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INTERNATIONAL

Standard Test Method for
Heat and Visible Smoke Release Rates for Materials and

Products Using an Oxygen Consumption Calorimeter 1

This standard is issued under the fixed designation E 1354; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

! Note—Footnote 1 was changed to reflect changes approved in August, September and October 2002 and incorporated into
this version of the standard.

1. Scope 1.7 The values stated in Sl units are to be regarded as the
1.1 This fire-test-response standard provides for measuringfandard. . _

the response of materials exposed to controlled levels of 1.8 This standard is used to measure and describe the

radiant heating with or without an external ignitor. response of materials, products, or assemblies to heat and

1.2 This test method is used to determine the ignitability/lame under controlled conditions, but does not by itself
heat release rates, mass loss rates, effective heat of combustifigorporate all factors required for fire hazard or fire risk
and visible smoke development of materials and products. @ssessment of the materials, products, or assemblies under

1.3 The rate of heat release is determined by measureme@gtual fire conditions.
of the oxygen consumption as determined by the oxygen 1.9 This standard does not purport to address all of the
concentration and the flow rate in the exhaust product streangafety concerns, if any, associated with its use. It is the
The effective heat of combustion is determined from a confesponsibility of the user of this standard to establish appro-
comitant measurement of specimen mass loss rate, in comtliate safety and health practices and determine the applica-
nation with the heat release rate. Smoke development iility of regulatory limitations prior to usef-or specific hazard
measured by obscuration of light by the combustion producgtatements, see Section 7.
stream.

1.4 Specimens shall be exposed to heating fluxes in th%' Referenced Documents
range of 0 to 100 kW/rh External ignition, when used, shall ~ 2-1 ASTM Standards: B
be by electric spark. The value of the heating flux and the use D 3286 Test Method for Gross Calorific Value of Coal and
of external ignition are to be as specified in the relevant _Coke by the Isoperibol Bomb Calorimeter

material or performance standard (see X1.2). The normal E 176 Terminology of Fire Standartls N o
specimen testing orientation is horizontal, independent of E 177 Practice for Use of the Terms Precision and Bias in

ASTM Test Method$

E 662 Test Method for Specific Optical Density of Smoke
Generated by Solid Materidls

E 691 Practice for Conducting an Interlaboratory Study to
Determine the Precision of a Test Metfod

E 906 Test Method for Heat and Visible Smoke Release
Rates for Materials and Produgts

whether the end-use application involves a horizontal or a
vertical orientation. The apparatus also contains provisions for
vertical orientation testing; this is used for exploratory or
diagnostic studies only.

1.5 Ignitability is determined as a measurement of time
from initial exposure to time of sustained flaming.

1.6 This test method has been developed for use for material
and product evaluations, mathematical modeling, design pur- 2-2 SO Standards: , o
poses, or development and research. Examples of material SO 5657-1986(E) Fire Tests—reaction to fire—ignitability

specimens include portions of an end-use product or the _Of building mgt_erial% o
various components used in the end-use product. ISO 5725 Precision of test methods—determination of re-

peatability and reproducibility for a standard test method

1 This test method is under the jurisdiction of ASTM Committee EO5 on Fire ———————
Standardsand is the direct responsibility of Subcommittee E05.21on Smoke and 2 Annual Book of ASTM Standardgol 05.05.
Combustion Products. 2 Annual Book of ASTM Standardgol 04.07.
Current edition approved Aug. 10, 2002, Sept. 10, 2002, Oct. 10, 2002, and Nov. “Annual Book of ASTM Standardgol 14.02.
10, 2002. Published December 2002. Originally published as E 1354 —90. Last ° Available from American National Standards Institute, 11 West 42nd Street,
previous edition E 1354 — 02c. 13th Floor, New York, NY 10036.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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by inter-laboratory tests R = reproducibility (the units are the same as for the
_ variable being characterized).
3. Terminology ro stoichiometric oxygen/fuel mass ratio (-).

3.1 Definitions—For definitions of terms used in this test
method, refer to Terminology E 176.

3.2 Definitions of Terms Specific to This Standard: SR
3.2.1 effective heat of combustiom—the measured heat
release divided by the mass loss for a specified time period.
3.2.2 heating flux n—the incident flux imposed externally
from the heater on the specimen at the initiation of the test.

d
ig

sample-based standard deviation estimate for re-
peatability (same units a3.
sample-based standard deviation estimate for re-
producibility (same units aR).
time, s.
oxygen analyzer delay time, s.
time to sustained flaming (s).
density (kg/r).

3.2.2.1 Discussior—The specimen, once ignited, is also At sampling time interval, s.

heated by its own flame. Te absolute temperature of gas at the orifice meter,
3.2.3 heat release rate n—the heat evolved from the K.

specimen, per unit of time. V = volume exhaust flow rate, measured at the loca-

3.2.4 ignitability, n—the propensity to ignition, as measured
by the time to sustained flaming, in seconds, at a specmed’(o
heating flux. 02

1
3.2.5 net heat of combustiom—the oxygen bomb (see Test Xo,

Method D 3286) value for the heat of combustion, corrected
for gaseous state of product water. Gf

3.2.6 orientation n—the plane in which the exposed face of ¢
R

tion of the laser photometer, ¥s.

oxygen analyzer reading, mole fraction(©).

initial value of oxygen analyzer reading (-).
oxygen analyzer reading, before delay time cor-
rection (-).

specific extinction area, for smoke 2fikg.
repeatability standard deviation (same units)as
reproducibility standard deviation (same units as

the specimen is located during testing, either vertical or(y R)

horizontal facing up.
3.2.7 oxygen consumption principl&—the expression of 4. Summary of Test Method
the relationship between the mass of oxygen consumed during 4.1 This test method is based on the observatio that,
combustion and the heat released.
3.2.8 smoke obscuratigm—reduction of light transmission
by smoke, as measured by light attenuation.
3.2.9 sustained flamingn—existence of flame on or over
most of the specimen surface for periods of at least 4 s.
3.2.9.1 Discussior—Flaming of less tha 4 s duration is
identified as flashing or transitory flaming.
3.3 Symbols:

As
C

Ah,
Ahc eff

o

OO0 0

nominal specimen exposed surface area, 0.61 m
calibration constant for oxygen consumption
analysis, M2 - kg*/? - K2,

net heat of combustion, kJ/kg.

effective heat of combustion, kJ/kg.

actual beam intensity.

beam intensity with no smoke.

smoke extinction coefficient, m.

extinction beam path length, m.

specimen mass, kg.

final specimen mass, kg.

initial specimen mass, kg.

specimen mass loss rate, kg/s.

orifice meter pressure differential, Pa.

total heat released, kJ7niNote that kJ= kW-s).
heat release rate, kW.

heat release rate per unit area, k¥/m

maximum heat release rate per unit area (kW/

mA).

generally, the net heat of combustion is directly related to the
amount of oxygen required for combustion. The relationship is
that approximately 13.X 10° kJ of heat are released per 1 kg
of oxygen consumed. Specimens in the test are burned in
ambient air conditions, while being subjected to a predeter-
mined external heat flux, which can be set from 0 to 100
kW/m?. Burning may be either with or without a spark ignition.
The primary measurements are oxygen concentrations and
exhaust gas flow rate. Additional measurements include the
mass-loss rate of the specimen, the time to sustained flaming
and smoke obscuration, or as required in the relevant material
or performance standard.

5. Significance and Use

5.1 This test method is used primarily to determine the heat
evolved in, or contributed to, a fire involving products of the
test material. Also included is a determination of the effective
heat of combustion, mass loss rate, the time to sustained
flaming, and smoke production. These properties are deter-
mined on small size specimens that are representative of those
in the intended end use.

5.2 This test method is applicable to various categories of
products and is not limited to representing a single fire
scenario. Additional guidance for testing is given in X1.2.3 and
X1.11.

5.3 This test method is not applicable to end-use products
that do not have planar, or nearly planar, external surfaces.

average heat release rate, per unit area, over th®. Apparatus

time penod starting at; and ending 180 s later
(KW/m?).

repeatability (the units are the same as for the

variable being characterized).

