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QH].p DESignation: E 1623 - 00 An American National Standard

Standard Test Method for

Determination of Fire and Thermal Parameters of Materials,
Products, and Systems Using an Intermediate Scale
Calorimeter (ICAL) *

This standard is issued under the fixed designation E 1623; 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 epsilonejf indicates an editorial change since the last revision or reapproval.

1. Scope 1.7 This test method has been developed for material,

1.1 This fire-test-response standard covers measuring ti¥oduct, or assembly evaluations, mathematical modeling,
response of materials, products, and assemblies exposed 48Sign purposes, or research and development. The specimen

controlled levels of radiant heating with or without an externaliShall be tested in thicknesses and configurations representative
ignitor. of actual end product or system uses.

1.2 This test method is used to determine the ignitability, 1.8 Limitations of the test method are listed in Section 12.

heat release rates, mass loss rates, and visible smoke develop}-9 The values stated in Sl units are to be regarded as the

ment of materials, products, and assemblies under well ventgtandard. _ _
lated conditions. 1.10 This standard is used to measure and describe the

1.3 This test method is also used to determine many of thé2Sponse of materials, products, or assemblies to heat and
parameters or values needed in computer fire models. Eflame under controlled conditions, but does not by itself
amples of these values include effective heat of combustiorincorporate all factors required for fire hazard or fire risk
surface temperature, ignition temperature, gas concentrationr@ssessment of the materials, products, or assemblies under
and emissivity. actual flre_ conditions.

1.4 This test method was also designed to provide informa- 1.11 This standard does not purport to address all of the
tion about other fire parameters such as thermal conductivitpafety concerns, if any, associated with its use. It is the
specific heat, radiative and convective heat transfer coeffitéSponsibility of the user of this standard to establish appro-
cients, flame radiation factor, air entrainment rates, flam@riate safety and health practices and determine the applica-
temperatures, minimum surface temperatures for upward arijlity of regulatory I|m|_tat|0ns prior to usef-or specific hazard
downward flame spread, heat of gasification, nondimension&tatéments, see Section 7.
heat of gasificatiofl)? and thed flame spread parameter (see
Test Method E 1321). While early studies indicate that it isz' Referenced Documents
appropriate to use this test method to determine these param-2-1 ASTM Standards: _
eters, insufficient testing and research has been done to justify 2 2016 Test Methods for Moisture Content of Wdod
inclusion of testing and calculational procedures at this time. D 3286 Test Method for Gross Calorific Value of Coal and

1.5 The heat release rate is determined by measurement of _COke by the Isoperibol Bomb Calorimeter o
the oxygen consumption as determined by the oxygen concen- E 84 Test Methpd for Surface Burning Characteristics of
tration and flow in the exhaust product stream as specified in _Building Material§

11.1. Smoke development is quantified by measuring the E 176 Terminology of Fire Standarts . o
obscuration of light by the combustion product stream. E 177 Practice for Use of the Terms Precision and Bias in

1.6 Specimens are exposed to heating fluxes ranging from 0 _ASTM Test Method$ B _ ,
to 50 kW/n? (heat release measurements at the low flux levels E 662 Test Method for Specific Optical Density of Smoke

are limited by the exhaust hood size) in a vertical orientation. _G€nerated by Solid Materidls
Hot wires are used as the ignition source when the parametersE 691 Practice for Conducting an Interlaboratory Study to

other than those connected to flame spread are being deter- Determine the Precision of a Test Metfiod
mined. E 800 Guide for Measurement of Gases Present or Gener-

ated During Fire3

1 This test method is under the jurisdiction of ASTM Committee E-5 on Fire

Standards and is the direct responsibility of Subcommittee E05.21 on Smoke amd—————

Combustion Products. 2 Discontinued; se€988 Annual Book of ASTM Standard¥el 04.09. Replaced
Current edition approved Oct. 10, 2000. Published January 2001. Originallypy D 4442 and D 4444.

published as E 1623-94. Last previous edition E 1623-99. 4 Annual Book of ASTM Standardéol 05.05.
2 The boldface numbers given in parentheses refer to the list of references at the ® Annual Book of ASTM Standardéol 04.07.

end of this standard. % Annual Book of ASTM Standatdéol 14.02.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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E 906 Test Method for Heat and Visible Smoke Releaset. Summary of Test Method

Rates for Materials and Produtts . N 4.1 This is a test method designed to measure the rate of
E 1321 Test Method for Determining Material Ignition and peat release from a specimen #ima vertical orientation. The
Flame Spread Properties specimen is exposed to a uniform heat flux from a gas fired

E 1354 Test Method for Heat and Visible Smoke Releasgagjant panel up to 50 kW/nand ignited instantly. Heat
Rates for Materials and Products Using an Oxygen Conrglease measured by this test method is based on the observa-

sumption Calorimetér tion that, generally, the net heat of combustion is directly
2.2 ASTM Proposal: , related to the amount of oxygen required for combustyr8).
P147 Proposed Method for Room Fire Tests of Wall andrie primary measurements of oxygen concentrations and
Ceiling Materials and Assemblies exhaust flow are made as specified by Hugg@}t Burning
2.3 ISO Standards: _ ~ may be either with or without a pilot ignition applied at the top
ISO .565.7-1986(_E)_ Fire Tgsts—Reactlon to Fire—and bottom of the specimen.
Ignitability of Building Material$ _ 4.2 Additional measurements include the mass-loss rate of
ISO 5660-1 Fire Tests—Reaction to Fire—Rate of Heakne specimen, surface temperature, the time to sustained
Release from Building Products flaming and the specimen’s interior temperatures. The appara-

ISO 5725 Precision of Test Methods—Determination ofys can be used to develop data relative to the other parameters
Repeatability and Reproducibility for a Standard Testgiscussed in 1.2 and 1.3.

Method by Inter-Laboratory Tests o
ISO 9705 Full Scale Room Test for Surface Prodtcts 5. Significance and Use
5.1 This test method is used primarily to determine the heat

3. Terminology release rate of materials, products, and assemblies. Other
3.1 Definitions: parameters are the effective heat of combustion, mass loss rate,
3.1.1 For definitions of terms used in this test method, refethe time to ignition, smoke and gas production, emissivity, and

to Terminology E 176. surface temperature. These properties are determined on a
3.2 Definitions of Terms Specific to This Standard: specimen that may be an assembly of materials or products that

3.2.1 effective heat of combustierthe measured heat re- are tested in their end-use thickness. Therefore, the heat release
lease divided by the mass loss for a specific time period. rate of a wall assembly, for instance, can be determined.

3.2.2 emissivity—the ratio of the power per unit area radi- 5.2 Representative joints and other characteristics of an
ated from a material’s surface to that radiated from a blaclkassembly shall be included in a specimen when these details

body at the same temperature. are part of normal design.
3.2.3 heat release rate-the heat evolved from the speci- 5.3 This test method is applicable to end-use products not
men, per unit of time and area. having an ideally planar external surface. The radiant flux field

3.2.4 heating flux—the incident flux imposed externally shall be adjusted to be that which is desired at the average
from the heater on the specimen at the initiation of the test. distance of the surface from the radiant panel.

3.2.4.1 Discussior—the specimen, once ignited, is also 5.4 In this procedure, the specimens are subjected to one or
heated by its own flame. more specific sets of laboratory conditions. If different test

3.2.5 ignitability—the propensity to ignition, as measured conditions are substituted or the end use conditions are
by the time to sustained flaming, in seconds, at a specifiedhanged, it may not be possible by or from this test to predict
heating flux. changes in the fire test response characteristics measured.

3.2.6 net heat of combustienthe oxygen bomb (see Test Therefore, the results are valid only for the fire test exposure
Method D 3286) value for the heat of combustion, correctecconditions described in this procedure.
for gaseous state of product water. 5.5 Test Limitations

3.2.7 orientation—the plane in which the exposed face of 5.5.1 The test results have limited validity if the specimen
the specimen is located during testing, either vertical omelts sufficiently to overflow the drip tray, or explosive
horizontal facing up. spalling occurs.

3.2.8 oxygen consumption principlethe expression of the 5.5.2 Exercise caution in interpreting results of specimens
relationship between the mass of oxygen consumed durinthat sag, deform, or delaminate during a test. Report observa-
combustion and the heat released. tions of such behavior.

3.2.9 smoke obscuratieareduction of light transmission
by smoke, as measured by light attenuation.

3.2.10 sustained flaming-existence of flame on or over 6.1 General

6. Apparatus

3.2.10.1 Discussior—Flaming of less tha 4 s duration is tion, they shall be considered mandatory and shall be followed
identified as flashing or transitory flaming. within nominal tolerance ofct5 mm on the radiant panel and

specimen holder assemblies. An exception to this tolerance is
the placement of the screen in front of the ceramic burner that
N . .
’ Discontinued; se@983 Annual Book of ASTM Standardel 04.07. shall be 0.5 mm. The tolerances permltted in the exhaust
8 Available from American National Standards Institute, 11 W. 42nd St., 13th3y5tem (See Proposal P147) for the propo_se(_j room fire test
Floor, New York, NY 10036. method or the 1SO 9705 standard are permissible.
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6.1.2 The apparatus shall consist of the following compo- 6.2.4 Natural gas of net heating value at least 790 kJ/mol
nents: a radiant panel assembly (see Fig. 1) capable of verticahall be supplied to the unit through a control system provided
orientation only; a specimen holder (see Fig. 2), an infraredvith as safety interlock. All gas pipe connections to the burners
pyrometer (optional), an exhaust collection system, weighingnust be sealed with a gas pipe compound resistant to liquified
platform, gas meter, and a data acquisition system. A genergletroleum gases. A drip leg shall be installed in the gas supply
layout of the whole test assembly is shown in Fig. 3. line going to each heater to minimize the possibility of any

6.2 Radiant Panels loose scale or dirt within the gas supply line from entering the

6.2.1 The panel consists of a hollow 50 by 50 mm squarédourner’s control system.
steel tubing (see Fig. 1) that supports three rows of adjustable, 6.2.5 Ignition of the burners shall be accomplished by
ceramic-faced, natural gas burrfecemprised of three burners individual, automatic spark igniters and pilot flames. The spark
per row. The tubing has typical residential water hose connedgniters are used to ignite the pilot flames which in turn are
tions provided at the bottom of the tubing to facilitate waterused to ignite the burners after pilot flame temperature sensors
cooling. have reached a required value. The pilot remains on until the

