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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.

1. Scope assessment of the materials, products, or assemblies under

1.1 This fire-test-response standard provides for measurin@ctual fire conditions.
the response of materials exposed to controlled levels of 1.9 This standard does not purport to address all of the
radiant heating with or without an external ignitor. safety concerns, if any, associated with its use. It is the
1.2 This test method is used to determine the ignitabilityreéSponsibility of the user of this standard to establish appro-
heat release rates, mass loss rates, effective heat of combustifiate safety and health practices and determine the applica-
and visible smoke development of materials and products. Dbility of regulatory limitations prior to usef-or specific hazard
1.3 The rate of heat release is determined by measuremeff@l€ments, see Section 7.
of the oxygen consumption as determined by the OXYgeD paferenced Documents
concentration and the flow rate in the exhaust product stream.
The effective heat of combustion is determined from a con- 2-1 ASTM Standards: B
comitant measurement of specimen mass loss rate, in combi- D 3286 Test Method for Gross Calorific Value of Coal and
nation with the heat release rate. Smoke development is _COke by the Isoperibol Bomb Calorimeter
measured by obscuration of light by the combustion product E 176 Terminology of Fire Standartls o o
stream. E 177 Practice for Use of the Terms Precision and Bias in

1.4 Specimens shall be exposed to heating fluxes in the ASTM Test Method$ o , .
range of 0 to 100 kW/f External ignition, when used, shall ~ E 662 Test Method for Specific Optical Density of Smoke

be by electric spark. The value of the heating flux and the use _G€nerated by Solid Materigls

of external ignition are to be as specified in the relevant E 691 Practice for Conducting an Interlaboratory Study to
material or performance standard (see X1.2). The normal _Determine the Precision of a Test Mettiod

specimen testing orientation is horizontal, independent of E 906 Test Method for Heat and Visible Smoke Release
whether the end-use application involves a horizontal or a _Rates for Materials and Produtts

vertical orientation. The apparatus also contains provisions for 2-2 SO Standards: _ N
vertical orientation testing; this is used for exploratory or SO 5657-1986(E) Fire Tests—reaction to fire—ignitability

diagnostic studies only. of building material$ o
1.5 Ignitability is determined as a measurement of time ISO 5725 Precision of test methods—determination of re-

from initial exposure to time of sustained flaming. peatability and reproducibility for a standard test method

1.6 This test method has been developed for use for material DY inter-laboratory tests
and product evaluations, mathematical modeling, design pur Terminology
poses, or development and research. Examples of material . L . .
specimens include portions of an end-use product or the 3.1 Defmmons—For.deflnmons of terms used in this test
various components used in the end-use product. method, refer to Terminology E 176.

1.7 The values stated in Sl units are to be regarded as the 3-2 Definitions of Terms Specific to This Standard:
standard. 3.2.1 effective heat of combustiom—the measured heat

1.8 This standard is used to measure and describe th&€lease divided by the mass loss for a specified time period.
response of materials, products, or assemblies to heat angd 3-2-2 heating flux n—the incident flux imposed externally
flame under controlled conditions, but does not by itselfT®M the heater on the specimen at the initiation of the test.

incorporate all factors required for fire hazard or fire risk ~ °-2-2.1Discussior-The specimen, once ignited, is also

! This test method is under the jurisdiction of ASTM Committee EO5 on Fire 2 Annual Book of ASTM Standardéol 05.06.
Standards and is the direct responsibility of Subcommittee E05.21 on Smoke and * Annual Book of ASTM Standardgol 04.07.

Combustion Products. 4 Annual Book of ASTM Standardgol 14.02.
Current edition approved August 10, 2002. Published September 2002. Origi- * Available from American National Standards Institute (ANSI), 25 W. 43rd St.,
nally published as E 1354 — 90. Last previous edition E 1354 — 02. 4th Floor, New York, NY 10036.
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heated by its own flame. T
3.2.3 heat release rate n—the heat evolved from the
specimen, per unit of time. Vv

3.2.4 ignitability, n—the propensity to ignition, as measured

by the time to sustained flaming, in seconds, at a speciﬁeoP(O20

heating flux.

3.2.5 net heat of combustigm—the oxygen bomb (see Test
Method D 3286) value for the heat of combustion, corrected
for gaseous state of product water. Ot

3.2.6 orientation n—the plane in which the exposed face of Tr
the specimen is located during testing, either vertical orR
horizontal facing up.

2
1
Xo,

absolute temperature of gas at the orifice meter,
K.

volume exhaust flow rate, measured at the loca-
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 2fkg.
repeatability standard deviation (same units)as
reproducibility standard deviation (same units as
R).

3.2.7 oxygen consumption principle—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 observatigh 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:

A
C

Ah,
Ahc,el"f

o

3333~

>
<

]
]
=l

o009

3
Q
3

~/
d'180

nominal specimen exposed surface area, 0.1 m
calibration constant for oxygen consumption
analysis, /2 - 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, .

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 the

time period starting aty and ending 180 s later
(kW/m?).

6. Apparatus
6.1 General

repeatability (the units are the same as for the 6.1.1 Where explicitly stated in the following description,

variable being characterized).

dimensions are mandatory and should be followed within

reproducibility (the units are the same as for the nominal tolerances of-1 mm, unless otherwise specified.

variable being characterized).
stoichiometric oxygen/fuel mass ratio (-).

Such dimensions are followed by an asterisk in Figs. 1-12.
6.1.2 The test apparatushall consist essentially of the

sample-based standard deviation estimate for re<q|jowing components: a conical radiant electric heater, ca-

peatability (same units a3.

pable of horizontal or vertical orientation; specimen holders,

sample-based standard deviation estimate for réigerent for the two orientations; an exhaust gas system with

producibility (same units aR).
time, s.

oxygen analyzer delay time, s.
time to sustained flaming (s).
density (kg/m).

sampling time interval, s.

oxygen monitoring and flow measuring instrumentation; an

8 The boldface numbers in parentheses refer to the list of references at the end of
this test method.
“ A list of suppliers of this apparatus is available from ASTM Headquarters.
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Pressure Ports
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Note 1—All dimensions are in millimetres.
Note 2—* Indicates a critical dimension.

FIG. 1 Overall View of Apparatus

Sample
Outer Shell (100x100mm size)

Thermocouple . Inner Sheil :>
80 f i
—_m]u ., - , |/~ Aluminum le/ Mount Bracket
& " A X Low Density
XM h : JCeramicWool ° !
> SR
> . |
e | — Calibration
. I~ | Burner
= s [
e _, o e o

] SampIeD\//// Rl -
APTNNN
>’\ E‘\s::er -\qw:\&
! ] «

Pan .

0 Vil il
| \ . | 13 mm Calcium & > -
1 .
! \_ 60 | & Silicate Board § e 7
Spacer Block Ceramic Fiber Packing @/

Heating Element Cone Hinge and Mount Bracket Sample Mount

Assembly K ‘ )
Note 1—All dimensions are in millimetres. U\\ %L/ﬂ
Note 2—* Indicates a critical dimension. Load Gell 1 -13 mm Calcium_ Flux Meter
FIG. 2 Cross-Section View Through the Heater cacte Tj/ Silicate Heat Shield  Mount
electric ignition spark plug; a data collection and analysis FIG. 3 Exploded View, Horizontal Orientation

system; and a load cell for measuring specimen mass loss. A
general view of the apparatus is shown in Fig. 1; a cross sectiofi2 % in the horizontal orientation and to within10 % in the
through the heater in Fig. 2; and exploded views of horizontal/ertical orientation. As the geometry of the heater is critical,

and vertical orientations in Fig. 3 and Fig. 4. the dimensions on Fig. 2 are mandatory.
6.1.3 Additional details describing features and operation of 6.2.3 The irradiance from the heater shall be capable of
the test apparatus are given in R&j. being held at a preset level by means of a temperature
6.2 Conical Heater controller and three type K stainless steel sheathed thermo-

