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INTERNATIONAL

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 epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope used to ignite the combustible vapors from the specimen during

1.1 This fire-test-response standard assesses the responsé§f ignition and heat release tests. The assessment of the
materials, products, and assemblies to controlled levels dtarameters associated with flame spread requires the use of line
radiant heat exposure with or without an external ignitor. ~ burners instead of hot wire ignitors.

1.2 The fire-test-response characteristics determined by this 1.6.1 Heat release measurements at low heat flux levels (<
test method include the ignitability, heat release rates, masd KW/mZ) require special considerations as described in
loss rates, visible smoke development, and gas release &€ction A1.1.6. .
materials, products, and assemblies under well ventilated 1.7 This test method has been developed for evaluations,
conditions. design, or research and development of materials, products, or

1.3 This test method is also suitable for determining many’u\ssemblies, for mathem_atical fire modeling, or for_research and
of the parameters or values needed as input for computer figevelopment. The specimen shall be tested in thicknesses and
models. Examples of these values include effective heat gionfigurations representative of actual end product or system

combustion, surface temperature, ignition temperature, ands€s. . . .
emissivity. 1.8 Limitations of the test method are listed in Section 5.5.
1.4 This test method is also intended to provide information 1.9 The values stated in Sl units are to be regarded as the
about other fire parameters such as thermal conductivitygtandard. _ .
specific heat, radiative and convective heat transfer coeffi- 1.10 This standard is used to measure and describe the
cients, flame radiation factor, air entrainment rates, flaméesponse of materials, products, or assemblies to heat and
temperatures, minimum surface temperatures for upward arféeme under controlled conditions, but does not by itself
downward flame spread, heat of gasification, nondimensiondfcorporate all factors required for fire hazard or fire risk
heat of gasificatiorfl)? and thed flame spread parameter (see 8ssessment of_t_he materials, products, or assemblies under
Test Method E 1321). While some studies have indicated thatctual fire conditions. o
this test method is suitable for determining these fire param- 1.11 Fire testing of products and materials is inherently
eters, insufficient testing and research have been done to justifji@zardous, and adequate safeguards for personnel and prop-
inclusion of the corresponding testing and calculating proce€'y shall be employed in conducting these tests. This test
dures. method may involve hazardous materials, operations, and

1.5 The heat release rate is determined by the principle dtquipment. Specific information about hazard is given in
oxygen consumption calorimetry, via measurement of the>ection’.
oxygen consumption as determined by the oxygen concentra- 112 This standard does not purport to address all of the
tion and flow rate in the exhaust product stream (exhaust ductgaféty concerns, if any, associated with its use. It is the
The procedure is specified in 11.1. Smoke development i&SPonsibility of the user of this standard to establish appro-
quantified by measuring the obscuration of light by thePriate safety and health practices and determine the applica-
combustion product stream (exhaust duct). bility of regulatory limitations prior to use.

1.6 Specimens are exposed to a constant heating flux in trf Referenced Documents

range of 0 to 50 kW/rhin a vertical orientation. Hot wires are
2.1 ASTM Standards:

D 2016 Test Methods for Moisture Content of W&od

1 This test method is under the jurisdiction of ASTM Committee EO5 on Fire D 3286 Test Method for Gross Calorific Value of Coal and
Standards and is the direct responsibility of Subcommittee E05.21 on Smoke and
Combustion Products.

Current edition approved Oct. 10, 2002. Published January 2003. Originally
published as E 1623 — 94. Last previous edition E 1623 - 02a. —

2The boldface numbers given in parentheses refer to the list of references at the ® Discontinued; se@988 Annual Book of ASTM Standardel 04.09. Replaced
end of this standard. by D 4442 and D 4444,
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Coke by the Isoperibol Bomb Calorimeter exposure conditions, and the effective heat of combustion is the
E 84 Test Method for Surface Burning Characteristics ofappropriate measure. Typical units are kJ/g or MJ/kg.