6.2.2 The left and right burners in each row are made up oburners are extinguished.
four modules each and the center burners are comprised of one6.2.6 An opening of at least 25 mm shall be provided at the
module. A module consists of four vertically stacked ceramicvertical centerline between the rows of burners.
elements 12.7 mm deep by 95 mm high by 158 mm wide. The 6.2.7 Radiant Panel Constant Irradiance ControllefThe
center burners consist of one module each. The modules ameadiance from the radiant panel assembly shall be capable of
comprised of a plenum space in which the natural gas ideing held at a preset level by means of regulating the flow of
injected at a controlled rate by the burner’s control systemnatural gas to the burners (see X1.2 for more information). The
Combustion air is aspirated into the plenum space through thiébow of the gas is regulated using an automatic flow controller,
gas and air injection port. motorized valve, and a thermocouple located on the surface of

6.2.3 The face of each burner is covered with stainless 338 ceramic burner. The irradiance is directly proportional to the
floating screen for higher surface temperature and safety. Themperature on the surface of the ceramic burners. Gas flow
screens shall be carefully installed to allow for elongation ofshall be continuously measured to calculate the heat released
screens and supporting rods. This will allow the distancdrom the radiant panel assembly. This value is needed to
between the burners and screens to remain constant whealculate the heat release rate from the specimen.
heated. The optimum distance between the surface of the 6.3 Specimen Holder Assembly Compongents
burners and the outer surface of the screen was found to be 206.3.1 Specimen HolderThe specimen holder assembly is
mm. The rows of gas burners on the panel shall be separated lsjiown in Fig. 2 and is capable of holding a specimen up to 152
a distance of 112 mm from each other and shall be attached tam thick. (A thicker specimen holder is necessary to accomo-
the support tubing at the locations indicated in Fig. 1. date specimens thicker than 152 mm.) The top portion of the

assembly is removable to facilitate specimen insertion. Prior to
- starting the test the specimen shall be protected from the

° A modified RAY-TEC burner unit, RT132, from Sun Technology Corp., 14329 radiant panel heat flux exposure by the water cooled shield (see
23 Mile Road, Shelby TWP., MI 48315 has been found suitable for this application6.4.1). A drip tray, 300 mm wide by 50 mm deep by 914 mm

long, shall be attached to the floor of the specimen holder

e 1542mm ] directly below the specimen frame to contain limited amounts
' : of materials that melt and drip. Two wire igniters described in
AJ.J. 6.4.3 are attached to the specimen holder.
le_ B70mm | 6.3.2 Weighing Platforrm—The general arrangement of the

specimen holder and the weighing platform is indicated in Fig.
2. The weighing platford? shall be capable of weighing the
specimen to an accuracy of one gram. The platform shall be
protected from the radiant panel assembly by an insulation
board cover as shown in Fig. 2.

6.3.3 Specimen Holder Troly-A trolly, as shown in Fig. 3,
shall be provided to hold the specimen holder and weighing
platform so that the specimen can be moved to a predetermined
location in front of the radiant panel at the beginning of a test.
The trolly shall be placed on rails or guides to facilitate exact
specimen placement with respect to the radiant panel. The
trolly tracks shall be located perpendicular to the plane of the

388mm

1330mm

93mm

J—_Lq 4 radiant panel so that the specimen is moved directly toward the
Radiant Heat
laglan’ ieaters .
- radiant panel. The trolly tracks shall be long enough to move
Water cooled
ol rare
. 1
- = 10 A Sartorius Model F150S Electromagnetic Scale, has been found suitable for
FIG. 1 Radiant Panel Assembly this application.
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the specimen holder to a distandésan from the radiant panel. ' Teere T Tl U]
This distance makes mounting the specimen easier and allows | Emergency VentLine
testing of parameters other than heat release at very low heat : -
fluxes. Heat flux values of 25 and 50 kW/rare achieved at strmm | oz
distances less than 1 m. I e ———

6.4 Other Major Components j‘ i

6.4.1 Specimen ShieldA water cooled shield (see Fig. 4) g ‘ £

shall be provided to absorb the thermal energy from the radiant
panels prior to testing. The shield is constructed so that a preset FIG. 4 Radiation Shield
water flow will maintain a shield temperature on the unexposed

face below 100°C. The shield shall be positioned directly in , .
front of the radiant panel assembly at a distance of 150 mn{adiant panels. The pyrometer is positioned 0.3 m to 0.5 m

The mounting method used shall accomodate removing thgehind the radiant panel assembly at a height equal to the
shield in less than 2 s. geometrical center of the specimen. The measurement tech-

6.4.2 Infrared PyrometerA pyrometet! is used to view nigue including specimen emissivity adjustments is detailed in

the specimen surface through the 25 mm gap between thé&’: i ) i
6.4.3 Wire Igniters—Two 0.81 mm Chromel wires (from

Type K thermocouple wires) are used as igniters. One wire is
A Maxline Infrared Pyrometer with M402 Sensor, made by Ircon, Inc. in positioned horizontally, spanning the full width of the Spe.CI_
lllinois can be used. The band of wavelength in which the sensor responds to tH&1€n, 80 mm above the bottpm exposed edge of the specimen
infrared radiation is 8 to 12 um to avoid the water and carbon monoxide bands. and 15 mm from the specimen surface. The other wire is
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positioned horizontally, spanning the full width of the speci- 6.4.7.2 Ensure that the system for collecting the smoke
men, 20 mm above the top exposed edge of the specimen afahich includes gaseous combustion products) has sufficient
15 mm from the specimen’s vertical plane. A spring, protectecexhaust capacity and is designed in such a way that all of the
from the radiant heat, shall be attached to one end of the wiresombustion products leaving the burning specimen are col-
to compensate for the wire expansion during the test. It shalected. Design the capacity of the evacuation system such that
remain under tension throughout the test so that the igniter wirg will exhaust minimally all combustion gases leaving the
remains in position. When used, sufficient power shall bespecimen (see Al1.1.4).
applied to the wire that will produce an orange glow. Low 6.4.7.3 Place probes for sampling of combustion gas and for
voltages, up to 30 V, shall be used for safety reasons. Moreeasurement of flow in accordance with 6.4.8.
information about the choice of the wire igniters is given in  6.4.7.4 Make all measurements of smoke obscuration, gas
X1.3. concentrations or flows at a position in the exhaust duct where
6.4.4 Heat Flux Meter—The total heat flux meter shall be of the exhaust is uniformly mixed so that there is a nearly uniform
the Gardor? (foil) or Schmidt-Boelter (thermopile) type, with velocity across the duct section.
a design range of about 50 kWImThe target receiving 6.4.7.5 If the straight section before the measuring system is
radiation, and possibly to a small extent convection, small bet least eight times the inside diameter of the duct the exhaust
flat, circular, approximately 12.5 mm in diameter, and coateds likely to be uniformly mixed. If a measuring system is
with a durable matt-black finish. The target shall be waterpositioned at a distance of less than eight diameters, demon-
cooled. Radiation shall not pass through any window beforgtrate the achievement of equivalent resuilts.
reaching the target. The instrument shall be robust, simple to 6.4.8 Instrumentation in Exhaust DuetThe following
set up and use, and stable in calibration. The instrument shadpecifications are minimum requirements for exhaust duct
have an accuracy of withirr3 % and a repeatability of within  instrumentation. Additional information is found in Annex A2.

0.5 %. o _ 6.4.8.1 Flon—Measure the flow in the exhaust duct by
6.4.5 Heat Flux Calibration Panel-A panel to establish the means of a bidirectional probe, or an equivalent measuring

heat flux/distance relationship shall be constructed from nomisystem, with an accuracy of at leas6 % (see Annex A2 for

nal 12.7 mm thick calcium silicate board of nominal densityfurther details). The response time to a stepwise change of the

740 kg/n?. The panel shall be the same size as a specimeguyct flow shall not exceed 5 s, to reach 90 % of the final value.

(1000 by 1000 mm) and shall have holes with diameters to 6 4.9 Combustion Gas Analysis

accomodate the heat flux meter from 6.4.4. Five rows and ¢ 4.9.1 Sampling Line—Construct the sampling line tubes

columns of holes shall be drilled 224 mm apart and 51 mnyf 5 material not influencing the concentration of the combus-

from the edges on all sides of the panel. tion gas species to be analyzed. The following sequence of the
6.4.6 Digital Data Collection—The data collection system gas train has been shown to be acceptable: sampling probe,

shall be equal to or better than that required in Proposal P14%qt filter, cold trap, gas path pump, vent valve, plastic drying

Readings shall be made at intervals not exceeding 2s.  column and carbon dioxide removal columns (if used), flow
6.4.7 Exhaust Collection System . _ controller and oxygen analyzer (see Fig. 6 and Annex A2 for
6.4.7.1 Construct the exhaust collection system with thgyrther details). Alternative designs of the sampling line must

following minimal requirements: a blower, steel hood, duct,give equivalent results. The gas train shall also include

bidirectional probe, thermocouple(s), oxygen measuremerippropriate spanning and zeroing facilities.

system, smoke obscuration measurement system (white lightg 4.9.2 Oxygen MeasurementMeasure the oxygen con-

photocell lamp/detector or laser) and combustion gas samplingsntration with an accuracy of at leas0.04 % of full scale in

and analysis system. Construct the exhaust collection system gg, output range of 0 to 25 vol % oxygen, &0.01 vol %

shown in Fig. 5 and as explained in Annex Al. oxygen, in order to have adequate measurements of rate of heat

[ release. Take the combustion gas sample from the end of the
12 A Medtherm Model R-8015-C-15-072, from Medtherm Corp., Huntsville, AL, Sampling line. Calculate the time delay, including the time

has been found suitable for this purpose. constant of the instrument; it is a function of the exhaust duct
Lamp, Photo Cell
System Pitot Tube |
Cuide Vanes Guide Vanes T
"
I Saas E . i |
------ i * —
To Exhaust iy Exhaust Duct 400 mm Dia. " a «
Gas Cleaning Steel plates 2 x 500 x 900 mm
Gas Analysis
Hood of 2 mm Steel plates
Cross Section of Guide Vanes Frame of Steel Opening 2440 x 2440 mm

Profile l
r@\ 50x 100 x3.2mm '
Steel Plates |
340 man dia,
200 mm dia, | 4 S1°€! Pltes {optional) -

29540 mn 1000 x 2440 mm
Note: All dimensions in millimeters (mm)