6.2.1 The active element of the heater shall consist of acouples, symmetrically disposed and in contact with, but not
electrical heater rod, rated at 5000 W at 240 V, tightly woundwelded to, the heater element (see Fig. 2). The thermocouples
into the shape of a truncated cone (Fig. 2 and Fig. 4). Thehall be of equal length and wired in parallel to the temperature
heater shall be encased on the outside with a double-wationtroller. The standard thermocouples are sheathed, 1.5 and
stainless steel cone, packed with a refractory fiber material .6 mm outside diameter, with an unexposed hot junction.
approximately 100 kg/mdensity. Alternatively, either 3 mm outside diameter sheathed thermo-

6.2.2 The heater shall be hinged so it can be swung intaouples with an exposed hot junction or 1 mm outside diameter
either a horizontal or a vertical orientation. The heater shall bsheathed thermocouples with unexposed hot junction can be
capable of producing irradiances on the surface of the specused.
men of up to 100 kW/rh The irradiance shall be uniform 6.3 Temperature Controller
within the central 50 by 50-mm area of the specimen to within  6.3.1 The temperature controller for the heater shall be
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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

Spark Plug —

Vertical Sample Holder —
Sample (100x100 mm)
Aluminum Foil

Low Density

Ceramic Wool -

/fLatcning, distances to the gas sampling probe and the measuring orifice
o Mechanism shall be provided for the flow to be uniformly mixed.
LR 7331?5““ 6.5 Load Cell—The general arrangement of the specimen
- N holders on the load cell is indicated in Fig. 3 and Fig. 4. The
e .

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

. —Flux Meter 6.6.1 The horizontal specimen holder is shown in Fig. 6.

C"p, N 6.6.2 The bottom of the horizontal specimen holder shall be

e Boat \v}// lined with a layer of low density (nominal density 65 kg)m
refractory fiber blanket with a thickness of at least 13 mm. The

FIG. 4 Exploded View, Vertical Orientation distance between the bottom surface of the cone heater and the
top of the specimen shall be adjusted to be 25 mm. For
thechanisms constructed according to the drawing in Fig. 2,

w: ﬁ%\ load cell shall have an accuracy of 0.1 g, and shall have a total

)

—

Retaining

capable of holding the element temperature steady to withi
+2°C. A suitable system is a 3-term controller (proportional,,,.. . : P ; ot
integral, and derivative) and a thyristor unit capable of switch—tmhsnltS accomplished by using the sliding cone height adjust
ing currents up to 25 A at 240 V. ! . . . I

6.3.2 The controller shall have a temperature input range of 6.6.3 The vertical specimen holder is shown in Fig. 7 and

0'to 1000°C; a set scale capable of being read to 2°C or bette'rnCIUdeS a small drip tray to contain a limited amount of molten

and automatic cold junction compensation. The controller Sha(;:\haterlal. A specimen shall be installed in the vertical specimen

- : : Ider by backing it with a layer of refractory fiber blanket
be equipped with a safety feature such that in the event of a olae . ) .
open circuit in the thermocouple line, it will cause the nominal density 65 kg/), the thickness of which depends on

temperature to fall to near the bottom of its range. specimen thickness, but shall be at least 13 mm thick. A layer

; . . f rigid, ceramic fiber millboard shall be placed behind the
of?hzspg;sitgﬁgio&;gt shall be of the zero crossing and no iber blanket layer. The millboard thickness shall be such that
6.34 The heater temberature shall be monitored by a metérlje entire assembly is rigidly bound together once the retaining

capale of being rea 02C,o beter I shall b permited. 0078 2P = 1'SE0 eI e mlbeare, n e veien
to be incorporated into the temperature controller. ’ 9 P

6.4 Exhaust System with the specimen center.

6.4.1 The exhaust-gas system shall consist of a high tem- 6'6‘_4 The te_sting tgchnique to be used _when_ festing infu-
perature centrifugal exhaust fan, a hood, intake and exhau escing specimens in the horlzor}tal o_rlentat|on shalllbe
ducts for the fan, and an orifice plate flowmeter (Fig. 5). The ocumer)ted in the test report. Options include the retainer
exhaust system shall be capable of developing flows fronﬁrarne (Fig. 12) and wire .g”d (Fig. 8). The edge frame IS useq
0.012 to 0.035 rils. to red_uce unrepresentative _ec_:lge burn_lng of specimens wh|_le

6.4.2 Arestrictive orifice (57 mm inside diameter) shall bethe_ere grid IS usegl for retaining specimens prone to delami-
located between the hood and the duct to promote mixing. nation. Th.e wire grid shown in Fig. 8 is also suitable for the

6.4.3 Aring sampler shall be located in the fan intake duct/€rtical orientation. _
for gas sampling, 685 mm from the hood (Fig. 1). The ring _6.7 Radiation Shle_IeITThe cone heater shall be prowded
sampler shall contain twelve holes to average the Streaus{s(ltharemovat?le radiation shield to protect the specimen from
composition with the holes facing away from the flow to avoid the heat flux prior to the gtart Qf atest. Thg shield shall be made
soot clogging. of noncombustlple material with a total th|ckne_ss not to exceed

6.4.4 The temperature of the gas stream shall be measurdd MM- The shield shall be one of the following:
using a 1.0 to 1.6 mm outside diameter sheathed-junction (&) water cooled and coated with a durable matte black
thermocouple pa 3 mmoutside diameter exposed junction finish of surface emissivity e = 0.95 0.05 or
thermocouple positioned in the exhaust stack on the centerline (b) not water cooled with a reflective top surface to
and 100 mm upstream from the measuring orifice plate. ~ Minimize radiation transfer.

6.4.5 The flow rate shall be determined by measuring the The shield shall be equipped with a handle or other suitable
differential pressure across a sharp-edged orifice (57 mm insidgeans for quick insertion and removal. The cone heater base
diameter) in the exhaust stack, at least 350 mm downstreagpiate shall be equipped with the means for holding the shield in
from the fan when the latter is located as shown in Fig. 5. position and allowing its easy and quick removal.

6.4.6 In other details, the geometry of the exhaust system is 6.8 Ignition Circuit—External ignition is accomplished by a
not critical. Where necessary, small deviations from the recspark plug powered from a 10-kV transformer. The spark plug
ommended dimensions given in Fig. 5 shall be permitted to bshall have a gap of 3 mm. The transformer must be of a type
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Note 1—All dimensions are in millimetres (not to scale).

in the horizontal orientation; in the vertical orientation the gap
shall be located in the specimen face plane and 5 mm above the
top of the holder. In either position the spark plug 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
to the nearest second and shall be accurate tomwdtlsi in 1 h.

6.10 Gas Sampling-Gas sampling arrangements are shown
in Fig. 9. They 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 carbon
dioxide (CQ) removal; the latter if CQ is not measured.
When a CQ trap is used, the sample stream entering the
oxygen analyzer must be fully dry; some designs of,@@ps
require an additional moisture trap downstream of the, CO
trap.

Note 1—If an optional CQ analyzer is used instead of removing £O
from the oxygen analyzer stream, the equations to calculate the rate of
heat release will be different from those for the standard case (Section 12)
and are, instead, given in Annex Al.

| LocATiON
BLOWER GAS SAMPLING
RING PROBE
(sample holes
face blower)
FIG. 5 Exhaust System
Fi 106" ”
R
/ Spot Weld, 4 Corners
:‘I.-“_—_—_—_—: -_—_—_—_—_-_I—Ir/
| T |
i i )
. i " H 25
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t I | +
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T BT _7__7__T:L -\
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Y
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25* 30
vy }
LS 2/ \/40
4 |<—- 59* ’4 40 4
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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