6.1 General

8 The boldface numbers in parentheses refer to the list of references at the end of
this test method.
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6.1.1 Where explicitly stated in the following description,
dimensions are mandatory and should be followed within
nominal tolerances of-1 mm, unless otherwise specified. ™™P°7| g [ mersnel
Such dimensions are followed by an asterisk in Figs. 1-12. ~7 = ¥ S

6.1.2 The test apparatushall consist essentially of the
following components: a conical radiant electric heater, ca- &
pable of horizontal or vertical orientation; specimen holders,
different for the two orientations; an exhaust gas system with |

Outer Shell

oxygen monitoring and flow measuring instrumentation; an VAR 160* | &

FL i . ; ; | |
electric ignition spark plug; a data collection and analysis | Spacer Block Ceramic Fiber Packing
system; and a load cell for measuring specimen mass loss. A Heating Element Gone Hinge and Mount Bracket

general view of the apparatus is shown in Fig. 1; a cross section
through the heater in Fig. 2; and exploded views of horizontal Nore 1—All dimensions are in millimetres.

and vertical orientations in Fig. 3 and Fig. 4. Note 2—* Indicates a critical dimension.
6.1.3 Additional details describing features and operation of FIG. 2 Cross-Section View Through the Heater
the test apparatus are given in R2j.
6.2 Conical Heater 6.2.3 The irradiance from the heater shall be capable of

6.2.1 The active element of the heater shall consist of apeing held at a preset level by means of a temperature
electrical heater rod, rated at 5000 W at 240 V, tightly woundcontroller and three type K stainless steel sheathed thermo-
into the shape of a truncated cone (Fig. 2 and Fig. 4). Theouples, symmetrically disposed and in contact with, but not
heater shall be encased on the outside with a double-walelded to, the heater element (see Fig. 2). The thermocouples
stainless steel cone, packed with a refractory fiber material adhall be of equal length and wired in parallel to the temperature
approximately 100 kg/tdensity. controller. The standard thermocouples are sheathed, 1.5 and

6.2.2 The heater shall be hinged so it can be swung inta .6 mm outside diameter, with an unexposed hot junction.
either a horizontal or a vertical orientation. The heater shall baternatively, either 3 mm outside diameter sheathed thermo-
capable of producing irradiances on the surface of the specgouples with an exposed hot junction or 1 mm outside diameter

men of up to 100 kW/rh The irradiance shall be uniform sheathed thermocouples with unexposed hot junction can be
within the central 50 by 50-mm area of the specimen to withinysed.

+2 % in the horizontal orientation and to within10 % in the 6.3 Temperature Controller
vertical orientation. As the geometry of the heater is critical, 6.3.1 The temperature controller for the heater shall be
the dimensions on Fig. 2 are mandatory. capable of holding the element temperature steady to within

+2°C. A suitable system is a 3-term controller (proportional,
integral, and derivative) and a thyristor unit capable of switch-
ing currents up to 25 A at 240 V.

“ A list of suppliers of this apparatus is available from ASTM Headquarters.
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. Thermocouple (located
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Note 1—All dimensions are in millimetres.
Note 2—* Indicates a critical dimension.
FIG. 1 Overall View of Apparatus
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FIG. 4 Exploded View, Vertical Orientation

sampler shall contain twelve holes to average the stream
composition with the holes facing away from the flow to avoid
soot clogging.

6.4.4 The temperature of the gas stream shall be measured
using a 1.0 to 1.6 mm outside diameter sheathed-junction
thermocouple na 3 mmoutside diameter exposed junction
thermocouple positioned in the exhaust stack on the centerline
and 100 mm upstream from the measuring orifice plate.

6.4.5 The flow rate shall be determined by measuring the
differential pressure across a sharp-edged orifice (57 mm inside
diameter) in the exhaust stack, at least 350 mm downstream
from the fan when the latter is located as shown in Fig. 5.

6.4.6 In other details, the geometry of the exhaust system is
not critical. Where necessary, small deviations from the rec-
ommended dimensions given in Fig. 5 shall be permitted to be
made. The inner diameter of the duct and the orifice plates is
not a critical dimension. Also the fan does not need to be at the
exact location as indicated on Fig. 5, but shall be permitted to
be further downstream, allowing for a more common type of
fan to be used. In this case, sufficient undisturbed inflow
distances to the gas sampling probe and the measuring orifice
shall be provided for the flow to be uniformly mixed.

6.5 Load Cell—The general arrangement of the specimen
holders on the load cell is indicated in Fig. 3 and Fig. 4. The
load cell shall have an accuracy of 0.1 g, and shall have a total
weighing range of at least 3.5 kg of which at least 500 g shall
be available for direct monitoring during any single test.

6.6 Specimen Mounting
6.6.1 The horizontal specimen holder is shown in Fig. 6.

6.6.2 The bottom of the horizontal specimen holder shall be
lined with a layer of low density (nominal density 65 kgjm
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 be 25 mm. For
mechanisms constructed according to the drawing in Fig. 2,
this is accomplished by using the sliding cone height adjust-

6.3.2 The controller shall have a temperature input range off€nt.
0 to 1000°C; a set scale capable of being read to 2°C or better; 6.6.3 The vertical specimen holder is shown in Fig. 7 and
and automatic cold junction compensation. The controller shaincludes a small drip tray to contain a limited amount of molten
be equipped with a safety feature such that in the event of amaterial. A specimen shall be installed in the vertical specimen
open circuit in the thermocouple line, it will cause the holder by backing it with a layer of refractory fiber blanket
temperature to fall to near the bottom of its range. (nominal density 65 kg/f), the thickness of which depends on
6.3.3 The thyristor unit shall be of the zero crossing and nospecimen thickness, but shall be at least 13 mm thick. A layer
of the phase angle type. of rigid, ceramic fiber millboard shall be placed behind the
6.3.4 The heater temperature shall be monitored by a metdiber blanket layer. The millboard thickness shall be such that
capable of being read t2°C, or better. It shall be permitted the entire assembly is rigidly bound together once the retaining
to be incorporated into the temperature controller. spring clip is inserted behind the millboard. In the vertical
6.4 Exhaust System orientation, the cone heater height is set so the center lines up
6.4.1 The exhaust-gas system shall consist of a high tenWith the specimen center.
perature centrifugal exhaust fan, a hood, intake and exhaust6.6.4 The testing technique to be used when testing intu-
ducts for the fan, and an orifice plate flowmeter (Fig. 5). Themescing specimens in the horizontal orientation shall be
exhaust system shall be capable of developing flows frondocumented in the test report. Options include the retainer
0.012 to 0.035 rifs. frame (Fig. 12) and wire grid (Fig. 8). The edge frame is used
6.4.2 Arestrictive orifice (57 mm inside diameter) shall beto reduce unrepresentative edge burning of specimens while
located between the hood and the duct to promote mixing. the wire grid is used for retaining specimens prone to delami-
6.4.3 Aring sampler shall be located in the fan intake duchation. The wire grid shown in Fig. 8 is also suitable for the
for gas sampling, 685 mm from the hood (Fig. 1). The ringvertical orientation.
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SECTION A-A

*Indicates a critical dimension
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NoTe—All dimensions are in millimetres (not to scale).

SMOKE METERJ 1 B ~—
LOCATION
[~—GAS SAMPLING TUBE IS 0.6 mm THICK STAINLESS STEEL, HoOD
RING PROBE 114 mm I.D.

Note 1—All dimensions are in millimetres (not to scale).
FIG. 5 Exhaust System
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Section A-A

Note 1—All dimensions are in millimetres.
Note 2—* Indicates a critical dimension.
FIG. 6 Horizontal Specimen Holder

of noncombustible material with a total thickness not to exceed
12 mm. The shield shall be one of the following:

(a) water cooled and coated with a durable matte black
finish of surface emissivity e = 0.95 0.05 or

(b) not water cooled with a metallic reflective top surface
to minimize radiation transfer.

(c) not water-cooled, with a ceramic, non-metallic, surface
that minimizes radiation transfer to the specimen surface.

The shield shall be equipped with a handle or other suitable
means for quick insertion and removal. The cone heater base
plate shall be equipped with the means for holding the shield in
position and allowing its easy and quick removal.

6.8 Ignition Circuit—External ignition is accomplished by a
10-kV discharge across a 3—mm spark gap located 13 mm
above the center of the specimen in the horizontal location; in
the vertical orientation the gap is located in the specimen face
plane and 5 mm above the top of the holder. A suitable power
source is a transformer designed for spark-ignition use or a
spark generator. The high voltage connections to the spark
electrodes shall not be grounded to the chassis in order to
minimize interference with the data-transmission lines. For
testing with electric spark ignition, spark discharge shall be
continously operating at 50 to 60 Hz until sustained flaming is
achieved. The ignitor shall be removed when sustained flaming
is achieved.

