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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 tfgoduct, 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.

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 venttandard. _ _
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 MethodS 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. _Generated by Solid Materidls
Hot wires are used as the ignition source when the parameters E 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 Standardéol 14.02.
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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 Releasgygiant 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 ISO 9705 standard are pemﬁwments
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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

I
'l]_:
=
=

. + radiant panel so that the specimen is moved directly toward the

Radiant Heat .

* D i radiant panel. The trolly tracks shall be long enough to move
Water cooled
steel frame

' -
- = 10 A Sartorius Model F150S Electromagnetic Scale, has been found suitable for

FIG. 1 Radiant Panel Assembly this application. Docu ments
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the specimen holder to a distandéan from the radiant panel. - Herple - e )
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. j”‘lli 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 m
The mounting method used shall accomodate removing t
shield in less than 2 s.

6.4.2 Infrared PyrometeA pyrometet! is used to view

the specimen surface through the 25 mm gap between t

pfadiant panels. The pyrometer is positioned 0.3 m to 0.5 m
nRehind the radiant panel assembly at a height equal to the
geometrical center of the specimen. The measurement tech-
nique including specimen emissivity adjustments is detailed in

6 4.3 Wire Igniters—Two 0.81 mm Chromel wires (from
Type K thermocouple wires) are used as igniters. One wire is
11 A Maxline Infrared Pyrometer with M402 Sensor, made by Ircon, Inc. in posmoned horlzontally, Spanning the full width of the Spe_CI-
lllinois can be used. The band of wavelength in which the sensor responds to tHgen, 80 mm above the bottpm exposed edge of the Sp(?C'm.en
infrared radiation is 8 to 12 pm to avoid the water and carbon monoxide bands. and 15 mm from the specimen surfac@'@e P,]'?ﬁ ity
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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 |
Guide Vanes Guide Vanes T
n
—lT « — |
------ iit * —
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
@\ 50 x 100 x 3.2 mm '
mm Steel Plates |
g:g mm :i ;;;ee"g;“s {optional) -
xaomnm 1000 x 2440 mm
Note: All dimensions in millimeters (mm)
FIG. 5 Collection Hood and Exhaust System Docu ments
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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

1230.4 mm {ea in.) bore diameter insulators from Omega Engineering, One
FIG. 7 White Light Optical System Omega Drive, Stamford, CT has been found suitable fDBcu ments
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