6.11 Oxygen AnalyzerThe analyzer shall be of the para-
magnetic type with a range from 0 to 25 % oxygen. The
analyzer shall exhibit a linear response and drift of not more
than =50 ppm oxygen (root-mean-square value) over a period
of ¥ h. Since oxygen analyzers are sensitive to stream

specifically designed for spark-ignition use. The transformepressures, the stream pressure shall be regulated (upstream of
shall have an isolated (ungrounded) secondary to minimizéhe analyzer) to allow for flow fluctuations, and the readings
interference with the data-transmission lines. The electrodéom the analyzer compensated with an absolute pressure
length and location of the spark plug shall be such that theegulator to allow for atmospheric pressure variations. The
spark gap is located 13 mm above the center of the specimeamalyzer and the absolute pressure regulator shall be located in
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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

a constant-temperature environment. The oxygen analyzer 6.13 Heat Fluxmeter
shall have a 10 to 90 % response time of less than 12 s. 6.13.1 The total heat fluxmeter shall be of the Gardon (foil)
6.12 Smoke Obscuration Measuring Systeifthe smoke or Schmidt-Boelter (thermopile) type with a design range of
measuring system (Fig. 10) comprises a helium-neon laseabout 100 kW/rA. The target receiving radiation, and possibly
silicon photodiodes as main beam and reference detectors, atml a small extent convection, shall be flat, circular, approxi-
appropriate electronics to derive the extinction coefficient andnately 12.5 mm in diameter, and coated with a durable
to set the zero reading. The system is designed for split yokmatte-black finish. The target shall be water cooled. Radiation
mounting in two pieces, which are rigidly screwed together bushall not pass through any window before reaching the target.
resiliently attached to the exhaust duct by means of refractorfhe instrument shall be robust, simple to set up and use, and
gasketing, at the location shown in Fig. 5. The meter is locatedtable in calibration. The instrument shall have an accuracy of
in place by means of two small-diameter tubes welded ontavithin =3 % and a repeatability within 0.5 %.
each side of the exhaust duct. These serve as part of the light6.13.2 The calibration of the heat fluxmeter shall be checked
baffing for the air purging and also serve to aid in thewhenever a recalibration of the apparatus is carried out by
desposition on the tube walls of any smoke that enters despitomparison with an instrument (of the same type as the
the purge flow, so that it does not reach the optical elementsvorking heat fluxmeter and of similar range) held as a
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Sample retaining grid
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For use with samples
that are expected to
intumesce.

Material: 2mm stainless
steel rod

Weld all intersections

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
the oxygen 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
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
S.

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
combustion 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. The possibility of the
violent ejection of molten hot material or sharp fragments from

some kinds of specimens when irradiated cannot totally be
discounted and eye protection shall be worn.

7.2 The exhaust system shall be checked for proper opera-
tion before testing and must discharge into a building exhaust
system with adequate capacity. Provision shall be made for
collecting and venting any combustion products that are not
collected by the normal exhaust system of the apparatus.

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)

» To Optional H0,
HCI, THC Analyzers

8. Test Specimens

8.1 Size and Preparatian

8.1.1 Test specimens shall be 100 by 100 mm in area, up to
50-mm thick, and cut to be representative of the construction of
the end-use product. For products of normal thickness greater
than 50 mm, the requisite specimens shall be obtained by
cutting away the unexposed face to reduce the thickness to 50
mm. For testing, wrap specimens in a single layer of aluminum
foil, shiny side toward the specimen, covering the sides and
bottom. Foil thickness shall be 0.025 to 0.04 mm.

8.1.2 Expose composite specimens in a manner typical of
the end-use condition. Prepare them so the sides are covered
with the outer layer(s) or otherwise protected.
reference standard and not used for any other purpose. The8.1.3 Some composite and intumescing materials require
reference standard shall be fully calibrated at a standardizingpecial mounting and retaining techniques to retain them
laboratory at yearly intervals. adequately within the specimen holder during combustion.

6.13.3 This meter shall be used to calibrate the heateBuch mounting techniques include the use of an edge frame
temperature controller (Fig. 3 and Fig. 4). It shall be positionedFig. 12) in the horizontal orientation, the use of a wire grid in
at a location equivalent to the center of the specimen face ieither orientation, or other special mounting procedures suit-
either orientation during this calibration. able to the specimen being tested. Fig. 8 shows a wire grid

6.14 Calibration Burner—To calibrate the rate of heat suitable for several types of intumescing specimens. The exact
release apparatus, a burner is used (Fig. 3 and Fig. 4). Thaounting and retaining method used shall be specified in the
burner is constructed from a square-section brass tube withtast report. Additional specialized guidance to the operator is
square orifice covered with wire gauze through which theprovided in Ref(2).
methane diffuses (Fig. 11). The tube is packed with ceramic 8.1.4 Assemblies shall be tested as specified in 8.1.2 or 8.1.3
fiber to improve uniformity of flow. The calibration burner is as appropriate. However, where thin materials or composites
suitably connected to a metered supply of methane of at leastre used in the fabrication of an assembly, the presence of an
99.5 % purity. air gap or the nature of any underlying construction often

6.15 Optical Calibration Filters—Glass neutral density fil- significantly affects the ignition and burning characteristics of
ters, of at least two different values accurately calibrated at théhe exposed surface. The influence of the underlying layers
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FIG. 10 Smoke Obscuration Measuring System

must be understood and care taken to ensure that the test resafttalyzer on a strip-chart recorder as the methane supply, turned
obtained on any assembly is relevant to its use in practiceon and ignited, reaches a steady value, and then returns to
When the product is a material or composite that is normallybaseline after the supply is cut off. Record the temperature for
attached to a well defined substrate, it shall be tested ithe exhaust-orifice meter at the same time. Determine the
conjunction with that substrate, using the recommended fixingurn-on delay as the time difference between the time when the
technique, for example, bonded with the appropriate adhesiviemperature reading reaches 50 % of its ultimate deflection and
or mechanically fixed. the time when the oxygen reading reaches 50 % of its ultimate

8.1.5 Products that are thinner than 6 mm shall be testedeflection. Determine the turn-off delay similarly at turn-off.
with a substrate representative of end use conditions, such th@ake the delay time as the average of the turn-on delay and
the total specimen thickness is 6 mm or more. In the case dlirn-off delay. Use this valug,, subsequently to time-shift all
specimens of less than 6 mm in thickness and that are used withe oxygen readings.
an air space adjacent to the unexposed face, the specimens|p.2.1.2 If the oxygen analyzer is equipped with an electric
shall be mounted so that there is an air space of at least 12 mpasponse-time adjustment, set it so that at turn-off there is just
between its unexposed face and the refractory fibre blankek trace of overshoot when switching rapidly between two
This is achieved by the use of a metal spacer frame. different calibration gases.

8.2 Conditioning—Specimens shall be conditioned to mois- 15 7 3 The timing of the scans by the data collection
ture equilibrium (constant weight) at an ambient temperature °§ystem shall be calibrated with a timer accurate to withs in

23+ 3°C and a relative humidity of 5& 5 %. 1 h. The data output shall show event times correct to 3 s.
9. Test Environment 10.2.2 Operating Calibrations—At the start of testing each
9.1 The apparatus shall be located in a draft-free environd®: the oxygen analyzer shall be zeroed and calibrated. For

ment in an atmosphere of relative humidity of between 20 an&eroing, the analyzer shall be fed with nitrogen gas with the
80 % and a temperature between 15 and 30°C. same flow rate and pressure as for the sample gases. Calibra-

tion shall be similarly achieved using ambient air and adjusting
10. Calibration of Apparatus for a response of 20.95%. Analyzer flow rates shall be

10.1 Heater Flux Calibration—Set the temperature control- Caréfully monitored and set to be equal to the flow rate used
ler to the required flux by using the heat fluxmeter at the starf/N€n testing specimens. After each specimen has been tested,
of the test day, after changing to a new flux level, or when thé&NSure that a response level of 20.95% is obtained using
cone-heater orientation is changed. Do not use a speciméfnPientair.
holder when the heat fluxmeter is inserted into the calibration 10.3 Heat Release Rate Calibration
position. Operate the cone heater for at least 10 min and ensure10.3.1 The heat release calibration shall be performed at the
that the controller is within its proportional band before start of testing each day. Methane (purity of at least 99.5 %)

beginning this calibration. shall be introduced into the calibration burner at a flow rate
10.2 Oxygen Analyzer Calibration corresponding to 5 kW based on the net heat of combustion of
10.2.1 Preliminary Calibrations methane (50.x 10°kJ/kg) using a precalibrated flowmeter.