6.9 Ignition Timer—The timing device for measuring time
to sustained flaming shall be capable of recording elapsed time

6.7 Radiation Shield-The cone heater shall be provided to the nearest second and shall be accurate torwitlsiin 1 h.
with a removable radiation shield to protect the specimen from 6.10 Gas Sampling-Gas sampling arrangements are shown
the heat flux prior to the start of a test. The shield shall be madm Fig. 9. They shall incorporate a pump, a filter to prevent
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Note 1—All dimensions are in millimetres except where noted.
Note 2—* Indicates a critical dimension.

FIG. 7 Vertical Specimen Holder

entry of soot, a cold trap to remove most of the moisture, analyzer shall exhibit a linear response and drift of not more
bypass system set to divert all flow except that required for théhan =50 ppm oxygen (root-mean-square value) over a period
oxygen analyzer, a further moisture trap, and a trap for carboof ¥2h. Since oxygen analyzers are sensitive to stream pres-
dioxide (CQ) removal; the latter if CQ is not measured. sures, the stream pressure shall be regulated (upstream of the
When a CQ trap is used, the sample stream entering theanalyzer) to allow for flow fluctuations, and the readings from
oxygen analyzer must be fully dry; some designs of,@@ps  the analyzer compensated with an absolute pressure regulator
require an additional moisture trap downstream of the, COto allow for atmospheric pressure variations. The analyzer and
trap. the absolute pressure regulator shall be located in a constant-
Note 1—If an optional CQ analyzer is used instead of removing £O temperature enwronment. The oxygen analyzer shall have a 10
from the oxygen analyzer stream, the equations to calculate the rate ¢ 90 % response time of less than 12 s.
heat release will be different from those for the standard case (Section 12) 6.12 Smoke Obscuration Measuring Systeithe smoke
and are, instead, given in Annex AL. measuring system (Fig. 10) comprises a helium-neon laser,
6.11 Oxygen Analyzer-The analyzer shall be of the para- silicon photodiodes as main beam and reference detectors, and
magnetic type with a range from 0 to 25 % oxygen. Theappropriate electronics to derive the extinction coefficient and
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Sample retaining grid
(optional)
For use with samples
that are expected to
intumesce.

Material: 2mm stainless
steel rod

Weld all intersections

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 of
within =3 % and a repeatability within 0.5 %.

6.13.2 The calibration of the heat fluxmeter shall be checked
whenever a recalibration of the apparatus is carried out by
comparison with an instrument (of the same type as the
working heat fluxmeter and of similar range) held as a
reference standard and not used for any other purpose. The
reference standard shall be fully calibrated at a standardizing
laboratory at yearly intervals.

6.13.3 This meter shall be used to calibrate the heater
temperature controller (Fig. 3 and Fig. 4). It shall be positioned
at a location equivalent to the center of the specimen face in
either orientation during this calibration.

6.14 Calibration Burner—To calibrate the rate of heat
release apparatus, a burner is used (Fig. 3 and Fig. 4). The
burner is constructed from a square-section brass tube with a
square orifice covered with wire gauze through which the
methane diffuses (Fig. 11). The tube is packed with ceramic

fiber to improve uniformity of flow. The calibration burner is
suitably connected to a metered supply of methane of at least
99.5 % purity.

6.15 Optical Calibration Filters—Glass neutral density fil-
ters, of at least two different values accurately calibrated at the
laser wavelength of 0.6328 um, are required.

6.16 Digital Data Collection—The data collection system
used must have facilities for the recording of the output from

03 the oxygen analyzer, the orifice meter, the thermocouples, the
Analyzer, load cell, and the smoke measuring system. The data collection
system shall have an accuracy corresponding to at least 50 ppm
oxygen for the oxygen channel, 0.5°C for the temperature
measuring channels, and 0.01 % of full-scale instrument output
for all other instrument channels. The system shall be capable
of recording data for at least 1 h, at intervals not exceeding 5

v
To COzand CO S.
¢ Anazlyzers *To include absolute

{optional) pressure transducer

1 t
I |
! 1
! 1
| 1
! 1
! [
| !
| !
L 1

Material: Stainless steel, 1.9 mm thick

Note 1—All dimensions are in millimetres.
FIG. 8 Optional Wire Grid (For Horizontal or Vertical Orientation)
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7. Hazards

7.1 The test procedures involve high temperatures and
combustion processes. Therefore, hazards exist for burns,
ignition of extraneous objects or clothing, and for inhalation of
to set the zero reading. The system is designed to be resilientbombustion products. The operator shall use protective gloves
attached to the exhaust duct by means of refractory gasketingpr insertion and removal of test specimens. Neither the cone
at the location shown in Fig. 5. This shall be achieved by onéheater nor the associated fixtures shall be touched while hot
of the following options: (a) the use of an optical bench, or (b)except with the use of protective gloves. The possibility of the
the use of a split yoke mounting comprising two pieces that argiolent ejection of molten hot material or sharp fragments from
rigidly screwed together. The meter is located in place bysome kinds of specimens when irradiated cannot totally be
means of two small-diameter tubes welded onto each side afiscounted and eye protection shall be worn.
the exhaust duct. These serve as part of the light baffling for the 7.2 The exhaust system shall be checked for proper opera-
air purging and also serve to aid in the desposition on the tubton before testing and must discharge into a building exhaust
walls of any smoke that enters despite the purge flow, so thalystem with adequate capacity. Provision shall be made for
it does not reach the optical elements. collecting and venting any combustion products that are not

6.13 Heat Fluxmeter collected by the normal exhaust system of the apparatus.

6.13.1 The total heat fluxmeter shall be of the Gardon (foil) .
or Schmidt-Boelter (thermopile) type with a design range of3- Test Specimens
about 100 kW/rA. The target receiving radiation, and possibly 8.1 Size and Preparatian
to a small extent convection, shall be flat, circular, approxi- 8.1.1 Test specimens shall be 100 by 100 mm in area, up to
mately 12.5 mm in diameter, and coated with a durables0-mm thick, and cut to be representative of the construction of

Note 1—Rotameter is on outlet of the oxygen jGnalyzer.
FIG. 9 Gas Analyzer Instrumentation
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FIG. 10 Smoke Obscuration Measuring System

the end-use product. For products of normal thickness greatshall be mounted so that there is an air space of at least 12 mm
than 50 mm, the requisite specimens shall be obtained blgetween its unexposed face and the refractory fibre blanket.
cutting away the unexposed face to reduce the thickness to Sthis is achieved by the use of a metal spacer frame.
mm. For testing, wrap specimens in a single layer of aluminum 8.2 Conditioning—Specimens shall be conditioned to mois-
foil, shiny side toward the specimen, covering the sides andure equilibrium (constant weight) at an ambient temperature of
bottom. Foil thickness shall be 0.025 to 0.04 mm. 23+ 3°C and a relative humidity of 5& 5 %.
8.1.2 Expose composite specimens in a manner typical of ]
the end-use condition. Prepare them so the sides are cover@d Test Environment
with the outer layer(s) or otherwise protected. 9.1 The apparatus shall be located in a draft-free environ-
8.1.3 Some composite and intumescing materials requireent in an atmosphere of relative humidity of between 20 and
special mounting and retaining techniques to retain then80 % and a temperature between 15 and 30°C.
adequately within the specimen holder during combustion. o
Such mounting techniques include the use of an edge framk?- Calibration of Apparatus
(Fig. 12) in the horizontal orientation, the use of a wire grid in  10.1 Heater Flux Calibratior—Set the temperature control-
either orientation, or other special mounting procedures suitler to the required flux by using the heat fluxmeter at the start
able to the specimen being tested. Fig. 8 shows a wire gridf the test day, after changing to a new flux level, or when the
suitable for several types of intumescing specimens. The exacbne-heater orientation is changed. Do not use a specimen
mounting and retaining method used shall be specified in thbolder when the heat fluxmeter is inserted into the calibration
test report. Additional specialized guidance to the operator iposition. Operate the cone heater for at least 10 min and ensure
provided in Ref(2). that the controller is within its proportional band before
8.1.4 Assemblies shall be tested as specified in 8.1.2 or 8.1f8ginning this calibration.
as appropriate. However, where thin materials or composites 10.2 Oxygen Analyzer Calibratian
are used in the fabrication of an assembly, the presence of an10.2.1 Preliminary Calibrations
air gap or the nature of any underlying construction often 10.2.1.1 The oxygen analyzer delay time must be deter-
significantly affects the ignition and burning characteristics ofmined. This is done by arranging for a methane flow rate
the exposed surface. The influence of the underlying layersquivalent to 5 kW to the calibration burner. The heater shall
must be understood and care taken to ensure that the test resudit be turned on for this calibration. Record the output of the
obtained on any assembly is relevant to its use in practiceanalyzer on a strip-chart recorder as the methane supply, turned
When the product is a material or composite that is normallyon and ignited, reaches a steady value, and then returns to
attached to a well defined substrate, it shall be tested ibaseline after the supply is cut off. Record the temperature for
conjunction with that substrate, using the recommended fixinghe exhaust-orifice meter at the same time. Determine the
technique, for example, bonded with the appropriate adhesivieirn-on delay as the time difference between the time when the
or mechanically fixed. temperature reading reaches 50 % of its ultimate deflection and
8.1.5 Products that are thinner than 6 mm shall be testethe time when the oxygen reading reaches 50 % of its ultimate
with a substrate representative of end use conditions, such thdeflection. Determine the turn-off delay similarly at turn-off.
the total specimen thickness is 6 mm or more. In the case ofake the delay time as the average of the turn-on delay and
specimens of less than 6 mm in thickness and that are used witarn-off delay. Use this valug,, subsequently to time-shift all
an air space adjacent to the unexposed face, the specimethe oxygen readings.
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SECTION A-A

