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on Fire Tests. It was issued by the Standards Council on December 13, 2011, with an effective
date of January 2, 2012, and supersedes all previous editions.

This edition of NFPA 287 was approved as an American National Standard on January 2, 2012.

Origin and Development of NFPA 287

This standard is based on an apparatus developed by Factory Mutual Research Corporation
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en Halatte, France; and Rhone-Poulenc Research Center, Decines, France. The apparatus-
associated test methods are distinct from other fire standards because of the focus on character-
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materials and products, not just the response of materials to an imposed, external heat flux.

This standard was developed to address concerns of the Technical Committee for Cleanrooms.

The 2007 edition was a complete revision for compliance with the Manual of Style for NFPA
Technical Committee Documents. It also contained a new option for an alternative exhaust system
(4.9.2 and Annex C) based on testing conducted by FM Global Research.

The 2012 edition is a reconfirmation of the earlier edition with minor editorial changes.

NFPA and National Fire Protection Association are registered trademarks of the National Fire Protection Association, Quincy, Massachusetts 02169.



287-2

MEASUREMENT OF FLAMMABILITY OF MATERIALS IN CLEANROOMS USING A FIRE PROPAGATION APPARATUS

\

Technical Committee on Fire Tests

William E. Fitch, Chair
Phyrefish Enterprises, Inc., FL. [SE]

Farid Alfawakhiri, American Iron and Steel Institute,
1L [M]

Barry L. Badders, Jr., Southwest Research Institute,
TX [RT]

Jesse J. Beitel, Hughes Associates, Inc., MD [SE]
Robert G. Bill, Jr., FM Global, MA [I]

Gordon H. Damant, Inter-City Testing & Consulting
Corp. of California, CA [SE]

Thomas W. Fritz, Armstrong World Industries, Inc.,
PA [M]

Marcelo M. Hirschler, GBH International, CA [SE]
Alfred J. Hogan, Winter Haven, FL [E]

Rep. International Fire Marshals Association
William E. Koffel, Koffel Associates, Inc., MD [SE]
James R. Lawson, National Institute of Standards
& Technology, MD [RT]

Scott W. Adams, Park City Fire Service District, UT [E]
(Alt. to A. J. Hogan)
Richard J. Davis, FM Global, MA [I]
(Alt. to R. G. Bill, Jr.)
David M. Ewan, Southwest Research Institute, TX [RT]
(Alt. to B. L. Badders, Jr.)
Sam W. Francis, American Forest & Paper Association,
PA [M]
(Alt. to K. Sumathipala)
Richard G. Gann, National Institute of Standards
& Technology, MD [RT]
(Alt. to J. R. Lawson)

Paul A. Hough, Armstrong World Industries, Inc., PA [M]

(Alt. to T. W. Fritz)

Robert H. Barker, American Fiber Manufacturers
Association, VA [M]

Tracy L. Golinveaux, NFPA Staff Liaison

Michael E. Luna, Intertek Testing Services, TX [RT]
Andre W. Marshall, University of Maryland, MD [SE]
Rodney A. McPhee, Canadian Wood Council,
Canada [M]
Kathleen A. Newman, Firetect, CA [M]
David T. Sheppard, U.S. Bureau of Alcohol, Tobacco,
Firearms & Explosives, MD [RT]
Dwayne E. Sloan, Underwriters Laboratories Inc.,
NC [RT]
Kuma Sumathipala, American Forest & Paper
Association, DC [M]
T. Hugh Talley, Hugh Talley Company, TN [M]

Rep. Upholstered Furniture Action Council
Rick Thornberry, The Code Consortium, Inc., CA [SE]
Robert A. Wessel, Gypsum Association, MD [M]

James K. Lathrop, Koffel Associates, Inc., CT [SE]
(Alt. to W. E. Koffel)

James A. Milke, University of Maryland, MD [SE]
(Alt. to A. W. Marshall)

Arthur J. Parker, Hughes Associates, Inc., MD [SE]
(Alt. to J. J. Beitel)

Deggary N. Priest, Intertek Testing Services, TX [RT]
(Alt. to M. E. Luna)

Robert J. Wills, American Iron and Steel Institute,

AL [M]
(Alt. to F. Alfawakhiri)

Joe Ziolkowski, American Furniture Manufacturers

Association, NC [M]
(Alt. to T. H. Talley)

Rohit Khanna, U.S. Consumer Product Safety
Commission, MD [C]

Thas list represents the membership at the time the Committee was balloted on the final text of this edition. Since that time,
changes in the membership may have occurred. A key to classifications is found at the back of the document.

NOTE: Membership on a committee shall not in and of itself constitute an endorsement of the Association or
any document developed by the committee on which the member serves.

Committee Scope: This Committee shall have primary responsibility for documents on fire testing proce-
dures, for reviewing existing fire test standards and recommending appropriate action to NFPA, for recom-
mending the application of and advising on the interpretation of acceptable test standards for fire problems
of concern to NFPA technical committees and members, and for acting in a liaison capacity between NFPA
and the committees of other organizations writing fire test standards. This Committee does not cover fire
tests that are used to evaluate extinguishing agents, devices, or systems.

@ 2012 Edition



CONTENTS 287-3

Contents
Chapter 1 Administration .................ccceuuuneeee. 287- 4 Chapter 6 Test Specimens .............ccc..uveeeeennnn.. 287-17
1.1 SCOPE cevviiiiiiiiie e ettt 287- 4 6.1  Specimen Holders ..............cccovvinnnnnn. 287-17
L2 PUIPOSE ..oviiiiiiiiiiic, 287- 4 6.2 Conditioning ..............ccccooveiiviririnnne 287-18
1.3 Symbols ceeuniiiiniiiiiiiiiec e 287- 5 6.3  Specimen Size and Preparation .............. 287-18
1.4 Units covvvviiiiiiiiiiiiiiine 287- 5 6.4  Mounting Methods ............cc..ccevvren... 9287-19
Chapter 2 - Referenced Publications ................... 287- 5 Chapter 7 Test Procedure ...........c....ccceeeunnennn. 287-20
2.1  General R R RN 287- 5 71 Procedure 1: Ignition Test «......ovorveen... 987-90
2.2 NFPA Pubh.catl.ons (Reserved) ..o.coovvenes 287- 5 7.2  Procedure 2: Combustion Test ............... 287-20
2.3 Other Publications .........ccccceeuvuininininnnns 287- 5 ) .
94  References for Extracts in Mandatory 7.3 Procedure 3: Flre Propagation Test ......... 287-21
SECHONS +vrvnerrneirneiieiieeiieeiieeineerneeinnns 287- 5 74 Safety Precautions .............coooooeeiinns 287-21
Chapter 3 Definitions ....................cc.coocveveen.. 287— 6 Chapter 8 Calculations ................cceevuuneeeennnnn.. 287-21
3.1 General .....oooooiiiiiiiiiii 287- 6 8.1  Critical Heat Flux (CHF) ...................... 287-21
3.2  NFPA Official Definitions .........eceveueenn... 287- 6 8.2 Thermal Response Parameter (TRP) ....... 28722
3.3 General Definitions ............c.oeeevenneennn.. 287- 6 8.3  Fire Propagation Index (FPI) ................ 287-22
8.4  Effective Heat of Combustion (EHC) ...... 287-22
Chapter 4 = Test Apparatus .............cocoooooveenes 287- 6 8.5 Smoke Calculations ...........cccveeeuneennnn. 287-22
41 General ......ooocoviiiiiiiiiiiiiiie 287- 6 86 Convective Heat Release Rate ... 987-93
42  Infrared Heating System ....................... 287- 6
4.3 Load Cell System ..o 287- 6 Chapter 9 RepOIt .....cccouvervniiiiiiiiineiiiineeinne. 28723
4.4  Ignition Pilot Flame ..........cccooeveeeinnnn... 287—- 6 9.1  General Test Description and Ignition
45 Ignition TImer ..o, 287- 6 TESL +eevvieeeeetie e ettt ettt 287-23
46 GasAnalysis System ..o 287- 6 9.2 Combustion TeSt ...c..oeeevureerineerinaennnnees 287-23
4.7 Combustion Air Distribution System ........ 287- 9 9.3 Fire Propagation Test ........ccceceeuuvernnnees 287-23
4.8  Water-Cooled Shield .........c.coeceuueennnnee. 287- 9
4.9  EXhaust SYSLem ......eeeevvuneeeernnneeeennnnnn 287-12 AnnexA  Explanatory Material ......................... 987-93
410 Test Section Instruments ...................... 287-13
4.11 Heat FIux Gauge .....cccevuveeeerrunneeennnnnnn. 287-14 Annex B Background Material ......................... 9287-94
4.12 Digital Data Collection ..............cceeunnn... 287-14
Annex C Background Information on Exhaust
Chapter 5 Calibration of Equipment ................. 287-14 System OPton 2 ..............coooveverveeen. 287-26
5.1  Radiant Flux Heater .............cc.coeeenneee. 287-14
5.2 GasAnalysis Equipment ....................... 287-14 Annex D Informational References ................... 287-28
5.3  Load Cell ..cceuneiiiniiiiiieiiiieeiieeeiieeeann, 287-17
5.4  Heat Release Calibration ...................... 287-17 e L PSR 287-29

y

2012 Edition @



2874 MEASUREMENT OF FLAMMABILITY OF MATERIALS IN CLEANROOMS USING A FIRE PROPAGATION APPARATUS

NFPA 287
Standard Test Methods for

Measurement of Flammability of Materials in
Cleanrooms Using a Fire Propagation
Apparatus (FPA)

2012 Edition

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.

Changes other than editorial are indicated by a vertical
rule beside the paragraph, table, or figure in which the
change occurred. These rules are included as an aid to the
user in identifying changes from the previous edition. Where
one or more complete paragraphs have been deleted, the de-
letion is indicated by a bullet (®) between the paragraphs that
remain.

Areference 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 D. Extracted text
may be edited for consistency and style and may include the
revision of internal paragraph references and other refer-
ences as appropriate. Requests for interpretations or revisions
of extracted text shall be sent to the technical committee re-
sponsible for the source document.

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

Chapter 1 Administration

1.1 Scope.

1.1.1 This standard shall determine and quantify the flamma-
bility characteristics of materials containing polymers that are
used in cleanroom applications.