10.2.1.1 The oxygen analyzer delay time must be deterThe flowmeter used shall be one of the following: a dry test
mined. This is done by arranging for a methane flow ratemeter, a wet test meter, or an electronic mass flow controller. If
equivalent to 5 kW to the calibration burner. The heater shalln electronic mass-flow controller is used, it shall be calibrated
not be turned on for this calibration. Record the output of theperiodically against a dry test meter or a wet test meter. The test
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Note 1—All dimensions are in millimetres except where noted.
FIG. 11 Calibration Burner

meter shall be equipped with devices to measure the temperal. Procedure

ture and pressure of the flowing gas, so that appropriate 11 1 preparation

corrections to the reading may be made. If a wet test meter is 11.1.1 Check the COtrap and the final moisture trap.
used, the readings shall also be corrected for the moisturgeplace the sorbents if necessary. Drain any accumulated
content. The exhaust fan shall be set to the speed to be used {gater in the cold trap separation chamber. Normal operating
subsequent testing. The required calculations are given igsmperature of the cold trap shall be the lowest temperature at
Section 13. which trap freezing does not occur (approximately 0°C).

Note 2—It shall be permitted for calibration to be performed with the N1 3—if any of the traps or filters in the gas sampling line have been
cone heater operating or not, but calibration shall not be performed d“””gpened during the check, the gas sampling system shall be checked for
heater warm up. leaks, for example, by introducing pure nitrogen, at the same flow rate and

10.4 Load Cell Calibration—The load cell shall be cali- pressure as for the sample gases, from a nitrogen source connected as
brated with standard weights in the range of test Specimeﬁlose as possible to the ring sampler. The oxygen analyzer must then read
weight each day of testing or when the load cell mechanicaf®™
zero needs to be adjusted. Adjust the load cell mechanical zero11.1.2 Turn on power to the cone heater and the exhaust
if necessary due to different specimen holder tare weights aftdslower. (Power to the oxygen analyzer, load cell, and pressure
changing orientation. transducer is not to be turned off on a daily basis.)

10.5 Smoke Meter Calibratieh-The smoke meter is ini- 11.1.3 Set an exhaust flow rate of 0.024 0.002 n¥/s.
tially calibrated to read correctly for two different value neutral (Under room temperature conditions this corresponds to ap-
density filters, and also at 100 % transmission. Once thiproximately 30 g/s.)
calibration is set, only the zero value of extinction coefficient 11.1.4 Perform the required calibration procedures specified
(100 % transmission) normally needs to be verified prior toin Section 9. In the horizontal orientation, put an empty
each test. specimen holder (with refractory blanket) in place during
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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
used. Move the spark plug into place and turn on spark power.

11.2.6 Record the times when flashing or transitory flaming
occur; when sustained flaming occurs, record the time, turn off
the spark, and remove the spark igniter. If the flame extin-
guishes in less than 60 s after turning off the spark, reinsert the
spark igniter and turn on the spark. If flaming recurs, stop the
test, discard the test data, and repeat the test without removing
the spark until the entire test is completed. Report these events
in the test report.

Note 5—For reporting the time of sustained flaming, the time to be
reported is when the flaming was initially observed, not when the 10 s
period elapsed.

11.2.7 Collect data until 2 min after any flaming or other
signs of combustion cease, the average mass loss over a 1-min
period has dropped below 150 ¢fnor until 60 min have
elapsed.

11.2.8 Remove specimen holder.

11.2.9 For testing in the horizontal orientation, replace the
empty specimen holder.

11.2.10 If the specimen does not ignite in 10 min, remove
and discard, unless the specimen is showing signs of heat
evolution.
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54* 10-32 tapped hole,

4 places

4— Note 6—Stop testing if explosive spalling or excessive swelling occur.
55.5 } The procedures described in 8.1 may be useful in mitigating these effects.

i 11.2.11 Unless otherwise specified in the material or perfor-
111 inati
- - - - mance standard, make three determinations and report as
Inside dimension specified in Section 14. The 180-s mean heat release rate
readings (as specified in Section 14) shall be compared for the
three specimens. If any of these mean readings differ by more
Note 1—All dimensions are in millimetres. than 10 % from the average of the three readings, then a further
Note 2—* Indicates a critical dimension. set of three specimens shall be tested. In such cases, report the

FIG. 12 Optional Retainer Frame for Horizontal Orientation averages for the set of six readings.
Testing

(stainless steel, 1.9 mm thick)

12. Test Limitations

warmup and in between tests to avoid excessive heat transmis-12.1 The test data have limited validity if any of the
sion to the load cell. following occur: _ _ _
11.1.5 If external ignition is used, position the spark plug 12.1.1 In vertical test orientation, the specimen melts suffi-

holder in the location appropriate to the orientation being usecgiently to overflow the melt trough,

11.2 Procedure 12.1.2 Explosive spalling occurs, or
11.2.1 When ready to test, if testing in the horizontal 12.1.3 The specimen swells sufficiently prior to ignition to
orientation, first remove the empty specimen holder. touch the spark plug or swells up to the plane of the heater base

o _ _ ) plate during combustion.
Note 4—When testing in the vertical orientation, the use of an empty

specimen holder is not necessary. 13. Calculation

11.2.2 Insert the radiation shield and position the specimen, 13.1 Genera—The equations in this section assume only
in the appropriate holder, in place. The holder must be at rooroxygen is measured, as indicated on the gas analysis system in
temperature initially. Fig. 9. Appropriate equations that can be used for cases where

11.2.3 Leave the radiation shield in place for a sufficientadditional gas analysis equipment (@O, water vapor) is
time to ensure stability of operation (load cell equilibrium), butused are given in Annex Al. If a C@nalyzer is used and GO
for no longer than 10 s if the shield is not water cooled. Initiateis not removed from the oxygen sampling lines, the equations
data collection upon removal of the radiation shield, whichin Annex A1 must be used.
signifies the start of the test. The data collection intervals shall 13.2 Calibration Constant Using MetharePerform the
be 5 s orless. methane calibration daily to check for the proper operation of

11.2.4 Place the specimen, held in the appropriate holder, ithe instrument and to compensate for minor changes in mass
place and start the data collection. The data collection intervalow determination. (A calibration more than 5 % different

10
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from the previous one is not normal and suggests instrument total number of scans):
malfunction.) Compute this calibration consta@t, from the B [dm] oM, +Bmy — Bmyy M,
i

basic heat release equation (Eq 1) or from Eq 2. ot 1oAT 9)
AP (X0, = Xo) 13.3.2.4 For the last scan but oriee(a — 1):
- T - [d—m] 10)
Solved forC, this gives dt | _ ., (
5.0 T, 1.105— 15X, _ —3m,—10m, , + 180, , — 6m, 5+ M,
Cc= /%5 S 2 ) - 12At
1.10(12.54x 10% VAP X% — X, .
) 13.3.2.5 For the last scan={n):

where 5.0 corresponds to 5.0 kW methane supplied, g
12.54X 10 is AhJr, for methane, 1.10 is the ratio of oxygento — d_'t“] (11)
air molecular weights, and the variables are given in 3.1. The i=n
derivation of the basic Eq 1 is given in ReB) and (4). _ —25m, + 48m,; — 36m, , + 16m, 5 — 3, 4

13.3 Calculations for Test Specimeflhe following calcu- 12At
lations are generally necessary for various applications. The 13.3.2.6 Determine the average effective heat of combustion
relevant material or performance standard may prescribe addas follows:
tional calculations. S, G At

13.3.1 Heat Release ANeer = = 12)

13.3.1.1 Prior to performing other calculations, the 0xygen i the summation taken over the entire test length. A
analyzer time shift is incorporated by the following equat'on:time—varying value is also determined as follows:

Xo, (1) = Xo,! (t + tg) ®) IR [0 12
13.3.1.2 Then determine the heat-release rate by the follow- cer () = =(dmidy 13
ing equation: 13.3.3 Smoke Obscuration
. Ah 5P (% — Xo.0) 13.3.3.1 Determine_ the extinction coefficierk, by the
Q) = (r—o°) (1.10C \/;em (4)  smoke meter electronics as follows:
13.3.1.3 Set the value oAb /r,) for the test specimen equal k= (%) Inll—o (14)

to 13.1x 10° kJ/kg unless a more exact value is known for the

test material. Determine the heat-release rate per unit area 3313'3'3'2 The average specific extinction area obtained dur-
Ing the test is given as follows:

( 2 Vi ki At
g = % ®) Tl = Tmy —my (

whereA\ is the initially exposed area, that is, 0.0088 im 14. Report
the vertical orientation and in the horizontal orientation if the
retainer frame is used, and 0.0% m the horizontal orientation
if the retainer frame is not used.

