
vertical, unless the manufacturer indicates that a different
method of mounting will be used in actual installations.

5.8 Ceiling Lining Materials. Materials intended only for lin-
ing ceilings shall be mounted only on the ceiling.

5.9 Specimen Installation.

5.9.1 For materials intended for use only as interior wall fin-
ish, the specimen shall be mounted as follows:

Place the edge 
nails/screws
6 mm to 13 mm
(¹⁄₄ in. to ¹⁄₂ in.)
in from edge

2438 mm
(8 ft)

1219 mm (4 ft)

= Nails (6 penny) / screws (type S) 
 spaced at 406 mm (16 in.) on center

FIGURE 5.3.6 Attachment Details for Ceiling Materials.

Place the edge 
nails/screws
6 mm to 13 mm
(¹⁄₄ in. to ¹⁄₂ in.)
in from edge

2438 mm
(8 ft)

1219 mm (4 ft)

= Nails (6 penny) / screws (type S) 
 spaced at 406 mm (16 in.) on center

FIGURE 5.3.5(a) Attachment Details for Rigid Wall Materials.

Place the edge 
nails/screws
6 mm to 13 mm
(¹⁄₄ in. to ¹⁄₂ in.)
in from edge

2438 mm
(8 ft)

1219 mm (4 ft)

= Nails (6 penny) / screws (type S) 
 spaced at 406 mm (16 in.) on center

FIGURE 5.3.5(b) Attachment Details for Flexible Wall Mate-
rials.
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(1) The specimen shall be mounted to cover three walls com-
pletely but shall not be mounted on the wall containing
the door.

(2) The specimen shall be mounted to cover fully both 2.44 m
× 3.66 m (8 ft × 12 ft) walls and the 2.44 m × 2.44 m (8 ft
× 8 ft) wall that does not contain the door.

5.9.2 For materials intended for use as interior wall and ceiling
finish, the specimen shall be mounted on all three walls, as stated
in 5.9.1, and it shall also be mounted to cover the entire ceiling.

5.9.3 For materials intended for use only as an interior ceiling
finish and not to be installed on any of the walls of the fire test
room, the specimen shall be mounted to cover the entire ceiling.

5.10* Conditioning. Prior to testing, the mounted specimen
shall be conditioned to equilibrium in an atmosphere at a
temperature of 21°C ± 3°C (70°F ± 5°F) and a relative humid-
ity of 50 percent ± 5 percent.

5.10.1 Equilibrium shall be considered to be reached when a
representative piece of the specimen has achieved constant mass.

5.10.2 Constant mass shall be considered to be reached when
two successive weighing operations, carried out at an interval
of 24 hours, do not differ by more than 0.1 percent of the mass
of the test piece or by more than 0.1 g, whichever is greater.

5.10.3 Specimens shall be tested as soon as possible after re-
moval from such conditions if test room conditions differ
from those required in Section 5.10 through 5.10.2 (see 6.1.3).

5.10.4 The time between removal from the conditioning
room and start of testing shall be reported.

Chapter 6 Environmental Conditions

6.1 Fire Test Room Environment.

6.1.1 The test building in which the fire test room is located
shall have vents for the discharge of combustion products and
shall have provisions for fresh air intake so that no oxygen-
deficient air is introduced into the fire room during the test.

6.1.1.1 Prior to the start of the test, the ambient air at the
mid-height entrance to the fire test room shall have a velocity
of less than 0.5 m/sec (100 ft/min) in any direction, as mea-
sured at a horizontal distance of 1 m ± 0.1 m (3.3 ft ± 0.3 ft)
from the center of the doorway.

6.1.1.2 The building shall be of a size adequate to prevent
smoke accumulation in the building below the level of the top
of the fire test room.

6.1.2 The ambient temperature in the test building at loca-
tions around the fire test room shall be in the range of 20°C
± 10°C (68°F ± 18°F), and the relative humidity shall be less
than 75 percent for the duration of the test.

6.1.3 If test specimens are installed within the fire test room
for 2 hours or more prior to test, the following ambient condi-
tions shall be maintained:

(1) The ambient temperature in the fire test room, measured
by one of the thermocouples in 7.1.2.4, shall be in the
range of 18°C to 24°C (64°F to 75°F).

(2) The ambient relative humidity in the fire test room shall
be 50 percent ± 5 percent.

Chapter 7 Instrumentation

7.1 Fire Test Room Instrumentation. The instrumentation de-
scribed in 7.1.1 through 7.1.4 shall be provided for this test.

7.1.1* Heat Flux. A total heat flux gauge (calorimeter) shall be
mounted at a height of 26 mm ± 25 mm (1.1 in. ± 0.9 in.)
above the floor surface, facing upward, in the geometric cen-
ter of the fire test room, as shown in Figure 7.1.1.

7.1.1.1* The heat flux gauge shall be of the Schmidt–Boelter
(thermopile) type, with a full-scale design range of 50 kW/m2.

7.1.1.1.1 The gauge target shall be a circular flat surface that is
not more than 15 mm (0.6 in.) in diameter and is coated with a
durable matte black finish, having a view angle of 180 degrees.

7.1.1.1.2 The target shall be contained within a water-cooled
body in which the front face is of highly polished metal, flat,
coinciding with the plane of the target, and circular, with a
diameter of not more than 50 mm ± 2 mm (2 in. ± 0.1 in.).

7.1.1.1.3 The heat flux gauge shall have an accuracy of at
least ±3 percent and a repeatability within 0.5 percent.

7.1.1.1.4 In operation, the heat flux gauge shall be main-
tained at a constant temperature, within 3°C (5°F) above the
dew point, by water supplied at a temperature of 50°C to 65°C
(122°F to 149°F).

7.1.1.2 The heat flux gauge shall be calibrated whenever re-
quired with two similar instruments held as reference stan-
dards that are not used for any other purpose.

7.1.1.3 One of the instruments specified in 7.1.1.2 shall be
fully calibrated at yearly intervals.

7.1.2* Thermocouples. Bare Type K Chromel–Alumel ther-
mocouples, 0.50 mm ± 0.05 mm (20 mil ± 2 mil) in diameter,
shall be used at each required location.

102 mm
(4 in.)