1.1.1.1 The propensity of these materials to support fire propa-
gation, as well as other flammability characteristics, are quanti-
fied by means of a fire propagation apparatus.

1.1.1.2 Measurements obtained include time to ignition (f,,),
chemical ((th) , and convective (Q) heat release rates, mass

loss rates (), and smoke extinction coefficient (D).

1.1.2 This standard includes the following separate test meth-
ods:

(1) The ignition test, which shall be used for the determina-
tion of ¢,

(2) The combustion test, which shall be used for the determi-
nation of Q,,,., Q., m, and D

(8) The fire propagation test, which shall be used for the de-

termination of Q,,, from burning of a vertical specimen

\
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1.2 Purpose.

1.2.1* The test methods described herein evaluate the suitability
of materials and products containing polymers for use in clean-
rooms.

1.2.1.1 These test methods also provide the transient response
of such materials and products to prescribed heat fluxes in speci-
fied inert or oxidizing environments, for use in mathematical
modeling.

1.2.1.2 The fire propagation apparatus is also designed to
obtain laboratory measurements of generation rates of fire
products (CO,, CO, and, if desired, gaseous hydrocarbons).

1.2.2 Distinguishing features of the fire propagation appara-
tus include the following:

(1) Tungsten—quartz external (isolated) heaters to provide a
radiant flux of up to 65 kW/m? to the test specimen, this
flux remaining constant whether the surface regresses or
expands

(2) Provision for combustion or upward fire propagation in
prescribed flows of normal or either oxygen-enriched or
oxygen-vitiated air

(3) The capability of measuring heat release rates and exhaust
product flows generated during selfsustained, upward fire
propagation on a vertical test specimen 0.305 m high

(4) The capability for characterization of the smoke yield
from a specimen

1.2.3* The test methods are part of a quantitative methodol-
ogy for assessing the propensity of materials and products
used in cleanrooms to support upward fire propagation and to
generate effluent, such as smoke.

1.2.3.1 This methodology consists of the correlation of flamma-
bility indices resulting from the test methods with corresponding
characteristics measured during real-scale fire propagation ex-
periments.

1.2.3.2 Indices resulting from the test methods include critical
heat flux (CHF), thermal response parameter (TRP), fire propa-
gation index (FPI), effective heat of combustion (EHC), and
smoke yield (y,).

1.2.3.3 The TRP and CHF indices are obtained from the ig-
nition test, the EHC and y, indices are obtained from the com-
bustion test, and the FPI is derived from a fire propagation test
in air containing 40 percent oxygen.

1.2.4 This standard is composed of three separate test meth-
ods that shall be used in conjunction with a fire propagation
apparatus as follows:

(1) The ignition and combustion test methods shall involve
the use of horizontal specimens, in normal air, subjected
to a controlled external radiant heat flux that shall be set
from 0 up to 65 kW/m?.

(2) The ignition test method shall be conducted under ambi-
ent conditions, whereas the combustion and fire propaga-
tion test methods shall be conducted with a prescribed
airflow within a quartz pipe.

(3) The fire propagation test method shall involve the use of
vertical specimens, in air having a 40 percent (by volume)
oxygen concentration, subjected to ignition near the base
of the specimen from an external radiant heat flux of
50 kW/m? and a pilot flame.
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1.2.4.1* The ignition test method shall be used to determine
the TRP and CHF of horizontal specimens.

1.2.4.1.1 The TRP shall be determined from changes in the
time required for sustained ignition by a pilot flame as a func-
tion of the magnitude of a constant, externally applied radiant
heat flux.

1.2.4.1.2 The CHF shall be determined from the magnitude
of externally applied radiant heat flux below which there is no
sustained ignition.

1.2.4.1.3 Measurements also shall be made of the time to
initial fuel vaporization.

1.2.4.1.4 The surface of the specimens shall be coated with a
thin layer of black paint.

1.2.4.2 The combustion test method shall be used to deter-
mine the EHC and y,, as well as the chemical and convective
heat release rates when the horizontal test specimen is ex-
posed to an external radiant heat flux of 50 kW/m? in the
apparatus.

1.2.4.3* The fire propagation test method shall be used to
determine the FPI of vertical specimens. A 40 percent oxygen
concentration in the inflow shall be used to simulate the radi-
ant heat flux from real-scale flames.

1.2.5 The fire propagation test of vertical specimens shall not
be used for materials that melt and form a liquid pool while
burning.

1.2.6 This standard does not purport to address all safety
problems associated with its use. It shall be the responsibility
of the user of this standard to establish appropriate safety and
health practices.

1.3 Symbols. The following symbols are used in this document.

A, = crosssectional area of test section duct (m?)
CHF = critical heat flux (kW/m?)
¢, = specific heat of air at constant pressure
(k] /kg K)
D = extinction coefficient obtained from test
sectilon duct laser smoke measuring system
(m™)

EHC = effective heat of combustion (kJ/kg)

FPI = fire propagation index (m”?/kW? %sec'/?)
Gy, = Mmass flow rate of CO in test section duct
(kg/sec)
G'CO() = mass flow rate of CO, in test section duct
) (kg/sec)
I/, = ratio of light intensity measured by laser

smoke measuring system to the average
value before ignition (-)
K = flow coefficient of averaging pitot tube [duct
gas velocity/ (2Ap,,/p) /%] (=)
= light beam path length for laser smoke
measuring system in test section duct (m)
M, = ultimate change in specimen mass resulting
from a combustion test (kg)
= mass loss rate of specimen resulting from

" combustion (kg/sec)
h, = mMass flow rate of gases in the test section
' duct (kg/sec)
P, = atmospheric pressure (Pa)

b, = pressure differential across averaging pitot
. tube in test section duct (Pa)
Q[hqm = chemical heat release rate (kW)
Q. = convective heat release rate (kW)
T, = average gas temperature in test section duct
before ignition (K)
T, = gastemperature in test section duct (K)
TRP = thermal response parameter
(kW - sec'/?/m?)
t = time (sec)
At = time between data scans (sec)
¥ = total volumetric flow rate in test section duct
(m?/sec)
W = horizontal width of a flat specimen

or the circumference of a cable specimen
(m)

Xco, = measured carbon dioxide analyzer
reading or mole fraction of carbon dioxide

-)

Xco = measured carbon monoxide analyzer
reading or mole fraction of CO (-)
y, = mass of smoke particulates generated per
unit mass of fuel vaporized (-)
Superscripts
- = per unit time (sec™)
0 = average value before ignition of the
specimen
Subscripts
d = testsection duct

1.4 Units. The values stated in SI units shall be regarded as
the standard.

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

ASTM E 1354, Standard Test Method for Heat and Visible Smoke
Release Rates for Materials and Products Using an Oxygen Consump-
tion Calorimeter, 2010.

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

Newman, J. S., and J. Steciak, “Characterization of Particulates
from Diffusion Flames.” Combustion and Flame, 67: 55, 1987.

2.4 References for Extracts in Mandatory Sections.

NFPA 271, Standard Method of Test for Heat and Visible Smoke
Release Rates for Materials and Products Using an Oxygen Consump-
tion Calorimeter; 2009 edition.

NFPA 318, Standard for the Protection of Semiconductor Fabrica-
tion Facilities, 2012 edition.

(3]
2012 Edition Neer



287-6 MEASUREMENT OF FLAMMABILITY OF MATERIALS IN CLEANROOMS USING A FIRE PROPAGATION APPARATUS

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 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 Cleanroom. A room in which the concentration of air-
borne particles is controlled to specified limits, including ar-
eas below the raised floor and above the ceiling grid if these
areas are part of the air path and within the rated construc-
tion. [318, 2012]

3.3.2 Critical Heat Flux (CHF). The minimum heat flux at or
below which there is no ignition.

3.3.3 Effective Heat of Combustion (EHC). The measured
heat release divided by the mass loss for a specified time period.
[271, 2009]

3.3.4 Fire Propagation Index (FPI). The propensity of a mate-
rial to support fire propagation beyond the ignition zone in
terms of the chemical heat release rate during upward fire propa-
gation and TRP.

3.3.5 Smoke Yield (y,). The mass of smoke particulates gener-
ated per unit mass of fuel vaporized.

3.3.6 Thermal Response Parameter (TRP). A material charac-
teristic that gives resistance to ignition upon exposure to a
prescribed heat flux.

Chapter 4 Test Apparatus

4.1 General.
4.1.1 Dimensions.

4.1.1.1 When dimensions are stated in the text or in figures,
they shall be considered mandatory and shall be followed
within a tolerance of 0.5 percent.

4.1.1.2 In addition to this tolerance, cylindrical components
meant to fit together shall have a total clearance between the
two components of 0.1 percent of the clearance diameter,
0.025 mm.

4.1.2 The apparatus shall consist of the following components,
shown in Figure 4.1.2: an infrared heating system, a load cell
system, an ignition pilot flame and timer, a product gas analysis
system, a combustion air distribution system, a water-cooled
shield, an exhaust system, test section instruments, calibration
instruments, and a digital data acquisition system.

\
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4.2 Infrared Heating System.

4.2.1* Each of four 241 mm long infrared heaters shall contain
six tungsten-filament tubular quartz lamps in a compact reflector
body that, for a 120-volt input, shall produce 190 kW/m? of radi-
ant flux in front of the quartz window that covers the lamps.

4.2.1.1 The emitter of each lamp shall be a 127 mm long tung-
sten filament in an argon atmosphere enclosed in a 9.5 mm
outer-diameter clear quartz tube.

4.2.1.2 The emitter shall operate at a minimum of 2475 K for
a 120-volt input, to produce a spectral energy peak at 1.15 mi-
crons.

4.2.2 Power Controller.

4.2.2.1 The power controller shall maintain the output volt-
age required by the heater array despite variations in the line
voltage and load impedance, through the use of phase angle
power control to match the hot/cold resistance characteristics
of the tungsten-quartz lamps.

4.2.2.2 The controller also shall incorporate average voltage
feedback to linearize the relationship between the voltage set
by the operator and the output voltage to the lamps.

4.3 Load Cell System.

4.3.1 The load cell system, shown in Figure 4.3.1(a) and Fig-
ure 4.3.1(b), shall consist of a load cell, which shall have an accu-
racy of 0.1 g and a measuring range of 0 g to 1000 g; a 6.35 mm
diameter stainless steel shaft at least 330 mm long resting on the
load cell support point; a 100 mm diameter, 1.5 mm thick alumi-
num load platform connected to the upper end of the stainless
steel shaft by a collar; and two low-friction, ball-bushing bearings
that guide the shaft as it passes through the top and bottom,
respectively, of the air distribution chamber.