Note 1—All dimensions are in millimetres except where noted.
FIG. 11 Calibration Burner

10.2.1.2 If the oxygen analyzer is equipped with an electricshall be introduced into the calibration burner at a flow rate
response-time adjustment, set it so that at turn-off there is justorresponding to 5 kW based on the net heat of combustion of
a trace of overshoot when switching rapidly between twomethane (50.0x 10°%kJ/kg) using a precalibrated flowmeter.
different calibration gases. The flowmeter used shall be one of the following: a dry test

10.2.1.3 The timing of the scans by the data collectionmeter, a wet test meter, or an electronic mass flow controller. If
system shall be calibrated with a timer accurate to withs in - a3 electronic mass-flow controller is used, it shall be calibrated
1 h. The data output shall show event times correct to 3 S. periodically against a dry test meter or a wet test meter. The test

10.2.2 Operating Calibrations—At the start of testing each eter shall be equipped with devices to measure the tempera-
day, the oxygen analyzer shall be zeroed and calibrated. FQf,.e and pressure of the flowing gas, so that appropriate
zeroing, the analyzer shall be fed with nitrogen gas with t.hecorrections to the reading may be made. If a wet test meter is
same flow rate and pressure as for the sample gases. Ca“b{?s'ed, the readings shall also be corrected for the moisture

tion shall be similarly achieved using ambient air and adjusting:omem_ The exhaust fan shall be set to the speed to be used for

for a response of 20.95%. Analyzer flow rates shall be ; . : . .
carefully monitored and set to be equal to the flow rate usegse%:’ii?lule;t testing. The required calculations are given in

when testing specimens. After each specimen has been tested;
ensure that a response level of 20.95% is obtained using Nore 2—it shall be permitted for calibration to be performed with the
ambient air. cone heater operating or not, but calibration shall not be performed during
10.3 Heat Release Rate Calibration heater warm up.
10.3.1 The heat release calibration shall be performed at the
start of testing each day. Methane (purity of at least 99.5 %)
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Note 3—If any of the traps or filters in the gas sampling line have been
opened during the check, the gas sampling system shall be checked for
leaks, for example, by introducing pure nitrogen, at the same flow rate and
pressure as for the sample gases, from a nitrogen source connected as
close as possible to the ring sampler. The oxygen analyzer must then read
zero.

i
|
|
|
|
|
|
|
|
| 11.1.2 Turn on power to the cone heater and the exhaust
1 blower. (Power to the oxygen analyzer, load cell, and pressure
94* i transducer is not to be turned off on a daily basis.)
i 11.1.3 Set an exhaust flow rate of 0.024 0.002 n¥/s.
! (Under room temperature conditions this corresponds to ap-
! proximately 30 g/s.)
! 11.1.4 Perform the required calibration procedures specified
! in Section 9. In the horizontal orientation, put an empty
J specimen holder (with refractory blanket) in place during
warmup and in between tests to avoid excessive heat transmis-
sion to the load cell.
11.1.5 If external ignition is used, position the spark plug
holder in the location appropriate to the orientation being used.
11.2 Procedure
11.2.1 When ready to test, if testing in the horizontal
orientation, first remove the empty specimen holder.

]
]
]
]
[}
]
]
]
|
]
I
|
I
111* ::
]
|
I
I
]
I
]
I
]
]
I
I
I

54* 10-32 tapped hole, NOTE 4—When_testing in the vertical orientation, the use of an empty
4 places specimen holder is not necessary.
} 11.2.2 Insert the radiation shield and position the specimen,
4— in the appropriate holder, in place. The holder must be at room
555 ! temperature initially.
" 11.2.3 Leave the radiation shield in place for a sufficient
111° > time to ensure stability of operation (load cell equilibrium), but
Inside dimension for no longer than 10 s if the shield is not water cooled. Initiate
data collection upon removal of the radiation shield, which
(stainless steel, 1.9 mm thick) signifies the start of the test. The data collection intervals shall
Note 1—All dimensions are in millimetres. be 5 s orless. . . . )
NoTe 2—* Indicates a critical dimension. 11.2.4 Place the specimen, held in the appropriate holder, in
FIG. 12 Optional Retainer Frame for Horizontal Orientation place and start the data collection. The data collection intervals
Testing shall ke 5 s orless. (The holder must be at room temperature
initially.)
) ) ) 11.2.5 Start the ignition timer if external ignition is to be
10.4 Load Cell Calibratior—The load cell shall be cali- ;5eq. Move the spark plug into place and turn on spark power.
brated with standard weights in the range of test specimen 11 5 g Record the times when flashing or transitory flaming

weight each day of testing or when the load cell mechanical,..\,- \yhen sustained flaming occurs, record the time, turn off
zero needs to be adjusted. Adjust the load cell mechanical zeff spark, and remove the spark igniter. If the flame extin-

if necessary due to different specimen holder tare weights afteyishes in less than 60 s after turning off the spark, reinsert the
changing orllfntatlon. librati h K ... spark igniter and turn on the spark. If flaming recurs, stop the
10.5 Smoke Meter Calibration-The smoke meter is ini- ot giscard the test data, and repeat the test without removing

tially _calit_)rated to read correcily for two d‘ffef.e”F value neutral_ the spark until the entire test is completed. Report these events
density filters, and also at 100 % transmission. Once thig, he test report.

calibration is set, only the zero value of extinction coefficient
(100 % transmission) normally needs to be verified prior to Note 5—For reporting the time of sustained flaming, the time to be

each test. reported is when the flaming was initially observed, not when the 10 s
period elapsed.
11. Procedure 11.2.7 Collect data until 2 min after any flaming or other
11.1 Preparation signs of combustion cease, the average mass loss over a 1-min

11.1.1 Check the COtrap and the final moisture trap. period has dropped below 150 ¢/nor until 60 min have
Replace the sorbents if necessary. Drain any accumulateglapsed.
water in the cold trap separation chamber. Normal operating 11.2.8 Remove specimen holder.
temperature of the cold trap shall be the lowest temperature at 11.2.9 For testing in the horizontal orientation, replace the
which trap freezing does not occur (approximately 0°C). empty specimen holder.

10
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11.2.10 If the specimen does not ignite in 30 min, remove 13.3.1.2 Then determine the heat-release rate by the follow-
and discard, unless the specimen is showing signs of heatg equation:
evolution. _ h B (X6 — Xot)

Note 6—Stop testing if explosive spalling or excessive swelling occur. Q) = <r_0> 1.109C \/;em “

The procedures described in 8.1 may be useful in mitigating these effects.

11.2.11 Unless otherwise specified in the material or perforf
mance standard, make three determinations and report
specified in Sectionl4. The 180-s mean heat release r §
readings (as specified in Section 14) shall be compared for the _
three specimens. If any of these mean readings differ by more g = am )
than 10 % from the average of the three readings, then a further As
set of three specimens shall be tested. In such cases, report thevhereA, is the initially exposed area, that is, 0.0088 im
averages for the set of six readings. the vertical orientation and in the horizontal orientation if the
retainer frame is used, and 0.0% im the horizontal orientation
o o if the retainer frame is not used.