3.66 m
(12 ft)

2.
44

 m
 (

8 
ft)

2.44 m (8 ft)

= Thermocouples — each 102 mm (4 in.) below ceiling, with one   
 additional thermocouple over the burner, and 102 mm (4 in.)   
 below the ceiling.

= Calorimeter on floor — 26 mm (1.1 in.) above 

102 mm
(4 in.)

FIGURE 7.1.1 Thermocouple and Calorimeter Placement.
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7.1.2.1 The thermocouple wire, within 13 mm (0.5 in.) of the
bead, shall be run along expected isotherms to minimize con-
duction errors.

7.1.2.2 The insulation between the Chromel–Alumel wires
shall be stable to at least 1100°C (2000°F), or the wires shall be
separated.

7.1.2.3 A thermocouple shall be located in the interior plane
of the door opening on the door centerline, 10 mm ± 2 mm
(4 in. ± 0.8 in.) below the top of the door opening, as shown in
Figure 7.1.1.

7.1.2.4 Thermocouples shall be located at the following six
positions 10 mm ± 2 mm (4 in. ± 0.8 in.) below the ceiling:

(1) At the center of the ceiling
(2) At the center of each of the four ceiling quadrants
(3) Directly over the center of the ignition burner

7.1.2.5 The thermocouples shall be mounted on supports or
shall penetrate through the ceiling with their junctions 10 mm
± 2 mm (4 in. ± 0.8 in.) away from a solid surface as shown in
Figure 7.1.1.

7.1.2.6 There shall be no attachments to the test specimens.

7.1.2.7 Any ceiling penetration shall be just large enough to
allow passage of the thermocouples.

7.1.2.8 Spackling compound or ceramic fiber insulation shall
be used to backfill the holes around the thermocouple wire.

7.1.3 Target Flashover Indicators.

7.1.3.1 Two paper target flashover indicators shall be placed
on the floor of the test room, as shown in Figure 7.1.3.1.

7.1.3.2 The targets shall consist of a single piece of newsprint
crumpled into a ball approximately 150 mm (6 in.) in diameter.

7.1.4 Photographic Equipment. Video and photographic
equipment shall be used to record the spread of fire and gen-
eration of smoke in the fire test room and the fire projection
from the door of the fire test room.

7.1.4.1 Location and Level of Lighting in Test Room. A nomi-
nal 300-watt flood-type, quartz halogen lamp shall be posi-
tioned in the corner diametrically opposite the burner, near
the floor level. The lamp shall be aimed at the wall corner/
ceiling intersection above the burner.

7.1.4.2 Wall Markings. The interior wall surfaces of the fire
test room adjacent to the corner in which the burner is located
shall be marked with a 0.3 m (12 in.) grid.

7.1.4.3 Ceiling Material Above a Burner. For each test, when
the test is for wall systems only, a new section of uncoated and
unpainted nominal 16 mm (5⁄8 in.) gypsum wallboard,
610 mm ± 10 mm × 610 mm ± 10 mm (2 ft × 2 ft), shall be
installed in the ceiling at the wall corner intersection directly
above the burner.

7.1.4.4 Video Recording. A video camera with a manually ad-
justable iris, adjusted to prevent automatic closing of this iris
opening due to brightness of the fire (at least 50 percent
open), shall be used.

7.1.4.4.1 A video monitor shall be used to determine when
adjustments and compensation for the brightness of the igni-
tion flames are needed.

7.1.4.4.2 The camera mount shall be adjusted so that the
camera lens is approximately 900 mm (3 ft) from the floor.

7.1.4.4.3 The camera angle and magnification shall be adjusted
until the top of the doorway and the top of the burner are visible
and the ceiling area directly above the fire is in full view.

7.1.4.4.4 A timer depicting “elapsed time” shall be included
in all videos. The timer shall be permitted to be integral to the
video camera. The timer shall be clearly viewed throughout
the test period.

7.1.4.4.5 Prior to ignition of the burner, the date and labora-
tory test report identification number shall be filmed. The
video shall be started at least 30 seconds prior to ignition of
the burner, and the video recording shall be continuous for
the duration of the test period.

7.1.4.5 Photographic Documentation. A photographic record
(still pictures) of the test shall be made.

7.1.4.5.1 A timer depicting “elapsed time” shall be included
in all photographs. The timer shall be permitted to be integral
to the camera. The timer shall be clearly viewed throughout
the test period.

7.1.4.5.2 Prior to ignition of the burner, the date and labora-
tory test report identification number shall be filmed. Color
slides, photographs, or digital images shall be taken at inter-
vals not exceeding 15 seconds for the first 3 minutes of the test
and at intervals not exceeding 30 seconds thereafter for the
duration of the test.

7.2 Canopy Hood and Exhaust Duct.

7.2.1 A hood shall be installed immediately adjacent to the
door of the fire test room, as shown in Figure 7.2.1.

7.2.1.1 The bottom of the hood shall be level with the top
surface of the fire test room.

7.2.1.2 The face dimensions of the hood shall be at least
2.44 m × 2.44 m (8 ft × 8 ft), and the depth shall be 1.1 m
± 0.1 m (3.5 ft ± 4 in.).

1.22 m 
(4 ft)

Doorway

CL

= Paper target

1.22 m
(4 ft)

1.22 m
(4 ft)

FIGURE 7.1.3.1 View of Paper Target Arrangement.
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7.2.1.3 The hood shall feed into a plenum that has a 0.92 m
± 0.10 m × 0.92 m ± 0.1 m (3 ft ± 4 in. × 3 ft ± 4 in.) cross
section, as shown in Figure 7.2.1.3.

7.2.1.4 The plenum shall have a minimum height of 0.92 m
(3 ft).

7.2.1.5 The plenum height shall be permitted to be increased
to a maximum of 1.8 m (5 ft 11 in.) to satisfy building constraints.

7.2.1.6 The exhaust duct connected to the plenum shall be
horizontal and at least 406 mm (16 in.) in diameter, and it
shall be permitted to have a circular aperture of at least
306 mm (12 in.) at its entrance or at mixing vanes in the duct.

7.2.2* The hood shall have the capability to collect all the
combustion products leaving the fire test room.

7.2.3* An alternative exhaust system design shall be permitted to
be used if it has been shown to produce equivalent results by
meeting the calibration requirements outlined in Chapter 8.

