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This edition of NFPA 271, Standard Method of Test for Heat and Visible Smoke Release Rates for
Materials and Products Using an Oxygen Consumption Calorimeter, was prepared by the Technical
Committee on Fire Tests and acted on by the National Fire Protection Association, Inc., at its
Annual Meeting held May 18-21, 1998, in Cincinnati, OH. It was issued by the Standards
Council on July 16, 1998, with an effective date of August 5, 1998, and supersedes all previous
editions.

This edition of NFPA 271 was approved as an American National Standard on August 6,
1998.

Origin and Development of NFPA 271

Earlier editions of NFPA 271 were published as NFPA 264 and were first available in 1992.
NFPA 264 was very closely related to and derived from NFPA 264A, Standard Method of Test for
Heat Release Rates for Upholstered Furniture Components or Composites and Mattresses Using an Oxy-
gen Consumption Calorimeter. This document was based on the methods of measuring rates of
heat release using an oxygen consumption calorimeter developed at the National Institute of
Standards and Technology by Dr. Vytenis Babrauskas, et al. This document provided a gen-
eral methodology for measuring the heat release rates of a variety of materials in a variety of
end uses. It was intended that this approach be adopted and customized for the testing of spe-
cific products and materials. This bench-scale approach provides a mechanism for deriving
information that can be used for product and material evaluation, mathematical modeling,
and design purposes, as well as for research and development purposes.

The 1995 edition of NFPA 264 reflected changes that were both editorial and technical in
nature. The technical revisions included standardization of the horizontal position as the ori-
entation for testing of specimens. The horizontal orientation provides greater repeatable and
reproducible results. The vertical orientation details were located in Appendix D and are
intended to be used more for research purposes. The definition of sustained flaming was
revised from existence of flame for 10 seconds to existence of flame for 4 seconds in order to
coordinate with other documents.

The 1998 edition of NFPA 264 has been renumbered as NFPA 271. The designation was
changed for coordination purposes. This will place this document in rotation with other doc-
uments that use the oxygen consumption calorimeter. The changes to the 1998 edition are
only minor in nature. They include updating the document to the latest terminology used in
the industry, the current laboratory processes, and some editorial clarification. A new section
pertaining to the radiation shield has been added.
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NOTICE: An asterisk (*) following the number or letter des-
ignating a paragraph indicates that explanatory material on
the paragraph can be found in Appendix A.

Information on referenced publications can be found in
Appendix G.

Chapter 1 General

1-1 Scope.

1-1.1 This test method measures the response of materials
exposed to controlled levels of radiant heating, with or with-
out an external igniter.

1-1.2 This test method shall be used to determine the
ignitibility, heat release rate, mass loss rates, effective heat of
combustion, and visible smoke development of materials and
products.

1-1.3 This test method shall be useful for the following: evalu-
ations of materials or products, mathematical modeling,
design of new materials or products, and research and devel-
opment. Types of materials suitable for testing with this
method include specimens from an end-use product and the
various components used in the end-use product.

1-1.4 This test method shall not apply to end-use products
that do not have planar, or nearly planar, external surfaces.

1-1.5% This test method tests the specimen in the horizontal
orientation.

1-1.6 This standard shall not purport to address all safety
problems associated with its use. The user of this standard
shall be responsible for establishing appropriate safety and
health practices and for determining the applicability of regu-
latory limitations prior to use.

1-1.7 The values stated in SI units shall be regarded as the
standard.

1-2 Significance.

1-2.1* The test method provides measurements of the behav-
ior of material and product specimens under a specified radi-
ant heat exposure in terms of the rate of heat release, effective
heat of combustion, mass loss rate, time to ignition, and
smoke production.

1-2.2 The data obtained for a specific test describes the rate of
heat and smoke release of the specimen when exposed to the
specific conditions and procedures used in performing that
test.

1-2.3* Release rates for a given material depend on how the
material is used, its thickness, and the method of mounting.

1998 Edition

1-2.4 Release rate measurements provide a quantitative mea-
sure of specific changes in performance caused by product
modifications.

1-3 Test Limitations.

1-3.1 The test data shall be invalid if any of the following
occurs:

(a) The specimen undergoes explosive spalling

(b) The specimen swells to the point where it touches the
spark plug prior to ignition

(c) The specimen swells to the point where it touches the
heater base plate during combustion

1-3.2 If delamination of the specimen occurs, the test results
shall be considered suspect and this shall be described in the
test report.

1-3.3* This test method shall be performed in a controlled
environment under controlled laboratory conditions in order
to obtain material properties data for use in evaluating the fire
hazard of materials. These data alone do not describe the fire
hazard of a material’s specific end use or predict its response
toreal fires. The data obtained by this test method have notyet
been correlated with the real-world fire performance for most
materials. Thus, caution shall be used when utilizing such data
to evaluate the full-scale fire performance of the end use of
materials tested in accordance with this method.

1-4 Summary of Test Method.

1-4.1 This test method shall be based on the observation that
the net heat of combustion is directly related to the amount of
oxygen necessary for combustion. Approximately 13.1x 103 k]
of heat are released per 1 kg of oxygen consumed. Specimens
in the test shall be combusted in ambient air conditions while
being subjected to a predetermined external radiant heat flux,
which ranges from 0 kW/m? to 100 kW,/m?. Combustion shall
be initiated with or without a spark ignition.

1-4.2 The primary measurements, as a function of time, shall
be oxygen concentration and exhaust gas flow rate (for
assessing heat release rate). Additional measurements shall
include specimen mass, for assessing mass loss rate and
smoke obscuration, both of them as a function of time, and
time to sustained flaming, which is a measure of ignitibility.
The test method shall also be suitable for other measure-
ments, as required in the relevant material or performance
standard.

1-4.3* This test method is intended to determine the heat
evolved by a product or material when exposed to an external
radiant heat source. It also determines the effective heat of
combustion, mass loss rate, time to sustained flaming, and
smoke production. These properties shall be determined on
small-size specimens that are representative of the intended
end-use materials. This test method shall be applicable to var-
ious categories of products and shall not be limited to a single
fire scenario.

1-4.4 The rate of heat release shall be determined by measure-
ment of the oxygen consumption, which is determined by the
oxygen concentration and the flow rate in the exhaust prod-
uct stream. The effective heat of combustion shall be deter-
mined from a concomitant measurement of specimen mass
loss rate in combination with the heat release rate. Smoke
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development shall be determined from the obscuration of
light by the combustion product stream.

1-4.5% Specimens shall be exposed to heating fluxes in the
range of 0 kW/m? to 100 kW/m? in a horizontal orientation.
External ignition, where used, shall be by electric spark. The
value of the heating flux and the use of external ignition
shall be specified by the relevant material or performance
standard or by the test sponsor for research and develop-
ment purposes.

1-4.6 Ignitibility shall be determined as a measurement of
time from initial exposure to time of sustained flaming.

1-5 Definitions.

Effective Heat of Combustion. The measured heat release
divided by the mass loss for a specified time period.

Heat Release Rate. The heat evolved from the specimen,
per unit of time.

Heating Flux. The incident radiant heat flux imposed
externally from the heater on the specimen at the initiation of
the test.