4.3.2* The stainless steel shaft shall incorporate, at the lower
end, a threaded adjustment rod.

4.4 Ignition Pilot Flame. The ignition pilot shall consist of an
ethylene-air (60-40 by volume) flame adjusted for a 10 mm
length and anchored at the horizontal end of a 50 mm long,
6.35 mm outer diameter (O.D.), 4.70 mm inner diameter (I.D.),
stainless steel tube.

4.4.1 The horizontal section of the tube shall contain a four-
hole ceramic insert to produce a stable flame and prevent flash-
back.

4.4.2 The pilot flame tube shall be able to be rotated and el-
evated to position the horizontal flame at specified locations near
the specimen, as shown in Figure 4.3.1(a) and Figure 4.3.1(b).

4.5 Ignition Timer. The ignition timer for measuring time to
sustained flaming shall be capable of recording elapsed time to
the nearest tenth of 1 second and have an accuracy of better than
1 second in 1 hour.

4.6 Gas Analysis System.

4.6.1 The gas-sampling arrangement, as shown in Fig-
ure 4.6.1, shall consist of a sampling probe in the test sec-
tion duct, a plastic filter with a pore size of 5 microns to
6 microns to prevent entry of soot, a condenser operating at
temperatures in the range of 5°C to 0°C to remove liquids, a
tube containing an indicating desiccant 10-20 mesh in size
to remove moisture, a cartridge filter, a sampling pump that
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Bare stainless steel duct r\c Blast gate and linear
to blower and roof \ actuator control
——
152 mm diameter coated stainless
steel exhaust duct \ 279 mm
152 mm diameter coated stainless
steel test section
153 mm
3 ports — 120° apart: i o
one port averaging pitot tube for
mass flow rate measurement, two / 152 mm
ports plugged d
. 76 mm
2 ports — 180° apart, for 76 mm
smoke turbidimeter
3 ports — 120° apart:
one port thermocouple probe, 1.91m
one port product sampling probe,
one port plugged
152 mm diameter coated ﬁ‘ 914 mm
stainless steel mixing duct
Gas mixing
89 mm diameter orifice i
152 mm—610 mm diameter coated o N
stainless steel intake funnel 260 mm 3.4
172 mm diameter quartz extension pipe
Stainless steel connector 40 mm >
172 mm diameter quartz pipe 299 mm
Four infrared heaters,
each with 152 mm—203 mm 500 W lamps 701 mm
241 mm x 81 mm x 81 mm
3 mm aluminum plate 165 mm x 292 mm 264 mm 17
mm
6 mm aluminum mounting plate . . o
464 mmx 51T mm——————_ /L|| Im 78 mm
6 mm adjustable steel angle bracket /ﬁ ’e 73 mm
100 mm diameter aluminum load platform ] <
186 mm diameter aluminum cylinder ——— 11 191 mm rﬁ%
225 mm diameter water-cooled |
shield wnh pneumatic Plston o g M — 60 mm —
216 mm diameter aluminum air distribution box-| O] L 1 -
= v“:I Inletair 55 T 790 mm
6 mm diameter stainless steel pilot tube ——— [_—"| supply
6 mm diameter stainless steel shaft —— | 1
Load cell ™
=4 70
Z ,/ 296 mm | MM
Steel frame members

FIGURE 4.1.2 Main View of Apparatus.
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13 mm thick calcium silicate
board 102 mm x 102 mm

High temperature heater
(typ 4 places)

3 mm plate
(typ 4 places)

50 mm x 50 mm

x 4.5 mm
angle (alum) /
See
water-cooled
shield for

connection points.

Attaching--/
bracket

I

Load cell

Pneumatic cylinder
for cooling shield

P

FIGURE 4.3.1(a) Exploded View of Specimen Mounting.

172 mm diameter quartz extension pipe
Stainless steel connector
172 mm diameter quartz pipe
each with 152 mm-203 mm 500 W lamps
241 mm x 81 mm x 81 mm

Four infrared heaters,

3 mm aluminum plate 165 mm x 292 mm

6 mm aluminum mounting plate
464 mm x 51 mm

6 mm adjustable steel angle bracket

100 mm diameter aluminum load platform — 4
186 mm diameter aluminum cylinder —_|

225 mm diameter water-cooled |
shield with pneumatic piston

216 mm diameter aluminum air —
distribution chamber
10 mm aluminum plate —— |
6 mm diameter stainless steel pilot tube —
6 mm diameter stainless steel shaft ————

1 kg load cell 7

10 mm aluminum plate —Z

3 mm “U” channel steel frame members

m plate

Steel “U”
.« channel

Specimen holder

102 mm x 102 mm,
or 99 mm diameter

P

N

transports the flow through the sampling line, and a system
flowmeter and manifolds to direct the flow to individual
CO, CO,, Oy, and hydrocarbon gas analyzers.

4.6.1.1 The sampling probe, made of 6.35 mm (0.25 in.)
O.D. stainless steel tubing inserted through a test section port,
shall be positioned so that the open end of the tube is at the
center of the test section.

4.6.1.2 The sampling probe shall be connected to a tee fitting
that allows either sample or calibration gas to flow to the ana-
lyzer and the excess to waste.

4.6.2 The carbon dioxide analyzer shall permit measure-
ments from 0 ppm to 15,000 ppm, and the carbon monoxide
analyzer shall permit measurements from 0 ppm to 500 ppm
concentration levels.

4.6.2.1 Drift shall be not more than +1 percent of full scale
over a 24-hour period.

4.6.2.2 Precision shall be 1 percent of full scale, and the
10 percent to 90 percent of full-scale response time shall be
1 second or less.

4.6.3 The inlet-air oxygen analyzer shall have a 10 percent to
90 percent of full-scale response time of 1 second or less, an ac-
curacy of 1 percent of full scale, a drift of not more than +50 ppm
O, over one-half hour, and a range of 0 percent to 50 percent.

4.6.4 An additional oxygen analyzer shall be permitted to
measure the depletion of oxygen in the combustion products.

4.6.4.1 This analyzer shall have the same specifications as the
inlet-air analyzer but shall have a concentration range of
19 percent to 21 percent.

229 mm

661 mm

264 mm
17 mm

78 mm

1451 mm
73 mm

34

191 mm mm

T
N

>~

60

Inlet air supply

139 mm

N

70

\”iiw

\

41 mm x 41 mm

mm

296 mm

790 mm

FIGURE 4.3.1(b) Main View of Specimen Mounting.
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open to room. _¢ pass { exhaust room
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Optional Sample Ref
0.8 Limi total hydrocarbons out out
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Sample Inlet oxygen analyzer Carbon monoxide
system |_| |_| analyzer
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. Control and_ testing) ref nitrogen calibration Reference flowmeter 0.8 L/min
— switch direct from bottle @ gas 0.8 L/min
138 kPa gauge through manifold
to individual ref flowmeters  \ormally Pump To To
closed Optional |—> exhaust room
Exhaust<— combustion N l * f
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® out out
Opento .| (X) Carbon monoxide
room Reference |®| |®| analyzer
Reference air pump manifold X
for combustion oxygen < ~ Sample flowmeter
Reference 0.8 L/min
manifold
>[ Sample
manifold

FIGURE 4.6.1 Flow Diagram of Gas-Sampling System.

4.6.4.2 A hydrocarbon gas analyzer shall be permitted to de-
termine the total gaseous hydrocarbon concentration in the
combustion products.

4.6.4.3 This analyzer shall employ the flame ionization method
of detection, have a 10 percent to 90 percent of full-scale re-
sponse time of 1 second or less, and have multiple ranges to per-
mit measurements from a full scale of 10 ppm methane equiva-
lent to 10,000 ppm.

4.7 Combustion Air Distribution System.

4.7.1* The aluminum air distribution chamber, shown in Fig-
ure 4.7.1, shall contain eight discharge tubes arranged in a
circle of 165 mm 1.D.

4.7.1.1 Each tube shall be aluminum and built to distribute
inlet gases to three sets of screens, consisting of stainless steel
woven wire cloth of 10, 20, and 30 mesh from bottom to top,
respectively, for producing a uniform airflow.

4.7.2 The air supply pipes, shown in Figure 4.7.2, shall consist
of an aluminum cylinder extending from the air distribution
chamber up to the load platform.

4.7.2.1 This cylinder shall contain a step to support a quartz
pipe.
4.7.2.2 Above the load platform elevation, the quartz pipe shall
supply oxidant to the specimen flame while allowing radiant en-
ergy from the infrared heating system to reach the specimen sur-
face.

4.7.2.3 The aluminum support cylinder shall be rigidly at-
tached to the distribution chamber, with the quartz pipe re-
movable.

4.8 Water-Cooled Shield. The water-cooled shield, shown in
Figure 4.8, shall prevent the specimen from being exposed to
the infrared heaters during the 1-minute heater stabilization
period.

4.8.1 The shield shall consist of two aluminum cylinders
welded together with an inlet and outlet for water circulation.

4.8.2 An electrically actuated pneumatic piston shall raise the
shield to cover the specimen during test preparation and shall
lower the shield within 1 second to expose the specimen at the
start of a test.
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(3) 19 mm x 3 mm flat bar

Typ 8 places

Discharge tube
(typ 8 places)

13 mm tubing

aluminum \r_ 25 mm _)‘

P

Square groove
weld around joint

S

16 mm O.D.

DETAIL OF DISCHARGE TUBES

33 mm threaded
socket aluminum

32 mm pipe
/tube copper \

____@____

Forced ventilation
inlet air

___75__

22.5°

45°
(typ 8 places)

6 mm tube stainless steel

Top and 2 sides
(typ 6 places)

216 M O.D. ——— > |

Sampling port to
measure oxygen

«<—— 168 mm diam. center-bored —>
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165 mm I.D. —»I

T

32 mm x 32 mm x 13 mm
threaded tee brass

/—6 mm tubing copper

T
S 20mm|_ __\ ) \____]
1l

13 mm tubing
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32 mm threaded pipe
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|
. B
T 171;nm 13 mm I.D. . )‘ L !
3 mm 19 mm O.D. —> 22 mm thick

VIEW SHOWING DISCHARGE TUBES

Install 1 retaining ring
/_ (typ 2 places).