FIG. 5 Collection Hood and Exhaust System
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FIG. 6 Schematic of Gas Sampling Train

flow. This time delay shall not exceed 60 s. (See Annex A2 forsystem is also acceptable. See Fig. 8 and A2.4 for further
further details.) details. It has been shown that white light and laser systems
6.4.9.3 Carbon Monoxide and Carbon Dioxide will give similar results(5, 6).
Measuremert-Measure the combustion gas species with an 6.4.11 Thermocouples
instrument having an accuracy of at leadd.1 vol % for the 6.4.11.1 All thermocouples shall be 0.127 mm (0.005 in. or
carbon dioxide antt 0.02 vol % for carbon monoxide. A 5 mils) Type K, Chromel-Alumel.
suitable output range is 0 to 1 vol % for carbon monoxide and 6.4.11.2 The location of the minimum number of thermo-
0 to 6 vol % for carbon dioxide. Take the combustion gascouples for measurement of homogeneous sample temperature
sample from the end of the sampling line. Calculate the timeshall be at the geometric center of the sample and on the
delay, including the time constant of the instrument; it is acenterline through the sample as follows: Surfaéelepth,>
function of the exhaust duct flow. It shall be a maximum of 60depth, ¥4 depth and unexposed surface. Other temperatures
S. (See Annex A2 for further details.) may be taken as needed to gain specific information such as
6.4.10 Smoke Obscuration Measurement interface temperatures between assemblies of materials.
6.4.10.1 Install an optical system for measurement of light 6.4.11.3 The interior thermocouples shall be inserted in
obscuration across the centerline of the exhaust duct. Deteholes that have been predrilled from the unexposed face of the
mine the optical density of the smoke by measuring the lighsample toward the face to the desired depth. These thermo-
transmitted with a photometer system consisting of a whitecouples shall be sheathed with ceramic insulatiofihe two
light source and a photocell/detector or a laser system fowires leading up to the junctions of surface thermocouples
measurement of light obscuration across the centerline of thehall be bared for a distance of at least 50 mm on both sides of
exhaust duct. the junction. Each lead shall be pulled tight so that the bead is
6.4.10.2 One photometer system found suitable consists of@ntacting the surface and stapled at a point on each wire 25
lamp, lenses, an aperture, and a photocell. See Fig. 7 amdm away from the junction. The bead shall be pushed by
Annex A2 for further details. Construct the system so that soothumb with moderate force into the surface if it will penetrate.
deposits on the optics during a test do not reduce the light
transmission by more than 5 %. 7. Hazards
6.4.10.3 Alternatively, instrumentation constructed using a 7.1 The test procedures involve high temperatures and
0.5 to 2.0 mW helium-neon laser, instead of a white lightcombustion processes. Therefore hazards may exist for burns,
ignition of extraneous objects or clothing, and for inhalation of
S atmsde = combustion products. The operator must use protective gloves
and clothes while removing the specimen shield and while
moving the specimen trolley toward or away from the radiant
panels. The construction of a viewing wall with windows is
recommended for laboratories with small spaces where the
operator and viewers cannot move far enough away from the
area of the radiant panel.
7.2 The water cooled shield placed in front of the radiant

Aperature

Detector

130.4 mm {ea in.) bore diameter insulators from Omega Engineering, One
FIG. 7 White Light Optical System Omega Drive, Stamford, CT has been found suitable for this.
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FIG. 8 Smoke Obscuration Measuring System

panel assembly dramatically lowers the heating of the laborgpanels. Place the calibration panel in the same position as a
tory space. Additionally, it lowers the potential for harm to specimen and insert the flux meter from the unexposed face

operators working in the area. through the holes. The target face of the flux meter shall extend

) 15 mm toward the radiant panel from the exposed surface of

8. Test Specimens the calibration panel to minimize the convective heat transfer
8.1 Size and Preparatian contribution. After the calibration panel has come to equili-

8.1.1 Test specimen’s dimensions shall be 1000 by 1000rum, make the flux measurements with the target face of the
mm and up to 152 mm in thickne$s They shall be represen- flux meter at the following distance away from the radiant
tative of the construction of the end-use product. Test materialganel: 200, 400, 600, 800, 1000, 2000, 3000, 4000, 5000, and
and assemblies of normal thickness, 152 mm or less, using000 mm.
their full thickness. 9.2.3 No individual flux measurement shall deviate from the

8.1.2 If a product is designed to normally have joints in aaverage at each of the distances by more th&r.
field application, then that specimen shall incorporate the joint 9.2 4 Use the curve generated in 9.2.2 to determine the
detail. Center the joint in the specimen’s vertical or horizontalgistance from the radiant panel for a desired radiant heat flux
centerline as appropriate. Also test the specimen without a joirdxposure.
detail if the design does not include a joint. 9.2.5 Perform calibration every three months or more fre-

8.1.3 Cover the edges of the specimen with 12 mm ceramigany it any significant changes to equipment are made or if
wool blanket to eliminate the gap between the holder and the,ibration is suspect.

specimen.

8.2 Conditioning—Condition specimens to moisture equi-
librium (constant weight) at an ambient temperature of23
3°C and a relative humidity of 5& 5 %. Constant weight is
achieved when two weighings differ by no more than 0.2 % in

9.3 Heat Release

9.3.1 Perform the calibration of the heat release instrumen-
tation in the exhaust duct by burning propane or methane gas
and comparing the heat release rates calculated from the

24 h metered gas input, and those calculated from the measured
' oxygen consumption. The value of net heat of combustion for
9. Calibration methane is 50.0 MJ/kg and that for propane is 46.5 MJ/kg.

9.1 Calibrate all instruments carefully with standard source?os't_'on th_e calibration burner_m the same location where the
after initial installation. Among the instruments to be calibratedSPECIMeN s to be placed during a 35 kW/exposure test.
are load cells or weighing platforms, smoke meters, flow orvieasure the gas flow at a pressure of 105 kPa (standard
velocity transducers, infrared pyrometer and gas analyzers. atmospheric pressurie . measured at the flow gage) and a
9.2 Heat Flux/Distance Relationship temperature _Of 20 5_C' . . e
9.2.1 Ignite the radiant panel and allow it to come to _9.3.2 A suitable calibration burner is a sand diffusion burner
equilibrium as indicated by its constant heat release rate. ~ With @ 0.3 by 0.3 m top surface and a 0.15 m depth. Construct
9.2.2 Generate a curve of average flux measurements ov8HCh @ gas burner with a 25 mm thick plenum. Alternatively,

the specimen surface versus specimen distance from the radidft€ @ minimum 100 mm layer of Ottawa sand to provide the
horizontal surface through which the gas is supplied. This type

of burner is shown in Fig. 9. The gas supply to the burner shall

41f specimens of thickness greater than 152 mm are to be tested, a specimé#a technical grade propane or methane. Do not premix the gas
holder shall be constructed to accomodate the desired specimen thickness.  for the burner flame with air. Meter the flow of gas and keep it
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output from the burner shall be a maximum of 12 s to 90 % of
final value.

39.3.8 Perform the calibration in 9.3.7 at a duct air flow of 2
m-/s.

9.3.9 The change in measured rate of heat release, compar-
ing time average values over 1 min, shall not be more than

- 10 % of the actual heat output from the burner.

9.4 Mass Loss-If required by the type of scale used,
perform the calibration by loading the weighing platform with
known masses corresponding to the measuring range of inter-

300

Note: Shown

The use of neutral density filters at 0.5 and 1.0 values of optical
density has been shown to be satisfactory for this calibration.
Once this calibration is set, only the zero value of extinction
coefficient (100 % transmission) needs to be verified each day,
prior to testing. Investigate any excessive departure from the
zero line at the end of a test, and correct it.

9.6 Gas Analysis—Calibrate gas analyzers daily, prior to
T T e testing (see Guide E 800 for further guidance).
o 9.7 Heat Flux Meter—Check the calibration of the heat flux

meter whenever a recalibration of the apparatus is carried out
Elevation by comparison with an instrument (of the same type as the
FIG. 9 Sand Burner working heat flux meter and of similar range) held as a

reference standard and not used for any other purpose. Fully
calibrate the reference standard at a standardizing laboratory at
early intervals.

: without sand i est, to ensure that the requirements of accuracy in 6.3.2 are
,@@ ] % fulfilled. Carry out this calibration daily, prior to testing.
Plan View 9.5 Smoke ObscuratierCalibrate the smoke meter ini-
tially to read correctly for two neutral density filters of
+ B — e ‘ significantly different values, and also at 100 % transmission.

‘ white Ottawa silica sand

constant throughout the calibration test.

9.3.3 Another suitable calibration burner is a pipe, with an
inner diameter of 100+ 1.5 mm, supplied with gas from y
beneath (see ISO 9705). Do not premix the gas for the burnerg. Procedure
flame with air.

9.3.4 Obtain a minimum of two calibration points. Obtain a
lower heat release rate value of 40 kW and then a higher he%

release rate value of 160 kW. Approximate propane flows fo ater exiting the frame will not exceed 50°C in temperature.

any “?q“"ed heat release rate value are gstimated using t ©10.1.2 Position the specimen holder assembly remote to the
following constant: 1.485 kW min/L, determined at a pressuredFSired test location.

of 101+ 5 kPa (standard atmospheric pressure; measured a 10.1.3 Place the water cooled shield in front of the radiant

the flow gage) and a temperature of 205°C. 1 panel assembly and adjust the water flow sufficiently high that

9.3.5 Take measurements at least onceje§es and start water exiting the shield will not exceed 50°C in temperature.
min prior to ignition of the burner. Determine the average rate 10.1.4 Insert the specimen into the specimen holder. Place

of heat release over a period of at least 1 min by the oxygep, o specimen in the specimen holder by removing the top

consumption method and calculating the heat release rate frogbecimen holder cap section, inserting the specimen, and
the gas mass flow and the net heat of combustion. Th?eplacing the top cap ' '

i 0,
difference between the two values shall not exceed 5 %. Make"yy 1 5 stapiish a duct flow of 1.6¥s.
IS parts y S y's tions hav 10.1.6 Turn on the flow of gas to each of the radiant panels

reached. -
I and ignite them.
9.3.6 Perform calibration every three months or more fre- 10.1.7 Allow the burners to operate for 30 min prior to

quently if any significant changes to equipment are made or i{esting
calibration is suspect. ' . . .
9.3.7 When calibrating a new system, or when modifica- 10.1.8 Tum on all sampling and recording devices and

tions are introduced, check the response time of the meas r.ncalibrate the analyzers.
' ' deed, b : UMNY10.1.9 For a standard test where gas phase ignition is

system by the following test sequence: desired, switch on the wire igniters.

10.1 Preparation
10.1.1 Open the water valve to the steel tubing that support
e radiant panel and adjust the water flow sufficiently high that

Time, min Burner Outout, kW 10.1.10 Set predetermined material emissivity on the infra-
510 10 40 red pyrometer if use@4).