Ignitibility. The propensity for ignition, as measured by the
time to sustained flaming, in seconds, at a specified heating
flux.

Net Heat of Combustion.* The oxygen bomb calorimeter
value for the heat of combustion, corrected for the gaseous
state of product water.

Orientation. The plane in which the exposed face of the
specimen is located during testing (i.e., horizontally facing the
heater).

Oxygen Consumption Principle. The expression of the
relationship between the mass of oxygen consumed during
combustion and the heat released.

Shall. Indicates a mandatory requirement.

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

Smoke Obscuration. The reduction of light transmission by
smoke, as measured by light attenuation.

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
adoption into law. Nonmandatory provisions shall be located
in an appendix, footnote, or fine-print note and are not to
be considered a part of the requirements of a standard.

Sustained Flaming. The existence of flame on or over the
surface of the specimen for periods of at least 4 seconds.

Visible Smoke. The obscuration of transmitted light caused
by combustion products released during the test.

1-6 Symbols.
A = nominal specimen exposed surface area
(0.01 m?)
c = calibration constant for oxygen consump-

tion analysis (m!/%?kg!/2K1/2)

—dm/dt = required mass loss rate

AH,/r, = net heat of combustion (kJ/kg)

AH ;= effective heat of combustion (k]/kg)

I = actual beam intensity

1 = beam intensity with no smoke
k= smoke extinction coefficient (m™)
L = extinction beam path length (m)
m = specimen mass (kg)
mp = final specimen mass (kg)
m; = initial specimen mass (kg)
m = specimen mass loss rate (kg/sec)
AP = orifice meter pressure differential (Pa)
q" = total heat release (kJ/m?)
q = heat release rate (kW)
q" = heat release rate per unit area (kW/m?)
b = stoichiometric oxygen/fuel mass ratio
t = time (sec)
= oxygen analyzer delay time (sec)
At = sampling time interval (sec)
T, = absolute temperature of gas at the orifice
) meter (K)
v = volume exhaust flow rate measured at the
location of the laser photometer (m3/sec)
on = oxygen analyzer reading, mole fraction of
2
X%2 = initial value of oxygen analyzer reading
Ve = oxygen analyzer reading, before delay time
Oy correction
S = specific extinction area, for smoke
(m*/kg)
Chapter 2 Test Apparatus
2-1 General.

2-1.1 Unless otherwise stated, all dimensions included in the
test and figures shall be mandatory and shall be followed
within nominal tolerances of 1 mm. Dimensions in figures that
are not followed by an asterisk (*) shall not be considered
mandatory.

2-1.2 The test apparatus shall consist of the following compo-
nents:

(a) A conical-shaped radiant electric heater

(b) Specimen holders

(c) An exhaust-gas system with oxygen-monitoring and flow-
measuring instrumentation

(d) An electric ignition spark plug
(e) A data collection and analysis system
(f) Aload cell for measuring specimen mass loss

A general view of the apparatus shall be as shown in Figure
2-1.2(a). A cross-sectional view of the heater shall be as shown
in Figure 2-1.2(b), and an exploded view of the horizontal ori-
entation shall be as shown in Figure 2-1.2(c).
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«——— 1680 MM ———>| L—GSG mm—4
*Indicates a critical dimension
Figure 2-1.2(a) Overall view of apparatus.
Sample .
outer shell ~3 (100 mm x 100 mm) Chain

Thermocouple

‘<— 80 mm* —>|

/—Inner shell

Tl

<|——160 mm* —»‘ & /
Spacer block Ceramic fiber packing

Heating element

Cone hinge and

) . . . mount bracket
*Indicates a critical dimension

Figure 2-1.2(b) Cross-sectional view of heater.

2-2 Conical Heater.

2-2.1 The active element of the heater shall consist of an elec-
trical heater rod, rated at 5000 W at 240V, tightly wound into
the shape of a truncated cone as shown in Figure 2-1.2(b). The
heater shall be encased on the outside with a double-wall stain-
less steel cone packed with a refractory fiber material of
approximately 100 kg/m3 density.

2-2.2* The heater shall be mounted in a horizontal orienta-
tion. The heater shall be capable of producing irradiances on
the surface of the specimen of up to 100 kW/m?2. The irradi-
ance shall be uniform within the central 50-mm X 50-mm area
of the specimen to within 10 percent.
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Aluminum foil .
Cone hinge and

mount bracket

Calibration

burner
Sample L N
pan _ Flux
13-mm calcium | meter
silicate board k

Sample mount

assembly \
—mm calcium

Load cell
' silicate heat shield

Flux meter
mount

Figure 2-1.2(c) Exploded view, horizontal orientation.

2-2.3 The irradiance from the heater shall be capable of being
held at a preset level by means of a temperature controller and
three Type K stainless steel-sheathed thermocouples, symmet-
rically dispersed and in contact with, but not welded to, the
heater element as shown in Figure 2-1.2(b). The thermocou-
ples shall be of equal length and wired in parallel to the tem-
perature controller. The standard thermocouples shall be
sheathed, 1.5 mm to 1.6 mm O.D., with an unexposed hot
junction. Alternatively, either 3-mm O.D. sheathed thermo-
couples with an exposed hot junction or 1-mm O.D. sheathed
thermocouples with unexposed hot junction shall be suitable
for use.
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2-2.4 Radiation Shield.

2-2.4.1 The cone heater shall be provided with a remov-
able radiation shield to protect the specimen from the
heat flux prior to the start of the test. The shield shall be
made of noncombustible material, with a total thickness
not to exceed 12 mm. The shield shall be either one of
the following:

(a) Water-cooled and coated with a durable matte black fin-
ish of surface emissivity, e=0.95 * 0.05

(b) Not water-cooled, with a reflective top surface

2-2.4.2 The shield shall be equipped with a handle or other
suitable means for insertion and removal in accordance with
5-2.3. The cone heater base plate shall be equipped with the
means for holding the shield in position and allowing its inser-
tion and removal in accordance with 5-2.3.

2-3 Temperature Controller.

2-3.1 The temperature controller for the heater shall be capa-
ble of holding the element temperature steady to within 2°C.
An acceptable system shall be a three-term controller (propor-
tional, integral, and derivative) and a thyristor unit capable of
switching currents up to 25 A at 250 V.

2-3.2 The controller shall have a temperature input range of
0°C to 1000°C, a set scale capable of being read to 2°C or bet-
ter, and automatic cold junction compensation. The control-
ler shall be equipped with a safety feature so that, in the event
of an open circuit in the thermocouple line, it causes the tem-
perature to fall to near the bottom of its range.

2-3.3 The thyristor unit shall be of the zero crossing type and
not of the phase angle type.

f

2-3.4 The heater temperature shall be monitored by a meter
capable of being read to 2°C or better.

2-4 Exhaust System.

2-4.1 The exhaust-gas system shall consist of a high-tempera-
ture centrifugal exhaust fan, a hood, intake and exhaust ducts
for the fan, and an orifice plate flowmeter as shown in Figure
2-4.1. The exhaust system shall be capable of developing flows
from 0.012 m3/sec to 0.035 m?/sec.