12.1 The test data have limited validity if any of the 1331 4 Determine the total heat released during combus-

following occur: _ _ _ tion, ’, by summation as follows:
12.1.1 In vertical test orientation, the specimen melts suffi-

ciently to overflow the melt trough, q'=2 g0 At ©)
12.1.2 Explosive spalling occurs, or
12.1.3 The specimen swells sufficiently prior to ignition to
touch the spark plug or swells up to the plane of the heater ba
plate during combustion.

13.3.1.3 Set the value oAb /r,) for the test specimen equal
0 13.1x 10°kJ/kg unless a more exact value is known for the
st material. Determine the heat-release rate per unit area as
llows:

12. Test Limitations

where the summation begins at the next reading after the last
gative rate of heat release reading occurred at the beginning
of the test, and continuing until the final reading recorded for
the test.
13. Calculation 13.3.2 Mass-Loss Rate and Effective Heat of Combustion
13.1 Genera—The equations in this section assume onlyCompute the required mass-loss ratelm/d{ at each time
oxygen is measured, as indicated on the gas analysis systemifiierval using five-point numerical differentiation. The equa-
Fig. 9. Appropriate equations that can be used for cases whetH®ns to be used are as follows:
additional gas analysis equipment (G@O, water vapor) is 13.3.2.1 For the first scam = 0):
used are given in Annex Al. If a C@nalyzer is used and GO [dm] 25m, — 48m, + 36m, — 16m, + 3m,
i=0

is not removed from the oxygen sampling lines, the equations ot ToAT (M
in Annex A1 must be used. i

13.2 Calibration Constant Using MetharePerform the 13.3.2.2 For the second scan< 1):
methane calibration daily to check for the proper operation of dm _ 3my+ 10m, — 18m, + 6m; — m,
the instrument and to compensate for minor changes in mass - [a]i:l B 12At ®
flow determin_ation. (A_calibration more than 5% _different 13.3.2.3 For any scan for which 1 i<< n -1 (wheren
from the.prewous one is not ngrma_l and suggests instrument i5ial number of scans):
malfunction.) Compute this calibration consta@t, from the

basic heat release equation (Eq 1) or from Eq 2. _ [C:j_rtn] _ Mot 8m112A_t 8m.s + Mz ©)
X0 — ' .
5.0= (12.54X 10°) (1.10 C + /AT_P% 1) 13.3.2.4 For the last scan but orie=(n — 1):
o ’ d
Solved forC, this gives - [TT] (10)
i=n-1
C= 50 T, 1.105- 1.5X,, @) _ —3m,— 10m,, +18m,_, —6m, 3+ m,_,
1.10(12.54x 10% VAP X% — X, - T2At

where 5.0 corresponds to 5.0 kW methane supplied, 13.3.2.5 For the last scan(n):
12.54x 10 is Ah /r, for methane, 1.10 is the ratio of oxygento ..
air molecular weights, and the variables are given in 3.1. The [E].
derivation of the basic Eq 1 is given in Ref3) and (4). .
13.3 Calculations for Test Specimesfilhe following calcu-
lations are generally necessary for various applications. The
relevant material or performance standard may prescribe addi- 13.3.2.6 Determine the average effective heat of combustion

(11)

_ —25m, +48m,; — 36m,_, + 16m,_3 — 3m,_,
N 12At

tional calculations. as follows:
13.3.1 Heat Release 3, gi(t) At
13.3.1.1 Prior to performing other calculations, the oxygen Ahg e = m—m 12)

analyzer time shift is incorporated by the following equation: . . .
y P y geq with the summation taken over the entire test length. A

Xo, ) = Xo," (t + tg) (3)  time-varying value is also determined as follows:

11
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a 14.1.17 Averageé\h, . for entire test (MJ/kgF.

Afeer (U =~ (13) 14.1.18 Curve ofAh, .«(MJ/kg) (optional)?
13.3.3 Smoke Obscuration 14.1.19 Mass remaining after test {g).
13.3.3.1 Determine the extinction coefficierk, by the 14.1.20 Sample mass loss (kdjifi The average specimen
smoke meter electronics as follows: mass loss rate (gffvs), computed over the period starting
N | when 10 % of the ultimate specimen mass loss occurred and
k= (E) Inp (14)  ending at the time when 90 % of the ultimate specimen mass

- . , loss occurred.
13.3.3.2 The average specific extinction area obtained dur- 14 1 21 Smoke obscuration. Report the average specific

ing the test is given as follows: extinction area (fkg)
3, Vi k At 14.1.22 Values determined in 14.1.13, 14.1.15, 14.1.17, and
T T T =y (15 14.1.21, averaged for all specimens.
14.1.23 Additional observations (including times of transi-
14. Report tory flaming or flashing), if an§.

14.1 Report the following information unless specified oth- 14.1.24 Difficulties encountered in testing, if ghy.
erwise in the relevant material or performance standard . .
Clearly state the units for all measurements in the report.15' Precision and Bias’
Certain units convenient for reporting are suggested in paren- 15.1 Precision

theses. 15.1.1 Interlaboratory trials were conducted by Committee
14.1.1 Specimen identification code or number. E-5 to determine the repeatability and reproducibility of this
14.1.2 Manufacturer or submitter. test method. The results were analyzed in conjunction with the
14.1.3 Date of test. results of a parallel set of inter-laboratory trials sponsored by
14.1.4 Operator. the International Organization for Standardization (ISO). The
14.1.5 Composition or generic identification. complete results have been placed on file at ASTM headquar-
14.1.6 Specimen thickneé&s. ters as a Research Report. The results obtained for repeatability
14.1.7 Specimen mass. and reproducibility are given below; further details of the
14.1.8 Color of the specimens. interlaboratory trials are given in Appendix X2.
14.1.9 Details of specimen preparation by the testing labo- 15.1.2 The following definitions of repeatability)(and

ratory. reproducibility ®) are used:
14.1.10 Test orientation, specimen mounting, and whether r=f/20, (16)

the retainer frame, the wire grid, or other special mounting

procedures were used. R=1f\/20q an
14.1.11 Heating flux and exhaust system flow fate. where o, is the repeatability standard deviatiarng is the

14.1.12 Number of replicate specimens tested under theeproducibility standard deviation, the coefficieny2 is
same conditions. (This shall be a minimum of three, except foderived from the fact that and R refer to the difference
exploratory testing.) between two single test results, afydvhich is approximately

14.1.13 Time to sustained flaming (secorftif) sustained 2, corresponds to the probability level of 95 % being taken.
flaming was not observed, record that there was no ignition. This product is then rounded off:

14.1.14 Heat-release rate (per unit area) curve (kK\Wijlfhs r=28s (18)

14.1.15 Peaky’, and averagq’ values for the first 60, 180, R=28s, (19)

and 300 s after ignition, or for other appropriate periods ) . ,
(kW/m?).” For specimens that do not show sustained flaming For calculations, the sample-based standard deviation esti-

report the above quantities tabulated for periods beginning witf'at€ss are substituted for the population standard deviations,

the next reading after the last negative rate of heat releag® Since the latter are not known. .
reading at the beginning of the test. 15.1.3 For the materials tested, values for repeatalbitiyd

_reproducibilityR have been calculated for six variables. These
Note 7—Average rate of heat release values are to be calculated usinggrigbles, chosen as being representative for the test results are:
itrr:;ae:\r/aaglae_znlum_ rule fo_r integration. Fgr example,hnét 5 sdata collection tig: A e T'180 Vron Ahc,eff: ando,. A linear regression model
,q"150 is obtained as follows:1) Sum up all rate of heat release . .
as used to descrilreandR as a function of the mean over all

values at the second through thirty-sixth scan after ignition or the lastV . . . .
negative value (if the test is completed before the 180 s period is elapsefePlicates and over all laboratories for each of the six variables.

use the test average instead}) Add half of the rate of heat release The regression equations are given below. The range of mean
measured at the first scan and at the thirty-seventh scan after ignition aalues over which the fit was obtained is also indicated. The
after the last negative value3)(Multiply the sum obtained in2) by the  results for time to sustained flaming, in the range of 5 to 150
scan interval (5 s) and divide it by 180. s were:

14.1.16 Total heat released by the specimen (My/as r=4.1+0.1251, (20)
determined in 12.3.1.%.

9 Supporting data are available from ASTM Headquarters. Request RR: E05-
8 Report these items for each specimen. 1008.

12
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R = 7.4+ 02201, (21)

The results for peak heat release ratg,.g in the range of
70 to 1120 kW/m were:

r =13.3+ 0.131¢,, (22)
R = 60.4+ 0.141,,, (23)