1010 15 160 10.1.11 If heat flow through the specimen is to be moni-
15 to 20 0

tored, attach the thermocouples as described in 6.4.2 and 6.4.3.
The response of the system to a stepwise change of the heatl0.2 Procedure
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10.2.1 Move the specimen trolly to the location necessary 13.2.5 Name of product manufacturer or supplier, if known,
for the desired flux exposure. 13.2.6 Composition or generic identification,
10.2.2 Collect baseline data for 2 min after the signal from 13.2.7 Density, or mass per unit surface area, total mass,
the weighing platform settles down to equilibrium. thickness of the main components in the specimen, thickness of
10.2.3 Remove the water cooled specimen shield in nothe specimen, moisture content of hygroscopic materials and
more tha 2 s and start the timer marking the beginning of themass of combustible portion of specimen, if known,
test. 13.2.8 Description of the specimen, if different from the
10.2.4 Record the time when flashing or transitory flamingproduct,
occur; when sustained flaming occurs, record the time and turn 13.2.9 Details of specimen preparation by the testing labo-
off the igniters. If the flame extinguishes in less than 60 s afteratory,
turning off the igniters, turn on the igniters again. If flaming 13.2.10 Details of special mounting methods used,
reoccurs, stop the test, discard the test data and repeat the test3.2.11 Heating flux and exhaust system flow,
without turning the igniters off until the entire test is com-  13.2.12 Number of replicates tested under the same condi-
pleted. Report these events in the test report. tions. (This shall be a minimum of three except for exploratory
10.2.5 If the duct flow is not sufficient to collect all the fire testing),
gases, then increase the duct flow. 13.2.13 Conditioning of the specimens,
10.2.6 Record all important events during the test like 13.2.14 Date of test, and
cracking, melting, collapse of all or part of the specimen, 13.2.15 Test number and any special remarks.

deformations, and intumescing. . - 13.3 Test Results: (See Also Appendix)
10.2.7 Collect data until 2 min after sustained ﬂamlng 13.3.1 Table of numerical results Containing:

occurs on the unexposed side of the specimen or a predeter-13.3.1.1 Time to sustained flaming(s),

mined time period. _ o _ 13.3.1.2 Peak rate of heat release (kW), and the time at
10.2.8 Unless otherwise specified in the material or perforyich it occurred(s),

mance standard, make three determinations and report as13.3.1.3 Average rate of heat release values for the first 60,
specified in Section 13. 180, 300 s after ignition, or for other appropriate periods (kW),
13.3.1.4 Total heat released (MJ),

11. Calculation .
) _ 13.3.1.5 Peak rate of smoke releasé/@) and the time at
11.1 Calculate the specimen heat release rate by subtractifighicn it occurred

the radiant panel assembly heat release rate (baseline) from th613_3_l_6 Average rate of smoke release values for the first

total heat release rate. Considerations for heat release measugd- 180. 300 s after ignition, or for other appropriate periods
ments are presented in Annex A3. Calculate heat release da@,l’z ’ ’

using the equations presented in A4.1 and A4.2. The testin 13 3 1.7 Total smoke released3m

laboratory shall choose one of the equations in A4.1 to 13.3.1.8 Total mass loss (kg) '

calculate heat release, based on the gas analyzers installed. PO ' o
11.2 Calculate mass loss rate and effective heat of combus- 13.3.1.9 Total percentage of mass loss (%),

tion using the procedures in Annex Ab.

11.3 Calculate smoke release data using the equations
A4.3.

11.4 Calculate gas yield data using the equations in A4.4.

11.5 Calculate the specimen carbon monoxide and carbon
dioxide concentrations by subtracting the radiant panel contri-

butions (baseline data) from the total values.

11.6 The exposed surface area of the specimen is 0284 m(

Use 0.84 m to calculate parameters per unit surface area.

13.3.1.10 Average effective heat of combustion for the

entire test (MJ/kg),

13.3.1.11 Peak yield of carbon monoxide (kg of CO/kg of

fuel),

13.3.1.12 Equation used to calculate rate of heat release,
13.3.1.13 Peak optical density of smoke (optional),
13.3.1.14 Total percentage of combustible mass loss (%)

optional),

13.3.1.15 Average yield of carbon monoxide (kg CO/kg

fuel) (optional),

12. Test Limitations

13.3.1.16 Average yield of carbon dioxide (kg &K fuel)

12.1 The test data may have limited validity if any of the (OPtional),

following occur:

13.3.1.17 Carbon monoxide/carbon dioxide yield ratio (kg

12.1.1 The specimen melts sufiiciently to overflow the drip® CO/kg of CQ) (optional),

tray,
12.1.2 Explosive spalling occurs.

13. Report

13.1 Report the following information:

13.2 Descriptive Information

13.2.1 Name and address of the testing laboratory,
13.2.2 Specimen identification code or number,
13.2.3 Date and identification number of the report,
13.2.4 Name and address of the test sponsor,

13.3.1.18 Average yield of any other measured combustion

gas (kg combustion gas/kg fuel) (optional), and

13.3.1.19 Material emissivity.

13.3.2 Graphical Results

13.3.2.1 Plot of rate of heat release versus time,
13.3.2.2 Plot of rate of smoke release versus time,
13.3.2.3 Plot of optical density versus time,

13.3.2.4 Plot of mass loss versus time,

13.3.2.5 Plot of mass loss rate versus time,

13.3.2.6 Plot of effective heat of combustion versus time,
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13.3.2.7 Plots of all temperatures (including duct) versus 14.2.8 Hardboard (Wood-Fibre) Siding (With Imitation

time, Stucco SurfaceP mm thick, tested by one laboratory at a heat
13.3.2.8 Plot of concentration of carbon monoxide versuglux of 50 kW/m(STC 50).

time, 14.2.9 Examples of testing difficulties inherent in the mate-
13.3.2.9 Plot of concentration of carbon dioxide versusials chosen include the following: the wall covering system

time, consisted of a very thin combustible material mounted on a
13.3.2.10 Plots of concentration of any other measurethoncombustible backing, so that the period between ignition

combustion gas versus time, and extinction was short; the poly(methyl methacrylate) sheet

13.3.2.11 Plot of mass flow in the exhaust duct versus timewas capable of sagging and eventually melting and dripping;

13.3.2.12 Plot the rate of heat release versus time from thand, the composite building panel was very thick and inhomo-
radiant panel, and geneous.

13.3.2.13 Report of smoke obscuration, carbon monoxide, 14.3 Experimental uncertainty can be evaluated by a stan-
and temperature measurements in the room in the samfard statistical method for treating data or based on scientific

fashion, if they have been made. judgement using all the relevant information available. For this
13.3.3 Descriptive Results analysis, the statistical method used was Practice E 691, but
13.3.3.1 Photographs or videotape of the fire developmenkcientific judgement was used to eliminate outliers, particularly

and in terms of smoke obscuration, where some of the results
13.3.3.2 All available information requested in 13.2. obtained clearly could be seen to be out of line.

14.4 The results of the statistical analysis of this round robin
} o ) evaluation are found in Tables 1 and 2. The relative standard

14.1 Information on reproducibility is presented in 14.2- geviations for repeatability are < 30 % for seven out of nine
14.4. Information on repeatability obtained from an early studyyroperties and those for reproducibility are < 30 % for four out
in a single laboratory9) also is available. _ of nine properties. The relative standard deviations for repeat-

14.2 An interlaboratory study was performed, using thegpjlity and reproducibility show similar patterns, but the
three laboratories available in the United States, in which tesigymer is significantly better, as expected. The difficulties
materials were chosen intended to challenge the capabilities @hcountered in testing some of the materials are illustrated by
the instrument. The test materials provided a broad range Qhejr statistical data, as shown in Table 1. Considering the
fire-test-response characteristics and offered the expected tegifficulties inherent in testing such materials, the precision of

ing difficulties. Details of the experimental work and of the the test results from the nonwood materials was comparable to
results can be found in R€10). The three laboratories tested that of the wood materials.

six samples in triplicate, and one laboratory each tested the
seventh and eighth sample in triplicate. The materials selected
are described in 14.2.1-14.2.8

14.2.1 Oriented Strand Boardll mm thick, tested at a heat

14. Precision and Bias

TABLE 2 Overall Statistical Data, by Property from Three

flux of 25 kW/m?(OSB 25). Laboratories A
14.2.2 Oriented Strand Boardll mm thick, tested at a heat Vg Py v ST sTD
flux of 50 kW/m?(OSB 50). Rept  Repro  Rept  Repro
14.2.3 Composite Building Panel (Structural Grid Compos- ~ gy rir. kwim? 299 22 28 60 74
ite), 70 mm thick, tested at a heat flux of 25 kWHG@BP 25). Time Ign, s 93 19 20 24 27
14.2.4 Poly(Methyl Methacrylate) Shge5 mm thick, THR, MJ/m? 69 22 36 18 29
tested at a heat flux of 25 KWM{PMMA 25). Maes Luse 06 P o % : 7
14.2.5 Wall Covering System (Vinyl Film on Thick Fiber-  PkRsR, m?/s 12 36 43 4 6
glass Panel) 25 mm thick, tested at a heat flux of 25 T iﬁémljw s > ot o0 b
kW/mZ(WALL 25). . THR, MJ 59 21 35 15 25
14.2.6 Fire Retardant Treated P|yWOOd3 mm thICk’ tested AAbbreviations of statistical terms used: Avg: average; STD Repeat: Standard
at a heat flux of 50 kW/ﬁ(FRT 50). deviation for repeatability (that is within laboratories); STD Repro: standard

14.2.7 Hardboard (Wood-Fibre) Siding (With Imitation deviation for reproducibility (that is between laboratories); r: repeatability; R:
St Surf thick. tested b lab t tah reproducibility, RSD repeat: relative standard deviation for repeatability (that is 100

ucco our acep mm tnick, teste y one laboratory at a eatIimes ratio of STD repeat and Avg); RSD Repro: relative standard deviation for
flux of 25 kW/mZ(STC 25). reproducibility (that is 100 times ratio of STD Repro and Avg).