7.3 Instrumentation in Exhaust Duct.

7.3.1 Exhaust Collection System. The exhaust collection sys-
tem shall be constructed with at least the following items:

(1) Blower
(2) Steel hood
(3) Duct
(4) Bidirectional probe
(5) Thermocouple(s)
(6) Oxygen measurement system
(7) Smoke obscuration measurement system (white light

photocell lamp/detector or laser)
(8) Combustion gas sampling and analysis system

7.3.2* Bidirectional Probe. A bidirectional probe, as shown in
Figure 7.3.2, or an equivalent measuring system shall be used
to measure gas velocity in the duct.

7.3.2.1 The probe shall consist of a short, stainless steel cylinder
that is 44 mm ± 1 mm long and of 22 mm ± 1 mm inside diameter
(1.75 in. ± 0.0625 in. long and of 0.875 in. ± 0.0625 in. inside
diameter) with a solid diaphragm in the center.

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

7.3.2.3 The axis of the probe shall run along the centerline of
the duct 3.35 m ± 0.1 m (11 ft ± 4 in.), downstream from the
entrance.

7.3.2.4* The pressure taps specified in 7.3.2.2 shall be con-
nected to a pressure transducer that is able to resolve pressure
differences of 0.25 Pa (0.001 psi water column).

0.92 m

(3 ft)

2.44 m (minimum)

(8 ft)

FIGURE 7.2.1.3 Plan View of Canopy Hood.

Hood

Plenum

Burner

Top of door opening

Thermocouples and bidirectional probe

Gas sampling probe

Smoke meter

0.9 m (3 ft)

1.1 m
(3.5 ft)

306 mm (12 in.)
circular aperture

150 mm (6 in.)

3.66 m (12 ft)

3.5 m (11.5 ft)

3.3 m (11 ft)

2.44 m × 2.44 m (8 ft × 8 ft) square hood
(minimum dimensions)

2.44 m × 3.66 m (8 ft × 12 ft) burn room

406 mm (16 in.)
circular duct Exhaust

≥1.5 m (≥5 ft) to
exhaust system

0.9 m (3 ft)
(minimum)

FIGURE 7.2.1 Canopy Hood and Exhaust Duct.
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7.3.2.5 The response time to a stepwise change of the duct
flow rate shall not exceed 5 seconds to reach 90 percent of the
final value.

7.3.3 Thermocouples.

7.3.3.1 One pair of thermocouples shall be placed 3.40 m
± 0.1 m (11 ft 2 in. ± 4 in.) downstream of the entrance to the
horizontal duct and 50 mm ± 5 mm (2 in. ± 0.2 in.) down-
stream from the axis of the probe.

7.3.3.2 The pair of thermocouples specified in 7.3.3 shall
straddle the center of the duct and be separated by 50 mm
± 5 mm (2 in. ± 0.2 in.) from each other (see Figure 7.2.1.)

7.3.4* Sampling Line.

7.3.4.1 The sampling line tubes shall be constructed of a ma-
terial not influencing the concentration of the combustion
gas species to be analyzed.

7.3.4.2 The sequence of the gas train, as shown in Figure
7.3.4.2, shall be as follows:

(1) Sampling probe
(2) Soot filter
(3) Cold trap
(4) Gas path pump
(5) Vent valve
(6) Plastic drying column and carbon dioxide removal col-

umns (if used)
(7) Flow controller
(8) Oxygen analyzer

7.3.4.3 The gas train shall also include appropriate spanning
and zeroing facilities.

7.3.4.4* The cold trap, or cooling column, in the gas train
shall be used to remove water from the combustion gases.

7.3.4.5* For each gas analyzer used, the system delay time (or time
shift) for the analyzer to reach a 90 percent response to a step
change in the gas concentration shall be determined before testing.

7.3.5 Oxygen Concentration. A gas sampling tube shall be lo-
cated 3.5 m ± 0.1 m (11.5 ft ± 3 in.) downstream from the
entrance to the duct at the geometric center of the duct [to
within 10 mm (0.4 in.) of the center] and 150 mm ± 5 mm
(6 in. ± 0.2 in.) downstream from the axis of the probe.

7.3.5.1 The gas sampling tube specified in 7.3.5 shall be used
to obtain a continuously flowing sample for determining the
oxygen concentration of the exhaust gas as a function of time.

7.3.5.2 A suitable filter and cold trap shall be placed in the
line ahead of the analyzer to remove particulates and water.

7.3.5.3 The oxygen analyzer shall be of the paramagnetic or
polarographic type and shall be capable of measuring oxygen
concentration in a range of 21 percent to 15 percent, with a
relative accuracy of 100 ppm in this concentration range.

7.3.5.4 The signal from the oxygen analyzer shall be within
5 percent of its final value and occur within 30 seconds of
introducing a step change in composition of the gas stream
flowing past the inlet to the sampling tube.

Variable length support tubes
(10 ∆P instrument)

7.26 mm
(0.286 in.)

22 mm
(0.875 in.) Weld

1.83 mm
(0.072 in.)

L = 2D0.91 mm
(0.036 in.)

D

4.70 mm
(0.185 in.)

FIGURE 7.3.2 Bidirectional Probe.

To optional H2O,
HCI, THC analyzers

Waste
Ring 

sampler

Cold 
trap

Soot 
filter

Separation
chamber

Drain To CO2 and CO
analyzers
(optional)

Pump
Desiccant

Waste
regulator

CO2
removal
media

O2
analyzer*

Flow 
analyzer

7 µm filter
Rotameter

Outflow

Note: Rotameter is on 
outlet of O2 analyzer.

* To include absolute pressure transducer

FIGURE 7.3.4.2 Schematic of Gas Train.
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7.3.5.5 The oxygen analyzer shall include an absolute pres-
sure transducer for gas pressure variations.

7.3.5.6 A rotameter shall be located on the outlet of the oxy-
gen analyzer.

7.3.6 Carbon Dioxide Concentration.

7.3.6.1 The gas sampling tube described in 7.3.4 or an alter-
native tube at the same location shall be used to provide a
continuous sample for measuring the carbon dioxide concen-
tration, using an analyzer with a range of 0 to 10 percent and a
maximum relative error of 2 percent of full scale.

7.3.6.2 The total system response time between the sampling
inlet and the meter shall be no longer than 30 seconds to
reach a value within 5 percent of the final value after introduc-
ing a step change in composition of the gas stream flowing
past the inlet to the sampling tube.