Building Material$ 3.1.3 oxygen consumption principle—the expression of
E 176 Terminology of Fire Standartls the relationship between the mass of oxygen consumed during
E 177 Practice for Use of the Terms Precision and Bias ircombustion and the heat released.

ASTM Test Method$ 3.1.4 smoke obscuratigm—reduction of light transmission

E 662 Test Method for Specific Optical Density of Smoke py smoke, as measured by light attenuation.

Generated by Solid Materidls 3.2 Definitions of Terms Specific to This Standard:

E 691 Practice for Conducting an Interlaboratory Study to 3.2.1 emissivity n—the ratio of the power per unit area

Determine the Precision of a Test MetSod ; o .
E 800 Guide for Measurement of Gases Present or Genefadiated from a material’s surface to that radiated from a black

ated During Fires ody at the same temperature.
E 906 Test Method for Heat and Visible Smoke Release 3-2-2 heat release raten—the heat evolved from the

Rates for Materials and Produtts specimen, per unit of time and area.
E 1321 Test Method for Determining Material Ignition and  3.2.2.1 Discussior—Heat release is measured in this test
Flame Spread Propertfes method both as a quantity per unit time and as a quantity per

E 1354 Test Method for Heat and Visible Smoke Releasa/nit time and unit area.
Rates for Materials and Products Using an Oxygen Con- 3.2.3 heating flux n—the incident flux imposed externally

sumption Calorimetér from the heater on the specimen at the initiation of the test.
2.2 ASTM Proposal: 3.2.3.1 Discussior—The specimen, once ignited, is also
P147 Proposed Method for Room Fire Tests of Wall ancheated by its own flame.

Ceiling Materials and Assembliés 3.2.4 ignitability, n—the propensity to ignition, as measured
2.3 1SO Standards: by the time to sustained flaming, in seconds, at a specified

ISO 5657-1986(E) Fire Tests—Reaction to Fire—pegating flux.

Ignitability of Building Material$ 3.2.5 net heat of combusti
. ) . 2. om—the oxygen bomb (see Test
ISO |5660'% Fire Tf;ts_ReZCté?n to Fire—Rate of Healyethod D 3286) value for the heat of combustion, corrected
Release from Building Products for gaseous state of product water.

ISO 5725 Precision of Test Methods—Determination of 3.2 6 orientation n—the plane in which the exposed face of
Repeatability and Reproducibility for a Standard Test, =~ " " on plane : e .
the specimen is located during testing, either vertical or

Method by Inter-Laboratory Tests horizontal facing u
ISO 9705 Full Scale Room Test for Surface Prodticts ’ g up. . .
3.2.7 sustained flamingn—existence of flame on or over

3. Terminology most of the specimen surface for periods of at least 5 s.
3.1 Definitions: 3.2.7.1 Discussior—Flaming of less tha 4 s duration is
3.1.1 For definitions of terms used in this test method, refefdentified as flashing or transitory flaming.

to Terminology E 176. 3.2.8 time to sustained flaming on the exposed gidetime

3.1.2 effective heat of combustipn—the amount of heat to ignition, in s.
generated per unit mass lost by a material, product, or 3.2.9 time to sustained flaming on the unexposed ,side
assembly, when exposed to specific fire test conditions. (see—test duration, in s.
gross heat of combustion).

3.1.2.1 Discussior—The effective heat of combustion de- 4, Summary of Test Method

pends on the test method and is determined by dividing the 4.1 This is a test method designed to measure the rate of

measured heat release by the mass loss during a Spec'f'ﬁgat release from a specimen #ima vertical orientation. The

period of time under the specified test conditions. Typically, .thespecimen is exposed to a uniform heat flux from a gas fired
specified fire test conditions are provided by the speC|f|cat|oni$.adiant panel up to 50 kW/nand ignited instantly. Heat

of the fire test standard that cites effective heat of combustiopelease measured by this test method is based on the observa-
as a quantity to be measured. For certain fire test condmon?l,On that, generally, the net heat of combustion is directly

involving very high heat and high oxygen concentrations und?Felated to the amount of oxygen required for combustiyig)

e e oo o e sl pimary measurements of oxygen concentatons and

conditions will represent or appro.ximate certéin real fire xhaust flow.are made as specmeq bY.Hug@ﬁTeSFS are
conducted with or without piloted ignition. Piloted ignition
results from applying wire igniters at the top and bottom of the