The results for 180-s average heat release rétgqin the
range of 70 to 870 kW/mwere:

r =233+ 0.037¢ 14 (24)
R= 255+ 0.151¢ ;g0 (25)

The results for total heat released, g, in the range of 5 to
720 MJ/nf were:

I =7.4+ 0.068 dy (26)
R = 11.8+ 0.088 dy, 27)

The results for effective heat of combustiahh, o, in the
range of 7 to 40 kJ/g were:

r = 1.23+ 0.050Ah, o
R = 2.42+ 0.055Ah, o

(28)
(29)

The results for average specific extinction areg,in the
range of 30 to 2200 ftkg were:

r =59+ 0.0760; (30)
R = 63+ 0.2150; (31)

15.2 Bias—For solid specimens of unknown chemical com-
position, as used in building materials, furnishings, and com-
mon occupant fuel load, ithas been documented that the use
of the oxygen consumption standard value a&he/

r, = 13.1x 10° kJ/kg oxygen results in an expected error band
of = 5% compared to true valuél). For homogeneous
materials with only a single pyrolysis mechanism, this uncer-
tainty can be reduced by determiniad, from oxygen bomb
measurements ang, from ultimate elemental analysis. For
most testing, this is not practical since specimens may be
composite and nonhomogeneous, and may exhibit several
degradation reactions. Therefore, for unknown samples a
+5 % accuracy limit is seen. For reference materials, however,
careful determination ofA hJ/r, can make this source of
uncertainty substantially less.

16. Keywords

16.1 cone calorimeter; heat—heat release rate;
ignitability—radiant ignition; mass—mass loss rate; oxygen
consumption method—heat release rate; smoke

ANNEX

(Mandatory Information)

Al. CALCULATION OF HEAT RELEASE WITH ADDITIONAL GAS ANALYSIS

Al.1 Introduction

. Lt 2

Al.1.1 The equations to calculate heat release rate |r{d3
Section 12 assume G@s removed from the gas sample in a Ly o
chemical scrubber before oxygen is measured, as indicated iQC0,

Fig. 9. Some laboratories are equipped to measurg DGhat
case it is not necessary to remove the,G@m the oxygen

line. The advantage, in that case, is that it is possible to avoi
the chemical scrubbing agent, which is costly and requires €.

careful handling.

A1.1.2 In this annex equations are given that are to be usec;(CO
when CQ is measured but not scrubbed out of the samplinng201 =
lines. Two cases are considered. In the first case, part of the
dried and filtered sample stream is diverted into infrared, CO X, =

ty delay time of the CQanalyzer(s).

delay time of the CO analyzer(s).

delay time of the water vapor analyzer(s).

initial o reading, mole fraction (-).

initial CO reading, mole fraction (-).

initial water vapor reading, mole fraction (-).
ambient oxygen mole fraction (-).

CO, reading before delay time correction, mole
fraction (-).

CO reading before delay time correction, mole
fraction (-).

water vapor reading before delay time correc-
tion, mole fraction (-).

CO, reading after delay time correction, mole

o
X, 0°
a

&

1

and CO analyzers (see option in Fig. 9). In the second case, a fraction (-).
water-vapor analyzer is also added. To avoid condensation, th&co = CO reading after delay time correction, mole
measuring of water vapor concentration in the flow of com- fraction (-).
bustion products requires a separate sampling system wit,,0 = water reading after delay time correction, mole
heated filters, heated sampling lines, and a heated analyzer. fraction (-).

Al1.2 Symbols
Al1.2.1 The following symbols are used in this annex.

M, = molecular weight of air (kg/kmol).

M¢ = molecular weight of the combustion products
(kg/kmol).

me = exhaust duct mass flow rate (kg/s).

13

oxygen depletion factor (-).

Al1.3 References

Al1.3.1 EqALl.5, EqAl.6, and Eq A1.10 are derived in Ref
3).
Al.4 Case Where CQ and CO are Also Measured

Al.4.1 Just as for the oxygen analyzer, measurements of
CO, and CO shall be time shifted to take transport time in the
sampling lines into account as follows:
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Xo, (1) = Xoz (t + tg) (A1.1)  be measured directly but is inferred from the flow rate
f = t4td AL measured in the exhaust duct. An assumption is required
Xeo, (O = Xeqy (t+ 1) (A1.2) regarding the expansion due to combustion of the fraction of
Xeo (1) = X¢o (t + ) (AL3)  the air that is fully depleted of its oxygen. This expansion
Here, the delay times ' and t,® for the CQ, and CO depends on the composition of the fuel and the actual stoichi-
analyzers respectively are usually different (smaller) than themetry of the combustion. A suitable average value for the

delay timety for the oxygen (Q) analyzer. volumetric expansion factor is 1.105, which is correct for
Al1.4.2 The exhaust duct flow is as follows: methane.

AP A1.5.2 This number is already incorporated within Eq 3 and

m=CA/T; (Al4)  Eq A1.5 for . For cone calorimeter tests it is reasonable to

assume that the exhaust gases consist primarily of nitrogen,
oxygen, CQ, water vapor, and CO; thus, measurements of
these gases shall be permitted to be used to determine the
_ Ah, ¢ = 0.172(1 = ) Xeo / Xo, | . actual expansion. (It is assumed that the measurements of
a= 1'10<r_0) d (1— )+ 1.1054 oxygen, CQ, and CO refer to a dry gas stream, while the water
(AL5)  vapor measurement is with respect to total stream flow.) The
Al.4.4 The oxygen depletion factody, is calculated as mass flow rate in the exhaust duct is then more accurately

Al1.4.3 The rate of heat release shall in that case b
determined as follows:

follows: given by the following equation:
X (1 - XcoZ = Xeco) = Xo, (1 = Xco‘g) . AP
= d =\/MJM,C /= Al.8
d) XOg (l _ XCOZ — XCO — XOZ) (AlG) rne e/ a Te ( )
Al1.4.5 The ambient mole fraction of oxygen fOis as A1.5.2.1 The molecular weighWl, of the exhaust gases
follows: follows from:
Xog = (1 = Xp,0)0Xe (AL1.7) Me=[4.5+ (1 = X,0) (25+ Xo, + 4X0)] X 4 (AL9)

Al.4.6 The second term in the numerator of the factor in A1.5.2.2 Then takingVl, as 28.97, the heat release rate is
brackets in Eq AL.5 is a correction for incomplete combustiorgiven as follows:
of some carbon to CO instead of GOn fact, X-q is usually Ah Xe
very small, shall be permitted to be neglected in Eq A1.5 and q= 1.10(r—0°)(1—x HQO)X002|:¢ - 0-172{1*d>)<x0°>]

Eq A1.6. The practical implication of this is that a CO analyzer (A1.10)

will generally not result in a noticeable increase in accuracy of 1—x%. — B

heat release rate measurements. Consequently Eq A1.5 and Eq [ Xo, OXC°2 . XCO} :

A1.6 shall be permitted to be used even if no CO analyzer is 1= X5, = Xco,

present, by settin®co = 0. A1.5.3 The water vapor readings used in Eq A1.10 are time

AL1.5 Case Where Water Vapor is Also Measured shifted in a similar way as in Eq Al.1-A1.3 for the other
' analyzers as follows:

A1.5.1 In an open combustion system, such as that used in . ) ,
this test method, the flow rate of air entering the system cannot Xi,o (1) = Xpo (t+t47) (A1.11)

APPENDIXES
(Nonmandatory Information)

X1. COMMENTARY

X1.1 Introduction composed of many surfaces contributing to the fire, its evalu-

insight into the development of the test meth@),t6 describe ~ determined when, if at all, it will become ignited. The size of
the rationale for the design of various features of the apparatu#)e fire from any already burning items must be known, since

and @) to describe the use of the data. that constitutes the external irradiance to nearby items. Next,
the flame spread over the surface in question must be evalu-
X1.2 Rate of Heat Release Rate Measurements ated. The rate of heat release from the whole surface can be