2-4.2 A restrictive orifice (57-mm LD.) shall be located
between the hood and the duct to promote mixing.

2-4.3 A ring sampler for gas sampling shall be located in
the fan intake duct 685 mm from the hood as shown in Fig-
ure 2-1.2(a). The ring sampler shall contain 12 holes to
average the stream composition, with the holes facing away
from the flow to avoid soot clogging.

2-4.4 The temperature of the gas stream shall be measured
using a 1.0-mm to 1.6-mm O.D. sheathed-junction thermocou-
ple or a 3mm O.D. exposedjunction thermocouple posi-
tioned in the exhaust stack on the centerline and 100 mm
upstream from the measuring orifice plate.

2-4.5 The flow rate shall be determined by measuring the dif-
ferential pressure across a sharp-edged orifice (57-mm 1.D.) in
the exhaust stack at a location at least 350 mm downstream
from the fan.

2-4.6 For other features, the geometry of the exhaust system
shall not be considered critical. The undisturbed inflow dis-
tances to the gas sampling probe and the measuring orifice
shall be sufficient for the flow to be uniformly mixed.

250 W
mm v . = Thermocouple Gas sampling
L 7 0, oN'ng probe © ©<«— Hood

Orifice — i - 57-mm 1.D. hole

plate i f| T

1.59 mm 75

thick ‘/\// mm* 2\

T i 0 Soot sampler probe
350 — —e= Smoke meter  |© Ol &35-mmoO.D
mm D purge tubes Section C-C o
Thermocouple H oimm O.D.
114 mm g Use an alignment
Section A-A Section B-B rod when welding
tubes to duct to
ensure perfect
Thermocouple location (rear) alignment.
l«—[225 mm 685 mm* | »
«— 111 —>| Orifice plate
mm* | B<— —>C /1 ‘ /_
 — 114 mm o O\ | | [ e B
— 7/
Smoke meter B ) C‘ ] )
Blower —>| location [«<— Gas sampling Tube is 0.6-mm thick stainless steel Hood
ring probe with a 114-mm [.D.
(sample holes

face blower)

*Indicates a critical dimension
(Not to scale)

Figure 2-4.1 Exhaust system.
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2-5 Load Cell. The arrangement of the specimen holders on
the load cell shall be as indicated in Figure 2-1.2(c). The load
cell shall have an accuracy of 0.1 g, a measuring range of 500
g, and a mechanical tare adjustment range of 3.5 kg.

2-6 Specimen Mounting.
2-6.1 The horizontal specimen holder shall be as shown in Fig-

ure 2-6.1.

<~— 106 mm* —»‘

Spot weld, 4 corners

,/
I_ -------------------------- “/
106 h 59 ¥ 25
A mm* " mm* mm

—— 2.4 mm thick

| | N

8 mm N /40
mm
T 4 mm 59 _ 5 40,
mm* mm
Stainless
(mill smooth) Section A-A

*Indicates a critical dimension

Figure 2-6.1 Horizontal specimen holder.

2-6.2 The bottom of the horizontal specimen holder shall be
lined with a layer of low-density (nominal density 65 kg/m?)
refractory fiber blanket with a thickness of at least 13 mm. The
distance between the bottom surface of the cone heater and
the top of the specimen shall be adjusted to 25 mm by using
the sliding cone height adjustmentas shown in Figure 2-1.2(b).

2-6.3 A retainer frame and a wire grid, as shown in Figures 2-
6.3(a) and (b), respectively, shall be used when testing intu-
mescing specimens to reduce unrepresentative edge-burning
of composite specimens and for retaining specimens prone to
delamination. Other techniques shall be permitted to be uti-
lized if documented in the test report.

2-7 Ignition Circuit. External ignition shall be accomplished
by a spark plug powered from a 10-kV transformer. The spark
plug shall have a gap of 3 mm. The transformer shall be of a
type specifically designed for spark ignition use. The trans-
former shall have an isolated (ungrounded) secondary to min-
imize interference with the data transmission lines. The
electrode length and location of the spark plug shall be such
that the spark gap is located 13 mm above the center of the
specimen in the horizontal orientation. The spark plug shall
be removed when sustained flaming is achieved.

2-8 Ignition Timer. The timing device for measuring time to
sustained flaming shall be capable of recording elapsed time
to the nearest second and shall be accurate to within 1 second
in 1 hour.
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— [T eE ;
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Figure 2-6.3(a) Optional retainer frame.
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Figure 2-6.3(b) Optional wire grid.
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Weld all intersections.
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2-9* Gas Sampling. Gas sampling arrangements are shown in
Figure 2-9 and shall incorporate a pump, a filter to prevent
entry of soot, a cold trap to remove most of the moisture, a
bypass system set to divert all flow except that required for the
oxygen analyzer, a further moisture trap, and a trap for COy
removal where COy is not measured.

2-10 Oxygen Analyzer. The analyzer shall be of the paramag-
netic type with a range of 0 percent to 25 percent Oy. The ana-
lyzer shall exhibit a linear response and drift of not more than
50 ppm Oy (root-mean-square value) over a period of !/g
hour. The stream pressure shall be regulated upstream of the
analyzer to allow for flow fluctuations, and the readings from
the analyzer shall be compensated with an absolute pressure
regulator to allow for atmospheric pressure variations. The
analyzer and the absolute pressure regulator shall be located
in a constant-temperature environment. The oxygen analyzer
shall have a 10 percent to 90 percent response time of less than
12 seconds.

2-11 Smoke Obscuration Measuring System. The smoke-mea-

suring system, as shown in Figure 2-11, shall consist of a helium—
neon laser, silicon photodiodes as main beam and reference

0000689

986G > To optional H,O,
HCI, THC analyzers

sampler Waste

filter

H CO,

) v removal
Separation H h
chamber ' media

\J
To CO, and CO
analyzers
(optional)

Figure 2-9 Gas analyzer instrumentation.

Flow
analyzer

detectors, and appropriate electronics to derive the extinction
coefficient and to set the zero reading. The system shall be
designed for split yoke mounting in two pieces that are rigidly
screwed togetherand resiliently attached to the exhaust ductby
means of refractory gasketing at the location shown in Figure 2-
4.1. The meter shall be located in place by means of two small-
diameter tubes welded onto each side of the exhaust duct.
These tubes shall serve as part of the light baffling for the air
purging and shall also allow for any smoke that enters despite
the purge flow to be deposited on tube walls before reaching the
optical elements.

2-12 Heat Flux Meter.

2-12.1 The total heat flux meter shall be of the Gardon (foil) or
Schmidt-Boetler (thermopile) type, with a design range of 100
kW/m?. The target receiving radiation shall be flat, circular,
approximately 12.5 mm in diameter, and coated with a durable
matte black finish. The target shall be water-cooled. Radiation
shall not pass through any window before reaching the target.
The instrument shall be robust, simple to set up and use, and
stable in calibration. The instrument shall have an accuracy
within 3 percent and a repeatability within 0.5 percent.

O,
analyzer*
Outflow
..
7 um filter

Rotameter

Note: Rotameter is on
outlet of O, analyzer.