] _ test specimen.
4 Discontinued; se2000 Annual Book of ASTM Standard¥el 05.06. Replaced

by D5865. 4.2 Additional measurements include the mass-loss rate of
5 Annual Book of ASTM Standardgol 04.07. the specimen, surface temperature, the time to sustained
° Annual Book of ASTM Standardebl 14.02. flaming and the specimen’s interior temperatures.

7 Discontinued; se¢983 Annual Book of ASTM Standardéel 04.07. . . . X
8 Available from American National Standards Institute, 11 W. 42nd St., 13th 4.3 The apparatus is suitable to deve|0p data associated with

Floor, New York, NY 10036. the parameters discussed in 1.4.
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5. Significance and Use

5.1 This test method is used primarily to determine the heat h
release rate of materials, products, and assemblies. Other =
parameters are the effective heat of combustion, mass loss rate,
the time to ignition, smoke and gas production, emissivity, and
surface temperature. Examples of test specimens are assem-
blies of materials or products that are tested in their end-use
thickness. Therefore, the test method is suitable for assessing
the heat release rate of a wall assembly.

5.2 Representative joints and other characteristics of an
assembly shall be included in a specimen when these details
are part of normal design.

5.3 This test method is applicable to end-use products not
having an ideally planar external surface. The radiant flux field
shall be adjusted to be that which is desired at the average
distance of the surface from the radiant panel.

1542mm

-

670mm

388mm

1330mm

93mm

Ui

5.4 In this procedure, the specimens are subjected to one or Radiant Heaters
more specific sets of laboratory test conditions. If different test Water cooed
conditions are substituted or the end-use conditions are stoelfrae
changed, it is not always possible by or from this test to predic i

changes in the fire-test-response characteristics measured-—
Therefore, the results are valid only for the fire test exposure
conditions described in this procedure.

5.5 Test Limitations

5.5.1 The test results have limited validity if: (a) the
specimen melts sufficiently to overflow the drip tray, or (b)

FIG. 1 Radiant Panel Assembly

6.2.2 The left and right burners in each row are made up of
four modules each and the center burners are comprised of one
explosive spalling occurs. module. A module consists of four v_ertically stacked <_:eramic

5.5.2 Exercise caution in interpreting results of specimen?lf'lrr'(ar]éS 12.7 mm dgep ]E)y 95 mmdh:gh byhlSmam w:jd?. The
that sag, deform, or delaminate during a test. Report observgENter burners consist of one module each. The modules are
tions of such behavior. comprised of a plenum space in which the natural gas is
injected at a controlled rate by the burner’s control system.
Combustion air is aspirated into the plenum space through the
gas and air injection port.

6.1 General _ _ , _ 6.2.3 The face of each burner is covered with stainless 330

_6.1.1 Where dimensions are stated in the following descripgqating screen for higher surface temperature and safety. The
tion, they shall be considered mandatory and shall be followedreens shall be carefully installed to allow for elongation of

within nominal tolerance of-5 mm on the radiant panel and gcreens and supporting rods. This will allow the distance

specimen holder assemblies. An exception to this tolerance {Sorween the burners and screens to remain constant when
the placement of the screen in front of the ceramic burner thatoteq. The optimum distance between the surface of the
shall be=0.5 mm. The tolerances permitted in the exhausl,ners and the outer surface of the screen was found to be 20
system (see Proposal P147) for the proposed room fire t€§{m The rows of gas burners on the panel shall be separated by

method or the ISO 9705 standard are permissible. a distance of 112 mm from each other and shall be attached to
6.1.2 The apparatus shall consist of the following compoy,q support tubing at the locations indicated in Fig. 1.