TABLE 1 Summary Table of Precision Data from Three Laboratories

Material/Flux Property Avg STD Repeat STD Repro r R RSD Repeat RSD Repro
0OSB-25 Pk RHR, kW/m? 168 41 54 115 151 25 32
OSB-50 Pk RHR, kW/m? 287 51 51 143 143 18 18
CBP-25 Pk RHR, KW/m? 403 226 226 632 632 56 56

PMMA-25 Pk RHR, kW/m? 793 63 63 178 178 8 8
WALL-25 Pk RHR, kW/m? 70 24 24 68 68 35 35
FRT-50 Pk RHR, kW/m? 110 22 24 61 66 20 21
STC-25 Pk RHR, kW/m? 245 16 44 7

10
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TABLE 1 Continued

Material/Flux Property Avg STD Repeat STD Repro r R RSD Repeat RSD Repro

STC-50 Pk RHR, kW/m? 320 37 105 12

Overall Pk RHR, kW/m? 299 60 74 168 206 22 28
0OSB-25 Time Ign, s 106 16 16 45 45 15 15
OSB-50 Time Ign, s 19 6 6 18 18 34 34
CBP-25 Time Ign, s 109 45 45 125 125 41 41
PMMA-25 Time Ign, s 156 84 84 236 236 54 54
WALL-25 Time Ign, s 17 8 8 22 22 45 45
FRT-50 Time Ign, s 17 3 3 9 9 19 20
STC-25 Time Ign, s 255 25 70 10

STC-50 Time Ign, s 69 7 20 10

Overall Time Ign, s 93 24 27 68 76 29 35
0OSB-25 THR, MJ/m® 30 4 13 12 35 15 42
0OSB-50 THR, MJ/m? 49 17 17 47 47 34 34
CBP-25 THR, MJ/m? 21 5 7 15 20 25 34
PMMA-25 THR, MJ/m? 299 97 131 272 368 33 44
WALL-25 THR, MJ/m? 19 0.5 0.7 14 2.0 26 37
FRT-50 THR, MJ/m? 25 6 6 17 18 24 26
STC-25 THR, MJ/m? 51 21 6 4

STC-50 THR, MJ/ms? 78 10 28 13

Overall THR, MJ/m? 69 18 29 50 82 22 36
0OSB-25 Ht Comb, MJ/kg 6 1.8 3 5 8 29 45
0OSB-50 Ht Comb, MJ/kg 10 21 21 6 6 21 21
CBP-25 Ht Comb, MJ/kg 16 7 8 19 22 41 49
PMMA-25 Ht Comb, MJ/kg 22 6 6 17 17 26 28
WALL-25 Ht Comb, MJ/kg 3 1.1 1.4 3 4 39 48
FRT-50 Ht Comb, MJ/kg 6 3 3 8 8 45 45
STC-25 HT Comb, MJ/kg 11 0.4 11 3

STC-50 HT Comb, MJ/kg 14 0.3 0.8 2.1

Overall Ht Comb, MJ/kg 11 3 4 7 11 26 39
0OSB-25 Mass Loss, % 55 10 10 27 27 18 18
OSB-50 Mass Loss, % 58 7 7 19 19 12 12
CBP-25 Mass Loss, % 18 6 6 16 16 31 31
PMMA-25 Mass Loss, % 43 12 12 34 34 29 29
WALL-25 Mass Loss, % 7 4 4 11 11 54 56
FRT-50 Mass Loss, % 48 4 4 11 11 8 8
STC-25 Mass Loss, % 48 3 7 6

STC-50 Mass Loss, % 56 6 17 11

Overall Mass Loss, % 42 6 7 18 20 21 26
0OSB-25 Pk RSR, m?/s 2.0 0.6 0.6 17 17 32 32
OSB-50 Pk RSR, m?/s 2.4 0.4 0.4 11 11 18 18
CBP-25 Pk RSR, m?/s 44 6 15 16 41 13 33
PMMA-25 Pk RSR, m?/s 4 2.2 2.2 6 6 53 53
WALL-25 Pk RSR, m?/s 34 17 17 48 48 50 50
FRT-50 Pk RSR, m?/s 16 1.2 1.2 3 3 73 73
STC-25 Pk RSR, m?/s 2.1 0.1 0.3 6

STC-50 Pk RSR, m?/s 4 1.8 5 44

Overall Pk RSR, m?/s 12 4 6 10 17 36 43
0OSB-25 TSR, m? 467 302 302 844 844 65 65
OSB-50 TSR, m? 300 113 113 318 318 38 38
CBP-25 TSR, m? 1857 115 270 322 755 6 15
PMMA-25 TSR, m? 2001 1238 1238 3467 3467 62 62
WALL-25 TSR, m? 534 100 100 280 280 19 19
FRT-50 TSR, m? 45 9 9 25 25 20 20
STC-25 TSR, m? 282 65 182 23

STC-50 TSR, m? 481 208 581 43

Overall TSR, m? 746 269 339 753 948 35 36
0OSB-25 Pk RHR, kW 142 35 46 98 129 25 32
OSB-50 Pk RHR, kW 250 43 43 120 120 18 18
CBP-25 Pk RHR, kW 341 190 173 532 486 56 56
PMMA-25 Pk RHR, kW 671 54 48 150 135 8 8
WALL-25 Pk RHR, kW 59 20 19 57 54 34 34
FRT-50 Pk RHR, kW 93 19 21 52 57 20 22
STC-25 Pk RHR, kW 211 14 39 7

STC-50 Pk RHR, kW 269 31 88 12

Overall Pk RHR, kW 255 51 58 142 163 22 28
0OSB-25 THR, MJ 25 4 11 11 30 16 42
OSB-50 THR, MJ 42 14 14 40 40 34 34
CBP-25 THR, MJ 18 5 7 13 20 26 35
PMMA-25 THR, MJ 254 82 112 229 312 32 44
WALL-25 THR, MJ 1.8 0.3 0.5 0.8 14 17 27
FRT-50 THR, MJ 21 5 6 15 16 25 27
STC-25 THR, MJ 44 21 6 5

STC-50 THR, MJ 66 9 24 13

Overall THR, ML 59 15 25 42 70 21 35

11
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14.5 Bias reference materials, however, careful determination of the ratio

14.5.1 For solid test specimens of unknown chemical comef the net heat of combustion to the oxygen-fuel stoichiometric
position, as used in building materials, furnishings, and commass ratio makes this source of uncertainty substantially less.
mon occupant fuel load, documentation exigdts 18] stating 14.5.2 Some materials appear to perform differently in this
that the use of the relationship that approximately 13.1 MJ ofest method than they would be expected to perform in actual
heat are released per 1 kg of oxygen consumed results in gmactice. In particular, this test method has a distinct bias when
expected error band of 5% compared to true value. For testing materials that melt and drip during the fire test method.
homogeneous materials with only a single pyrolysis mecha©bserve such materials with particular care during testing for
nism, this uncertainty is reduced by determining the net heat gbhysical effects capable of influencing test results.
combustion from oxygen bomb measurements and the oxygen-
fuel stoichiometric mass ratio from ultimate elemental analy-15- Keywords
sis. For most testing, this is not practical, since test specimens 15.1 effective specific heat; effective thermal conductivity;
are composites, and usually nonhomogeneous; therefore, themissivity; heat release rate; ignitability; intermediate scale
often exhibit several degradation reactions. For unknowrtalorimeter; mass loss rate; oxygen consumption method;
samples, therefore, & 5% accuracy limit is seen. For smoke release rate; surface temperature

ANNEXES
(Mandatory Information)

Al. DESIGN OF EXHAUST SYSTEM

Al.1 Design of Hood and Exhaust Duct provided equivalence has been demonstrated. Design and
Note Al.1—Symbols are explained in Ad.5. manufacture the hood so that no leakage exists.

Al1.1.1 Collect the combustion gases from the burning. AL1.3 In the plenum chamber, it has been found that the

specimen by means of a hood. A system is described below thg‘{corppratloq of two plates approxmatgly 0.5 by 0..9.m In Size,
see Fig. 5, is a satisfactory way to increase mixing of the

has been tested in practice and proven to fulfill the specifica= . . .
tions given in this test method. combt_Jstlon_ gases. Alternative gas mixing methods are accept-
Al1.1.2 The following bottom dimensions of the hood haveable’ if equalencg has been demonstrated. .

been found satisfactory: 3.1 by 2.4 m, with a height of the hood Al1.1.4 If alaser is used for smoke measurement, a suitable
itself of 1.0 m, see Fig. 5. A vertical skirt on the hood will help Méans of mounting it together with the combustion gas
ensure all the fire gases are collected at the least duct flow. TH@mpling probes is shown in Fig. A1.1.

hood feeds into a plenum having a 0.9 by 0.9 m cross sectional A1.1.5 Connect an exhaust duct to the plenum chamber. The
area. The plenum has a height of 0.9 m. The maximuninner diameter of the exhaust duct is 0.4 to 1.0 m. To facilitate
acceptable plenum height is 1.8 m, depending on buildindglow measurements, guide vanes, if needed are located at both
constraints. A system with different dimensions is acceptableends of the exhaust duct, Fig. 5. Alternatively, the rectilinear

Soot Mass Sampling Port

Laser Extinction Beam/ / Bi-Directional Probe

Laser Optics
!

i
g \ Gas Sampling Probe
\ Flow Thermocouple

I
View of Gas Sampling Probe.
Holes downstream to reduce clogging

FIG. Al1.1 Laser Beam and Other Instrumentation in Exhaust Duct

Laser Source

12
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part of the exhaust duct must have such a length that a fullprocess. Ensure that the measurement system has sufficient

developed flow profile is established at the point of measuresensitivity for measuring low rates of heat release. Mixing

ment. Connect the exhaust duct to an evacuation system. vanes in the duct are an adequate means of solving the problem
A1.1.6 Design the capacity of the evacuation system so as # concentration gradients are found to exist.

exhaust minimally all combustion gases leaving the specimen. a; 1 7 An alternative exhaust system design is acceptable if

This requ_|lres an exhaust capacity of at I_e_ast 2.7 Ripbout .t is shown to produce equivalent results. Equivalency is

8000 nh™* at standard atmospheric conditions) CorresloondlnQjemonstrated by meeting the calibration requirements under

toa drlvmg under pressure of about 2 kPa at the end of th ection 9. Exhaust system designs based on natural convection
duct. Provide a means to control the exhaust flow from abou

0.5 kg $* up to maximum flow as stated above during the test'© unacceptable.

A2. INSTRUMENTATION IN EXHAUST DUCT

A2.1 Flow Measurement

A2.1.1 One technique for measuring the flow is a bidirec-
tional probe located at the center line of the duct. The probe
shown in Fig. A2.1 consists of a stainless steel cylinder 44 mm
long and with an inner diameter of 22 mm. The cylinder has a

Exhaust Duct

solid diaphragm in the center, dividing it into two chambers. T o

The pressure difference between the two chambers is measured P e e LR

by a differential pressure transducer. \ J
A2.1.2 Use a differential pressure transducer with an accu- o 1omm @ 2mm o 3mm

Holas on down stream side of flow

racy of at least-0.25 Pa and of the capacitance type. A suitable
range of measurement is 0 to 150 Pa.