13.3.1.4 Determine the total heat released during combu
tion, ", by summation as follows:

14.1 Report the following information unless specified oth-
erwise in the relevant material or performance standard.
Clearly state the units for all measurements in the report.
Tertain units convenient for reporting are suggested in paren-
theses.

q = EI) q'(t) At (6) 14.1.1 Specimen identification code or number.

) . ) 14.1.2 Manufacturer or submitter.
where the summation begins at the next reading after the last 14 1 3 Date of test.

negative rate of heat release reading occurred at the beginning14.1 4 Operator.
of the test, and continuing until the final reading recorded for 1415 Composition or generic identification.

the test. _ . 14.1.6 Specimen thickne8s.
13.3.2 Mass-Loss Rate and Effective Heat of Combustion  14.1.7 Specimen mass.
Compute the required mass-loss ratelm/di at each time 14.1.8 Color of the specimens.
interval using five-point numerical differentiation. The equa- 14.1.9 Details of specimen preparation by the testing labo-
tions to be used are as follows: ratory.
13.3.2.1 For the first scam & 0): 14.1.10 Test orientation, specimen mounting, and whether
dm 25m, — 48m, + 36m, — 16m, + 3m, the retainer frame, the wire grid, or other special mounting
- [Wl o 12At Y procedures were used.
13.3.2.2 For the second scan 1): 14.1.11 Heating flux and exhaust system flow fate.

14.1.12 Number of replicate specimens tested under the

dm _ 3mg + 10m; — 18m, + 6my — my,
[ .- o @

13.3.2.3 For any scan for which 1ik< n -1 (wheren 8 Report these items for each specimen.

11
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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 (secorftiff) 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\Wifhs r=28s (18)

14.1.15 Peak(’, and averagg’ 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 withhatess, are substituted for the population standard deviations,

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

reproducibilityR have been calculated for six variables. These

) ; : : ; "fariables, chosen as being representative for the test results are:
the trapezium rule for integration. For example,iwdt 5 sdata collection L - , . .
interval, ("o is Obtained as follows:1j Sum up all rate of heat release tig: ' mae 0'180 q,tOF’ Ahc e, andoy. A Il_near regression model
values at the second through thirty-sixth scan after ignition or the las¥v@s used to descrireandR as a function of the mean over all
negative value (if the test is completed before the 180 s period is elapsetgplicates 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 @alues 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 flamingl, in the range of 5 to 150
scan interval (5 s) and divide it by 180.

Note 7—Average rate of heat release values are to be calculated usi

S were:
14.1.16 Total heat released by the specimen las

determined in 12.3.1.2. ’ P W r=alrodsy (20)
14.1.17 Averageé\h, . for entire test (MJ/kg§: R=74+0220] (@1)
14.1.18 Curve ofAh, o (MJ/kg) (optional)? The results for peak heat release rate,.q in the range of
14.1.19 Mass remaining after test fg). 70 to 1120 kW/rf were:
14.1.20 Sample mass loss (k)i The average specimen r =133+ 01317, 22)

mass loss rate (gf¥s), computed over the period starting R = 60.4+ 01414, 23)

when 10 % of the ultimate specimen mass loss occurred and ] )
ending at the time when 90 % of the ultimate specimen mass | Ne results for 180-s average heat release rétg,oqin the

loss occurred. range of 70 to 870 kW/fmwere:
14.1.21 Smoke obscuration. Report the average specific r =233+ 0.037q 15 (24)
extinction area (1flkg).® R = 25.5+ 0.151¢ 150 (25)

14.1.22 Values determined in 14.1.13, 14.1.15, 14.1.17, and
14.1.21, averaged for all specimens.
14.1.23 Additional observations (including times of transi-

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

tory flaming or flashing), if an§. r =74+ 0.068 diy (26)
14.1.24 Difficulties encountered in testing, if &hy. R = 11.8+ 0.088 {y (27)
15. Precision and Bia<® The results for effective heat of combustiahh, ¢, in the

15.1 Precision range of 7 to 40 kJ/g were:

15.1.1 Interlaboratory trials were conducted by Committee r =1.23+ 0.050Ah ¢ (28)
EO5 to determine the repeatability and reproducibility of this R = 2.42+ 0.055Ah o (29)
test method. The results were analyzed in conjunction with the
results of a parallel set of inter-laboratory trials sponsored b¥a
the International Organization for Standardization (ISO). The

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

complete results have been placed on file at ASTM headquar- r =59+ 0.0760; (30)
ters as a Research Report. The results obtained for repeatability R = 63+ 0.2150% (31)
and reproducibility are given below; further details of the 15 2 Bias—For solid specimens of unknown chemical com-
interlaboratory trials are given in Appendix X2. position, as used in building materials, furnishings, and com-
15.1.2 The following definitions of repeatability)(and  mon occupant fuel load, it has been documented that the use
reproducibility ®) are used: of the oxygen consumption standard value A&f/
r=f/20, (16) r,=13.1X 10° kd/kg oxygen results in an expected error band

_ of = 5% compared to true valu€l). For homogeneous
R=1f\/20x 17) . . . : . .
] B o ] materials with only a single pyrolysis mechanism, this uncer-
whereo, is the repeatability standard deviatiang is the  tainty can be reduced by determiniag, from oxygen bomb
reproducibility standard deviation, the coefficieny/2 is  measurements and, from ultimate elemental analysis. For
most testing, this is not practical since specimens may be
9 Supporting data are available from ASTM Headquarters. Request RR: E05(—:(--’mpOS|t_e and nqnhom‘)geneousa and may exhibit several
1008. degradation reactions. Therefore, for unknown samples a

12
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+5 % accuracy limit is seen. For reference materials, howevergnitability—radiant ignition; mass—mass loss rate; oxygen
careful determination ofA hJ/r, can make this source of consumption method—heat release rate; smoke
uncertainty substantially less.

16. Keywords
16.1 cone calorimeter; heat—heat release rate;

ANNEX
(Mandatory Information)

Al. CALCULATION OF HEAT RELEASE WITH ADDITIONAL GAS ANALYSIS

Al.1 Introduction Xu,0 water reading after delay time correction, mole

Al1.1.1 The equations to calculate heat release rate in fraction (-).
Section 12 assume GGs removed from the gas sample in a oxygen depletion factor (-).
chemical scrubber before oxygen is measured, as indicated 1 3 References
Fig. 9. Some laboratories are equipped to measurg {D@hat A1.3.1 EqALS5, EqALS6, and EqAL.10 are derived in Ref
case it is not necessary to remove the,G@m the oxygen e e e '
line. The advantage, in that case, is that it is possible to avoi&s)'
the chemical scrubbing agent, which is costly and requireg\1.4 Case Where CQ and CO are Also Measured

careful handling. Al1.4.1 Just as for the oxygen analyzer, measurements of
A1.1.2 In this annex equations are given that are to be used0, and CO shall be time shifted to take transport time in the

when CQ is measured but not scrubbed out of the samplingsampling lines into account as follows:

lines. Two cases are considered. In the first case, part of the

=Xy Al.1
dried and filtered sample stream is diverted into infrareds CO %o, M =Xt ¥ 1) (AL1)
and CO analyzers (see option in Fig. 9). In the second case, a Xeo, (1) = Xeas (t + th) (AL1.2)
water-vapor analyzer is also added. To avoid condensation, the Xeo (©) = Xbo (t + 1) (AL.3)

measuring of water vapor concentration in the flow of com-

H 1 2
bustion products requires a separate sampling system with 1eré, the delay times,” and t;” for the CG, and CO
heated filters, heated sampling lines, and a heated analyzer.analyzfars respectively are usually different (smaller) than the
delay timet, for the oxygen (Q) analyzer.