*To include absolute
pressure transducer

Beam
splitter
. n Filter slot
Beamsplitter =
\M S el
Cap | =
a— U
0.5 mW
\ helium-neon
Opal glass _/"< laser
Filter - . Compensation
slot fiber packing detector T

NI
Main ﬂ B
detector %

Figure 2-11 Smoke obscuration measuring system.
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Figure 2-13 Calibration burner.

2-12.2 The calibration of the heat flux meter shall be checked
whenever the apparatus is recalibrated by comparison with an
instrument (of the same type as the working heat flux meter
and of similar range) used only as a reference standard. The
reference standard shall be fully calibrated at a standardizing
laboratory at yearly intervals.

2-12.3 This meter shall be used to calibrate the heater temper-
ature controller as shown in Figure 2-1.2(c). It shall be posi-
tioned at a location equivalent to the center of the specimen
face during the calibration.

2-13 Calibration Burner. A calibration burner shall be used
to calibrate the rate of heat release apparatus as shown in Fig-
ure 2-1.2(c). The burner shall be constructed from a square-
sectional brass tube with a square orifice covered with wire
gauze through which the machine diffuses as shown in Figure
2-13. The tube shall be packed with ceramic fiber to improve
uniformity of flow. The calibration burner shall be connected
to a metered supply of methane with a purity of at least 99.5
percent.

2-14 Optical Calibration Filters. Glass neutral density filters
of at least two different values and accurately calibrated at the
laser wavelength of 0.6328 mm shall be provided.
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2-15 Digital Data Collection. The data collection system used
shall have facilities for the recording of the output from the Oy
analyzer, the orifice meter, the thermocouples, the load cell,
and the smoke-measuring system. The data collection system
shall have an accuracy corresponding to at least 50 ppm O, for
the oxygen channel, 0.5°C for the temperature-measuring
channels, and 0.01 percent of full-scale instrument output for
all other instrument channels. The system shall be capable of
recording data for at least 1 hour at intervals not exceeding 2
seconds.

Chapter 3 Calibration of Equipment

3-1 Heater Flux Calibration. The temperature controller
shall be set at the required flux by using the heat flux meter at
the start of the test day or after changing to a new fluxlevel. A
specimen or specimen holder shall not be used when the heat
flux meter is inserted into the calibration position. The cone
heater shall be operated for at least 10 minutes, and it shall be
ensured that the controller is within its proportional band
before the calibration is begun.
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3-2 Oxygen Analyzer Calibration.
3-2.1 Preliminary Calibration.

3-2.1.1 The oxygen analyzer delay time shall be determined
by setting a methane flow rate to the calibration burner that is
equivalent to 5.0 kW. The heater shall not be turned on for
this calibration. The output of the analyzer shall be recorded
on a data acquisition device or on a strip chart recorder as the
methane supply, turned on and ignited, reaches a steady value
and then returns to baseline after the supply is cut off. The
temperature for the exhaust orifice meter shall be recorded at
the same time. The turn-on delay shall be determined from
the difference between the time at which the temperature
reading reaches 50 percent of its ultimate deflection and the
time at which the oxygen reading reaches 50 percent of its ulti-
mate deflection. The turn-off delay shall be determined simi-
larly at turn-off. The delay time shall be the average of the
turn-on delay and turn-off delay. The delay time value, #, sub-
sequently shall be used to time-shift all the oxygen readings.

3-2.1.2 If the oxygen analyzer is equipped with an electric
response time adjustment, it shall be set so that at turn-off
there is just a trace of overshoot when switching rapidly
between two different calibration gases.

3-2.1.3 The timing of the scans by the data collection system
shall be calibrated with a timer accurate to within 1 second in
1 hour. The data output shall show event times correct to
within 3 seconds.

3-2.2 Operating Calibrations. At the start of testing each day,
the oxygen analyzer shall be zeroed and calibrated. For zeroing,
the analyzer shall be fed with nitrogen gas using the same flow
rate and pressure as for the sample gases. Calibration shall be
achieved similarly using ambient air and adjusting for a
response of 20.95 percent. Analyzer flow rates shall be moni-
tored and set to be equal to the flowrate used when testing spec-
imens. After each specimen has been tested, aresponse level of
20.95 percent obtained using ambient air shall be verified.

3-3* Heat Release Calibration. The heat release calibration
shall be performed each day at the start of testing. Methane
with a purity of at least 99.5 percent shall be introduced into
the calibration burner at a flow rate corresponding to 10 kW
based on the net heat of combustion of methane (50.0 x 103
k]/kg) using a precalibrated flowmeter. The flowmeter used
shall be a dry test meter, a wet test meter, or an electronic mass
flow controller. If an electronic mass flow controller is used, it
shall be calibrated periodically against a dry test meter or a wet
test meter. The test meter shall be equipped with devices to
measure the temperature and pressure of the flowing gas so
that appropriate corrections to the reading are made. If a wet
test meter is used, the readings also shall be corrected for the
moisture content. The exhaust fan shall be set to the speed to
be used for subsequent testing. The required calculations are
provided in Chapter 6.

3-4* Load Cell Calibration. The load cell shall be calibrated
with standard weights in the range of test specimen weight on
each day of testing or when the load cell mechanical zero
requires adjustment.

3-5* Smoke Meter Calibration. The smoke meter initially
shall be calibrated to read correctly for two different value-
neutral density filters and also at 100 percent transmission.

Chapter 4 Test Specimens

4-1 Size and Preparation.

4-1.1 Testspecimens shall be 100 mm % 100 mm, shall be up to
50 mm thick, and shall be cut to be representative of the con-
struction of the end-use product. For testing, the sides and bot-
tom of each of the specimens shall be wrapped in a single layer
of aluminum foil, with the shiny side facing the specimen.

4-1.2 Composite specimens shall be exposed in a manner typ-
ical of the end-use condition. They shall be prepared so that
the sides are covered with the outer layer(s).

4-1.3* Composite and intumescing materials shall be
mounted using techniques that hold them in place within the
specimen holder during combustion. The exact mounting
and retaining method used shall be specified in the test
report.

4-2 Conditioning. Specimens shall be conditioned to mois-
ture equilibrium (constant weight) atan ambient temperature
0f 23°C = 3°C and arelative humidity of 50 percent* 5 percent.

Chapter 5 Test Procedure

5-1 Preparation.

5-1.1 The COy trap and the final moisture trap shall be
checked. The absorbents shall be replaced when they are no
longer effective. Any accumulated water in the cold trap sepa-
ration chamber shall be drained. The normal operating tem-
perature of the cold trap shall be 0°C or lower.

5-1.2 The power to the cone heater and the exhaust blower
shall be turned on each test day. Power to the oxygen analyzer,
load cell, and pressure transducer shall not be turned off on a
daily basis.

5-1.3% An exhaust flow rate at a value of 0.024 m?/sec + 0.002
m3/sec shall be set.

5-1.4 The required calibration procedures specified in Chap-
ter 3 shall be performed. An empty specimen holder with
refractory blanket in place shall be placed in the horizontal
orientation during warm-up and in between tests to avoid
excessive heat transmission to the load cell.