X1.2.1 The rate of heat release is one of the most importargvaluated knowing the rate of heat release per unit area for a
variables, in many cases the single most important variable, igiven irradiance, as a function of time. This last quantity is the
determining the hazard from a fi¢é). This rate of heat release only one that can be measured in a bench-scale test. The total
is the total rate, as a function of time. With many itemsfire output involves a summation over all surfaces. Also to be
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considered is the fact that some elements may burn out andl.3 Choice of Operating Principle

then no longer _contrlbute to the fire. This procedure is yq 31 Anumberof apparatus have been developed over the
conceptually straightforward but can be very cumbersome 19q,< for measuring rate of heat release: most of these have
compute. been reviewed in detail6). Traditionally, the simplest mea-
X1.2.2 Many common combustibles do not have the geosurement scheme is a direct measurement of flow enthalpy
metrically simple surfaces required to make computations ofrom a chamber thermally lagged to present an adiabatic
this kind. Other complications, such as melting, dripping, orenvironment. A truly adiabatic apparatus, with the use of guard
collapsing, can also preclude a detailed mathematical analysiseaters, would be possible but would also be prohibitively
In such cases a simpler, more empirical model is appropriatexpensive and has not been implemented. A combustion
An example of the use of bench-scale heat release rathamber insulated in a simpler manner leads to a significant
measurements in deriving a fire hazard assessment is availahlader measurement of the heat release, so only an empirical
(5). calibration is possible. An example of an insulated chamber
X1.2.3 This test method does not prescribe the irradiancg]ethOd is Test Method E 906. Furthermore, that calibration
levels, nor whether external ignition is to be used. These mudhay be sensitive to the radiant fraction (or sootiness) of the
be determined separately for each product class. For a givegPmbustible(7, 8). A more advanced scheme is an isothermal
class of applications and products, a comparison with somistrument, rather than an adiapatic one, with the hgat—release
full-scale fires is generally necessary to determine the timéate taken to be the fuel which must be supplied by a
period over which the heat release rate is to be calculated. Aubstitution burner to maintain isothermal conditi¢@s This
material or performance standard can then be developed f&cheme gives better results, since only second-order heat loss
that product category that may contain further guidance an§TOr terms remain; however, its practical implementation is
limitations for testing. For exploratory testing, it is initially COMPlex and costly.
recommended to use the horizontal orientation and an irradi- X1.3.2 It can be concluded that it is difficult to measure heat
ance value of 35 kW/f in the absence of further specifica- directly without losing some of it. However, it is simple to
tions from the sponsor, tests at 25, 35, and 50 kfvare capture all combustion products without losing any and to
recommended. measure the oxygen levels in that stream. Heat release can be
X1.2.3.1 The standard specimen orientation for testing i§omputed from su_ch mt_aas_urement_s Wi_th t_he availability of the
horizontal. This is applicable even to specimens, such as Waﬂxygen-consumpnon principll). This principle states that for

linings, where the end-use orientation of the product is verticalmoitxcfgmlo?s fgg:::é'bffrs ezgh akwgugmogfh;?t Sr?ucaolnfo
The reason is that this test method does not represent a scz%%‘ 9 Y9

. . o
model of the full-scale product. Instead, the fundamentaFumed from the ar strgam.Th|s CO”St?‘”t va ./ofor.most

: L . . common combustibles; certain exceptions are given in(Ref
response of a specimen to specified external irradiance

tested. The total heating to the specimen is the sum of th'fhe method remains useful even if a significant fraction of the

. : : roducts become CO or soot, rather than,Ci® these cases,
external irradiance plus the heat flux from the specimen’s ow o

. , . orrection terms are know(l, 3)and can be applied. A typical
flgme. The heat qu>$ fro”? the specimen’s flames _W'" _becase of less than 2 % error has been determined to result for
different in the two orientations. What must be borne in mind

is that there | fixed relationshio b his f flux f cellulose producing 10 % incomplete combustion going to CO
Is that there Is no fixed relationship between this flame flux for 1). Note that excessively high CO-production values, which

the bench-scale specimen compared to the full-scale producly g result from restricted oxygen supply, cannot result in the
Instead, the relationship varies in accordance with produciy|orimeter used in this test method since oxygen intake is not
application, as explained in X1.2.3. The relathnsmp betweenastricted. By adopting the oxygen consumption principle as
the bench-scale heat release rate and the one in full-scale mygt method of measurement, it becomes possible to design an
establish a test irradiance value that correctly accounts for th&pparatus of significantly improved precision but without
fact that the full-scale product is exposed to a different flameycessive complexity. Since heat measurements are not re-
flux than the bench-scale specimen. quired, the apparatus does not need thermal insulation.
X1.2.3.2 The standard testing orientation is horizontal
since, for most types of specimens, there are significantly fewexX1.4 Heater Design

experimental problems_ _due t.o specimen _melting, dripping,_ o x1.4.1 Experience with various rate-of-heat-release mea-
fa[llng out. Reproduubﬂny of ignition data is also better in this ¢, .o ant techniques suggests that for minimal errors in irra-
orientation, due to a wider column of pyrolysates present at thaiance, the specimen should see orty & thermostatically

location of the spark gap. The vertical orientation is made,gnolled heater,2) a water-cooled plate, or 3) open air.
available because in certain diagnostic studies it is MOriearhy solid surfaces, if they are not temperature-controlled,
feasible to install optical pyrometers, specimen thermocoupleg,ap, rise in temperature due to specimen flame heating and then
and other specialized instrumentation in that orientation. ¢t as further sources of radiation back to the specimen.

X1.2.3.3 The test results may not be statistically significanturther, when oxygen consumption is used as the measurement
unless the irradiance used is substantially (5 to 10 k¥v/m principle, a gas-fired heater is not desirable because it can
higher than the minimum irradiance level needed for sustainedontribute a noisy baseline to the oxygen readings, even though
flaming to occur for that specimen. it can be subtracted out in steady state.
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X1.4.2 A heater in the shape of a truncated cone was firstegulated both against flow fluctuations and atmospheric pres-
explored for use in an ignitability apparatus by the Interna-sure variations. The analyzer and the pressure regulating or
tional Organization for Standardization (ISO) (see ISO 5657measuring devices must be located in a constant temperature
1986). The heater adopted in the present method is similar, benvironment to avoid flow errors.
not identical to the ISO one. The main differences include
higher heat fluxes, temperature control, and more rugge¥1.8 Limits to Resolution

design details. In the horizontal orientation, the conical shape x1 81 Methane calibration studie.0) showed typical
approximately follows the fire plume contours while the centralyctuations of+1.5 %, with a linearity to within 5 % over the
hole allows the stream to emerge without impacting on therange of 1 to 12 kW, and within 2 % over the range of 5 to 12
heater. A thin layer of cool air is pulled along, and the flamesey~calibrations with other gases show similar results. Cali-
do not attach to the sides of the cone. The central hole hasgation gases can be delivered to the burner in a highly steady
further function: in its absence the middle of the specimennanner. The uniformity of solid-fuels combustion, however, is
would receive a higher irradiance than the edges. With the holgyoyerned by the pyrolysis at the surface, which can under some
the irradiance is uniform to withih 2%. In the vertical  circymstances show substantial fluctuations. For instance, the
orientation, the hole still serves the purpose of providingfyctuations for polymethylmethacrylate are greater than for
radiation uniformity; although because of the presence of @eq oak(10). Burning thermoplastic specimens occasionally
natural convection boundary layer, the deviations are highegject individual molten streamers. With solid materials then,

(from= 5 to =10 %) (10). the limits to resolution can be expected to be set by the
, . specimen pyrolysis process, rather than by instrument limits.
X1.5 Pilot Ignition X1.8.2 The limits to the speed of response of any heat

X1.5.1 Ignition of test specimens in many apparatus igelease rate technique are set by the slowest responding
achieved by a gas pilot. This tends to have numerouglement. In the case of the present method, this is the oxygen
difficulties—sooting, deterioration of orifices, and contribution analyzer, which typically shows a 10 to 90 % response time of
to the heat release rate. It is difficult to design a pilot that car6.9 s. Response times of the pressure transducer and thermo-
be centrally located over the specimen, is resistant to blowoutouple can be much faster. They should be set to be only
and yet does not apply an additional heating flux to thesomewhat faster, however, to avoid introducing instrument
specimen. (A point of elevated heating on the specimen makawsise without increasing resolution.
it difficult to analyze mathematically the response of the
specimen.) An electric spark is free of most of these difficulties X1.9 Effective Heat of Combustion

requiring only an occasional cleaning and adjustment of the x1 g9 1 The effective heat of combustion is a constant during
electrodes. For these reasons, an electric spark ignition Wa$mpustion of homogeneous specimens having only a single

adopted. mode of degradation and is less than the value of the theoretical
N net heat of combustion. Examples of a material with a single
X1.6 Back Face Conditions mode of degradation and, therefore, a constant effective heat of

X1.6.1 The heat losses through the specimen back face camombustion include most organic liquids. Cellulosic products,
have an influence on the burning rate near the end of itby contrast, typically show more than one mode of degradation
burning time. For reproducible measurements, the lossesnd a varying effective heat of combustion. For materials
through the back face should be standardized. The simplestaving more than one mode of degradation, or for composites
theoretical boundary conditions—an adiabatic boundary or anr nonhomogeneous materials, the effective heat of combustion
isothermal one at ambient temperature—are not achievablés not necessarily constant.