7.3.7 Carbon Monoxide Concentration.

7.3.7.1 The gas sampling tube described in 7.3.4 or an alter-
native tube at the same location shall be used to provide a
continuous sample for measuring the carbon monoxide con-
centration, using an analyzer with a range of 0 to 1 percent
and a maximum relative error of 2 percent of full scale.

7.3.7.2 The total system response time between the sampling
inlet and the meter shall be no longer than 30 seconds to
reach a value within 5 percent of the final value after introduc-
ing a step change in composition of the gas stream flowing
past the inlet to the sampling tube.

7.3.8 Smoke Obscuration Measurement.

7.3.8.1* An optical system shall be installed for measuring
light obscuration across the centerline of the exhaust duct.

7.3.8.2 The optical density of the smoke shall be determined
by measuring the light transmitted with a photometer system
consisting of a white light source and a photocell/detector or
a laser system.

7.3.8.3 The light beam used to measure smoke obscuration
shall be horizontal.

7.3.8.4* A white light photometer system shall consist of a lamp,
lenses, an aperture, and a photocell, as shown in Figure 7.3.8.4.

7.3.8.5 The white light system shall be constructed so that
soot deposits on the optics during a test do not reduce the
light transmission by more than 5 percent.

7.3.8.6* A helium–neon laser system, as shown in Figure
7.3.8.6, shall consist of the following:

(1) Silicon photodiodes as main beam and reference detectors
(2) Electronics to derive an extinction and to set a zero

reading

7.3.8.7 The helium–neon laser system shall be designed for
split yoke mounting in two pieces that are rigidly coupled to-
gether but resiliently attached to the exhaust duct by means of
refractory gasketing.

7.3.8.8 A 0.5 mW to 2 mW helium–neon laser beam shall be
projected horizontally across the exhaust duct, as illustrated in
Figure 7.3.8.8.

Main 
detector

Filter 
slot

Cap

Beam 
splitter

Optical path 110 mm (4.3 in.)

Beam splitter

Ceramic 
fiber packing

Opal glass

Compensation detector

Filter slot

0.5 mW 
helium–neon
laser

Purge air orifices

FIGURE 7.3.8.6 Laser Extinction Beam.

Smoke 
particles

Detector

Aperture
L2L1

Lamp

Wall of exhaust duct

FIGURE 7.3.8.4 Optical System, Using a White Light.
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Chapter 8 Calibration

8.1 Calibration and Documentation of Ignition Source and
Test Equipment.

8.1.1 The following instruments shall be calibrated with stan-
dard sources after initial installation:

(1) Smoke meters
(2) Flow or velocity transducers
(3) Gas analyzers

8.1.2 A calibration test shall be performed prior to any fire
test using the standard ignition source used for this test
method, centered under the exhaust hood.

8.1.2.1 The calibration test required by 8.1.2 shall be per-
formed no more than 30 days prior to any fire test.

8.1.2.2 If modifications are made to the system, a recalibra-
tion test shall be performed before any fire test.

8.1.3* The data resulting from a calibration test shall provide
the following, and the results of 8.1.3(3) and 8.1.3(4) shall be
used to determine the calibration factor (C), in 10.1.1:

(1) Output as a function of time, after the burner is activated,
of all instruments normally used for the standard fire test

(2) Maximum extension of the burner flame, as recorded by
still photographs taken at 30-second intervals or by con-
tinuous video recording

(3) Temperature and velocity profiles across the duct cross
section at the location of the bidirectional probe

(4) Differential pressure across the bidirectional probe

8.2* Calibration Procedure. The calibration procedure for
heat release measurements shall be conducted as specified in
8.2.1 through 8.2.5.

8.2.1 An approximate value (Cest) of the calibration factor (C)
shall be estimated by multiplying square meters of the cross
section of the duct (in meters squared) by 22.1.

8.2.2* Propane shall be burned, as described in 4.1.3.1 through
4.1.3.3, for 15 minutes at a heat release rate of 160 kW, and the
following criteria shall be met:

(1) Measurements shall be taken at least once every 6 seconds.
(2) The response of the system to a stepwise change of the

heat output from the burner shall be a maximum of
12 seconds to 90 percent of final value.

(3) The following values for the combustion expansion factor
(α) energy (E), and effective heat of combustion (Htcomb)
shall be used:
(a) α = 1.084
(b) E = 12.8 MJ/kg
(c) Htcomb = 46.5 MJ/kg

(4) Section 10.4 shall be used.

8.2.3 The total heat released and the corrected calibration fac-
tor (Ccor) shall be calculated so that the total heat released, as
determined by the oxygen consumption calculation shown in
Chapter 10, agrees with the theoretical value, obtained from
measurement of the volumetric flow rate and weight loss of the
fuel, to within ±5 percent, by using the following equation:

C
Ht F
q MW dt

Ccor
comb mb

est= ×
∫

×( )
� ( )

where:
Ccor = corrected calibration factor

Htcomb = heat of combustion of used fuel (MJ/kg)
Fmb = mass fuel burned (kg)

q̇ = seal release safe (kW)
MW = fuel mass loss

dt = time (sec)

8.2.4 The corrected value of calibration factor shall be used
for all tests.

8.2.5 If the calibration factor does not agree within ±5 per-
cent with the value determined during the previous calibra-
tion, the following procedure shall be performed:

(1) Check the system for leaks or other problems before pro-
ceeding with the test.

(2) Where a problem is found, correct the problem and per-
form a new calibration in accordance with this chapter.

Flow

Flow 
thermocouple

Gas sampling 
probe

Laser 
mounting

Smoke 
thermocouple

Mass 
sampling port

Bidirectional 
probe
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beam
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(holes downstream to avoid clogging)
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FIGURE 7.3.8.8 Laser Beam and Other Instrumentation Mounting in Exhaust Duct.
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8.3 Smoke Measurement Calibration. The smoke measuring
system shall be calibrated initially by using two neutral density
filters of significantly different values and one at 100 percent
transmission.

8.3.1 Once the calibration required by Section 8.3 is set, at
least the zero value of extinction coefficient (100 percent
transmission) shall be verified each day prior to testing.