nents: a radiant panel assembly (see Fig. 1) capable of verticalg 5 4 Natural gas of net heating value at least 790 kd/mol
orientation only; a specimen holder (see Fig. 2), an infrared ) pe supplied to the unit through a control system provided
pyrometer (optional), an exhaust collection system, weighingyii, a5 safety interlock. All gas pipe connections to the burners
platform, gas meter, and a data acquisition system. A general i he sealed with a gas pipe compound resistant to liquified
layout of the whole test assembly is shown in Fig. 3. petroleum gases. A drip leg shall be installed in the gas supply
6.2 Radiant Panels line going to each heater to minimize the possibility of any

6.2.1 The panel consists of a hollow 50 by 50 mm squarg,qse scale or dirt within the gas supply line from entering the
steel tubing (see Fig. 1) that supports three rows of adjustablg,,ners control system.

ceramic-faced, natural gas burrieesmprised of three burners 6.2.5 Ignition of the burners shall be accomplished by

per row. The tubing has typical residential water hose connegpiyigual, automatic spark igniters and pilot flames. The spark

tions provided at the bottom of the tubing to facilitate Waterigniters are used to ignite the pilot flames which in turn are

cooling. used to ignite the burners after pilot flame temperature sensors
have reached a required value. The pilot remains on until the
burners are extinguished.

° A modified RAY-TEC burner unit, RT132, from Sun Technology Corp., 14329 6-_2-6 An opening of at least 25 mm shall be provided at the
23 Mile Road, Shelby TWP., MI 48315 has been found suitable for this applicationvertical centerline between the rows of burners.

6. Apparatus
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FIG. 2 Sample Holder

120mm

the radiant panel heat flux exposure by the water cooled shield

i (see 6.4.1). A drip tray, 300 mm wide by 50 mm deep by 914
GASW mm long, shall be attached to the floor of the specimen holder
PORT

HOOD S directly below the specimen frame to contain limited amounts
M RADIANT PANEL of materials that melt and drip. Two wire igniters described in
- WIRE 6.4.3 are attached to the specimen holder.
water cooLen — || | ——> NTER 6.3.2 Weighing Platforma-The general arrangement of the
R et imen holder and the weighing platform is indicated in Fi
FRAME | — b specimen holder and the weighing platform is indicated in Fig.
T Eg 2. The weighing platfordf shall be capable of weighing the
UNITS jf SAMPLE specimen to an accuracy of one gram. The platform shall be
= ;.;:;ﬁ protected from the radiant panel assembly by an insulation
T board cover as shown in Fig. 2.
| ﬁ,?/ __SAMPLE HoLoER 6.3.3 Specimen Holder Troll-A trolly, as shown in Fig. 3,
IGNITER \ WEIGHING shall be provided to hold the specimen holder and weighing
L ousy platform to permit movement of the specimen to a predeter-
mined 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.

6.2.7 Radiant Panel Constant Irradiance ControheThe The tro'IIy tracks shall be located _perpe_ndlcular to.the plane of

. : . tft:e radiant panel so that the specimen is moved directly toward

irradiance from the radiant panel assembly shall be capable ;

. : e radiant panel. The trolly tracks shall be long enough to

being held at a preset level by means of regulating the flow o h . hold di 6o f he radi

natural gas to the burners (see X1.2 for more information) Thénovet e specimen holder to a distanté on from the radiant

flow of the gas is regulated usin T;ln automatic flow Contr(.)llerpanel' This distance makes mounting the specimen easier and
9 9 9 Bfllows testing of parameters other than heat release at very low