However, a reasonable approximation to the former can be

made by using a layer of an insulating material. This is easieK1.10 Smoke Obscuration Measurements

to do for the horizontal orientation case, in which case a very x1 10.1 The smoke measurement system is different from
low density refractory blanket is used. In the vertical orienta-that ysed in Test Method E 662 for the following reasons:

tion some structural rigidity of the backing is desired; conse- x1.10.1.1 Simultaneous mass measurements are available,
quently, a layer of higher density backing may be necessary. x1 10.1.2 Irradiances up to 100 kWrare available,

X1.10.1.3 The combustion takes place in a flow stream, not

X1.7.1 The analyzer should be of the paramagnetic type, X1.10.1.4 A monochromatic light source is used.
with baseline noise and short-term drift of approximately0 X1.10.2 Accurate measurement of smoke obscuration re-

ppm oxygen. Other types of analyzers (electrochemical anduires, among other considerations, the following:

catalytic) generally cannot meet this requirement. Paramag- X1.10.2.1 A highly collimated light source, insensitive to
netic analyzers also exhibit an intrinsically linear response. Theatray light,

linearity is normally better than can be determined with X1.10.2.2 Measurement in a well mixed unstratified stream,
0.1 % oxygen gas mixtures. Since an oxygen analyzer is X1.10.2.3 A high degree of stability against drift due to
sensitive to stream pressures, either the readings have to keltage fluctuations, source aging, thermal effects, etc., and
compensated with an absolute pressure transducer, connecteX1.10.2.4 The ability to make extended measurements
to the analyzer, or the pressure has to be mechanicallywithout error due to progressive coating of optics by soot.
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X1.10.3 In addition, it is desirable to select a monochro-vertical specimen holder. In many cases, however, the speci-
matic sourcé11), preferably in the red portion of the spectrum, men, when heated, may warp, intumesce, delaminate, or burn
for ease of interpreting the data in accordance with thén an unrepresentative manner along its side edges. Two
theoretical models. For convenience, it is also desirable tegommon procedures for handling such specimens are described
provide direct electric output in logarithmic units to avoid the in this test method: an edge frame (pertinent only to horizontal
need for manual range switching or resulting inaccuracies afrientation testing) and a wire grid (either orientation). These
the high end of the scale. An instrument has been designed thate not the only specimen mounting methods available to the
is intended to meet all these requirements (Fig. (1). testing laboratory. Referenc€) suggests some additional
Additional construction details are given in construction draw-procedures. For more unusual specimen types, the testing
ings® The theory for data analysis is from Réfs3) and(14).  laboratory will have to devise appropriate mounting methods.

. ) Since different mounting methods may give different test
X1.11 Specimen Mounting Methods results, the method used must be documented in the test report,

X1.11.1 This test method is a general method suitable foas mandated in 14.1.10. Since test results are inevitably
testing different types of products and materials. In the simplesiffected by such mounting devices, they should not be used
case, the product or material is cut out to the correct sizeunless prior testing indicates they are necessary to alleviate
wrapped in aluminum foil, and placed in the horizontal oranomalous burning conditions.

X1.11.2 For building products, the use of the retainer frame
0 ) ) ) ) is recommended for testing in the horizontal orientation. For
Construction drawings for the Cone Calorimeter are available from the h | h hall be i d ith th
Building and Fire Research Laboratory, National Institute of Standards ancpt er product c.ass'es,t e usage shall be in accordance with the
Technology, Gaithersburg, MD 20899. governing application standard.

X2. INTERLABORATORY TRIALS

X2.1 Scope of Studies to treat the ASTM and ISO trials in a similar manner. The

X2.1.1 For the ASTM interlaboratory trials, six laboratories Solution was found in adopting the prescriptions contained in
tested the following materials: 6 mm fire retardant treated AB3SO 5725. The ISO standard, which can be viewed as a stricter
(p = 325 kg/n?); 12 mm particleboardp(= 640 kg/n); 6 mm subset of the ASTM instructions, prescribes a single fixed
black PMMA (p = 1180 kg/nf); 6 mm polyethylene{=800  procedure. It mandates that repeatability and reproducibility be
kg/m®); 6 mm PVC p=1340 kg/n?); and 25 mm rigid reported to 2.8 standard deviations, and also provides fixed
polyisocyanurate foamp(= 280 kg/n¥). For most of these instructions on how to handle the issue of outliers.
materials, three replicates each were tested in two orientations X2.2.2 The ASTM and ISO results were first analyzed
(horizontal and vertical) and at two irradiance levels (25 and 5&eparately in accordance with the equations given in ISO 5725.
KW/m?). The results for both series were found to be expressible as a

X2.1.2 Data from the ASTM trials were supplemented bylinear error model, defined by Eq Il in Par. 15.2 of ISO 5725.
data developed during an analogous set of trials conducted Burthermore, in all the cases where valid data were available
ISO, using functionally the same protocol. The materials teste¢rom both series, the relationships forand R showed very
in the ISO trials were: 25 mm black PMM#A € 1180 kg/mf)  similar behavior. This allowed best estimate relationships for
[same material as tested by ASTM, but in a different thick-andR to be derived from the combined data set (in cases where
ness]; 30 mm rigid polyurethane foam 33 kg/nt); 12 mm  valid data were obtained in both series). The equations given in

particleboard ¢ =640 kg/n?) [same material as tested by 14.1.3 constitute these best estimate values.
ASTM]; 3 mm hardboard (= 1010 kg/nf); 10 mm gypsum

board p=1110 kg/nf); and 10 mm fire retardant treated X2.3 Example of Usingr and R Relationships
particleboard ¢ = 750 kg/nt). For most of these materials, ) . ) .
three replicates each were tested in two orientations (horizontal X2-3.1 The meaning of the equations foandR given in

and vertical) and at two irradiance levels (25 and 50 kyfy ~ 14-1.3 is best illustrated by means of an example. Suppose a
six to eight laboratories. laboratory tests a single sample of a certain material and

determines that the time to ignition (sustained flaming) is 100
X2.2 Method of Analysis s. If the same laboratory now conducts a second test on the

X2.2.1 Basic guidance was received from Practices E 177ame material, the value ofis evaluated as:
and E 691. However, these practices refer to various possibili- r =4.1+0.125xX 100=17s

ties of reporting repeatability and reproducibility at 1.0, 2.0, Then 100 -+ =83 and 100 + = 117; thus, the probability
gtgrgu,jacr)(rj ?j'gvig?()ens r::];y pbeertll;gnmtpj'izgdsvri?h drz\gsggp Sto -I;Egs 95 % that the result of the second test will fall between 83
average value or with respect to two sets of results. Furthe|’3—md 17s. o )
more, they leave the treatment of outliers largely to the SUuPPOse now that the same material is tested by a different
discretion of the analyst. This presents certain difficulties inl@Poratory. The value oR is evaluated as:

comparing results to other studies. It was, specifically, desired R = 7.4+ 0.220X 100=29s
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Then 100 R =71 and 100 R = 129; thus, the probability This test is especially interesting to compare since it uses a
is 95 % that the results from the test at that laboratory will fallconical heater somewhat similar to the one used on the present

between 71 and 129 s. test method. Since that test is only a test for ignitability, only
) ) one variable is examined, thg.tThe results of the 1ISO 5657
X2.4 Comparison to Results for Other Fire Tests trials, analyzed in the same manner, were:
X2.4.1 A number of interlaboratory trials have been con- r=29+0.241}, (X2.1)

ducted on various fire tests. For most of them, the data would
be difficult to compare, since the methods of analysis were not
the same in each case. Since the present trials were analyzed irComparison with Eq 20 and Eq 21 shows that, over most of
accordance with the specific prescription mandated by 1SGhe range, both the repeatability and reproducibility for the

5725, however, it is possible to find an example that is directlypresent test method are substantially better (smaller) than for
comparable. This is the ISO radiant ignition test, ISO 5657the 1ISO 5657 test.

R =22+ 04581, (X2.2)
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