5-1.5 Where external ignition is used, the spark plug holder
shall be positioned in the location appropriate to the orienta-
tion being used.

5-2 Procedure.

5-2.1 When ready to test, the empty specimen holder shall be
removed.

5-2.2 The radiation shield shall be inserted, and the speci-
men, within the horizontal holder, shall be positioned in
place. The holder shall initially be at room temperature.

5-2.3* The radiation shield shall remain in place until load
cell equilibrium, but for no longer than 10 seconds total if the
shield is not water-cooled. Data collection shall be initiated on
removal of the radiation shield, which is the start of the test.
The data collection intervals shall be 2 seconds or less.

5-2.4 The ignition shall be conducted in the following
sequence: (1) start the ignition timer, (2) move the spark
igniter into place, and (3) turn on the power to the spark
igniter. This shall be accomplished within 2 seconds of the
removal of the radiation shield.
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5-2.5*% When flashing or transitory flaming occurs, the times
shall be recorded. When sustained flaming occurs, the time
shall be recorded, the spark igniter shall be turned off, and the
spark ignition shall then be removed. If the flame self-extin-
guishes in less than 60 seconds after turning off the spark, the
spark igniter shall be reinserted and the spark igniter shall be
turned on. If flaming reoccurs, the test shall be stopped, the
test data shall then be discarded, and the test shall then be
repeated without removing the spark igniter until the entire
test is completed. These events shall be included in the test
report.

5-2.6 Data shall be collected until 2 minutes after any flaming
or other signs of combustion cease, until the average mass loss
over a 1-minute period has dropped below 150 g/m2 or until
60 minutes have elapsed, whichever occurs first.

5-2.7 The specimen holder shall be removed.
5-2.8 The empty specimen holder shall be replaced.

5-2.9% After the start of the test, if the specimen does not
ignite within 15 minutes, it shall be removed and discarded
unless the specimen is showing signs of heat evolution.

5-2.10 Unless otherwise specified in the material or perfor-
mance standard, three determinations shall be made and
reported as specified in Chapter 7. The 180-second mean heat
release rate readings shall be compared for the three speci-
mens. If any of these mean readings differ by more than 10
percent from the average of the three readings, then an addi-
tional set of three specimens shall be tested. In such cases, the
averages for the set of six readings shall be reported.

5-3 Safety Precautions.

5-3.1 The test procedures involve high-temperature and com-
bustion processes. Therefore, hazards exist for burns, ignition
of extraneous objects or clothing, and inhalation of combus-
tion products. The operator shall use protective gloves for
insertion and removal of test specimens. Neither the cone
heater nor the associated fixtures shall be touched while hot
except with the use of protective gloves.

5-3.2 The exhaust shall be checked for proper operation
before testing and shall discharge into a building exhaust sys-
tem with adequate capacity. Provision shall be made for col-
lecting and venting any combustion products that fail to be
collected by the normal exhaust system of the apparatus.

Chapter 6 Calculations

6-1 General. The equations in this section assume that only
Oy is measured, as indicated on the gas analysis system in Fig-
ure 2-9. Appropriate equations for cases where additional gas
analysis equipment (COy, CO, HyO) is used are provided in
Appendix C.

6-2* Calibration Constant Using Methane. The methane cal-
ibration shall be performed prior to the day’s testing, to check
for the proper operation of the instrument and to compensate
for minor changes in mass flow determination. The calibration
constant, C, shall be determined from the following equation:

5.0 D/A—p% X5, =Xo, (0 }

1.10(12.54 x 10°)H Te H 1.105 - 1.5X, (1)
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Here 5.0 corresponds to 5.0 kW of methane supplied, 12.54
x 10% is the ratio AH,/ 7 for methane, 1.10 is the ratio of oxy-
gen to air molecular weight, and the other variables are as pro-
vided in Section 1-4.

6-3 Calculations for Test Specimen. The calculations in this
section shall be used for various applications. The applicable
material or performance standard shall be consulted for addi-
tional calculations.

6-3.1 Heat Release.

6-3.1.1 Prior to performing other calculations, the oxygen
analyzer time shift shall be determined by the following equa-
tion:

1
Xo,(t) = Xo, (t+1g)

6-3.1.2 The heat release rate then shall be determined by the
following equation:

0
... _ AH AP on—on(t)
am = r_o(l'lo)CA/%L.lozs—1.5x02(t)

6-3.1.3 The value of AH,/x, for the test specimen shall be set
to equal 13.1 x 103 kJ/kg, unless a more accurate value is
known for the test material. The heat release rate per unit area
shall be determined as follows:
srepy = A0
t) = A
q"(t) = -5

S
where: A;=0.01 m?2.

6-3.1.4 The total heat released during combustion, qg", shall
be determined by summation:

" = 2q"i(t)At
Here the summation begins with the first reading after the
last negative rate of heat release reading that occurs at the

beginning of the test and continues until the final reading
recorded for the test.

6-3.2 Mass Loss Rate and Effective Heat of Combustion. The
required mass loss rate, —dm/ dt, shall be computed at each
time interval using five-point numerical differentiation. The
following equations shall be used:

For the first scan (i=0),

dmg _ 25my—48m, +36m, —16m; +3m,
“ddtg_, 124t
For the second scan (¢=1),
rdmg _ 3my+10m; —18my + 6mg —m,
“dditQ., T 12At

For any scan for which 1 < i< n =1 (n = total number of
scans),
g —M_o+8m_ —8m,, +m,,

“ddtq~ 124t
For the next to the last scan (i=n —1),
dmg _ —10m,-3m,_; +18m,_o—6m,_4+m,_,
OdtO.,_,~ 124t

For the last scan (¢=n),
gy _ —25m,+48m,_;—36m,_, +16m,_;—3m,_,
“Odtq ., 124t
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The average effective heat of combustion shall be deter-
mined as follows, with the summation taken over the entire
test length:

_ ZiGi(h)At

AHC, eff = m —m;
1

A time-varying value also shall be determined as follows:
ai(t)

AH( (1) = ~dmy dp)

6-3.3 Smoke Obscuration.

6-3.3.1 The extinction coefficient, k, shall be determined by
the smoke meter electronics as follows:

<= Bnf8

6-3.3.2 The average specific extinction area obtained during
the test shall be as follows:
zi\}ikiAti

Oi(avg = m_m

Chapter 7 Report

7-1 Required Information. The test report shall include the

following information unless otherwise specified in the rele-

vant material or performance standard:

(a) Specimen identification code or number

(b) Manufacturer or submitter

(c¢) Date of test

(d) Operator

(e) Composition or generic identification

(f) Specimen thickness

(g) Specimen mass

(h) Specimen color(s) and description

(i) Details of specimen preparation by the testing laboratory

(j)  Test orientation, specimen mounting, and whether the
retainer frame, the wire grid, or other special mounting
procedure was used

(k) Heating flux and exhaust system flow rate

(1) Number of replicate specimens tested under the same
conditions (There shall be a minimum of three.)

Exception: Exploratory testing.

(m) Time to sustained flaming (sec)

(n) Heat release rate (per unit area) curve (kW/m?)