motorlze_d valve, and a_ther_mocogple_ located on th_e surface Yeat fluxes. Heat flux values of 25 and 50 k\@/ane achieved
a ceramic burner. The irradiance is directly proportional to the .
. at distances less than 1 m.
temperature on the surface of the ceramic burners. Gas flow 6.4 Other Maior C
shall be continuously measured to calculate the heat released.’ ther Major o_mlplonents . .
from the radiant panel assembly. This value is needed in 6.4.1 Specimen ShieleA water cooled shield (see Fig. 4)
: P y. . shall be provided to absorb the thermal energy from the radiant
computations of the heat release rate from the specimen. : . A
. panels prior to testing. The shield is constructed so that a preset
6.3 Specimen Holder Assembly Components fl il maintai hield h p
6.3.1 Specimen Holde+The specimen holder assembly is water flow will maintain a shield temperature on the unexpose
. ce below 100°C. The shield shall be positioned directly in

shown.m Fig. 2 gnd IS Cap?‘b'e of h°'d'r.‘9 a specimen up to 15 ront of the radiant panel assembly at a distance of 150 mm.
mm thick. (A thicker specimen holder is necessary to accom-

modate specimens thicker than 152 mm.) The top portion of

th(? assembl_y is removable to ff:lC|||tate Specimen INSertion. o s sartorius Model F150S Electromagnetic Scale, has been found suitable for
Prior to starting the test the specimen shall be protected fromis application.

FIG. 3 Intermediate Scale Calorimeter
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| 829mm ! voltages, up to 30 V, shall be used for safety reasons. More
‘ _ ‘ information about the choice of the wire igniters is given in
S = | X1.3.
S v — - o= Vawroma] & 6.4.4 Heat Flux Meter—The total heat flux meter shall be of

i ‘1 . ‘ the Gardo#? (foil) or Schmidt-Boelter (thermopile) type, with
‘ o a design range of about 50 kWmThe target receiving
‘ ‘ P radiation, and possibly to a small extent convection, small be
‘ | flat, circular, approximately 12.5 mm in diameter, and coated
1 o with a durable matt-black finish. The target shall be water
‘ ‘ | P cooled. Radiation shall not pass through any window before
o reaching the target. The instrument shall be robust, simple to
‘ set up and use, and stable in calibration. The instrument shall
have an accuracy of withitr3 % and a repeatability of within
: 0.5 %.
6.4.5 Heat Flux Calibration Panel-A panel to establish the
i heat flux/distance relationship shall be constructed from nomi-
1 ‘ Hl nal 12.7 mm thick calcium silicate board of nominal density
‘ ‘ | ‘w ‘ ‘ 740 kg/m3. The panel shall be the same size as a specimen
(1000 by 1000 mm) and shall have holes with diameters to

1829mm

Water Inlet —wo o-a—— Water Inlet | i
' ! accommodate the heat flux meter from 6.4.4. Five rows and
| Emergency Vent Line columns of holes shall be drilled 224 mm apart and 51 mm
’ . from the edges on all sides of the panel.
s oL e 6.4.6 Digital Data Collection—The data collection system

shall be equal to or better than that required in Proposal P147.
Readings shall be made at intervals not exceeding 2 s.

6.4.7 Exhaust Collection System

6.4.7.1 Construct the exhaust collection system with the
following minimal requirements: a blower, steel hood, duct,
bidirectional probe, thermocouple(s), oxygen measurement
heystem, smoke obscuration measurement system (white light

The mounting method used shall accommodate removing t Y ; ;
shield in less than 2 s photocell lamp/detector or laser) and combustion gas sampling