Al.4.2 The exhaust duct flow is as follows:

Al1.2 Symbols
Al.2.1 The following symbols are used in this annex. M, =C \/ﬁj (A1.4)
A1.4.3 The rate of heat release shall in that case be
M, = molecular weight of air (kg/kmol). determined as follows:
Mg = molecular weight of the combustion products
(kg/kmol). (=1 10<A_hc) i [¢ - 0172(1 - &) Xeo / xoz] .
r‘nf = exhaust duct mass flow rate (kg/s). a=-~ o > (1-¢)+ 1.105¢
ty = delay time of the CQanalyzer(s). (AL5)
tdz = delay time of the CO analyzer(s). Al.4.4 The oxygen depletion factod), is calculated as
ty = delay time of the water vapor analyzer(s). follows:
Xcoé0 = initial oo reading, mole fraction (-).
2 = initial CO reading, mole fraction (-). _ X (1~ Xeo, = Xco) ~ Xo, (1 ~ Xe) (AL6)
X,,0° = initial water vapor reading, mole fraction (-). X2 (1= Xeo, = Xeo =~ Xo,) '
Xo,', = ambient oxygen mole fraction (-). Al1.4.5 The ambient mole fraction of oxygen fOis as
Xco, = CO, reading before delay time correction, mole ¢y} ows:
fraction (-).
Xcor = CO reading before delay time correction, mole Xop = (1 = Xp1,000Xog (ALT7)
. fraction (-). . _ A1.4.6 The second term in the numerator of the factor in
Xy, 0" = water vapor reading before delay time correc- pyackets in Eq A5 is a correction for incomplete combustion
tion, mole fraction (=). _ of some carbon to CO instead of GOn fact, X is usually
Xco, = COZ_readlng after delay time correction, mole very small, shall be permitted to be neglected in Eq A1.5 and
_ fcr:e(xjctmn é._)' ter delay ti . o EGALSG. The practical implication of this is that a CO analyzer
Xco - fractirfr?(l—r;g after delay time correction, mole 4, generally not result in a noticeable increase in accuracy of

heat release rate measurements. Consequently Eq A1.5 and Eq

13
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AL1.6 shall be permitted to be used even if no CO analyzer isnass flow rate in the exhaust duct is then more accurately
present, by settini.o = 0. given by the following equation:
Al1.5 Case Where Water Vapor is Also Measured

n, = \/MJM CN/AP (A1.8)
A1.5.1 In an open combustion system, such as that used in e 2 Te '

this test method, the flow rate of air entering the system cannot A1.5.2.1 The molecular weightl, of the exhaust gases
be measured directly but is inferred from the flow ratefg|iows from:

measured in the exhaust duct. An assumption is required
regarding the expansion due to combustion of the fraction of
the air that is fully depleted of its oxygen. This expansion A1.5.2.2 Then takingVl, as 28.97, the heat release rate is
depends on the composition of the fuel and the actual stoichigiven as follows:

ometry of the combustion. A suitable average value for the

M, =[4.5+ (L — Xy0) (2.5+ Xo, + 4X0)] X 4 (AL9)

volumetric expansion factor is 1.105, which is correct for q= 1.10(Ar—m)(1—tzo)x°oz[¢—0.17:{1—¢)<%’>]

methane. ° g (AL.10)
A1.5.2 This number is already incorporated within Eq 3 and

Eq A1.5 for . For cone calorimeter tests it is reasonable to [1 ~ X0, = Xco, — XCO} :

assume that the exhaust gases consist primarily of nitrogen, 1-X3, — X,

oxygen, CQ, water vapor, and CO; thus, measurements of a1 5 3 The water vapor readings used in Eq A1.10 are time
these gases shall be permitted to be used to determine tQ@itad in a similar way as in Eq Al.1-A1.3 for the other
actual expansion. (It is assumed that the measurements Qﬁalyzers as follows:

oxygen, CQ, and CO refer to a dry gas stream, while the water . . ,
vapor measurement is with respect to total stream flow.) The Xio (0= Xyo(t+15°) (A1.11)

APPENDIXES
(Nonmandatory Information)

X1. COMMENTARY

X1.1 Introduction this kind. Other complications, such as melting, dripping, or
X1.1.1 This commentary is providedl)( to give some collapsing, can also preclude a detailed mathematical analysis.

insight into the development of the test methd,t6 describe In such cases a simpler, more empirical model is appropriate.
the rationale for the design of various features of the apparatu§n €xample of the use of bench-scale heat release rate

and @) to describe the use of the data. measurements in deriving a fire hazard assessment is available
(5).
X1.2 Rate of Heat Release Rate Measurements X1.2.3 This test method does not prescribe the irradiance

X1.2.1 The rate of heat release is one of the most importar{?vels* norlwhether external ignition is to be used. These must
variables, in many cases the single most important variable, iR€ determined separately for each product class. For a given
determining the hazard from a fi(d). This rate of heat release C1ass Of applications and products, a comparison with some
is the total rate, as a function of time. With many itemsfull-_scale fires is generally necessary tq determine the time
composed of many surfaces contributing to the fire, its evalupe”Od_ over which the heat release rate is to be calculated. A
ation is quite complex. For each separate surface it must first g@aterial or performance standard can then be developed for
determined when, if at all, it will become ignited. The size of that product category that may contain further guidance and
the fire from any already burning items must be known, sincdimitations for testing. For exploratory_testm_g, it is |n|t|:_;1IIy _
that constitutes the external irradiance to nearby items. Nextécommended to use the horizontal orientation and an irradi-
the flame spread over the surface in question must be eval@nce value of 35 kWi/f in the absence of further specifica-
ated. The rate of heat release from the whole surface can K©ns from the sponsor, tests at 25, 35, and 50 kivare
evaluated knowing the rate of heat release per unit area for @commended.
given irradiance, as a function of time. This last quantity is the X1.2.3.1 The standard specimen orientation for testing is
only one that can be measured in a bench-scale test. The totabrizontal. This is applicable even to specimens, such as wall
fire output involves a summation over all surfaces. Also to bdinings, where the end-use orientation of the product is vertical.
considered is the fact that some elements may burn out arithe reason is that this test method does not represent a scale
then no longer contribute to the fire. This procedure ismodel of the full-scale product. Instead, the fundamental
conceptually straightforward but can be very cumbersome teesponse of a specimen to specified external irradiance is
compute. tested. The total heating to the specimen is the sum of the

X1.2.2 Many common combustibles do not have the geoexternal irradiance plus the heat flux from the specimen’s own
metrically simple surfaces required to make computations oflame. The heat flux from the specimen’s flames will be
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different in the two orientations. What must be borne in mind(1). Note that excessively high CO-production values, which
is that there is no fixed relationship between this flame flux forcould result from restricted oxygen supply, cannot result in the
the bench-scale specimen compared to the full-scale produatalorimeter used in this test method since oxygen intake is not
Instead, the relationship varies in accordance with producatestricted. By adopting the oxygen consumption principle as
application, as explained in X1.2.3. The relationship betweerthe method of measurement, it becomes possible to design an
the bench-scale heat release rate and the one in full-scale mugiparatus of significantly improved precision but without
establish a test irradiance value that correctly accounts for thexcessive complexity. Since heat measurements are not re-
fact that the full-scale product is exposed to a different flameyuired, the apparatus does not need thermal insulation.
flux than the bench-scale specimen. ,

X1.2.3.2 The standard testing orientation is horizontalX1-4 Heater Design
since, for most types of specimens, there are significantly fewer X1.4.1 Experience with various rate-of-heat-release mea-
experimental problems due to specimen melting, dripping, osurement techniques suggests that for minimal errors in irra-
falling out. Reproducibility of ignition data is also better in this diance, the specimen should see orly & thermostatically
orientation, due to a wider column of pyrolysates present at theontrolled heater,2) a water-cooled plate, or3) open air.
location of the spark gap. The vertical orientation is madeNearby solid surfaces, if they are not temperature-controlled,
available because in certain diagnostic studies it is morean rise in temperature due to specimen flame heating and then
feasible to install optical pyrometers, specimen thermocouplesict as further sources of radiation back to the specimen.
and other specialized instrumentation in that orientation. Further, when oxygen consumption is used as the measurement