Screens

Fillet weld
completely around

joint

Square groove weld I
all around joint : S —— L _é:
both sides : r_r==I1:====l|f|'I'|1:====F= |
| I
!

D .

A VAl

19 mm x 3 mm flat bar
aluminum (typ 3 places)

PARTIAL VIEW SHOWING FLAT BARS

FIGURE 4.7.1 Air Distribution Chamber.
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Q\ Install 2 low-friction, ball-bushing

bearings, 1 in top of chamber, 1 in bottom.
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EXPLODED VIEW OF QUARTZ PIPE ASSEMBLY

FIGURE 4.7.2 Quartz Pipe Assembly.
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|
Shaft clamp

Low-friction pillow
block-bearing bolt
to 50 mm x 50 mm
x 4.5 mm angle
(typ 2 places)

13 mm
Cooling water

JF———————q-——————— =
outlet —
Fillet weld
around joint

(typ 2 places)

229 mm
13 mm threaded

socket
(typ 2 places)

Cooling water ¥ F,

inlet e T e —— a4 v
13 mm

Note: This view rotated 45° for clarity.
DETAIL OF WELDED ALUMINUM SHIELD

FIGURE 4.8 Water-Cooled Shield.

4.9 Exhaust System. An exhaust system shall be provided in
accordance with 4.9.1 or 4.9.2.

4.9.1 Option 1.

4.9.1.1 The exhaust system shall consist of the following main
components: an intake funnel, as shown in Figure 4.9.1.1(a)
and Figure 4.9.1.1(b); a mixing duct, as shown in Fig-
ure 4.9.1.1(c) and Figure 4.9.1.1(d); a test section, as shown in
Figure 4.9.1.1(e); an exhaust duct, as shown in Figure 4.1.2;
and a high-temperature blower to draw gases through the in-
take funnel, mixing duct, test section, and exhaust duct at flow
rates from 0.1 m®/sec to 0.3 m®/sec.

4.9.1.2 The intake funnel, mixing duct, test section, and
exhaust duct shall be coated internally with a fluorinated
polyethylene-polypropylene (FEP) resin enamel and finish
layers over a compatible primer, to form a three-layer coat-
ing that can withstand temperatures of at least 200°C.

4.9.2% Option 2.

4.9.2.1 The design for the alternative exhaust system shall be
as shown in Figure 4.9.2.1.

4.9.2.2 The alternative exhaust system shall have the same
type components as those specified in 4.9.1.1 except that the
blower shall have a flow capability of 0.1 m®/sec to 0.2 m®/sec,
and the mixing orifice shall be 1.6 mm thick and 91.5 mm in
diameter instead of that shown in Figure 4.9.1.1(c).

\
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12.7 mm diameter
pipe and fittings, copper
(typ 2 places)

(typ 2 places)

This clamp will connect
to pneumatic cylinder
via an attaching bracket.

,\ = Soldered
12.7 mm .diameter connection

Air distribution chamber internal plates.
Discharge tubes and inlet line omitted for clarity.

shaft, stainless steel

Aluminum
cylinder

Water-cooled
shield

Note: Assembly is mechanically
fastened except as noted.

4.9.2.3 The alternative exhaust system shall be operated at a
flow rate of 0.15 + 0.015 m®/sec.

For funnel flange,

° Square groove weld
see detail. q 9

around joint

0.508 mm

steel sheet
stock \

260 mm

AN 610 mm

Tack fillet weld
completely around joint.

Notes:
(1) Inside of funnel is to be coated with FEP after welding.
(2) Coat thickness is 0.5 mm.

FIGURE 4.9.1.1(a) Intake Funnel.
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See detail
D1. [«——— 182.626 O.D. ——>
3.251 89.027 I.D. )/
\ 88.773 |
— 20°
S e | RO T
158.75 O.D. \
3.175R

See detail

1.524 M
45°
D2.

Knife edge. Do not chamfer,
deburr, or radius this edge.

Note: All dimensions are mm unless noted.

32 microinch
finish; 3 sides
of groove

)\r\i

12.565—2.718

5 12.7

X

3.988-4.140 0.889

0.127 R
DETAIL D2
taper-bore

DETAIL D1
o-ring groove

Note: Material 303/304 is
stainless steel.

FIGURE 4.9.1.1(b) Funnel Flange.

4.10 Test Section Instruments.
4.10.1 Thermocouple Probe.

4.10.1.1 The thermocouple probe shall be inserted through
a test section port and positioned so that the exposed, type K
measurement bead is at the center of the test section, at the
axial position of the gas-sampling port.

4.10.1.2 The thermocouple probe shall be fabricated of wire
no larger than 0.254 mm in diameter for measurement of gas
temperature, with a time response in the specified exhaust
flow of no more than 1 second and an accuracy of 1°C.

4.10.2* Averaging Pitot Probe and Pressure Transducer. The
averaging pitot probe shall be inserted through a test section
port 220 mm to 230 mm downstream of the thermocouple

Square groove
weld to be flush
with face of flange,
all around joint

152 For duct flanges,
f—— 0.D.— /see detail.
&

1.575 wall

/ seamless tubing

914 /—\<>

2P/ A
Notes:
(1) All dimensions are mm unless noted

(2) Flanges to be square with tube

(3) Inside of duct to be coated with FEP after welding
(4) Material 304 stainless steel

FIGURE 4.9.1.1(c) Mixing Duct.

port and shall measure the mass flow rate of the gas stream by
using at least four sets of flow-sensing openings.

4.10.2.1 One set of openings shall face upstream, and the sec-
ond set shall face downstream and be designed for compatibility
with the test section diameter.

4.10.2.2 The differential pressure generated by the probe
shall be measured with an electronic pressure transducer
(electronic manometer).

4.10.3* Smoke-Measuring Unit.

4.10.3.1 A laser smoke-measuring system, as shown in Fig-
ure 4.10.3.1, shall be used to measure the smoke extinction coef-
ficient; Figure 4.10.3.1 identifies the laser smoke-measuring sys-
tem and illustrates a cross-section of the test section duct with an
optical path length of 0.152 m.

4.10.3.2 The smoke-measuring system shall be installed in the
test section duct 230 mm downstream of the gas-sampling port.

4.10.3.3 The smoke-measuring system shall contain the fol-
lowing:

(1) A0.5 mW nominal power helium—-neon laser that emits light
energy at the red wavelength of 0.6328 pm

(2) Two photodiodes as main and compensating detectors

(3) Associated electronics including amplifier and power supply

4.10.3.4 The laser smoke-measuring system shall be fitted to a
rigid cradle that serves as an optical bench.

(3]
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k/

See deta||

3.251
_l
] ”"’é
15.875—T 3.048—>| L—152.527 I.D. —»I 175R

+0.127
-0.00

182.626 O.D.
158.75

Top of groove

1]

32 microinch
finish; 3 sides
of groove

¥

t 2.565-2.718

5o

N

4

—>| |« 3.988-4.140
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DETAIL F1
o-ring groove

Notes:

(1) All dimensions are mm unless noted.

(2) Material 304 is stainless steel.

(3) Amatching pair consists of 1 flange
with o-ring groove and 1 flange without.

FIGURE 4.9.1.1(d) Duct Flanges.

4.10.3.5 The laser system shall be aligned so that the light falls
on the photodetector system, which has two signal outputs typi-
cally in the range of 0 volts to 2 volts.

4.11 Heat Flux Gauge. The infrared heating system shall be
calibrated by using a Gardon-type total heat flux gauge having
anominal range of 0 kW/m? to 100 kW/m? and a flat, 6 mm to
8 mm diameter sensing surface coated with a durable, flat-
black finish.

4.11.1 The body of the gauge shall be cooled by water above
the dew point of the gauge environment.

4.11.2 The gauge shall be rugged and maintain an accuracy
of +3 percent and a repeatability within 0.5 percent between
calibrations.

\
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4.11.3 Whenever the infrared heaters are calibrated, the cali-
bration of the heat flux gauge shall be checked through the
use of a black-body oven-calibration facility that compares the
gauge response to that of an optical pyrometer with a NIST-
traceable calibration, or through the use of a facility that com-
pares the gauge output to that of a reference standard.

4.12 Digital Data Collection. The digital data collection system
shall be capable of recording the output from the CO, CO,, hy-
drocarbon gas, O, combustion, and O, inlet air analyzers, the
load cell, the test section instruments, and the electronic pres-
sure transducer at 1-second intervals.

4.12.1 The data for gas concentrations shall be time-shifted
to account for delays within the gas-sampling lines and respec-
tive instrument response times.

4.12.2 The data collection system shall have an accuracy corre-
sponding to at least +1°C for temperature measurement and
+0.01 percent of fullscale instrument output for all other channels.

4.12.3 The system shall be capable of recording data for at
least 1 hour at 1-second intervals.

Chapter 5 Calibration of Equipment

5.1 Radiant Flux Heater.

5.1.1 Infrared heaters shall be calibrated at the start of the
test day.

5.1.1.1 The quartz windows, lamps, and back reflective sur-
faces of the heaters shall be cleaned of any impurity buildup
or scratches.

5.1.1.2 The sensing surface of the heat flux gauge shall be
positioned to be horizontal, at a location equivalent to the
center of the top surface of a horizontal specimen.

5.1.1.3 Calibrations shall be performed, both with and with-
out the quartz pipe in position, by recording infrared heater
voltage settings and corresponding heat flux gauge outputs
that cover the entire range of flux levels for planned tests.

5.1.2 At least annually, the position of the infrared heaters
shall be checked by setting the heater voltage at 90 percent of
the maximum value, positioning the heat flux gauge sensing
surface to be horizontal, and measuring the heat flux at each
of five locations, corresponding to each corner and the center
of'a square, horizontal specimen, at an elevation equivalent to
that of the specimen top surface.

5.1.2.1 The position of each infrared heater shall be adjusted
symmetrically, and the heat flux measurements repeated until
there is at most a 5 percent mean deviation of the five readings
from the average value.

5.1.2.2 Then, the heat flux gauge shall be positioned, with
the sensing surface horizontal, to locations equivalent to the
vertical axis at the center of a square, horizontal specimen,
and the heat flux measured at elevations of 10 mm and 20 mm
above and below that equivalent to the specimen top surface.