A2.1.3 Place one thermocouple within 152 mm of the
bidirectional probe. Use an Inconel sheathed thermocouple,
type K Chromel-Alumel. The wire gage shall be in the range 24 FIG. A2.2 Horizontal Gas Sampling Probe
AWG (0.51 mm diameter) to 30 AWG (0.36 mm diameter).

Place the thermocouple wire, within 13 mm of the bead, along

expected isotherms to minimize conduction errors. Use athan one step. Cool the combustion gas mixture to a maximum

insulation between the Chromel and Alumel wires that is stablef 4°C. The combustion gas samples taken to each analyzer

to at least 1100°C. Ensure that the thermocouple does nghall be completely dried.

disturb the flow pattern around the bidirectional probe. A2.2.3 Transport the combustion gases by a pump. Use a
. . pump that does not allow the gases to contact oil, grease, or

A2.2 Sampling Line similar products, all of which can contaminate the gas mixture.

A2.2.1 Locate the sampling probe in a position where thea diaphragm pump (coated with polytetrafluoroethylene) is
exhaust duct flow is uniformly mixed. Construct the probe withsuitable. Alternate pumps shown to have the same effect are
a cylindrical cross section so as to minimize disturbance of theicceptable, but they have often been shown to need frequent
air flow in the duct. Collect the combustion gas samples acrosgplacement.
the entire diameter of the exhaust duct (see Fig. A2.2). A2.2.4 Suitable sampling probes are shown in Fig. A2.2,

A2.2.2 Remove the particulates contained in the combusfig. A2.3, and Fig. A2.4. These sampling probes are of the bar
tion gases with inert filters, to the degree required by the gasnd cross type. Ring type sampling probes are also acceptable,
analysis equipment. Carry out the filtering procedure in moreilthough they do not collect gas samples across the full

diameter of the duct. Turn the intake of the sampling probe

Varie Longh Suppor Tuves downstream to avoid soot clogging the probe.
rem A2.2.5 A suitable pump has a capacity of 10 to 50 L fin
. \ kPa (minimum), as gas analysis instrument consumes about 1
+70mm L min~t. A pressure differential of at least 10 kPa, as generated

OO

2l by the pump, reduces the risk of smoke clogging of the filters.
¥ A2.2.6 Install a soot filter, capable of removing all particles

E&\\\\

z
. "‘;;ﬁim %\\ >25 um in size.

s e / p A2.2.7 A refrigerated column is the most successful ap-
“ﬁ\ 7 3 v proach to cool and dry the gases. Provide_ a drain plu_g to
|l sacomm #T remove the collected water from time to time. Alternative

El devices are also acceptable.
3| A2.2.8 If carbon dioxide is to be removed, use carbon
FIG. A2.1 Bidirectional Probe dioxide removal media, as indicated in Fig. 6.

13
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Small Holes (9) 3/32" (2.4 mm) Diameter
tLarge Holes (16) 1/8" (3.2 mm) Diameter
Distance Between Holes = 1" (25.4 mm)

Air Flow

FIG. A2.3 Cross Type Sampling Probe

12.7 mm OD S8 Tube

Small Holes (center 9) 2.4 mm (3/32") Diameter
Large Holas {outer 16) 3.2 mm {1/87) Diameter
Distance Between Holas = 25.4 mm (1)

./

f
{ To Filter and Gas Analyzers
FIG. A2.4 Cross Type Gas Sampling Probe

A2.3 Combustion Gas Analysis
A2.3.1 Oxygen ConcentratierUse an oxygen analyzer,

A2.3.2 Carbon Monoxide and Dioxide Concentratien
Analyzers found suitable are nondispersive infrared analyzers.
See Guide E 800.

A2.3.3 Other Combustion GasesUse Guide E 800 for
details of suitable analyzers when the concentrations of other
combustion gases, such as water, total hydrocarbon, nitrogen
oxide, hydrogen cyanide, or hydrogen chloride, are to be
measured, for special purposes.

A2.3.4 Time Shift—Gas concentration measurements re-
quire the use of appropriate time shifts in order to account for
gas transit time within the sampling system.

A2.4 Smoke Obscuration

A2.4.1 White Light System

A2.4.1.1 One suitable light measuring system based on
white light has the following components: a lamp, plano
convex lenses, an aperture, a photocell, and an appropriate
power supply. Mount lenses, lamp, and photocell inside two
housings, located on the exhaust duct, diametrically opposite
each other. It has been found that a system consisting solely of
a white light and a photocell, along the exhaust duct,across
from each other and at an angle to the vertical, is satisfactory
in some cases.

A2.4.1.2 Use a lamp of the incandescent filament type,
which operates at a color temperature of 290000 K. Supply
the lamp with stabilized direct current, stable withird.2 %
(including temperature, short term and long term stability).
Center the resultant light beam on the photocell.

A2.4.1.3 Select the lens system such that the legs
according to Fig. 7, has a diametdrchosen with regard to the
focal length,f, of L, so thatd/f = 0.04.

A2.4.1.4 Place the aperture in the focus of lepgaccording
to Fig. 7.

A2.4.1.5 Use a detector with a spectrally distributed re-
sponse according to the CIE photopic curve and linear within
5% over an output range of at least 3.5 decades. Check this
linearity over the entire range of the instrument periodically
with calibrated optical filters.

A2.4.1.6 The system described as follows is an example of
a light measuring system that has been found to be satisfactory:
(1) lenses—Plano convex: diameter 40 mm, focal length 50
mm; (2) lamp—Osram Halo Stars, 64410, 6 V, 10 W, or
equivalent; 8) photocel—United Detector Technology, PIN
10 AP, or equivalent; anddjvoltage suppl— Gresham Lion
Ltd, Model GX 012, or equivalent.

A2.4.1.7 Design a system that is easily purged against soot
deposits. The use of holes in the periphery of the two housings
is a means of achieving this objective.

A2.4.2 Laser System-An acceptable alternate system for
measurements of smoke obscuration uses a laser beam. An 0.5
to 2.0 mW helium-neon laser beam is projected across the

meeting the specifications under 6.4.9.2, preferably of thexhaust duct. Couple the two halves of the device rigidly

paramagnetic type.
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A3. CONSIDERATIONS FOR HEAT RELEASE MEASUREMENTS

A3.1 Measurement of Rate of Heat Release by Oxygen A3.1.6.2 All combustion gases are considered to behave as
Consumption ideal gases, in other words one mole of any gas is assumed to
A3.1.1 Introduction—In 1917, Thorntor(2) showed that for  0CCUPY & constant volume at the same pressure and tempera-
a large number of organic fuels, a more or less constant ndtr€: S .
amount of heat is released per unit of oxygen consumed for A3.1.6.3 Incoming air consists of DCGO,, H,0, and N.
complete combustion. Hugge®) obtained an average value All “inert” gases, which do not take part in the combustion
for this constant of 13.1 MJ/kg of OThis value may be used reéaction, are lumped into the nitrogen.
for practical applications and is accurate, with very few A3.1.6.4 G, CQO,, and CO are measured on a dry basis, in
exceptions, to withirt 5 %. other words water vapor is removed from the specimen before
A3.1.2 Thornton's rule indicates that it is sufficient to combustion gas analysis measurements are made.
measure the oxygen consumed in a combustion system in orderA3.1.7 In the analysis to follow, initial emphasis will be
to determine the net heat released. This is particularly usefilaced on the flow measurement. Equations to calculate flow
for full-scale fire test applications. For example, for compart-are applicable, unless otherwise indicated, irrespective of the
ment fires, the oxygen consumption technique is much morgonfiguration of the combustion gas analysis system. In sub-
accurate and easier to implement than methods based &gduent sections, distinction is made between various combus-
measuring all the terms in a heat balance of the compartmer#on gas analyzer combinations.
A3.1.3 Perhaps the first application of thg @nsumption
principle in fire research was by Park&0) using Test Method ~A3-2 Flow Measurements
E 84 tunnel test. Later, Sensenig applied it to an intermediate A3.2.1 Mainly two techniques are used to measure mass
scale room tegf7). During the late seventies and early eighties,flow in the exhaust duct of ICAL fire tests.
the O, consumption technique was refined at the National A3.2.2 The first technique measures mass flow by the
Institute for Standards and Technology (NIST, formerly Na-pressure drop across, and temperature at, an orifice plate (see
tional Bureau of Standards). A paper by Parkiét) gives Eq A4.1). If the test is conducted within a narrow range of
equations to calculate rate of heat release byc@sumption  conditions, the orifice plate coefficieng, is approximately
for various applications. The technique is now used extensivelgonstant. Determine the value of the orifice plate coefficient
in many laboratories all over the world, both in bench-scaleusing a gas burner calibration or an alternative method that
(12) and full-scale (Proposal P147 a(iB)) fire test applica- provides equivalent results. However, if flows are varied
tions. during a test or if temperature changes are considerable, the
A3.1.4 The objective of this section is to provide a compre-effects onC of the Reynolds number and pressure at the
hensive set of equations and guidelines to determine the rate dbwnstream side of the orifice plate must be taken into
heat release in ICAL fire tests based on thed@nsumption account. Information on such corrections and on various design
principle. The approach followed here is somewhat differenbptions (for example location of the pressure taps) are found in
from Parker(11) as the emphasis is on intermediate-scale fireRef (14).
test applications and the use of volumetric flows is avoided. A3.2.3 The other technique is to measure velocity at one
Volumetric flows require specification of temperature andpoint in the duct, usually along the center line. The flow is then
pressure. Various investigators have used different combingalculated using a predetermined shape of the velocity profile
tions of reference pressure and temperature. This leads t@a the duct. The latter is obtained by measuring velocity at a
confusion, which is greatly minimized if mass flows are usedsufficient number of representative points over the diameter or
A3.1.5 The basic requirement is that all combustion prodcross section of the duct prior to any fire tests. Detailed
ucts be collected in a hood and removed through an exhauptocedures to obtain this profile are describelli). Usually,
duct. At a distance downstream of the hood sufficient forconditions in intermediate-scale fire tests are such that the flow
adequate mixing, both flow and composition of the combustiorin the duct is turbulent, resulting in a shape fadtgiequals
gases are measured. It is assumed here that it is not possiblertaio of the average velocity to the velocity along the center-
measure the air flow into the system, as this is generally théne) close to 1.
case for full-scale fire tests. The differences in treatment and A3.2.4 Due to considerable soot production in many fires,
equations to be used are mainly due to the extent to whichitot static tubes cannot be used because of the potential for
combustion gas analysis is made. At leastsball be mea- clogging of the holes. In order to deal with this problem, a
sured. However, heat release rate measurements will be mofigore robust bidirectional probe was designed by McCaffrey
accurate by measuring G@nd CO additionally. and Heskestaq16). This involves measuring the differential
A3.1.6 It must be emphasized that the analysis is approxipressure across the probe and the centerline velocity (see Eq
mate. The following list describes the main simplifying as-A4.2), and is valid in the range of Reynolds numbers, Re: 40
sumptions made: < Re< 3800. In many intermediate-scale first test applications,
A3.1.6.1 The amount of energy released by complete comduct diameter and flow are such that the Reynolds number is:
bustion per unit of oxygen consumed is taken Bs=13.1 Re > 3800. In this casé(Re) is taken as a constant (1.08),
MJ/kg of O.,. which greatly simplifies the calculations. This equation (see Eq
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A4.2) is preferred to Eq A4.1 for intermediate scale measureeomplete and all carbon is converted to £O
ments of heat release rate. Further details of this and of all ]
other calculations discussed in this annex are found in a papé3-> Rate of Heat Release Measurement if Oxygen,

by Janssengl7). For additional details, see also 1ISO 9705. I(\Z/larbon %iOXide' and Carbon Monoxide are being
easure
A3.3 Rate of Heat Release Measurement if Only Oxygen  A351 This case reverts to that covered in A3.4 if CO
is Measured production is negligible. Taking CO into account, however,