X1.2.3.3 The test results may not be statistically significanfrinciple, a gas-fired heater is not desirable because it can
unless the irradiance used is substantially (5 to 10 k¥//m contribute a noisy baseline to the oxygen readings, even though
higher than the minimum irradiance level needed for sustainedl can be subtracted out in steady state.

flaming to occur for that specimen. X1.4.2 A heater in the shape of a truncated cone was first
. . o explored for use in an ignitability apparatus by the Interna-
X1.3 Choice of Operating Principle tional Organization for Standardization (ISO) (see ISO 5657-

X1.3.1 Anumber of apparatus have been developed over thedg6). The heater adopted in the present method is similar, but
years for measuring rate of heat release; most of these hav@t identical to the ISO one. The main differences include
been reviewed in deta{6). Traditionally, the simplest mea- higher heat fluxes, temperature control, and more rugged
surement scheme is a direct measurement of flow enthalpyesign details. In the horizontal orientation, the conical shape
from a chamber thermally lagged to present an adiabatigpproximately follows the fire plume contours while the central
environment. A truly adiabatic apparatus, with the use of guarthole allows the stream to emerge without impacting on the
heaters, would be possible but would also be prohibitivelyheater. A thin layer of cool air is pulled along, and the flames
expensive and has not been implemented. A combustiodio not attach to the sides of the cone. The central hole has a
chamber insulated in a simpler manner leads to a significarftirther function: in its absence the middle of the specimen
under measurement of the heat release, so only an empiricabuld receive a higher irradiance than the edges. With the hole,
calibration is possible. An example of an insulated chambethe irradiance is uniform to withint 2 %. In the vertical
method is Test Method E 906. Furthermore, that calibratiorprientation, the hole still serves the purpose of providing
may be sensitive to the radiant fraction (or sootiness) of theadiation uniformity; although because of the presence of a
combustible(7, 8). A more advanced scheme is an isothermalnatural convection boundary layer, the deviations are higher
instrument, rather than an adiabatic one, with the heat-releagffom + 5 to +10 %) (10).
rate taken to be the fuel which must be supplied by a
substitution burner to maintain isothermal conditi¢@} This ~ X1.5 Pilot Ignition
scheme gives better results, since only second-order heat lossX1.5.1 Ignition of test specimens in many apparatus is
error terms remain; however, its practical implementation isachieved by a gas pilot. This tends to have numerous
complex and costly. difficulties—sooting, deterioration of orifices, and contribution

X1.3.2 It can be concluded that it is difficult to measure heatto the heat release rate. It is difficult to design a pilot that can
directly without losing some of it. However, it is simple to be centrally located over the specimen, is resistant to blowout,
capture all combustion products without losing any and toand yet does not apply an additional heating flux to the
measure the oxygen levels in that stream. Heat release can bpecimen. (A point of elevated heating on the specimen makes
computed from such measurements with the availability of thét difficult to analyze mathematically the response of the
oxygen-consumption principld). This principle states that for specimen.) An electric spark is free of most of these difficulties,
most common combustibles an amount of heat equal teequiring only an occasional cleaning and adjustment of the
13.1X 10 kJ is released for each kilogram of oxygen con-electrodes. For these reasons, an electric spark ignition was
sumed from the air stream. This constant vari€s% for most  adopted.
common combustibles; certain exceptions are given in(Ref N
The method remains useful even if a significant fraction of theX1.6 Back Face Conditions
products become CO or soot, rather than,Ci® these cases, X1.6.1 The heat losses through the specimen back face can
correction terms are know(i, 3)and can be applied. Atypical have an influence on the burning rate near the end of its
case of less than 2 % error has been determined to result fwurning time. For reproducible measurements, the losses
cellulose producing 10 % incomplete combustion going to CQhrough the back face should be standardized. The simplest
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theoretical boundary conditions—an adiabatic boundary or ais not necessarily constant.
isothermal one at ambient temperature—are not achievable, .
However, a reasonable approximation to the former can bgl'lo Smoke Obscuration Measurements
made by using a layer of an insulating material. This is easier X1.10.1 The smoke measurement system is different from
to do for the horizontal orientation case, in which case a veryhat used in Test Method E 662 for the following reasons:
low density refractory blanket is used. In the vertical orienta- X1.10.1.1 Simultaneous mass measurements are available,
tion some structural rigidity of the backing is desired; conse- X1.10.1.2 Irradiances up to 100 kW7rare available,
quently, a layer of higher density backing may be necessary. X1.10.1.3 The combustion takes place in a flow stream, not
in a closed box, and

X1.7 Oxygen Analyzer X1.10.1.4 A monochromatic light source is used.

X1.7.1 The analyzer should be of the paramagnetic type, X1.10.2 Accurate measurement of smoke obscuration re-
with baseline noise and short-term drift of approximatelp0  quires, among other considerations, the following:
ppm oxygen. Other types of analyzers (electrochemical and X1.10.2.1 A highly collimated light source, insensitive to
catalytic) generally cannot meet this requirement. Paramagstray light,
netic analyzers also exhibit an intrinsically linear response. The X1.10.2.2 Measurement in a well mixed unstratified stream,
linearity is normally better than can be determined with X1.10.2.3 A high degree of stability against drift due to
0.1% oxygen gas mixtures. Since an oxygen analyzer igoltage fluctuations, source aging, thermal effects, etc., and
sensitive to stream pressures, either the readings have to bexX1.10.2.4 The ability to make extended measurements
compensated with an absolute pressure transducer, connect@idhout error due to progressive coating of optics by soot.
to the analyzer, or the pressure has to be mechanically X1.10.3 In addition, it is desirable to select a monochro-
regulated both against flow fluctuations and atmospheric pregnatic sourcé€11), preferably in the red portion of the spectrum,
sure variations. The analyzer and the pressure regulating é@r ease of interpreting the data in accordance with the
measuring devices must be located in a constant temperatutieeoretical models. For convenience, it is also desirable to

environment to avoid flow errors. provide direct electric output in logarithmic units to avoid the
o _ need for manual range switching or resulting inaccuracies at
X1.8 Limits to Resolution the high end of the scale. An instrument has been designed that

X1.8.1 Methane calibration studie@0) showed typical is intended to meet all these requirements (Fig. (13).
fluctuations of+1.5 %, with a linearity to within 5 % over the Additional construction details are given in construction draw-
range of 1 to 12 kW, and within 2 % over the range of 5 to 12ings1° The theory for data analysis is from Réfs3) and(14).
kW. Calibrations with other gases show similar results. Cali- . .
bration gases can be delivered to the burner in a highly steady-11 Specimen Mounting Methods
manner. The uniformity of solid-fuels combustion, however, is  X1.11.1 This test method is a general method suitable for
governed by the pyrolysis at the surface, which can under sorrésting different types of products and materials. In the simplest
circumstances show substantial fluctuations. For instance, t@se, the product or material is cut out to the correct size,
fluctuations for polymethylmethacrylate are greater than fowrapped in aluminum foil, and placed in the horizontal or
red oak(10). Burning thermoplastic specimens occasionallyvertical specimen holder. In many cases, however, the speci-
eject individual molten streamers. With solid materials thenmen, when heated, may warp, intumesce, delaminate, or burn
the limits to resolution can be expected to be set by thén an unrepresentative manner along its side edges. Two
specimen pyrolysis process, rather than by instrument limits common procedures for handling such specimens are described

X1.8.2 The limits to the speed of response of any heatn this test method: an edge frame (pertinent only to horizontal
release rate technique are set by the slowest respondimientaﬂon testing) and a wire grid (either orientation). These
element. In the case of the present method, this is the oxygetfe not the only specimen mounting methods available to the
analyzer, which typically shows a 10 to 90 % response time ofesting laboratory. Referencg) suggests some additional
6.9 s. Response times of the pressure transducer and thernjgocedures. For more unusual specimen types, the testing
couple can be much faster. They should be set to be onliaboratory will have to devise appropriate mounting methods.
somewhat faster, however, to avoid introducing instrumenfince different mounting methods may give different test

noise without increasing resolution. results, the method used must be documented in the test report,
_ _ as mandated in 14.1.10. Since test results are inevitably
X1.9 Effective Heat of Combustion affected by such mounting devices, they should not be used