5.1.2.3 The heat flux at these four elevations shall be checked
to ensure thatitis within 5 percent of the value at the elevation
of the specimen top surface.

5.2 Gas Analysis Equipment.

5.2.1 The gas analysis equipment shall be calibrated before
the first combustion or fire propagation test of the day.
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FIGURE 4.9.1.1(e) Test Section.
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FIGURE 4.9.2.1 FPA with Horizontal Exhaust Configuration.
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FIGURE 4.10.3.1 Laser Smoke-Measuring Unit.
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5.2.2 Carbon dioxide and carbon monoxide analyzers shall be
calibrated for measurement of the combustion gases by establish-
ing a downscale/zero calibration point and an upscale/span cali-
bration point.

5.2.2.1 The upscale calibration shall be performed with a “span
gas” at the upper end of the range that will be used during actual
sample analysis and with a “zero gas” for the downscale calibra-
tion point at the lower end of the analyzer range.

5.2.2.2 Nitrogen shall be used as the “zero gas” reference
source by turning on a cylinder of Grade 5 nitrogen.

5.2.3 The oxygen analyzer for the measurement of inlet oxy-
gen concentration and the optional oxygen analyzer for the
measurement of combustion gases shall be calibrated by estab-
lishing a downscale/zero calibration point and an upscale/
span calibration point.

5.2.3.1 The upscale calibration shall be performed with a “span
gas” at the upper end of the range that will be used during actual
sample analysis and with a “zero gas” for the downscale calibra-
tion point at the lower end of the analyzer range.

5.2.3.2 Grade 5 nitrogen shall be used as the “zero gas” refer-
ence source.

5.2.3.3 The optional combustion gas oxygen analyzer shall be
checked to ensure that the span (upper range) setting does not
change by more than 0.1 percent after the first zero gas (down-
scale) setting is performed.

5.2.3.4 If the setting does change by more than this amount,
then the calibration procedure shall be repeated.

5.2.4 Optional Hydrocarbon Gas Analyzer.

5.2.4.1 The optional hydrocarbon gas analyzer shall be cali-
brated at the downscale point by using Grade 5 nitrogen as the
“zero gas.”

5.2.4.2 Methane at a concentration that matches the operat-
ing range of the analyzer shall be used as the “span gas” for the
upscale calibration.

5.3 Load Cell. The load cell shall be calibrated each time it is
used.

5.3.1 The output voltage shall be set to zero by adjusting the
tare, with the appropriate empty specimen holder in position.

5.3.2 A NIST-traceable weight corresponding to the weight of
the specimen to be tested shall then be placed on the empty
holder, and the output voltage shall be measured.

5.3.3 Linearity shall be checked by repeating this procedure
with three other NIST-traceable weights so as to cover the en-
tire specimen weight range.

5.4 Heat Release Calibration.
5.4.1 Measurement Process.

5.4.1.1 The heat release rate measurement process shall be
calibrated at least monthly to ensure the proper functioning
of the fire propagation apparatus.

5.4.1.2* The measured effective heat of combustion of acetone
shall be checked to ensure that it is within 5 percent of the refer-
ence value of 27,900 kJ/kg and that the measured total delay (or
lag) time of the gas analyzers is less than 15 seconds.

5.4.2 The infrared heaters or the pilot shall not be used.

5.4.3 All other required calibration procedures described in
Section 5.4 shall be performed.

5.4.4 Inlet airflow shall be checked to ensure that it is set at
200 + 20 L/ min.

5.4.5 The data acquisition program shall be started.

5.4.6 Acetone in the amount of 100 mL shall be placed in a
97 mm diameter heatresistant glass specimen dish on the load
cell.

5.4.7 The acetone shall be ignited using a match 30 seconds
after the start of data acquisition.

5.4.8 Data acquisition shall be ended 2 minutes after the end
of visible flaming.

5.4.9 The effective heat of combustion shall be determined
in accordance with the calculation procedure in Section 8.4.

5.4.10 The delay time for the gas analyzers shall be deter-
mined by computing the difference between the time when
the test section duct gas temperature reaches 50 percent of its
steady-state value and the time when the reading of each ana-
lyzer reaches 50 percent of its steady-state value.

Chapter 6 Test Specimens

6.1 Specimen Holders. Four types of specimen holders shall
be permitted: horizontal square; horizontal circular, as shown
in Figure 6.1 (a); vertical, as shown in Figure 6.1(b); and verti-
cal cable, as shown in Figure 6.1(c).

6.1.1 The horizontal square holder shall consist of two layers
of “2 mil” (0.05 mm thickness) aluminum foil molded to the
sides and bottom of a square specimen.

Wrap holder with
24-gauge wire
2 places 90° apart.

| )

l

| | : 25

A S R — —_

/ \Stamped
2R Igg aluminum holder

102
O.D.

Notes:

(1) All dimensions are mm unless noted.

(2) This holder is used to hold charring
and melting materials as well as liquid
and powdered specimens.

FIGURE 6.1(a) Horizontal Circular Specimen Holder.

(3]
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|<— 133 —>|
I
- | | |
| | |
| | |
I .
| | | 3 mm diameter stainless
| | | / steel wire ladder frame
Y __ ! 1 A secured to all the rods
! I I with 24-gauge wire
£l
[
| | |
vy ___ | | |
[ [ [
| | |
[
130 | | |
|
| | |
~v__ U | |
| | |
| | |
65 | |
l o o I'H'I o b
V i i
A3 \ A3
10 drill 10 mm diameter hex nut
(typ 3 places) (typ 6 places)

10 mm diameter
all-thread rod
(typ 3 places)

Steel plate
76 mm x 150 mm x 5 mm thick Grind corner to clear aluminum

stand (typ 4 places).

P q} S 1 drill (typ 10 places)

| | | to provide airflow

|<—1 02—>|

Holes for airflow not shown
in main view for clarity

SECTION A3-A3

Notes:
(1) All dimensions are mm unless noted.
(2) Flat specimen is secured to the ladder frame using 24-gauge wire.

FIGURE 6.1(b) Vertical Specimen Holder.

\
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6.1.2 The horizontal circular holder shall be a 99 mm diam-
eter aluminum dish.

6.1.3 The vertical specimen holder shall be a 485 mm high
% 133 mm wide ladder rack.

6.1.4 The vertical cable holder shall be 825 mm high, for
supporting a cable specimen 810 mm long and up to 51 mm in
diameter.

6.2 Conditioning. Specimens shall be conditioned, before sur-
face preparation or testing, to moisture equilibrium ata tempera-
ture of 23°C = 3°C and a relative humidity of 50 percent + 5 per-
cent for 24 hours.

6.3 Specimen Size and Preparation.

6.3.1% Ignition and Combustion Tests of Horizontal Speci-
mens. Specimens for the horizontal square holder shall be cut
from planar materials or products to be 101.6 mm x 101.6 mm
in area.

6.3.1.1 Square specimens shall have a thickness of no less
than 3 mm and no more than 25.4 mm.

6.3.1.2 For materials and products having a thickness greater
than 25.4 mm, the unexposed surface shall be cut to reduce
the thickness to 25.4 mm.

6.3.1.3 When the ignition test is paired with a fire propagation
test, the specimen thickness shall be identical in both tests.

6.3.1.4 Square specimens shall be used with the horizontal
square holder.

6.3.1.5 Granular specimens shall be used with the horizontal
circular holder by filling the aluminum dish.

6.3.1.6 Cable specimens shall be used with the horizontal circu-
lar holder by cutting them to cover the center and at least 20 mm
on each side of the center of the aluminum dish.

6.3.1.7 The exposed top surface of square, granular, and
cable specimens shall be sprayed with a single coat of flat black
paint that is designed to withstand temperatures up to 540°C +
10°C.

6.3.1.8 The paint coating shall be cured by conditioning the
specimen at a temperature of 23°C + 3°C and a relative humid-
ity of 50 percent + 5 percent for 48 hours.

6.3.1.9 Before testing, the holder containing the specimen
shall be placed on a 13 mm thick calcium silicate board having
a density of 700 kg/m® to 750 kg/m?, a thermal conductivity of
0.11 W/mK to 0.13 W/mkK, and the same dimensions as the
holder, as shown in Figure 6.1(a).

6.3.2 Fire Propagation Test of Vertical Specimens. Vertical
specimens shall be cut from planar materials or products to be
101.6 mm in width and 305 mm in height.

6.3.2.1 Vertical specimens shall have a thickness of no less
than 3 mm and no more than 13 mm.

6.3.2.2 For materials and products having a thickness greater
than 13 mm, the unexposed surface shall be cut to reduce the
thickness to 13 mm.

6.3.2.3 When the fire propagation test is paired with an ignition
test, the specimen thickness shall be identical in both tests.
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Flare bevel groove weld

1
|
| around joint with a
T I\ 5 mm width of bead
67 Typ 2
R . \!\ R N mm places
| ] 13 mm diameter round
| steel stock
|
|
268 | Snip 22 mm x 45°
| (typ 4 corners).
| Fillet weld around joint
| 3 mm with 3 mm width of bead.
| Install Drill 10 D hole in
A o | N 8 mm diameter x 50 mm long bolt tube before welding
| (typ 3 places). hex nut to tube
| (typ 3 places).
Note: Bolts not shown
| for clarity 30°
|
200
! 8 mm hex nut
(typ 3 places)
| SECTION A2-A2
| 3 mm hole for
| /_ wire used to
) secure cable
* i * (typ 6 places)
75
i Fillet weld both sides of
Tvp 2 round stock intermittently,
1 I 1| 52— Kapces each weld 25 mm long with
I |4 2mm P
51 | | | a 25 mm space between welds.
[ o——a-
A2 £ L A2
\ [ Steel tube
: | : 75 mm O.D. x 2 mm wall thickness
139 \ i | >
I | mm
| |
|
: / 3 mm
T A Steel plate
L y 92 mm x 92 mm x 6 mm thick
13 drill |

13 mm diameter bolt
x 102 mm long

FIGURE 6.1(c) Cable Specimen Holder.

6.3.2.4 Ceramic paper having a density 190 kg/m® to
200 kg/m® and a thickness of 3.2 mm shall be placed to cover the
sides and back surface of the vertical specimen.

6.3.2.5 Two layers of “2 mil” (0.05 mm) thickness aluminum
foil shall then be molded to the ceramic paper on the sides
and back surface of the vertical specimen, thereby leaving the
front surface of the specimen exposed for testing.