8.3.2 If departure from the zero line is found at the end of a
calibration test, the problem shall be corrected, and a new cali-
bration shall be performed in accordance with this chapter.

8.4* Gas Analyzers Calibration. Gas analyzers shall be calibrated
daily, prior to testing, using the manufacturer’s instructions.

Chapter 9 Test Procedure

9.1 Procedure. The test procedure shall be as follows:

(1) Establish an initial volumetric flow rate of at least 0.47 m3/
sec (1000 ft3/min) through the duct, and increase the vol-
ume flow rate as required to keep the oxygen content
above 14 percent and to capture all effluents from the burn
room.

(2) Turn on all sampling and recording devices, establish
steady-state baseline readings for at least 2 minutes.

(3) Ignite the gas burner.
(4) Start the timer once burner ignition has been observed.
(5) Increase the gas flow rate to provide a heat release of 40 kW

± 1 kW from the burner.
(6) Continue the exposure at 40 kW ± 1 kW for 5 minutes

± 10 seconds.
(7) Within 10 seconds after the 5-minute initial exposure,

increase the gas flow rate to provide a rate of heat release
of 160 kW ± 5 kW from the burner.

(8) Continue the exposure of 160 kW ± 5 kW for 10 minutes
± 10 seconds.

(9) Provide visual documentation in accordance with 7.1.4.
(10) Provide a voice or written record of the fire that will

provide the times of all significant events, such as, but
not limited to the following:
(a) Times of ignition
(b) Escape of flames through the doorway
(c) Flashover

(11) Shut off the ignition burner 15 minutes after start of the
test, and terminate the test at that time, unless safety
considerations dictate an earlier termination.

(12) Document damage after the test, using words, pictures,
and drawings.

Chapter 10 Calculation Methods

10.1* Mass Flow Rate.

10.1.1 The mass flow rate through the exhaust duct shall be
obtained from the velocity measured with a bidirectional
probe (see 7.3.2) at one point in the duct.

10.1.2 The mass flow rate shall be calculated using the results
found in Section 8.2 and the equation in 10.1.3.

10.1.3 The mass flow rate shall be monitored by using the fol-
lowing equation (see description of variables in Section 10.4):

�m C
P

Te
e

= ∆

10.1.4* Concentration measurements of O2, CO2, and CO
shall be used, and the oxygen depletion factor shall be calcu-
lated according to the following equation:

φ =
− − − −
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10.1.5 The rate of heat release shall be calculated according
to the following equation:

�
�

q E E E
X
X

M

M
m

e

= φ − − − φ
+ φ α −CO

CO

O

O( )
⎛

⎝
⎜⎜

⎞

⎠
⎟⎟

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥ ( )

⎛

⎝
⎜⎜

1
2 1 1

2

2
⎞⎞

⎠
⎟⎟( )XO2

0

10.1.6 The total heat released shall be calculated according
to the following equation:

THR qdt= �∫
10.2 Smoke Measurement Equations.

10.2.1 The extinction coefficient, k, shall be calculated from
the following equation:

k
L

I
Ip

= 1 0ln⎛
⎝⎜

⎞
⎠⎟

10.2.2 The optical density per unit light path length shall be
calculated according to the following equation:

OD
L

I
Ip

= 1 0log ⎛
⎝⎜

⎞
⎠⎟

10.2.3 The volumetric flow rate at the smoke meter shall then
be calculated as the product of the mass flow rate and the
temperature at the measurement point (bidirectional probe),
corrected by the density of air at the standard temperature
273.15 K and by the temperature, in Kelvin, as calculated in
the following equation:

� �
V m

T m T
s e

e e e=
ρ

=
0273 15 353.
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⎟

10.2.4 The rate of smoke release shall be defined by the fol-
lowing equation:

RSR V ks=

10.2.5 Total smoke released shall be defined by the following
equation:

TSR RSR dt=  ∫
10.3 Release Rate of Combustion Gases.

10.3.1 The release rate of carbon monoxide shall be calcu-
lated from the following equation:

�
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10.3.2 For other combustion gases, the release rate shall be a
function of the following:

(1) Sum of the concentrations of that gas at each scan in the
exhaust (that is, the products of the mole fraction of the
combustion gas, overall mass flow rate for that scan, and
scan period)

(2) Molecular weight
(3) Total test period, as shown in the following equation:

�

�

m

X m t
M
M

x

xi ei i
x

a=
∑ ∆( )⎛

⎝
⎜

⎞

⎠
⎟

test period

10.4 Symbols. The following symbols shall be used in this
standard.

C = calibration factor for orifice plate or
bidirectional probe (kg1/2, m1/2, or k1/2)

E = net heat released per unit mass of oxygen
consumed (13.1 MJ/kg)

ECO = net heat released per unit mass of oxygen
consumed, for carbon monoxide (17.6
MJ/kg)

Htcomb = heat of combustion of the fuel used (46.5
MJ/kg for propane and 50.0 MJ/kg for
methane)

I0 = light intensity for a beam of parallel light
rays, measured in a smoke-free
environment, with a detector having the
same spectral sensitivity as the human eye
and reaching the photodetector

I = light intensity for a parallel light beam
having traversed a certain length of smoky
environment and reaching a photodetector

k = extinction coefficient (1/m)
Lp = light path length of beam through smoky

environment, which is equal to the duct
diameter (m)

ṁe = mass flow rate in exhaust duct (kg/sec)
ṁCO = release rate of carbon monoxide (kg/sec)
ṁx = release rate of combustion product x

(kg/ sec)
Ma = molecular weight of incoming and exhaust

air (29 kg/kmol)
MCO = molecular weight of carbon monoxide (28

kg/kmol)
MO2

= molecular weight of oxygen (32 kg/kmol)

OD = optical density per unit light path length
(L/m)

∆P = pressure drop across the orifice plate or
bidirectional probe (Pa)

q̇ = rate of heat release (kW)
RSR = rate of smoke release (m2/sec)
∆t = scan period (sec)
Te = gas temperature at the orifice plate or

bidirectional probe (K)
test period = duration of test period (sec)

THR = total heat released (MJ)
TSR = total smoke released (m2)
V̇s = volumetric flow rate at location of smoke

meter (value adjusted for smoke
measurement calculations) (m3/sec)

XCO = measured mole fraction of CO in exhaust
flow (nondimensional)

XCO2

= measured mole fraction of CO2 in exhaust
flow (nondimensional)

XCO2

0 = measured mole fraction of CO2 in incoming
air (nondimensional)

XO2

= measured mole fraction of O2 in exhaust
flow (nondimensional)

XO2

0 = measured mole fraction of O2 in incoming
air (nondimensional)

Xx = measured mole fraction of combustion gas x
in exhaust flow (nondimensional)

α = combustion expansion factor
(nondimensional) (Use a value of 1.105,
unless the value for the test specimen, and
not the ignition gas, is known.)