X1.9.1 The effective heat of combustion is a constant duringinless prior testing indicates they are necessary to alleviate
combustion of homogeneous specimens having only a singi@nomalous burning conditions.
mode of degradation and is less than the value of the theoretical X1.11.2 For building products, the use of the retainer frame
net heat of combustion. Examples of a material with a singlds recommended for testing in the horizontal orientation. For
mode of degradation and, therefore, a constant effective heat other product classes, the usage shall be in accordance with the
combustion include most organic liquids. Cellulosic productsgoverning application standard.
by contrast, typically show more than one mode of degradation
and. a varying eflective heat of Combu.Stlon' For materlgls % Construction drawings for the Cone Calorimeter are available from the
having more than one mode of degradation, or for Comp05|te§uilding and Fire Research Laboratory, National Institute of Standards and
or nonhomogeneous materials, the effective heat of combustiorechnology, Gaithersburg, MD 20899.
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X2. INTERLABORATORY TRIALS

X2.1 Scope of Studies Furthermore, in all the cases where valid data were available

X2.1.1 For the ASTM interlaboratory trials, six laboratories from both series, the relationships forand R showed very
tested the following materials: 6 mm fire retardant treated ABSSiMilar behavior. This allowed best estimate relationships for
(p = 325 kg/n?); 12 mm particleboardp(= 640 kg/n?): 6 mm antho be derived from the combmfed data set (in (lzases.where
black PMMA (p = 1180 kg/n?); 6 mm polyethylene(=800 Valid data were obtained in both series). The equations given in
kg/m®): 6 mm PVC ¢ =1340 kg/mi); and 25 mm rigid 14.1.3 constitute these best estimate values.

polyisocyanurate foamp(= 280 kg/mY). For most of these x2.3 Example of Usingr and R Relationships
materials, three replicates each were tested in two orientations X2.3.1 The meaning of the equations foand R given in

(horizontal and vertical) and at two irradiance levels (25 and 504 1 3'is best illustrated by means of an example. Suppose a

2:
KW/rm'). laboratory tests a single sample of a certain material and

X2.1.2 Data from the ASTM Irials were sqpplemented bydetermines that the time to ignition (sustained flaming) is 100
data developed during an analogous set of trials conducted béy

ISO, using functionally the same protocol. The materials testeq. If the same laboratory now conducts a second test on the
in the 1SO trials were: 25 mm black PMM#A € 1180 kg/n) ame material, the value ofis evaluated as:

[same material as tested by ASTM, but in a different thick- r=41+0125x100=17s

ness]; 30 mm rigid polyurethane foam# 33 kg/n?); 12 mm Then 100 + =83 and 100 + = 117; thus, the probability
particleboard ¢ =640 kg/n?) [same material as tested by is 95 % that the result of the second test will fall between 83
ASTM]; 3 mm hardboard (= 1010 kg/n?); 10 mm gypsum and 117 s.

board p=1110 kg/nf); and 10 mm fire retardant treated Suppose now that the same material is tested by a different
particleboard ¢ = 750 kg/n?). For most of these materials, laboratory. The value oR is evaluated as:

three replicates each were tested in two orientations (horizontal R = 7.4+ 0.220X 100= 29 s

and vertical) and at two irradiance levels (25 and 50 k#yoy Then 100 -R = 71 and 100 R = 129: thus, the probability

six to eight lahoratories. is 95 % that the results from the test at that laboratory will fall
X2.2 Method of Analysis between 71 and 129 s.
X2.2.1 Basic guidance was received from Practices E 17X2.4 Comparison to Results for Other Fire Tests

and E 691. However, these practices refer to various possibili- x2 4.1 A number of interlaboratory trials have been con-
ties of reporting repeatability and reproducibility at 1.0, 2.0,qycted on various fire tests. For most of them, the data would
2.83, or 3.0 times the pertinent standard deviations. Thee difficult to compare, since the methods of analysis were not
standard deviation may be computed with respect to thehe same in each case. Since the present trials were analyzed in
average value or with respect to two sets of results. Furthezccordance with the specific prescription mandated by 1SO
more, they leave the treatment of outliers largely to thes725 however, it is possible to find an example that is directly
discretion of the analyst. This presents certain difficulties i”comparable. This is the ISO radiant ignition test, 1SO 5657.
comparing results to other studies. It was, specifically, desiregthjs test is especially interesting to compare since it uses a
to treat the ASTM and ISO trials in a similar manner. Theconjcal heater somewhat similar to the one used on the present

solution was found in adopting the prescriptions contained iRest method. Since that test is only a test for ignitability, only
ISO 5725. The ISO standard, which can be viewed as a strict@jne variable is examined, thg.tThe results of the 1SO 5657

subset of the ASTM instructions, prescribes a single fixedyig|s, analyzed in the same manner, were:
procedure. It mandates that repeatability and reproducibility be
reported to 2.8 standard deviations, and also provides fixed
instructions on how to handle the issue of outliers. R =22+0.458 (x2.2)

X2.2.2 The ASTM and ISO results were first analyzed Comparison with Eq 20 and Eq 21 shows that, over most of
separately in accordance with the equations given in ISO 572%he range, both the repeatability and reproducibility for the
The results for both series were found to be expressible as@esent test method are substantially better (smaller) than for
linear error model, defined by Eq Il in Par. 15.2 of ISO 5725.the ISO 5657 test.

r =29+ 02411, (X2.1)

17



NOTICE: This standard has either been superseded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

A0y £ 1354 — 02a
“afl

REFERENCES

(1) Huggett, C., “Estimation of Rate of Heat Release by Means of Oxyger(8) Krause, R. F., and Gann, R. G.,* Rate of Heat Release Measurements
Consumption Measurementstire and Materials Vol 4, 1980, pp. Using Oxygen Consumption,Journal of Fire and Flammability\ol
61-65. 11, April 1980, pp. 117-130.

(2) Twilley, W. H., and Babrauskas, V., User's Guide for the Cone (9) Tordella, J., and Twilley, W. H., “Development of a Calorimeter for
Calorimeter,”NBS Special Publication SP 74Blational Bureau of Simultaneously Measuring Heat Release and Mass Loss Rates,”
Standards, 1988. _ NBSIR 83 2708\ational Institute of Standards and Technology, 1983.

(3) Parker, W. J., “Calculations of the Heat Release Rate by Oxygenio) gaprauskas, V., “Development of the Cone Calorimeter—A Bench
Consumption for Various ApplicationsNBSIR 81-2427 National Scale Heat Release Rate Apparatus Based on Oxygen Consumption,”
Bureau of Standards, 1982. NBSIR 82-2611National Bureau of Standards, 1982.

(4) Babrauskas, V., Lawson, J. R., Walton, W. D., and Twilley, W. H., . .
“Upholstered Furniture Heat Release Rates Measured with a Furniturgl) Mulholland, G., *How Well Are We Measuring Smokeire and

Calorimeter,”"NBSIR 82-2604National Bureau of Standards, 1982. Materials, Vol 6, 1982, pp. 65-67. .
(5) Babrauskas, V., and Krasny, J. F..“ Prediction of Upholstered Chaif12) Babrauskas, V., and Mulholland, G., “Smoke and Soot Data Deter-

Heat Release Rates from Bench-Scale Measuremefie” Safety minations in the Cone CalorimeterMathematical Modeling of

Science and Engineering, ASTM STP 883TM, 1985, p. 268. Fires, ASTM STP 9§RASTM, 1987, pp. 83-104.
(6) Janssens, M., “CalorimetryThe SFPE Handbook of Fire Protection (13) Babrauskas, V., “Applications of Predictive Smoke Measurements,”
Engineering 2nd Edition, 1995, pp. 3-16 through 3-36. Journal of Fire and FlammabilityVol 12, January 1981, pp. 51-54.

(7) Babrauskas, V.,“ Performance of the Ohio State University Rate of{14) Babrauskas, V., “Effective Measurement Techniques for Heat,
Heat Release Apparatus Using Polymethylmethacrylate and Gaseous Smoke, and Toxic GasesFire Safety Journal\Vol 17, 1991, pp.
Fuels,”Fire Safety JournalVol 5, 1982, pp. 9-20. 13-26.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

18