6.3.2.6 Following this preparation, the bottom of the vertical
specimen shall be placed on the metal baseplate of the vertical
holder shown in Figure 6.1(b), with the covered (back) sur-
face of the specimen against the ladder rack.

Notes:

(1) All dimensions are mm unless noted.

(2) Cable specimen is placed in the center
of the holder with lower end on the steel plate.
It is secured by three tie wires and is centered
by tightening the three bolts in the steel tube.

6.3.2.7 To secure the specimen to the vertical specimen holder,
24 gauge nickel-chromium wire shall be wrapped three turns
around the vertical specimen, the ladder rack, and the threaded
rods, at distances of 100 mm and 200 mm from the bottom of the
specimen.

6.3.2.8 Cable specimens shall be mounted as shown in Fig-
ure 6.1(c).

6.4 Mounting Methods. The exact mounting and retaining
methods used shall be specified in the test report if different
from the techniques in Section 6.3.

y
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Chapter 7 Test Procedure

7.1 Procedure 1: Ignition Test. The ignition test shall be per-
formed to determine the TRP, and the CHF of a material,
through measurement of the ignition time over a range of
external heat fluxes.

7.1.1 Nitrogen for extinguishing flames shall be ready to flow
at 100 L/min + 10 L/min, and cylinders of compressed ethyl-
ene and air shall be available to give the specified pilot flame
when needed.

7.1.2 The 13 mm thick calcium silicate board supporting the
appropriate horizontal specimen holder shall be centered on
the aluminum load platform with no quartz pipe in place, to
ensure natural airflow.

7.1.3 The exhaust blower shall be turned on.

7.1.4 The pilot flame shall be ignited and adjusted for a
10 mm flame length.

7.1.5 The lighted pilot flame shall be moved to a position
10 mm above the specimen surface and 10 mm radially in
from the perimeter of the specimen.

7.1.6 The air and water supplies shall be turned on to cool
the infrared heaters.

7.1.7 The water-cooled shield surrounding the specimen
holder shall be raised to prevent specimen exposure to exter-
nal heat flux.

7.1.8 The infrared heater voltage shall be set to produce a
30 kW/m? exposure on the specimen surface, and the infra-
red heater shall be allowed to stabilize for 1 minute.

7.1.9 The water-cooled shield shall be lowered to expose the
sample to the external heat flux, and the ignition timer shall
be started.

7.1.10 The time at the first appearance of vapors from the
specimen shall be recorded, and the time to ignition shall be
recorded as the time from exposure to the external heat flux
until a sustained flame is established for at least a 4-second
duration.

7.1.11 Nitrogen shall be introduced to extinguish flames.

7.1.12* The specimen shall be removed to a ventilated envi-
ronment.

7.1.13 The procedures of 7.1.1 through 7.1.12 shall be re-
peated for infrared heater settings of 35 kW/m?, 40 kW/m?,
45 kW/m?, 50 kW/m?, 55 kW/m?, and 60 kW/m?.

7.1.14 If the specimen ignites at 30 kW/m? within 15 min-
utes, the same procedure shall be repeated at 25 kW/m?,
20 kW/m?, 15 kW/m?, and 10 kW/m?, in that order, until

there is no ignition for 15 minutes.

7.2 Procedure 2: Combustion Test. The combustion test shall
be conducted to determine the EHC and the y, and to mea-
sure the chemical and convective heat release rates, Q,,,, and

Q.
7.2.1 Gas-Sampling System.

7.2.1.1 The gas-sampling system shall be removing all water
vapor and other condensable combustion products.

\
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7.2.1.2 If the sampling system flowmeter indicates a flow of
less than 10 L/min, then the sampling system filter elements
shall be replaced.

7.2.2 Fresh indicating desiccant and a soot filter shall be in-
stalled in the gas-sampling line.

7.2.3 The flame in the hydrocarbon gas analyzer shall be ig-
nited, and the flameout indicator on the front panel shall be
checked to ensure that there is flame ignition.

7.2.4 Nitrogen for extinguishing flames shall be ready to flow
at 100 L/min + 10 L/min, and cylinders of compressed ethyl-
ene and air shall be available to produce the specified pilot
flame when needed.

7.2.5 Power.

7.2.5.1 The gas-ssampling pump to oxygen, carbon monox-
ide, carbon dioxide, and hydrocarbon gas analyzers shall be
turned on, and correct flow rates shall be set for each instru-
ment.

7.2.5.2 Gas analyzers shall be powered on at all times to main-
tain constant internal temperatures.

7.2.6 The required calibration procedures shall be per-
formed, as specified in Chapter 5.

7.2.7 The exhaust and air supply blowers servicing the appa-
ratus shall be turned on.

7.2.8 The 13 mm thick calcium silicate board supporting the
appropriate horizontal specimen holder shall be centered on
the aluminum load platform.

7.2.9 The pilot flame shall be ignited and adjusted for a
10 mm flame length.

7.2.10 The lighted pilot flame shall be moved to a position
10 mm above the specimen surface and 10 mm radially in
from the perimeter of the specimen.

7.2.11 The air and water supplies shall be turned on to cool
the infrared heaters.

7.2.12 The quartz pipe shall be installed on the mounting
step in the aluminum oxidant supply pipe.

7.2.13 The water-cooled shield surrounding the specimen
holder shall be raised to prevent exposing the specimen to the
external heat flux.

7.2.14 The inlet airflow shall be set at 200 = 20 L/min and the
exhaust flow rate set at 0.25 + 0.025 m?/sec.

7.2.15 The infrared heater voltage shall be set to expose the
specimen surface to 50 kW/m? and shall be allowed to stabi-
lize for 1 minute.

7.2.16 The data acquisition system shall be started.

7.2.17 Thirty to thirty-five seconds after the start of data ac-
quisition, the water-cooled shield shall be lowered to expose
the specimen to the infrared heaters.

7.2.18 The following shall be recorded:

(1) Time at the first appearance of vapors from the specimen
(2) Time at ignition

(3) Flame height

(4) Flame color and smokiness

(5) Any unusual flame behavior

(6) Time at flame extinction
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7.2.19 If flames reach 35 mm + 10 mm above the rim of the
collection funnel for more than 30 seconds, they shall be ex-
tinguished by introducing nitrogen.

7.2.20 Data acquisition shall be continued for a period of
2 minutes after specimen flaming has ceased.

7.2.21 The specimen shall be removed from the specimen
holder and weighed, and the residue mass shall be recorded
when the specimen has cooled.

7.2.22 The procedures in 7.2.1 through 7.2.21 shall be re-
peated to give at least three determinations of the heat release
rate, mass loss rate, and smoke yield.

7.3 Procedure 3: Fire Propagation Test. The fire propagation
test shall be performed to determine the FPI of a material,
through measurement of the chemical heat release rate of a ver-
tical specimen during and after upward fire propagation.

7.3.1 The procedures in 7.2.1 through 7.2.7 for measure-
ment of heat release rate, with the exception of the load cell
calibration, shall be repeated.

7.3.2 The stainless steel load cell shaft and the ball-bushing
bearings in the air distribution chamber shall be removed and
replaced with the appropriate vertical specimen holder, and
the specimen shall be installed, so that the bottom edge of the
vertical specimen that is to be exposed to external heat flux is
at an elevation equivalent to that of the top surface of a hori-
zontal specimen.

7.3.3 The pilot flame shall be ignited and adjusted for a
10 mm flame length.

7.3.4 The exhaust and air supply blowers servicing the appa-
ratus shall be turned on, and a cylinder of Grade 2.6 oxygen
shall be connected to the inlet air supply line.

7.3.5 The air and water supplies shall be turned on to cool
the infrared heaters.

7.3.6 The quartz pipe shall be installed on the mounting step
in the aluminum oxidant supply pipe.

7.3.7 The water-cooled shield surrounding the specimen
holder shall be raised to prevent exposing the specimen to the
external heat flux.

7.3.8 The pilot flame shall be moved to a position 75 mm
above the bottom of the specimen and 10 mm away from the
specimen surface.

7.3.9 The inlet air/oxygen flow shall be set at 200 L/min
+ 20 L/min, the inlet oxygen concentration at 40 percent, and
the exhaust flow rate at 0.25 m®/sec + 0.025 m®/sec.

7.3.10 The infrared heater voltage shall be set to produce
50 kW/m? and allowed to stabilize for 1 minute.

7.3.11 The data acquisition program shall be started.

7.3.12 Thirty to thirty-five seconds after the start of data ac-
quisition, the water-cooled shield shall be lowered to expose
the lower portion of the vertical specimen to the infrared heat-
ers, and the ignition timer shall be started.

7.3.13 The base area of the specimen shall be preheated for
1 minute.

7.3.13.1 If ignition and fire propagation have not already oc-
curred, the pilot flame shall be moved into contact with the speci-
men surface 75 mm above the bottom of the specimen to initiate
fire propagation.

7.3.13.2 The pilot flame shall then be moved away from the
specimen.

7.3.14 The chemical heat release rate shall be measured as a
function of time during and after fire propagation, using the
combustion test procedures.

7.3.15 The following shall be recorded: the time at the first
appearance of vapors from the specimen, the time at ignition,
the flame height at 1-minute intervals, the flame color and smoki-
ness, any unusual flame behavior, and the time at flame extinc-
tion.

7.3.16 The test shall be terminated 2 minutes after the end of
visible flaming or if flames reach 35 mm + 10 mm above the
rim of the collection funnel for more than 30 seconds or if the
specimen undergoes noticeable structural deformation.

7.3.17 The procedures in 7.3.1 through 7.3.16 shall be re-
peated to give at least three heat release rate determinations.

7.4 Safety Precautions. All normal laboratory safety precau-
tions shall be followed.

7.4.1* During the test, the operator shall use hearing protec-
tion and at least shade 5 welding goggles or glasses.

7.4.1.1 The operator shall use protective gloves to insert and
remove test specimens.

7.4.1.2 The specimen residue shall be transferred to a fume
hood.

7.4.1.3 Neither the infrared heaters nor the associated fix-
tures shall be touched while they are hot except with protec-
tive gloves.

7.4.2 Exhaust System.

7.4.2.1 The exhaust shall be checked for proper operation be-
fore testing and shall be discharged away from intakes for the
building ventilation system.