A3.3.1 In this case all water vapor and C@re eliminated changes the equations. It means that a new oxygen depletion
by the use of appropriate filtering media. This leads to theactor is required, Eq A4.8, as well as a new rate of heat release
assumption that the specimen combustion gas only consists efjuation altogether, Eq A4.9.

O, and N,. This is approximately true provided CO production ) .

is negligible, which is usually the case due to the abundanf'3-6 Calculation of Heat Released by Igniting Fuel
availability of oxygen. As the composition of the incoming air A3.6.1 Part of the oxygen depletion in the exhaust duct is
is unlikely to change during a test, and as the temperatures itue to the combustion of the radiant panel fuel. This part must
building fires are usually not high enough to generate noticebe subtracted from the total oxygen depletion in order to
able amounts of nitrogen oxides by nitrogen fixation, the moledetermine the net rate of heat release of the specimen.
fraction of O, in the air as measured by the analyzer prior to a )
test can be written on the basis of @nd N, exclusively. The ~A3.7 Conclusions

mole fraction of Q in the exhaust combustion gases, as A3.7.1 Depending on the configuration of combustion gas
measured by the oxygen analyzer, can be written likewise. Agnalyzers and the type of flow measurement, one of the
nitrogen is conserved and does not participate in the combugellowing procedures shall be used to calculate rate of heat
tion reactions, the equations are derived on the basis of itelease:

conservation. A3.7.2 Case 1—Only @is Measured:

A3.3.2 In this case the rate of heat released (in kW) is A3.7.2.1 Calculate the mass flow of the exhaust combustion
calculated as a function of the heat released per unit of oxygepases,
consumed E, 13.1 MJ/kg of Q), the ratio of the molecular ~ A3.7.2.2 Calculate the oxygen depletion factor, and
weight of oxygen (M, 32.0 kg/kmol) and molecular weight ~ A3.7.2.3 Calculate the rate of heat release.
of the incoming air i1, generally taken as 28.97 kg/kmol) and  A3.7.3 Case 2—Both ©and CQ, are Measured:
the mass flow of the incoming air (in kg/s). The flow measured A3.7.3.1 Calculate the mass flow of the exhaust combustion
is that of the smoke within the exhaust duct and not that of thg@ases as in A3.7.2,
incoming air. In order to find a relation between the two, itis A3.7.3.2 Calculate the new oxygen depletion factor, and
necessary to define the oxygen depletion factor. The oxygen A3.7.3.3 Calculate the new rate of heat release.
depletion factor is the fraction of the incoming air which is A3.7.4 Case 3—Qand CQ, and CO are Measured:
fully depleted of its oxygen (see Eq A4.4). It has been A3.7.4.1 Calculate the mass flow of the exhaust combustion
demonstrated (see appendix in Test Method E 1354), that thgases as in A3.7.2,
rate of heat release is a function®fMg,, M,, and the oxygen A3.7.4.2 Calculate the new oxygen depletion factor, and
depletion factor, plus the factor, plus the expansion factor. A3.7.4.3 Calculate the new rate of heat release.

A3.3.3 The expansion factor has to be assigned and a A3.7.5 The following numerical values are recommended
recommended value is 1.105, the value for methane. The valder use in the equations:
for propane is 1.084, carbon in dry air is 1.0 and hydrogen is A3.7.5.1 Energies—E =13.1 MJ/kg of Q, Ec,=17.6
1.21. MJ/kg of O,.

A3.3.4 The resulting equation, A4.5, is expected to be A3.7.5.2 Molecular Weights-M, = 29 kg/kmol (Cases 1, 2,
accurate to within=5 % provided combustion is complete and and 3), Mo =28 kg/kmol, Mo, =44 kg/kmol, My, = 29
all carbon is converted to COErrors will be larger if CO or  kg/kmol, M, =29 kg/kmol (Cases 1, 2, and 3\, ,c=18
soot production is considerable or if a significant amount of thekg/kmol, andM,, = 28 kg/kmol, My, = 32 kg/kmol.
combustion products are other than £0d HO. It is unlikely A3.7.5.3 Expansion factor = 1.105 (Cases 1, 2, and 3).
that these errors will be of concern for the ICAL tests singe O A3.7.6 If a CG, analyzer is used, this eliminates the need
is not limited. for removal of CQ from the combustion gas specimen. This is

) mainly of practical importance as the scrubbing agent used to
A3.4 Rate of Heat Release Measurement if Oxygen and  remove CQ usually requires careful handling and is rather
Carbon Dioxide are being Measured expensive. If a significant amount of CO is produced (for

A3.4.1 This case is similar to that covered in A3.3. It is nowexample at or beyond flashover in ventilation controlled room
assumed that only water vapor is trapped before the specimdines), accuracy of the rate of heat release measurement is
reaches the combustion gas analyzers. Again, the equations amgproved if CO is measured.
derived on the basis of conservation of. Nhe mole fraction A3.7.7 The presence of a water vapor analyzer simplifies
of CO, in the incoming air is taken to be 440 ppm. A new the analysis and improves accuracy even more. Unfortunately,
equation is now needed, of course, for the oxygen depletioimplementation of a water vapor analyzer is not straightfor-
factor: Eq A4.7. Again the equation for rate of heat release (seward because sampling lines, filters, etc. must be heated to
Eq A4.5) is accurate to withih 5 % provided combustion is avoid condensation. Thus, the use of a water vapor analyzer
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precludes the need to estimate the expansion factor. However,
for this test method, the use of water analyzers is not

recommended.
A4. MEASUREMENT EQUATIONS

A4.1 Rate of Heat Release of the incoming atmosphere in accordance with the Eq in

A4.1.1 Flow: A4.1.2 (Eq A4.5) and the oxygen depletion factor in accor-

A4.1.1.1 Pressure Drop Measurement (Eq A4.1) dance with Eq A4.8).

A°*1_A_A_A*1_ A°
m, = C* [?] (A4.1) P — Xeo :(COJ AXOZ [A Xol (g
e X0, [1 = X5, = Xco, = Xcol

A4.1.4.2 Finally calculate the rate of heat release in accor-

A4.1.1.2 Velocity Measurement (Eq A4.2): dance with Eq Ad.9:

. A*K, [Ap] A
=26.54 =%\ || — A4.2 1-— o*
h (R VLT he2 a= [E*cb ~ [Eco— B xc_ﬂ
Xo,
The preferred measurement method uses Eq A4.1. If Eq A4.2 *#**L*Xg’ (A4.9)
is used, determink.daily, by calibration. a 1% (a=1) 7
A4.1.1.3 The function of the Reynolds numb&Re) has a4 5 Total Heat Release Equations
been described, by McCaffrey and HeskegtEg), as respond- ' _ . ) )
ing to Eq A4.3: A4.2.1 Determine the total heat released during combustion,
g, by summation as follows:
f(Re = 1.533— 1.366x 10 °Re" + 1.688x 10° Re? oA 0
—9.705% 10**Re® + 2.555 10 ° Re* q= 2 (At (A4.10)
— 2.484X 10 YR (A4.3) where the summation begins with the first reading after

A4.1.2 Case 1—Only Qis Measured: exposure and continues until the final reading of the test.

A4.1.2.1 Calculate the mass flow according to the equationg 4 3 smoke Measurement Equations

in A4.1.1 (Eq A4.1 and Eq A4.2) and the oxygen depletion . .
factor according to Eq A4.4: A4.3.1 Optical Density (OD) (Eq A4.11)

X X OD = log[l4/1] (A4.11)
P=—s (A4.4)
[1— Xo,I*Xo, A4.3.2 Extinction Coefficient (k) (Eq A4.12)
Then, calculate the rate of heat releagp éccording to Eq k= (LLy*In[1y/1] (A4.12)
A4.5:
Mo, ® e g A4.3.2.1 The volumetric flow is calculated as the product of
=B, T o1 ¥ (A45)  the mass flow and the density of air, at the corresponding

temperature. Thus, both the volumetric flow and the density of
A4.1.2.2 If only O, is measured, Eq A4.5 simplifies to Eq air must undergo temperature corrections. The volumetric duct
A4.6: flow V is adjusted because it is measured in the exhaust duct,
but required at the temperature near the photodetector, as

Ap]*[ X5, = X3,

shown in (Eq A4.13):
- = (A4.6)
e 1.105— 1.5*X,,

q = E*1.10*C [ .
V, = Vg* (ﬁ) (A4.13)
A4.1.3 Case 2—Only @and CQ, are Measured:
A4.1.3.1 Calculate the mass flow according to the equations A4.3.2.2 The density of air is adjusted between the literature
in A4.1.1 (Eq A4.1 and Eq A4.2) and the oxygen depletionvalue, measured at 273.15 K, and the value at the temperature

factor in accordance with Eq A4.7: in the exhaust duct, as shown in (Eq A4.14):
Psra A 7 Ak A B *273.15
o X0, [1= Xco,] = Xo,*[1 — Xco ] (A47) P = po' (A4.14)

XGAT1 = X5, = Xeo)
Calculate the rate of heat release in accordance with the A4.3.2.3 Then, the final equation for the volumetric flow is

same equation as in A4.1.2 (Eq A4.5). Eq A4.15:
A4.1.4 Case 3—@—and CQ and CO are Measured: .
A4.1.4.1 Calculate the mass flow in accordance with the Vs= 55 27315 (A4.15)

equations in A4.1.1 (Eq A4.1 or Eq A4.2), the moisture content
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A4.3.2.4 Rate of smoke release (RSR) is defined by Eq A4.5.15 X.—Measured mole fraction of On exhaust flow
A4.16: (nondimensional).
RSR= [Vrk] (A4.16) _A4.5.1(_5 X —_Measured mole fraction of CQn incoming
air (nondimensional).
A4.5.17 X . —Measured mole fraction of COn exhaust

A4.3.2.5 Total smoke released (TSR) is defined by Eoﬂow (nondimensional)

A4.1T: A4.5.18 X . —Measured mole fraction of CO in incoming
TSR= f RSR dt (A4.17)  &ir (nondimensional).
A4.5.19 X . —Measured mole fraction of CO in exhaust
flow (nondimensional).
A4.4 Gas Yield Measurement Calculations A4.5.20 Ec—Net heat released for incomplete combus-
A4.4.1 Calculate the gas yield$ )(using the following tion, per unit of CO consumed.
equation (Eq A4.18): A4.5.21 My ,—Molecular weight of dry air (29 kg/kmol).