(0)* Peak q and average q" values for the first 60 seconds,
180 seconds, and 300 seconds after ignition, or for other
appropriate periods (For specimens that do not show sus-
tained flaming, the above quantities, tabulated for peri-
ods beginning with the first reading after the last negative
rate of heat release reading that occurs at the beginning
of the test, shall be reported.)

(p) Total heat released by the specimen (M]/m?). (The total
heat shall be computed beginning with the first reading
after the last negative rate of heat release reading that
occurs at the beginning of the test and continuing until
the final reading recorded for the test.)

(q) Average AH,  for the entire test (M]J/kg).

(r) Curve of AH, ,;y (M]/kg) (This information is optional.)

(s) Mass remaining after test (g)

(t) Sample mass loss (kg/m?), which is the average specimen
mass loss rate (g/m?*sec) computed over the period that
begins when 10 percent of the ultimate specimen mass
loss occurs and that ends when 90 percent of the ultimate
specimen mass loss occurs

(u) Smoke obscuration, which shall be reported as the aver-
age specific extinction area (m?/kg)

(v) Values determined for Sections 7-1(1), (o), (p), and (t),
averaged for all specimens.

(w) Additional observations, including times of transitory
flaming or flashing, if any

(x) Difficulties encountered in testing, if any

(y) Duration of test and the criteria used to end the test

(z) Data recording interval (sec)

(aa) Calculation method used for heat release

Appendix A Explanatory Material

Appendix A is not a part of the requirements of this NFPA docu-
ment but is included for informational purposes only. This appendix
contains explanatory material, numbered to correspond with the appli-
cable text paragraphs.

A-1-1.5 Testing of materials in the horizontal orientation is
currently preferred, especially for regulatory purposes, since
such testing is much more reproducible and repeatable than
when performed in the vertical orientation and generally
appears to provide a more severe exposure condition. Where
using the vertical orientation, it is more difficult to control the
pyrolyzates that evolve from the material’s surface for the pur-
pose of external ignition using the point source spark ignition.
Convective heat flow along the exposed surface of the sample
is also a complicating factor.

A-1-2.1 Determine the relationship of the behavior of materi-
als and products to radiant heat flux exposure by testing spec-
imens in a series of exposures over as broad as possible a range
of incident radiant heat fluxes. The conduction of tests with-
out piloted ignition is best kept for research and development.

A-1-2.3 Other factors, some of which cannot be controlled,
that can also affect the heat release rate for a given material
include the orientation of the material (vertical, horizontal, or
otherwise), the types of joints or other methods used for instal-
lation, the way the material reacts to fire (melts and drips,
recedes, chars, pyrolyzes, intumesces, or flames), and the use
of fire retardants.

A-1-3.3 It cannot be assumed that the behavior of materials
tested in accordance with this method will be replicated in a
real fire situation. The response of a material to a real fire is
affected by many factors, including the specific end-use of the
material, the environment in which it is used, and the fire con-
dition to which it might be exposed.

A-1-4.3 Additional information on testing is provided in
Appendix E.

A-1-4.5 Additional information on heating flux and the use of
external ignition can be found in E-2.3.

A-1-5 Net Heat of Combustion. For additional information,
see ASTM D 3286, Standard Test Method for Gross Calorific Value
of Coal and Coke by the Isoperibol Bomb Calorimeter.
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A-2-2.2 Because the geometry of the heater is critical, the
dimensions shown in Figure 2-1.2(b) should be adhered to
closely.

A-2-9 If an optional COgy analyzer is used instead of removing
COy from the oxygen analyzer stream, the equations used to
calculate the rate of heat release are different from those for
the standard case indicated in Chapter 6. The appropriate
equations are provided in Appendix C.

A-3-3 Calibration can be permitted to be performed with or
without the cone heater operating but should not be per-
formed during heater warm-up.

A-3-4 The load cell mechanical zero might have to be adjusted
when using the edge frame or if the apparatus was not last
used in the horizontal orientation.

A-3-5 Once this calibration is set, only the zero value of the
extinction coefficient (100 percent transmission) normally
needs to be verified prior to each test.

A-4-1.3 Such mounting techniques include the use of an
edge frame [see Figure 2-6.3(a)], wire grid, or other special
mounting procedure suitable to the specimen being tested.
Figure 2-6.3(b) shows a wire grid suitable for several types of
intumescing specimens.

A-5-1.3 Under room temperature conditions, this volume flow
rate corresponds to a mass flow rate of approximately 30 g/sec.

A-5-2.3 The radiation shield should remain in place for a suf-
ficient time to ensure stability of operation.

A-5-2.5 The time of sustained flaming to be reported is the
time at which the flaming initially is observed, not when the
4-second period that defines sustained flaming has elapsed.

A-5-2.9 Testing should be stopped if explosive spalling or
excessive swelling occurs. The procedures described in Chap-
ter 4 might be useful in mitigating these effects.

A-6-2 A calibration differing more than 5 percent from the
previous calibration is not normal and suggests instrument
malfunction.

A-7-1(o) Certain specimens do not show visible, sustained
flaming but do indicate positive rate of heat release values.

Appendix B Precision and Bias

This appendix is not a part of the requirements of this NFPA doc-
ument but is included for informational purposes only.

B-1 Precision.

B-1.1 Interlaboratory trials were conducted by ASTM Com-
mittee E-5 to determine the repeatability and reproducibility
of this test method. The results were analyzed in conjunction
with the results of a parallel set of interlaboratory trials spon-
sored by the International Organization for Standardization
(ISO). The complete results have been placed on file at ASTM
headquarters as a research report (request RR: E05-1008).
The results obtained for repeatability and reproducibility are
provided below; further details of the interlaboratory trials are
provided in Section B-2.

B-1.2 The following definitions of repeatability (r) and repro-
ducibility (R) should be used:
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r = f.J20
f /205

Py
1

where:
0, = the repeatability standard deviation

Op = the reproducibility standard deviation

The coefficient /2 is derived from the fact that r and R
refer to the difference between two single test results, and f,
which equals approximately 2, corresponds to the probability
level of 95 percent being taken. These products then are
rounded off as follows:

r=28S
R = 2.85;

For calculations, the sample-based standard deviation esti-
mates, S, are substituted for the population standard devia-
tions, g, since the latter are not known.