7.4.2.2 Provision shall be made for collecting and venting any
combustion products that fail, for whatever reason, to be col-
lected by the normal exhaust system of the apparatus.

Chapter 8 Calculations

8.1 Ciritical Heat Flux (CHF). The CHF shall be the intercept
with the ordinate of a straight-line regression fit to data on exter-
nal heat flux (from the infrared heaters) versus the inverse of
time to ignition.

8.1.1 Data shall be from the four lowest values for heat flux
(e.g., 30 kW/m?, 25 kW/m?, 20 kW/m?, and 15 kW/m?) in
the ignition test.

8.1.2 The standard deviation (or standard error) of the inter-
cept due to data scatter shall be within 10 percent of the regres-
sion fit intercept.

8.1.3 Additional data shall be obtained if the standard devia-
tion exceeds this limit.

(3]
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8.2 Thermal Response Parameter (TRP). The TRP shall be the
slope of a straight-line regression fit to data on external heat flux
(from the infrared heaters) versus the inverse of the square root
of the time to ignition.

8.2.1 Data shall be from the four highest values for ex-
ternal heat flux (e.g., 45 kW/m?, 50 kW/m?, 55 kW/m?,
and 60 kW/m?) in the ignition test.

8.2.2 The standard deviation (or standard error) of the slope
due to data scatter shall be within 10 percent of the regression
fit slope.

8.2.3 Additional data shall be obtained if the standard devia-
tion exceeds this limit.

8.3 Fire Propagation Index (FPI).

8.3.1 The FPI shall be determined from the fire propagation
and ignition tests by using the following equation:

0420, '’
100017' Qen
W
FPI =

TRP

where Q.. shall be obtained from the fire propagation test
and TRP from the ignition test.

8.3.2 The chemical heat release rate shall be determined
from the following equation:

Q}wm =13,300 (G(X)2 - G.(O:o2 ) +1 19100(G(:(> - Gg() )

8.3.3 The mass flow rates of CO, and CO shall be determined
from the following equations:

1/2 1/2
: B 353Ap,,
Geo, = AdK(lm ’o m ) [2( T ﬂ (0.152X,,, )

1/2 1/2
. P 353A
Goo =A,K o 2 Lo (0.966X(:())
101,000 T,

where 353 (kg - K/m®) is the product of air density and tem-
perature at normal atmospheric pressure.

8.4 Effective Heat of Combustion (EHC). The EHC shall be
determined from the following equation:

EHC — 2 Q{;hemAti

loss

where the summation shall be taken over all combustion
test data scans and Q.. shall be obtained from 8.3.2 and
8.3.3.

8.5 Smoke Calculations.

8.5.1 The optical density in the test section duct shall be de-
termined from the following equation:

1y
D=In\L
where:
D = optical density (m™") at laser wavelength of
0.6328 pm

1,/I = fraction of light transmitted through smoke
L = optical path length (m)

\
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8.5.2 The volume fraction of smoke, f,, shall be obtained
from the following expression (Newman and Steciak, “Charac-
terization of Particulates from Diffusion Flames,” 1987):

_ DAx107°
4

.

where:
A = wavelength of the light source (pm)
¢ = coefficient of smoke extinction taken as 7

8.5.3 The mass generation rate (kg/m?sec) of smoke shall be
given by the following:

i Litw, _(DL) (pax10”
A 7 A
where:

o = volumetric flow rate in the test section duct
(m?®/sec)

A = burning sample surface area (m?)
p, = value of smoke density taken as 1.1x 10 kg/m?
with a laser wavelength of 0.6328 pm

Substituting these values provides a mass generating rate of
smoke, as follows:

G =0.0994x107 (i”)

8.5.4 The total smoke generated, W, (kg), shall be obtained
by the summation of the generation rate from ignition to
flameout times as follows:

W= AYG (1),

8.5.4.1 The total massloss, W, (kg), shall be calculated by the
summation of the mass loss rate, m”(kg/ m’ sec) from ignition

to flameout times, as follows:

n=

8.5.5 The average value of smoke yield, Y., shall be deter-
mined as follows:

=g
w,

m

8.5.6 The average value of smoke yield, Y, shall also be per-
mitted to be obtained from the average specific extinction
area, T(mg/kg) at the same laser wavelength of 0.6328 pm
(ASTM E 1354, Standard Test Method for Heat and Visible Smoke
Release Rates for Materials and Products Using an Oxygen Consump-
tion Calorimeter). The average specific extinction area can be
determined as follows:

20,DAL,
w,

m

T=

8.5.6.1 Using the expression for average specific extinction
area, the average smoke yield shall be calculated as follows:

Y, =0.0994x107°T
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8.6 Convective Heat Release Rate.

8.6.1 The convective heat release rate shall be determined
from the following equation:

Q =m,C, (T,t - Ta)

p V[ (3535 \
= A(IK o 2 pm Cj) (7—;1 - ’I:l)
101,000 T,

where all terms in this equation shall be evaluated from com-
bustion test data scans.

8.6.2 The gas specific heat shall be corrected for temperature
by the following equation:

¢, =1.oo+1.34[1o-4r, - 2590}

T;

Chapter 9 Report

9.1 General Test Description and Ignition Test. The following
information shall be provided in a test report:

(1) Specimen identification code or number
(2) Manufacturer or name of organization submitting
specimen
(8) Date of test
(4) Operator of apparatus
(5) Composition or generic identification of specimen
(6) Specimen thickness and dimensions of specimen surface
exposed to infrared heaters (mm)
(7) Specimen mass (kg)
(8) Specimen orientation, specimen holder, and descrip-
tion of special mounting procedures
(9) Room temperature (°C) and relative humidity (percent)
(10) Radiant flux from infrared heating system applied to test
specimen (kW/m?)
(11) Time when vapors are first observed coming from the
test specimen (sec)
(12) Time at which there is sustained flaming (sec)
(13) Thermal response parameter (kW-sec 172 /m?)
(14) Critical heat flux (kW/m?)
(15) Additional observations (including times of transitory
flaming, flashing, or melting)

9.2 Combustion Test. In addition to the information in Sec-
tion 9.1(1) through 9.1(15), the report shall include the fol-
lowing information:

(1) Chemical and convective heat release rates per unit ex-
posed area of specimen (kW/m?)

(2) Generation rates of carbon monoxide and carbon diox-
ide (kg/sec)

(3) Effective heat of combustion (kJ/kg)

(4) Smoke yield values corresponding to wavelength of
632.8 nm

(5) Specimen mass remaining after test (kg)

(6) Specimen mass loss rate (kg/sec)

(7) Number of replicate specimens tested under the same
conditions

9.3 Fire Propagation Test. In addition to the information in
Sections 9.1 and 9.2, the report shall include the following
information:

(1) Chemical heat release rate (kW)

(2) Chemical heat release rate per exposed width or circum-
ference of specimen (kW/m)

(3) Flame height (m)

(4) Thermal response parameter for the specimen, 1f rev10usly
obtained from the ignition test method (kW-sec'/?/

(5) Fire propagation index, calculated using the Value in Sec—
tion 9.3(2) (mﬁ/g/kwwgsecl/?)

(6) Number of replicate specimens tested under the same
conditions

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.1.2.1 The test methods described within this document are
part of an existing procedure detailed in Approval Standard for
Clean Room Materials, Class Number 4910, from FM Global Re-
search.

This standard is different from other fire test standards be-
cause it measures the chemical heat release rate during and after
the actual process of self-sustained, upward fire propagation on a
small-scale, vertical test specimen. Such measurement is made
possible by the use of inlet air having a 40 percent oxygen con-
centration (Tewarson et al. 1981) to differentiate among the
flame heat transfer characteristics of burning materials, in the
absence of any imposed, high-intensity radiant flux. On the other
hand, existing standard test methods — for example, ASTM E
906, Standard Test Method for Heat and Visible Smoke Release Rates for
Materials and Products, and NFPA 271, Standard Method of Test for
Heat and Visible Smoke Release Rates for Materials and Products Using
an Oxygen Consumption Calorimeter (equivalent to ASTM E 1354,
Standard 'Test Method for Heat and Visible Smoke Release Rates for Ma-
terials and Products Using an Oxygen Consumption Calorimeter) —
measure the rate of heat release from burning materials entirely
exposed to an external radiant flux.

A.1.2.3 Examples of the use of this methodology for specific
polymer materials are described in Annex B. Cleanroom ma-
terials and products containing a wide range of polymer com-
position and internal structure have undergone the ignition,
combustion, and/or fire propagation test methods and are
also described in Annex B.

A.1.2.4.1 Specimens are coated with black paint for the igni-
tion and combustion test to ensure complete absorption of
the radiant heat flux from the infrared heating system (note
that the coating does not itself undergo sustained flaming).

A.1.2.4.3 The FPlis based on the theory that fire propagation
is related both to the heat flux from the flame of a burning
material and to the resistance of a material to ignite (ex-
pressed by the TRP) (Tewarson and Khan 1988, Tewarson
2002, and FMGR Class Number 4910, Approval Standard for
Clean Room Materials). The flame heat flux is inferred from the
chemical heat release rate per unit width of a vertical speci-
men during upward fire propagation in air having a 40 per-
cent oxygen concentration. The chemical heat release rate is
derived from the release rates of carbon dioxide and carbon
monoxide (Tewarson 2002).

(3]
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The 40 percent oxygen concentration is needed to simulate
the radiant heat flux from real-scale flames, as demonstrated in
the discussion on “Flame Heat Flux” and Table 3.4.8 in The SFPE
Handbook of Fire Protection Engineering.

A.4.2.1 The following is being provided for informational
purposes only and has not been independently verified, certi-
fied, or endorsed by NFPA or any of its technical committees.

A suitable infrared heating system, consisting of four Model
5208-05 high-density infrared heaters, Model 500T3/CL/HT
lamps, and Model 664 SCR power controller, is available from
Research, Inc., 7128 Shady Oak Rd., Minneapolis, MN 55344.

The reflector body of each infrared heater is water cooled,
and the lamp chamber, between the front quartz window and
reflector, is air cooled, to prolong the life of the heaters. All wave-
lengths greater than 2 pm emitted by the tungsten filaments in
the heater lamps are absorbed by the quartz bulb envelope and
heater front window, both of which are air cooled.