µ = combustion expansion factor
(nondimensional; use a value of 1.105,
unless the value for the test specimen and
not the ignition gas is known)

φ = oxygen depletion factor (nondimensional)
ρ0 = density of air at 273.15 K: 1.293 (kg/m3)

Chapter 11 Report

11.1 Report. The report shall include the data and informa-
tion specified in 11.1.1 through 11.1.8.

11.1.1 Materials. Materials shall include the following:

(1) Name, thickness, density, and size of the test material,
along with other identifying characteristics or labels

(2) Mounting and conditioning of materials, including de-
tailed description of mounting procedure and justifica-
tion for any variations from end-use installation

(3) Layout of specimens and attachments, including appli-
cable drawings, in fire test room

(4) Relative humidity and temperature of the fire test room
and the test building prior to and during the test

11.1.2 Burner Gas Flow. The burner gas flow shall be the fuel
gas flow to the ignition burner and its calculated rate of heat
output.

11.1.3 Time History of the Total Heat Flux to Floor. The time
history of the total heat flux to floor shall be the total incident
heat flux at the center of the floor for the heat flux gauge as a
function of time starting 3 minutes prior to the test.

11.1.4 Time History of the Gas Temperature. The time history
of the gas temperature shall be the temperature of gases in the
fire test room, in the doorway, and in the exhaust duct for
each thermocouple as a function of time starting 3 minutes
prior to the test.

11.1.5 Time History of the Rate of Heat Release of the Fire.
The rate of heat release shall be calculated from the measured
oxygen, carbon monoxide, and carbon dioxide concentra-
tions and the temperature and volumetric flow rate of the gas
in the duct.

11.1.5.1 The time history of the rate of heat release as well as
the maximum and average values shall be reported.

11.1.5.2 The time history of total heat released as well as the
final value and the values shall be reported every 5 minutes.

11.1.5.3 The measurement method used shall be reported.
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11.1.6 Time History of the Fire Growth. The time history of
the fire growth shall be a transcription of the visual, photo-
graphic, audio, and written records of the fire test.

11.1.6.1 The records shall indicate the following:

(1) Time of ignition of the wall finish and the ceiling finish
where present

(2) Approximate location of the flame front most distant from
the ignition source at intervals not exceeding 15 seconds
during the fire test

(3) Time of flashover
(4) Time at which flames extend outside the doorway

11.1.6.2 Still photographs taken at intervals not exceeding
30 seconds or continuous video recording shall be supplied.

11.1.6.3 Drawings and photographs or video recording show-
ing the extent of the damage of the materials after the test
shall be supplied.

11.1.7 Time History of Smoke Obscuration.

11.1.7.1 The smoke obscuration shall be described by means of
the optical density, rate of smoke release, and total smoke re-
leased measured with the instrumentation in the exhaust duct.

11.1.7.2 The following shall be reported:

(1) Time histories of smoke release rate, optical density, and
volumetric duct flow rate, as well as the maximum and
average values

(2) Total smoke release time history, as well as the final value
and the values every 5 minutes

(3) Details of the smoke obscuration measurement equip-
ment used, including the orientation of the light beam

11.1.8 Damage during test shall be documented after the test
using text, pictures, and drawings.

11.2* Discussion of Performance. A complete discussion of
sample performances shall be provided and shall include the
following:

(1) Flame spread to ceiling during initial exposure
(2) Burning to outer extremities of walls or ceilings
(3) Presence of burning droplets on the floor that persist in

burning for 30 seconds or more
(4) Visibility information in the fire test room
(5) Other pertinent details with respect to fire growth
(6) Melting or dripping of materials

Annex A Explanatory Material

Annex A is not a part of the requirements of this NFPA document
but is included for informational purposes only. This annex contains
explanatory material, numbered to correspond with the applicable text
paragraphs.

A.1.1 The fire performance of textile wall coverings is ad-
dressed specifically in NFPA 265, Standard Methods of Fire Tests
for Evaluating Room Fire Growth Contribution of Textile Coverings on
Full Height Panels and Walls. Further information on testing of
textile wall coverings can be found in Fisher et al., Room Fire
Tests of Textile Wall Coverings. The fire performance of other
wall covering systems is addressed in this standard. Some inte-
rior finish materials, such as expanded vinyl wall coverings, are
required to be tested in the same manner as textile wall cover-
ings (e.g., in NFPA 101, Life Safety Code).

A.1.3.10 One important difference between the ignition source
used in this test method and that used in NFPA 265, Standard
Methods of Fire Tests for Evaluating Room Fire Growth Contribution of
Textile Coverings on Full Height Panels and Walls, is that the flame in
the NFPA 265 ignition source does not reach the ceiling. Thus,
the NFPA 265 ignition source should not be used for testing ma-
terials that are to be installed on the ceiling.

There are significant differences between the ignition
source used in this test method and that source used in the
NFPA 265 test method. Although both test methods use the
same burner equipment, there are differences in burner
placement and fuel flow. The burner arrangement (spacing,
gas flows, and so on) used in this test method provides a sus-
tained flame impingement on the ceiling of the test room,
whereas the burner arrangement in NFPA 265 does not. The
spacing of the burner, moreover, can change the heat flux to
which the test wall materials are exposed.

A.4.1.1 The ignition source described in 4.1.1 has been re-
ferred to as the “proposed ASTM room-corner test” ignition
source. See further information in “Interlaboratory Test Pro-
gram on Proposed ASTM Standard Method for Room Fire
Test of Wall and Ceiling Materials and Assemblies.”

A.4.1.4 The heat of combustion corresponds to a propane gas
flow rate of 26.9 L/min at 40 kW and 107.5 L/min at 160 kW for
propane with a net heat of combustion of 46.5 MJ/kg, under
standard conditions of 101 kPa pressure (absolute pressure of
14.7 psi) and 20°C (68°F). Figure A.4.1.4 is a schematic of two
typical gas flow regulation systems.