B-1.3 For the materials tested, values for repeatability, », and
reproducibility, R, have been calculated for six variables.
These variables, chosen as representative of the test results,
are as follows:

3 3
tig qmaxq 180 q tot AHC, eff Gf

A linear regression model was used to describe rand Ras a
function of the mean overall replicates and overall laborato-
ries for each of the six variables. The regression equations are
provided below. The range of mean values over which the fit
was obtained is also indicated. The results for time to sus-
tained flaming, /, in the range of 5 seconds to 150 seconds
were as follows:

r=4.1+0.125t,

R = 7.4 +0.2201,

The results for peak heat release rate q" 4y, in the range of
70 kW/m? to 1120 kW/m? were as follows:

r = 18.3+0.131G" max
R = 60.4 +0.141G" max

The results for 180-second average heat release rate, q"180
in the range of 70 kW/m? to 870 kW/m? were as follows:

r = 23.3+0.137G" 150
R = 255+0.1514" 150

The results for total heat released, §"tot, in the range of 5
Mj/m2 to 720 Mj/m2 were as follows:

r = 7.4+0.068q"t0t
R = 11.8 + 0.088q" ot
The results for peak effective heat of combustion, AH, 5 in

the range of 7 k] /g to 40 k] /g were as follows:
r = 1.23+0.050AH o

R = 242 +0.055AH, o

The results for average specific extinction area, 05 in the
range of 30 m2/kg to 2200 m2/kg were as follows:
r =59+0.0760;

R = 63 +0.2150;
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B-2 Bias. Forsolid specimens of unknown chemical composi-
tion, as used in building materials, furnishings, and common
occupant fuel load, it has been documented that the use of the
oxygen consumption standard value of AH, /% = 13.1 x 103 k] /
kg oxygen results in an expected error band of 5 percent com-
pared to true value. For homogeneous materials with only a
single pyrolysis mechanism, this uncertainty can be reduced
by determining AH, from oxygen bomb measurements and
from ultimate elemental analysis. For most testing, this is not
practical, since specimens might be composite and nonhomo-
geneous and might exhibit several degradation reactions.
Therefore, for unknown samples, a 5 percent accuracy limit is
recommended. For reference materials, however, careful
determination of AH, /% can reduce this source of uncertainty
substantially.

Appendix C Calculation of Heat Release with
Additional Gas Analysis

This appendix is not a part of the requirements of this NFPA doc-
ument but is included for informational purposes only.

C-1 Introduction. The equations used to calculate heat
release rate assume COy is removed from the gas sample in a
chemical scrubber before O, is measured. Some laboratories
are equipped to measure COy; in such a case, it is not neces-
sary to remove the COg from the Oy line. The advantage in this
case is that the chemical scrubbing agent, which is costly and
necessitates careful handling, can be avoided.

In this appendix, equations are provided that should be
used when COy is measured but not scrubbed out of the sam-
pling lines. Two cases are considered. In the first case, part of
the dried and filtered sample stream is diverted into infrared
COy and CO analyzers. To avoid condensation, the measure-
ment of HyO concentration in the flow of combustion prod-
ucts necessitates a separate sampling system with heated
filters, heated sampling lines, and a heated analyzer.

C-2 Symbols. The following symbols are used in this appen-
dix:

C = calibration constant for oxygen consumption
analysis (m!/?kg!/2k1/2)

AH,/ry = net heat of combustion (k] /kg)
M, =  molecular weight of air (kg/kmol)
M, = molecular weight of the combustion products
(kg/kmol)
Mme = exhaust duct mass flow rate (kg/sec)
AP = orifice meter pressure differential (PA)
q" = heat release rate per unitarea (kW/m?)
ty =  oxygen analyzer delay time (sec)
té = delay time of the COy analyzer (sec)
tg = delay time of the CO analyzer (sec)
tg = delay time of the Hy analyzer (sec)
T, =  absolute temperature of gas at the orifice meter
(k)
X?}o = initial COq reading (mole fraction)

Xoo = initial CO reading (mole fraction)
xgz o = initial HyO reading (mole fraction)
X(a) = ambient Oy reading (mole fraction)
2
X(ljok = COy reading before delay time correction (mole
? fraction)
X(lj0 = CO reading before delay time correction (mole
fraction)
Xll_L o = HyOreading before delay time correction (mole
? fraction)
Xco. = COgy reading after delay time correction (mole
? fraction)
Xco = CO reading after delay time correction (mole
fraction)
XH20 = HyO reading after delay time correction (mole
fraction)
@ = oxygen depletion factor

C-3 Where CO;, and CO Are Measured. As in the case of the
oxygen analyzer, measurements of COy and CO should be
time-shifted to take into account the transport time in the sam-
pling lines, as follows:

1
Xo, () = X (t+1,)
1 1
Xcoz(t) = Xcoz(t"'td)
1 2
Xeo(t) = Xeo(t+1q)

C-3.1 In this case, the delay times, té and tg , for the COy and
CO analyzers, respectively, are usually different (smaller) than
the delay time, #, for the Oy analyzer.
The exhaust duct flow is calculated as follows:
AP

me = C |[—
e T,

C-3.2 The rate of heat release now can be determined as fol-
lows:

1 oBHe [(p—0.1721—(p(XCO/XCO);} .
9= 00 0, T (iog + 1.1050 e

C-3.3 The oxygen depletion factor, @, is calculated as follows:
0 0
_ )(02(1 = Xco, —Xco) )(02(1 - Xcoz)
B 0
on( 1=Xco,~Xco~ on)

C-3.4 The ambient mole fraction of oxygen is calculated as
follows:

a 0 0
Xo, = (l—tzo)on

The second value in the denominator of the value in brackets in
the equation in C-3.2 is a correction factor for incomplete com-
bustion of some carbon to CO instead of COy. In fact, the value
of X0 is usually very small, so that it can be disregarded in the
equations in C-3.2 and C-3.3. The practical implication of this
correction factoris thata CO analyzer generally does notresult
in a noticeable increase in accuracy of heat release rate mea-
surements. Consequently, the equations can be used, evenifno
CO analyzer is present, by setting Xgo = 0.
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C-4 Where H,0 Also Is Measured. In an open combustion sys-
tem, such as is used in this method, the flow rate of air enter-
ing the system cannot be measured directly but is inferred
from the flow rate measured in the exhaust duct. An assump-
tion regarding the expansion due to combustion of the frac-
tion of the air that is fully depleted of its oxygen needs to be
made. This expansion depends on the composition of the fuel
and the actual stoichiometry of the combustion. A suitable av-
erage value for the volumetric expansion factoris 1.105, which
is accurate for methane.

This value is already incorporated within the equation in C-
3.2 for g. For cone calorimeter tests, it can be assumed that
the exhaust gases consist primarily of Ny, Oy, COy, HyO, and
CO; thus, measurements of these gases can be used to deter-
mine the actual expansion. (It is assumed that the measure-
ments of Oy, COy, and CO correspond to a dry gas stream,
while the HyO measurement corresponds to total stream
flow.) The mass flow rate in the exhaust duct is then more
accurately provided by the following equation:

. _ M AP
= ST
C-4.1 The molecular weight, M,, of the exhaust gases is calcu-

lated as follows:
M = [45+(1 _XH20)(2~5 + on + 4Xc02)]4

C4.2 Using 28.97 as the value for M, the heat release rate is
calculated as follows:

0
)(02(1 —on = Xco,)

1=X5, = Xeo :

2

. 0
G@ = 1.1002Me
0

(1 =Xy0)
g H,0

C-4.3 The HyO readings used in the equation in C4.2 are
time-shifted in a way similar to that for the equations in Sec-
tion C-3 for the other analyzers.

0 1 3
XHzo(t) = XHzo(t +13)

Additional background on these computations is given in
note 15 in Appendix E.

Appendix D Testing of Specimens in the
Vertical Orientation

This appendix is not a part of the requirements of this NFPA doc-
ument but is included for informational purposes only.