A.4.3.2 The incorporation of the threaded adjustment rod at
the lower end of the stainless steel shaft is to compensate for
horizontal test specimens of different thicknesses.

A.4.7.1 The air distribution chamber is designed so that inlet air
flows downward through the eight discharge tubes, disperses on
the bottom plate, then rises through the mesh screens toward the
aluminum support cylinder.

A.4.9.2 See Annex C for background information on Exhaust
System Option 2.

A.4.10.2 The measured differential pressure is propor-
tional to the square of the flow rate. Experience has shown
that the averaging pitot probe in this application is reliable
(not susceptible to plugging), while minimizing pressure
losses in the exhaust system.

A.4.10.3 The power of the laser smoke-measuring unit should
be turned on at least one hour before calibration is conducted.
Two neutral density glass filters of optical density of 0.3 and 0.8
values accurately calibrated at the laser wavelength of 0.6328 pm
are required. The smoke system is initially calibrated to read ac-
curately for two different values neutral density filters, and also at
100 percent transmission. Once this calibration is done, only the
zero value of extinction coefficient (100 percent transmission) is
normally required to be verified prior to each test. See Chapter 8
for smoke calculations.

A.5.4.1.2 The reference value of 27,900 kJ/kg is from “Gen-
eration of Heat and Chemical Compounds in Fires,” Section
3, Chapter 4, of The SFPE Handbook of Fire Protection Engineering.

A.6.3.1 The following is being provided for informational pur-
poses only and has not been independently verified, certified, or
endorsed by NFPA or any of its technical committees.

A suitable flat, black spray paint is Thurmalox® Solar Col-
lector Coating, No. 250 Selective Black, available from the
Dampney Company, 85 Paris St., Everett, MA 02149.

The paint coating is applied to specimens to ensure surface
absorption of the imposed radiant heat flux.

A.7.1.12 Heatresistant gloves should be used when handling
hot samples.

A.7.4.1 The test procedures involve high temperatures and
combustion reactions. Therefore, hazards can occur such as
burns, ignition of extraneous objects or clothing, and inhalation
of combustion products.

\
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Annex B Background Material

This annex is not a part of the requirements of this NFPA document
but is included for informational purposes only.

B.1 Fire Propagation Apparatus. The fire propagation appa-
ratus was first developed and used by Factory Mutual Research
Corporation (now FM Global Research) in the mid-1970s. The
apparatus collects the flow of combustion gases from a test
specimen and then conditions the flow to uniform velocity,
temperature, and species concentration within the test section
duct, where the measurements are made. This uniformity is
achieved by passing the flow through an orifice at the entry to
a mixing duct located six duct diameters upstream of the test
section (Ackeret 1967).

B.2 Comparing Fire Propagation Propensity Results with Full-
Scale Fire Behavior.

B.2.1 Fire propagation propensity, characterized by the FPI,
has been compared (Tewarson et al. 1998) with fire propaga-
tion behavior during full-scale tests involving vertical parallel
arrays containing electrical cables insulated with polymeric
material (Tewarson et al. 1998 and FMGR 3972, Test Standard
Jfor Cable Fire Propagation Specification, March 2009) or solid pan-
els of polymeric material (Wu 1999 and FMGR 4910, ANSI/FM
Approvals 4910 American National Standard for Clean Room Mate-
rials Flammability Test Protocol, June 2004). The full-scale tests
involved fires initiated by a 60 kW propane sand-burner lo-
cated between the 2.44 m high parallel arrays below their base
(Ackeret 1967). In addition, fire propagation propensity, char-
acterized by the FPI, has been compared with the fire propa-
gation behavior of conveyor belts in a U.S. Bureau of Mines
large-scale fire test gallery (Tewarson et al. 1998). A flammable
liquid pool fire initiated these conveyor belt fires (Lazzara and
Perzak 1989).

B.2.2 Table B.2.2, extracted from Table 1 in “Flammability of
Clean Room Materials” (Tewarson et al. 1998), illustrates how
the fire propagation index is related to full-scale fire propaga-
tion behavior.

Table B.2.2 shows that an FPI equal to or less than a value of
6 m® % /kW? 3sec'/? correlates very well with full-scale fire be-
havior in which propagation is limited to the ignition zone.

B.3 Examples of Materials Previously Tested in the FPA. A
wide range of polymeric materials and products has been
tested in the fire propagation apparatus, in addition to the
polymers noted in Table B.2.2. Tables 3-4.2, 3-4.3, and
3-4.11 in The SFPE Handbook of Fire Protection Engineering illus-
trate the different polymer groups that have undergone the
ignition, combustion, or fire propagation tests.

B.4 Optional Measurement of the Corrosion Potential of Fire
Effluent.

B.4.1 Definitions.

B.4.1.1 Average Corrosion Index (ACI). Indicator of corrosion
damage caused by the fire effluent from a burning material.

B.4.1.2 C, . Measured metal loss from the corrosion probe
due to a 500-minute combined exposure and monitoring time
during and after a combustion test, respectively.

B.4.2 Corrosion Measurement System. The optional corro-
sion measurement system in the fire propagation apparatus is
used to measure metal loss (C,,,,) due to corrosion from com-
bustion products, as shown in Figure B.4.2.
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Table B.2.2 Comparison of FPI Value with Full-Scale Fire
Propagation Behavior

Material FPI from Fire Fire Propagation
Composition Propagation Beyond the
and Test Method Ignition Zone
Arrangement® (m®3/kW?/2 sec'’/?) at Full Scale’

Gray PVC panel 4 None

PVDF panel 5 None

White PVC panel 6 None

Rigid, Type I 8 Limited
PVC panel

Modified FRPP 9 Yes
panel

ETFE panel 9 Limited

FRPP panel >10 Yes

PMMA panel >10 Yes

XLPE/neoprene 9 Limited
cable

PVC/PVDF cable 7 Limited

XLPO cable 9 Limited

XLPE/EVA cable 7 Limited

PE/PVC cable 20 Yes

CR or PVC <6 None
conveyor belts

CR or SBR 7-8 Limited
conveyor belts

PVC or SBR >8 Yes

conveyor belts

*Polymer abbreviations:

(1) PVC — polyvinylchloride

(2) PVDF — polyvinylidene fluoride

(3) FRPP — fire retarded polypropylene

(4) ETFE — ethylenetetrafluoroethylene

(5) PMMA — polymethylmethacrylate

(6) XLPE — crosslinked polyethylene

(7) XLPO — crosslinked polyolefin

(8) EVA — ethylvinyl acetate

(9) PE — polyethylene

(10) CR — chloroprene rubber

(11) SBR — styrene-butadiene rubber

TPropagation behavior:

(1) Yes — fire propagates beyond the ignition zone to the boundary of
the exposed material surface

(2) Limited — fire propagates beyond the ignition zone, but propaga-
tion stops well before the boundary of the exposed material surface
(3) None — fire does not propagate beyond the ignition zone, de-
fined as the area of flame coverage by the initiating fire source
Source: Tewarson et al. 1998.

The following is being provided for informational pur-
poses only and has not been independently verified, certified,
or endorsed by NFPA or any of its technical committees.

Asuitable corrosion measurement system is the Model P/N
657501-X1 corrosion probe with the Model RCS-8 Corrosome-
ter, available from Rohrback Cosasco Systems, Inc., 11841 East
Smith Ave., Santa Fe Springs, CA 90670.

Because of the relatively short duration of the flow of fire
effluent from a burning test specimen, monitoring of the cor-
rosion of the probe sensor element, initially exposed in the
test section duct, continues for a specified time period in a

prescribed, quiescent environment to obtain a meaningful
value of ACL.

B.4.2.1 The corrosion probe is a corrosion-measuring device
specially adapted from that described in “The Influence of
Oxygen Concentration on Fuel Parameters for Fire Modeling”
(Tewarson et al. 1981) for use in the fire environment of the
exhaust duct. It consists of two copper elements, each 48 mm
x b mm, embedded parallel to each other in a 152 mm x
26 mm epoxy-fiberglass plate. One copper element should be
coated, to act as a reference for the other, uncoated copper
element/sensor. The sensor element should have a thickness
that allows corrosion measurement (span thickness) of
0.2600 pm, £10 percent.

B.4.2.2 The corrosometer assesses corrosion by the electrical
resistance method. It measures the change in resistance of the
sensor element of the corrosion probe as compared with the
resistance of the protected reference element of the corrosion
probe. The system has a linear response in terms of the change
in electrical resistance with sensor-element metal loss, a drift
of no more than 0.1 percent of span thickness over a period
of 24 hours, and a resolution of 0.1 percent of span thickness.
The operating temperature is between 0°C and 50°C.

B.4.3 Calibration of Corrosion Measurement System.

B.4.3.1 Ensure that the repeatability of the corrosion mea-
surement is within +20 percent by conducting a combustion
test with 30 g of pure, low-density polyvinylchloride powder in
the circular specimen holder.

B.4.3.2 Ensure that the minimum corrosometer output is
zero (within the resolution of the instrument) by conducting a
combustion test with 30 g of pure polypropylene beads in the
circular sgecimen holder, using an infrared heater flux of
30 kW/m*.

B.4.4 Corrosion Measurement Procedure. This procedure
should be performed after the normal calibration procedures
for the combustion test specified in 7.2.6 and after the calibra-
tion of the corrosion measurement system specified in B.4.3.

B.4.4.1 Inspect the corrosion probe for spot or discoloration
defects in the copper strips, and clean the probe with a zero-
residue organic solvent (that does not react with copper) us-
ing cotton swabs. The probe surface should not be contami-
nated after cleaning.

B.4.4.2 Turn on power to the corrosometer and prepare for
corrosion data recording.

B.4.4.3 [Initialize the corrosion probe by monitoring probe
status on the corrosometer, and then record corrosion data
from the probe every 5 minutes until the start of the combus-
tion test.

B.4.4.4 Insert the cleaned, initialized probe into the test sec-
tion duct horizontally with the measuring and reference ele-
ments facing downward, toward the upstream fire products,
and the center of the probe elements at the center of the duct,
as shown in Figure B.4.2. This step is performed after the ex-
haust and air supply blowers have been operating for 30 min-
utes (see 7.2.7).

B.4.4.5 Monitor corrosion data every minute during the com-
bustion test.

B.4.4.6 Remove the corrosion probe from the test section
duct 30 minutes after the end of the combustion test, and
place the probe inside an environmentally controlled

y
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