A.4.2.1 A study by R. D. Peacock and J. N. Breese (NBSIR
82-2516, Computer Fire Modeling for the Prediction of Flashover)
examined the effect of geometric room changes on the
minimum energy required to cause flashover. It showed
that increased room height beyond 2.4 m (8 ft) changed
the minimum needed flashover energy (expressed as per-
cent) as follows, where ∆H is the increase in room height
expressed in meters:

percent 100 + 5.3∆H

Thus, for instance, if the height were changed by 0.2 m, the
energy scaling would be changed by 1.06 percent. This differ-
ence is completely insignificant, since few fire measurements
can be made to a repeatability or reproducibility of better than
10 percent. The effects of changing floor areas were similarly
modest. Fire test room dimensions having a tolerance of ±0.1 m
should be entirely adequate for reproducibility.

A.4.2.2 To facilitate the mounting of the instruments and of
the ignition source, it is convenient to place the fire test room
so that the floor can be reached from its underside.

A.4.2.4 If self-supporting panels are tested, a separate exte-
rior frame or block compartment is not required.

A.5.1.1 It has been shown that the specific adhesive used to
secure a specimen can significantly affect the fire perfor-
mance of a wall covering system. Therefore, the adhesive used
should be the same as that intended for actual use.

A.5.1.3 For some building materials, none of the methods
described are applicable. In such cases, other means of attach-
ment should be devised. Whenever possible, these specimens
should be mounted using the same method of attachment as is
intended in the actual use installation.

A.5.2.1.2(4) It is not the intent to require each sample to be
tested over various thicknesses or types of gypsum wallboard.
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A.5.2.1.3 Steel and mineral wool are examples of acceptable
alternative substrates based on the end use.

A.5.6 Materials falling within this category include organic or
inorganic materials, or both, formed or laminated into blocks,
boards, planks, slabs, or sheets of various sizes, thicknesses, or
shapes.

A.5.10 For products in which vaporization of solvents occurs,
such as those using adhesives, or products containing wood, a
conditioning time of 4 weeks is not uncommon.

A.7.1.1 It is preferable to mount the total heat flux gauge at a
height of 5 mm to 30 mm (approximately 0.2 in. to 1.2 in.)
above the floor surface.

A.7.1.1.1 The gauge target receives radiation and possibly,
to a small extent, convection. Further information on in-
strumentation for heat flux measurements can be found in
“An Instrument for the Direct Measurement of Intense
Thermal Radiation” by R. Gardon. Two types of heat flux
measuring gauges are commonly used. The sensing tech-
niques between the two gauges are different. The Schmidt–
Boelter gauge uses a thermopile, whereas the Gardon
gauge uses foil.

Due to the difference in sensing techniques, one manufac-
turer recommends Schmidt–Boelter gauges for measuring
heat fluxes in the range of 5 kW/m2 to 25 kW/m2, whereas
Gardon gauges are more appropriate for heat flux values
greater than 50 kW/m2.

The difference in the sensing techniques can affect the preci-
sion of the heat flux measurements, depending on the applica-
tion and the amount of the incident flux. The manufacturer also
reports that, in general, the Schmidt–Boelter gauges tend to be
more robust, especially during cleaning. For these reasons, this
test method requires the use of the Schmidt–Boelter gauges.

One method of maintaining the heat flux gauge temperature
is by water supplied at a temperature of 50°C to 65°C (122°F to
149°F). A flow rate of at least 0.38 L/min (0.1 gal/min) is recom-
mended to maintain the gauge temperature. Other methods or
flow rates are acceptable.

A.7.1.2 Metal-clad thermocouples with ceramic powder fill-
ing have been found to be satisfactory for this purpose, but
silicone-impregnated glass insulated thermocouples are likely
to break at temperatures above 800°C (1472°F).

A.7.2.2 Experience suggests that a draft capable of moving
up to 2.5 m3/sec (5150 standard ft3/min), which is equiva-
lent to 5.7 m3/sec (11,800 ft3/min) at 400°C (752°F), dur-
ing the test is sufficient for fires up to flashover.

A.7.2.3 Some performance requirements are detailed in
A.7.2.2.

A.7.3.2 A bidirectional probe is preferable to a pitot-static
tube for measuring velocity in the exhaust duct because it
minimizes problems of clogging with soot.

A.7.3.2.4 Capacitance transducers have been found to be
most stable for this application.

A.7.3.4 Stainless steel sampling lines have been shown to be
satisfactory.

A.7.3.4.4 The recommended approach to designing a cool-
ing (and drying) column (to remove water from the combus-
tion gases) is to use a refrigerated column and separation
chamber fitted with a drain plug from which the collected
water is removed from time to time. Alternative approaches or
devices that are shown to give equivalent results are also ac-
ceptable. It is very important to remove water from the com-
bustion stream before it reaches the oxygen, carbon monox-
ide, and carbon dioxide analyzers.

A.7.3.4.5 Combustion gas concentration measurements re-
quire the use of appropriate time shifts in order to account for
the time required for gas analyzer response and for combus-
tion gas transit time within the sampling system. (See Annex B.)

A.7.3.8.1 White light and laser systems have been shown to
give similar results. See the following publications for more
information:

(1) “Comparison of Smoke Release from Building Products”
by B. Ostman

(2) “Rate of Heat Release Testing for Vinyl Wire and Cable Ma-
terials with Reduced Flammability and Smoke: Small Scale
and Full Scale Tests” byA. W. Coaker, M. M. Hirschler, and C.
L. Shoemaker (research showing differences between white
light and laser measurements in one application)

(3) “Optical Measurement of Smoke” by W. K. Chow and K. F.
Lai

Flowmeter

1.52 m (5 ft)

0.61 m
(2 ft)

High-volume
regulator*

0.91 m
(3 ft)

To burner

206 kPa
(30 psi)Needle 

valve

4 coils of 9.1 m (30 ft) 12.7 mm (¹⁄₂ in.) 
copper tubing submerged in water bath
508 mm W × 939.8 mm L × 406.4 mm D
(20 in. × 37 in. × 16 in.)