A4.5.22 M—Molecular weight of incoming air (kg/kmol).

A4.5.23 Mg, —Molecular weight of oxygen (32 kg/kmol).

A4.5.24 m—C (Ap/T)YHmass flow, by measurement of
pressure drop, in kg/s, according to Eq A4.1).

A4.4.2 The numerator is Eq A4.18 is calculated by sum- A4.5.25 ms—(26.54x A X kJ(f (R) X («/T)"* (mass
ming the product of the fraction of combustion gas by the totaflow, by measurement of velocity drop, in kg/s, according to Eq
mass flow, measured at each scan, multiplying it by the totaf\4.2.
time period involved and dividing by the number of scans, as A4.5.26 |,—Light intensity for a beam of parallel light rays,

f mass flow of gaddt
b= mass loss of specimen

(A4.18)

shown in Eq A4.19: measured in a smoke free environment, with a detector having
M the same spectral sensitivity as the human eye and reaching the
(Zi([X]* gy * At;))*0.00 1557 photodetector.
b = —ass loss of specimen (A4.19) A4.5.27 |—Light intensity for a parallel light beam having
traversed a certain length of smoky environment and reaching

A4.4.3 In this equation,¥, the concentration of gas, is
expressed in kg/kan,, the mass flow, calculated by Eq A4.1 or
EqA4.2, is expressed in kg8l is the molecular weight of gas
specie, Dtis the scan period, and mass loss of specimen is
the mass lost over the period over which the gas yield isﬁ
?;é(t::rla:(e)da’\cf:l(r)lgnltsfoerxtrr)lreeiﬁ? clhnar?, with 0.001 a conversio A4.5.31 T—Duct temperature (near photodetector) (K).

, ges. . ) . :

A4.4.4 Report gas concentrations on a dry gas basis, unleng4‘5'32 V—Volumetric flow in exhaust duct (at measuring

water concentrations are being measured. cation of mass flow) (ﬁ_;(s). .
A4.5.33 V—Volumetric flow at location of smoke meter

photodetector.

A4.5.28 OD—Optical density (nondimensional).

A4.5.29 k—Extinction coefficient (1/m).

A_4.5.30 L,—Light path length of beam through smoky
nvironment (m).

A4.5 Symbols (value adjusted for smoke measurement calculationdsjm
A4.5.1 m—Mass flow in exhaust duct (kg/s). A4.5.34 p;—Density of air at 273.15 K: 1.293 (kgﬁh
A4.5.2 C—Orifice plate coefficient (k2 mY2 K*2). A4.5.35 p—Density of air at the temperature in exhaust
A4.5.3 Ap—Pressure drop across the orifice plate or bidi-duct (kg/n).

rectional probe (Pa). A4.5.36 RSR—Rate of smoke release {s).

A4.5.4 T—Combustion gas temperature at the orifice plate A4.5.37 TSR—Total smoke release (tn
(K). A4.5.38 b—Oxygen depletion factor (nondimensional).
A4.5.5 A—Cross sectional area of duct Jn A4.5.39 f,—Yield of gasx (kg/kg).
A4.5.6 k—Velocity profile shape factor (nondimensional). A4.5.40 k]—Concentration of gag (kg/kg).
A4.5.7 f(Re}—Reynolds number correction. A4.5.41 M—Molecular weight of exhaust gases (kg/kmol).
A4.5.8 g—Total heat released (MJ). A4.5.42 M, o—Molecular weight of water (kg/kmol).
A4.5.9 g—Rate of heat release (kW). A4.5.43 My, —Molecular weight of nitrogen (kg/kmol).
A4.5.10 E—Net heat released for complete combustion, per A4.5.44 Mo —Molecular weight of carbon dioxide (kg/
unit of oxygen consumed (13.1 MJ/kg,0 kmol).
A4.5.11 At—Sampling time interval(s). A4.5.45 M-g—Molecular weight of carbon monoxide (kg/
A4.5.12 t—Time(s). kmol).
A4.5.13 a—Combustion expansion factor (nondimen- A4.5.46 m—Specimen mass (kg).
sional; normally a value of 1.105. A4.5.47 m—Final specimen mass (kg).
A4.5.14 X éoz —Measured mole fraction of On incoming A4.5.48 m—Initial specimen mass (kg).
air (nondimensional). A4.5.49 Ah, .—Effective heat of combustion (kJ/kg).
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A5. MASS LOSS RATE AND EFFECTIVE HEAT OF COMBUSTION CALCULATIONS

A5.1.1 Compute the required mass loss ratdmtdt at at 124t (A5.4)

each time interval using five-point numerical differentiation.
The equations to be used are as follows:

A5.1 Mass Loss Rate and Effective Heat of Combustion _[dm] _ —10m, —3m, , + 18m, , — 6m, 5+ m, ,
i=n-1

A5.1.2 For the first scari (= 0): A5.1.6 For the last scan (= n):
dm 25m, — 48m, + 36m, — 16m, + 3m, _[dm] _ —25m, + 48m, , — 36m, , + 16m, 5 —3m, ,
-|F) .- el (A5.1) a| - oAt

=0 (A5.5)

A5.1.3 For the second scan € 1): A5.1.7 Determine the average effective heat of combustion
dm]  10m, — 3m; — 18m, + 6m; — m, as follows:
_[Wl L 124t (A5.2) s Siamat -
ceff — m — m ( . )

A5.1.4 For any scan for which li< n- 1 (wheren = total

With the summation taken over the entire test length. The
number of scans):

time-varying value is also determined as follows:

_[C;_T]i _mo+ sm_llzgtsmﬂ +m., (A5.3) ey - % o
A5.1.5 For the next to last scanHn — 1):
APPENDIX
(Nonmandatory Information)
X1. COMMENTARY
X1.1 Introduction ance furnaces have not been successful. These tests are

X1.1.1 Rate of heat release is the most important fireXPeENsive and time consuming. The new ICAL test method

quantity associated with a burning object, room, or building. Itgﬁscu_gsed ".1 this test method overcomes most of the problems
dentified with large and bench scale testing.

describes the size of the fire at any time during a specific fird
scenario. X1.1.5 The ICAL was developed between 1989 and 1993 at

X1.1.2 Bench scale test methods like the Cone Calorimetef/eyerhaeuser Fire Technology Laboratory in cooperation with

(see Test Method E 1354) and the Ohio State University Rat&!® American Forest and Paper Association (formerly National

of Heat Release Apparatus (see Test Method E 906) have beEQrest P_roducts Asso_C|at|on). In th_e years followm_g, several

used for testing materials and to some extent sandwich pand@Poratories have built, or are building, test equipment to

and composites. The resulting rate of heat release (RHR) daf@nduct this test.

have mainly been used in computer fire models. Classifications i ,

of building materials and products have also been proposed oht-2 Factors Affecting Radiant Panel Assembly

the basis of heat release data from the Cone Calorimeter alone ~ Performance

or in combination with a large scale fire test. X1.2.1 Because the surface temperature of the specimen
X1.1.3 However, some materials and especially assembliemay change during a test, the surface temperature and, there-

can not be successfully tested on a bench-scale apparatus fore, irradiance from the radiant panel may also change. In

several reasons. One of the most important limitations is therder to maintain a constant irradiance, the flow of gas to the

composition of assemblies. The very small samples used in thadiant panel must be adjusted to compensate for the reradia-

bench scale apparatus cannot adequately represent an asséion from the sample.

bly. Also, other features, like joints of assembly panels, sheets X1.2.2 Experience in operating the radiant panel in a

of noncombustible protective materials, cracking, materiakelatively small laboratory shows that high heat flow from the

collapse, melting and spilling of thermoplastic materials,radiant panel may increase the temperature of the room and gas

cannot be represented in a bench-scale sample. Neither cglumbing while the radiant panel is operating. This increase in

these features be mathematically modeled. the plumbing temperature will cause the gas temperature and
X1.1.4 Large-scale tests like a standard room fire test havibow to increase also. Therefore, the heat produced by the

been successfully used for heat release measurements rafiant panel will also change. Such changes may influence the

assemblies. Attempts to measure heat release from fire enduesults of the tests of longer duration.
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X1.3 Ignition Source for the ICAL the ignition temperature that resulted in upward flame spread.

X1.3.1 Different ignition sources were examined for use in  X1.3.3 Spark igniters are used extensively when gas phase
the ICAL. The desired ignition system should ignite theignition is desired. This approach was not suitable for the ICAL
specimen surface instantaneously as it reaches the igniticgince the width of the sample was quite large and would have
temperature. A line pilot burner was positioned near the top ofequired many spark sources near the bottom edge. Even more
the specimen as a first attempt. Ignition by this mode did nogpark igniters would be required at the top of the specimen for
provide for uniform ignition over the whole surface especially certain assemblies that generate pyrolysis gases near the top of
at irradiances greater than 30 kWinRather, the flaming the specimen only.
g;gt\'/zntr\]’\éaz |so_lated todth§ dburnmg Of;hj pyrolyzls gasers] X1.3.4 Hot wire igniters at the top and bottom of the

pecimen and did not spread downward over t s?pecimen were determined to be the best solution to the
surface. : .
X1.3.2 When the pilot line burner was positioned near theproblems mentioned above. The hot wires have performed well

bottom of the specimen, they caused localized heating an all the tests conducted to date on several different materials

premature ignition. The rest of the specimen had not reache'i’ind assemblies.
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