D-1 Introduction. This appendix is provided so that the user
of this standard has access to a standardized methodology for
testing specimens in a vertical orientation using the same
apparatus specified in this standard. Although the recom-
mended method of testing specimens is in the horizontal ori-
entation, especially for the purpose of regulating the use of
materials, it is believed that testing specimens in the vertical
orientation might be useful for research and development
purposes. With time and experience, this method of testing
might be found suitable for more widespread use.

D-2 Purpose. This test method allows testing of the specimen
in the vertical position.

D-3 Basis of Test Method. This alternative test method using
the vertical orientation of the test specimen is based on the
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text of Chapters 1 through 7. To accommodate the vertical ori-
entation of the specimen, the wording has been revised as nec-
essary, and section and paragraph numbers in parentheses
have been provided for quick reference.

D-4 Test Limitations.

D-4.1 (Section 1-3) The test data should be considered to be

invalid if any of the following occur:

(a) The specimen experiences an explosive spalling.

(b) The specimen swells to the point where it touches the
spark plug prior to ignition.

(c) The specimen swells to the point where it touches the
heater base plate during combustion.

(d) In the vertical orientation, the specimen melts sufficiently
to overflow the melt-trough.

D-4.2 If delamination of the specimen occurs, the test results
should be considered suspect, and this shall be described in
the test report.

D-5 Exposure. (1-4.5) Specimens should be exposed to heat-
ing fluxes ranging from 0 kW/m? to 100 kW/m? in a vertical
orientation. External ignition, where used, should be by elec-
tric spark. The value of the heating flux and the use of exter-
nal ignition should be specified by the relevant material or
performance standard (see E-2.3) or by the test sponsor for
research and development purposes.

D-6 Definition.

Orientation. (Section 1-5) The plane in which the exposed
face of the specimen is located during testing, (i.e., vertically
facing the heater).

D-7 Test Apparatus. (2-1.2) The test apparatus should con-
sist of the following components:
(a) A conical-shaped radiant electric heater
(b) Specimen holders
(c) An exhaust-gas system with oxygen-monitoring and flow-
measuring instrumentation
(d) An electric ignition spark plug
(e) A data collection and analysis system
(f) Aload cell for measuring specimen mass loss
A general view of the apparatus is shown in Figure 2-1.2(a),

and an exploded view of the vertical orientation is shown in
Figure D-7.

Vertical sample holder

Sample (100 mm x

100 mm) . . Latching
Aluminum foi |~ mechanism
Low-density
ceramic Calibration

wool QP g : NI h\ burner

Flux meter

Figure D-7 Exploded view, vertical orientation.
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D-8 Heater. (2-2.2) The heater should be mounted in a verti-
cal orientation. The heater should be capable of producing
irradiances on the surface of the specimen of up to 100 kW/
m?. The irradiance should be uniform within the central 50-
mm X 50-mm area of the specimen to within 10 percent.

D-9 Specimen Holder. (2-6.1) The vertical specimen holder
is shown in Figure D-9 and includes a small drip trap to con-
tain a limited amount of molten material. A specimen should
be installed in the vertical specimen holder by backing it with
alayer of refractory fiber blanket (nominal density 65 kg/m?).
The thickness of the refractory fiber blanket depends on the
specimen’s thickness but should be at least 13 mm. A layer of
rigid, ceramic fiber millboard should be placed behind the
fiber blanket layer. The millboard thickness should be such
that the entire assembly is rigidly bound together once the
retaining spring clip is inserted behind the millboard. In the
vertical orientation, the cone heater height should be set so
the center of the heater lines up with the specimen center.

le—— 104 mm* — 2.4-mm
25 mm SLOT
| —
25mm
b v
73 mm*
b
fe—94 mm——4
116 mm
T 135°
Section B-B
__________________ 58 mm
E E Yy
: ! %
B | | B
.::::::.:.:::;U,::::::_
/NH—H 24 mm
4.8-mm diameter pins; round off ends,
four places, press fit
4.8 MM —f j«—
A 15 mm
T ok 94 mm* 104 mm*
L2553, .
vomm K24 |- 4.8-mm
! 1 mm; L—"[stainless steel
! ! | g base plate
: "l\ I 1\ [ 10 mmy 7777 77T IJ’
: : T ) G ™m
R 1 6mm- 13} 4.8 mm
[ | mm| 25.4 25.4
A< mm | mm
Section A-A

Material: 1.59-mm stainless steel (except base plate)
*Indicates a critical dimension

Figure D-9 Vertical specimen holder.

D-10 Ignition Circuit. (Section 2-7) External ignition should
be accomplished by a spark plug powered from a 10-kV trans-
former. The spark plug should have a gap of 3 mm. The trans-
former should be of a type specifically designed for spark
ignition use. The transformer should have an isolated

(ungrounded) secondary to minimize interference with the
data transmission lines. The electrode length and location of
the spark plug should be such that the spark gap is located in
the plane of the specimen face in the vertical orientation and
5 mm above the top of the holder. The spark plug should be
removed when sustained flaming is achieved.

Appendix E Commentary

This appendix is not a part of the requirements of this NFPA doc-
ument but is included for informational purposes only.

E-1 Introduction. This commentary is provided for the fol-

lowing reasons:

(a) To furnish some insight into the development of the
method

(b) To describe the rationale for the design of various fea-
tures of the apparatus

(¢) To describe the use of the data

Additional guidance to the user of this test is provided in
note 15.

E-2 Rate of Heat Release Measurements.

E-2.1 The rate of heat release of a product is one of the most
importantvariablesin determiningits potential hazardin afire.
With many products that are composed of many surfaces con-
tributing to a fire, their evaluation is complex.1 For each sepa-
rate surface, it first should be determined when, if at all, that
surface can ignite. The size of the fire should be determined
from anyitems already burning, since this constitutes the exter-
nal irradiance to nearby items. The flame spread over the sur-
face in question then should be evaluated. The rate of heat
release from the whole surface then can be evaluated using the
rate of heat release per unit area, for a given irradiance, as a
function of time. The rate of heat release per unit area is the
only value that can be measured in a bench-scale test. The total
heatrelease rate outputfrom the burning objectequals the sum
of the rates for all surfaces. The fact that some elements might
burn out and no longer contribute to the fire also should be
considered. The procedure is conceptually straightforward but
can be very cumbersome to compute.

E-2.2 Many common combustibles do not have the geometri-
cally simple surfaces that are necessary to do computations of
this kind. Other complications, such as melting, dripping, or
collapsing, also can preclude a detailed mathematical analysis.
In such cases, a simpler, more empirical model is appropriate.
An example of the use of bench-style heat release rate mea-
surements in deriving a fire hazard assessment is available.?

E-2.3 The test method does not prescribe the irradiance levels
nor whether external ignition should be used. This should be
determined separately for each product class. For a given class
of applications and products, a comparison with some full-
scale fires generally is necessary to determine the time period
over which the heat release rate should be calculated. A mate-
rial or performance standard then can be developed for that
product category that can provide further guidance and limi-
tations for testing. For exploratory testing, in the absence of
more specific determinations for a given class of applications,
a value of 35 kW/m? can be permitted to be utilized first. The
results obtained might then suggest whether additional test-
ing at different irradiance levels should be performed.
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