* Fisher No. 620-7810 or equivalent

37.85 L
(10 gal)

1. Propane gas regulator (high-pressure)  
 (main gas supply)
2. Shutoff valve
3. Regulator (low-pressure)
4. Adjustable valve for flow impedance

90.7 kg (200 lb) propane tank

Copper pipe
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Gas manifold
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To burner
5
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NOTE: Line pressures are  
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37.85 L
(10 gal)

FIGURE A.4.1.4 Two Typical Gas Flow Regulation Systems.
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A.7.3.8.4 The following information is being provided for infor-
mational purposes only and has not been independently verified,
certified, or endorsed by the NFPAor any of its technical commit-
tees. The following describes an example of a white light measur-
ing system that has been found to be satisfactory:

(1) Lenses — Plano convex: diameter 40 mm, focal length
50 mm

(2) Lamp — Osram Halo Stars: 64410: 6 V, 10 W or equivalent
(3) Photocell — United Detector Technology: PIN 10 AP or

equivalent
(4) Power supply — Gresham Lion Ltd: Model G x012 or

equivalent

A.7.3.8.6 The following information is being provided for
informational purposes only and has not been independently
verified, certified, or endorsed by the NFPA or any of its tech-
nical committees. The following describes an example of a
laser measuring system that has been found to be satisfactory:

(1) Helium–neon laser — Aerotech OEM-05P or equivalent
(2) Laser power supply — Aerotech LSS-05 or equivalent
(3) Photocells — Hammamatsu S1336-44BK or equivalent

A.8.1.3 Measurement of the temperature and velocity pro-
files across the duct cross section at the location of the bidirec-
tional probe and of the differential pressure across the bidi-
rectional probe is not needed when the calibration factor, C, is
used, as described in Section 8.2.

A.8.2 The estimated calibration factor is likely to be within
20 percent of the correct value.

A.8.2.2 Effective heat of combustion from propane is 44.2 MJ/
kg, which is calculated at a combustion efficiency of 95 percent
for propane, which is 46.5 MJ/kg.

A.8.4 ASTM E 800, Standard Guide for Measurement of Gases
Present or Generated During Fires, gives guidance on the calibra-
tion of gas analyzers.

A.10.1 Further information can also be found in “Measuring
Rate of Heat Release by Oxygen Consumption” by M. L. Jans-
sens and in “Oxygen Consumption Calorimetry” by M. L. Jan-
ssens and W. J. Parker.

The mass flow rate is usually placed along the centerline of
the duct. The velocity profile is obtained by measuring velocity
at a sufficient number of representative points over the diam-
eter or cross section of the duct prior to any fire tests. Detailed
procedures for obtaining this profile are described in The Mea-
surement of Air Flow by E. Ower and R. Pankhurst. Usually, con-
ditions in full-scale fire tests are such that the flow in the duct
is turbulent, resulting in a shape factor, kc (ratio of the average
velocity to the velocity along the centerline), that is close to 1.

Due to considerable soot production in many fires, pitot-static
tubes are generally not useful because of the potential for clog-
ging of the holes. In response to this problem, B. J. McCaffrey
and G. Heskestad (“A Robust Bidirectional Low-Velocity Probe
for Flame and Fire Application”) designed the bidirectional
probe described in 7.3.2. This system involves measuring the dif-
ferential pressure across the probe and the centerline velocity.

A.10.1.4 Water vapor must be removed before the sample air
is introduced into the oxygen analyzer. A water trap and desic-
cant can be used to remove water.

A.11.2 Tests with ceiling finish materials that are not self-
supporting and fall to the floor of the test room during the test
should be deemed invalid.

Annex B Method of Determining Suitability
of Oxygen Analyzers for Making

Heat Release Measurements
This annex is not a part of the requirements of this NFPA document

but is included for informational purposes only.

B.1 General. The paramagnetic type of oxygen analyzer is best
suited for fire gas analysis. Electrochemical analyzers or analyzers
using zirconia sensors have generally been found not to have
adequate sensitivity or suitability for this type of work. The nor-
mal range of the instrument to be used is 0 percent to 25 percent
volume oxygen. The linearity of paramagnetic analyzers is usually
better than can be checked by a user laboratory, thus verifying
that their linearity is not necessary. It is important, however, to
confirm the noise and short-term drift of the instrument used.

B.2 Procedure.

B.2.1 The analyzer suitability is checked by the following steps:

(1) Connect two different gas bottles that are approximately
2 percentage points apart (for example, 15 percent vol-
ume and 17 percent volume) to a selector valve at the
inlet of the analyzer.

(2) Connect the electrical power, and let the analyzer warm
up for 24 hours, with one of the test gases from B.2.1(1)
flowing through it.

(3) Connect a data acquisition system to the output of the
analyzer and perform the following procedure:
(a) Quickly switch from the first gas bottle to the second

bottle, and immediately start collecting data, taking
one data point per second.

(b) Collect data for 20 minutes.
(4) Determine the drift by using a least-squares analysis fitting

procedure to pass a straight line through the last 19 minutes
of data as follows:
(a) Extrapolate the line back through the first minute of

data.
(b) Determine the short-term drift as the difference be-

tween the readings at 0 minutes and at 20 minutes on
the fitted straight line.

(c) Record the drift in units of parts per million of oxygen.
(5) Calculate the noise, which is represented by the root-

mean-square deviation around the fitted straight line, and
record it in units of parts per million of oxygen.

B.2.2 The analyzer is suitable for use in heat release measure-
ments if the sum of the drift plus the noise terms is 250 ppm
oxygen. It is important to note that both terms must be ex-
pressed as positive numbers.

B.3 Additional Precautions. A paramagnetic oxygen analyzer
is directly sensitive to barometric pressure changes at its outlet
port and to flow rate fluctuations in the sample supply stream.
It is essential that the flow rate be regulated. Either a flow rate
regulator of the mechanical diaphragm type or an electronic
mass flow rate controller should be used. To protect against
errors due to changes in barometric pressure, one of the fol-
lowing procedures should be used:

(1) Control the back pressure to the analyzer with a back pres-
sure regulator of the absolute-pressure type.

(2) Electrically measure the actual pressure at the detector
element, and provide a signal correction for the analyzer
output.

See NFPA 271, Standard Method of Test for Heat and Visible
Smoke Release Rates for Materials and Products Using an Oxygen
Consumption Calorimeter.
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