6.4.2 Infrared Pyrometer—A pyrometet! is used to view and analysis system. Construct the exhaust collection system as

the specimen surface through the 25 mm gap between thHg'OWn in Fig. 5 and as explained in Annex Al.
radiant panels. The pyrometer is positioned 0.3 m to 0.5 m ©6-:4.7.2 Ensure that the system for collecting the smoke
behind the radiant panel assembly at a height equal to thighich mclude_s gaseous co_mbust_lon products) has sufiicient
geometrical center of the specimen. The measurement techXhaust capacity and is designed in such a way that all of the
nique including specimen emissivity adjustments is detailed iffombustion products leaving the burning specimen are col-
(4). lected. Design the capacity of the evacuation system such that
6.4.3 Wire Igniters—Two 0.81 mm Chromel wires (from it will exhaust minimally all combustion gases leaving the
Type K thermocouple wires) are used as igniters. One wire iSPECimen (see AL.1.4). _ _
positioned horizontally, spanning the full width of the speci- 6-4:7-3 Place probes for sampling of combustion gas and for
men, 80 mm above the bottom exposed edge of the specimépeasurement of flow in accordance with 6.4.8. _
and 15 mm from the specimen surface. The other wire is 6.4.7.4 Make all measureme_n_ts o_f smoke obscuration, gas
positioned horizontally, spanning the full width of the Speci_concentrauo_ns or flows atla position in the e_xhaust duct yvhere
men, 20 mm above the top exposed edge of the specimen atie exhaust is uniformly mixed so that there is a nearly uniform
15 mm from the specimen’s vertical plane. A spring, protected€l0cCity across the duct section. _ _
from the radiant heat, shall be attached to one end of the wires 6-4.7.5 If the straight section before the measuring system is
remain under tension throughout the test so that the igniter wirt$ likely to be uniformly mixed. If a measuring system is
remains in position. When used, sufficient power shall bePositioned at a distance of less than eight diameters, demon-
applied to the wire that will produce an orange glow. Low Strate the achievement of equivalent results. .
6.4.8 Instrumentation in Exhaust Duet The following
specifications are minimum requirements for exhaust duct

instrumentation. Additional information is found in Annex A2.
11 A suitable optical infrared pyrometer has a temperature range of 0-1000°C and
a wavelength band of 8-12 m. The emissivity measuring range of the pyrometer
shall be adjustable. The pyrometer shall have the through-the-lens sighting with a
narrow field of view. The maximum target area diameter shall not be more than 30— —
mm at a range of measuring distances between 500 and 2000 mm. The pyrometer *> A Medtherm Model R-8015-C-15-072, from Medtherm Corp., Huntsville, AL,
shall have an analog output. has been found suitable for this purpose.

c]e]s o s [eie oo lol6 oo o olalolo

25mm B ,J L,L

S51mm

FIG. 4 Radiation Shield
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Lamp, Phato Cell

System
Guide Vanes,

Pitot Tube

Guide Vanes

—-—

To Exhaust

Gas Cleaning
Gas Analysis

Exhaust Duct 400 mm Dia.

Steel plates 2 x 500 x 300 mm

-7t

Hoced 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) —

295 40mn 1000 x 2440 mm
Note: All dimensions in millimeters (mm)

FIG. 5 Collection Hood and Exhaust System

6.4.8.1 Flow—Measure the flow in the exhaust duct by 6.4.9.3 Carbon Monoxide and Carbon Dioxide
means of a bidirectional probe, or an equivalent measurinyleasuremert-Measure the combustion gas species with an
system, with an accuracy of at leas6 % (see Annex A2 for instrument having an accuracy of at leasd.1 vol % for the
further details). The response time to a stepwise change of thmrbon dioxide and+0.02 vol % for carbon monoxide. A
duct flow shall not exceed 5 s, to reach 90 % of the final valuesuitable output range is 0 to 1 vol % for carbon monoxide and
6.4.9 Combustion Gas Analysis 0 to 6 vol % for carbon dioxide. Take the combustion gas
6.4.9.1 Sampling Line-Construct the sampling line tubes sample from the end of the sampling line. Calculate the time
of a material not influencing the concentration of the combusédelay, including the time constant of the instrument; it is a
tion gas species to be analyzed. The following sequence of thenction of the exhaust duct flow. It shall be a maximum of 60
gas train has been shown to be acceptable: sampling probe, (See Annex A6 for further details.)
soot filter, cold trap, gas path pump, vent valve, plastic drying 6.4.10 Smoke Obscuration Measurement
column and carbon dioxide removal columns (if used), flow 6.4.10.1 Install an optical system for measurement of light
controller and oxygen analyzer (see Fig. 6 and Annex A2 foiobscuration across the centerline of the exhaust duct. Deter-
further details). Alternative designs of the sampling line musimine the optical density of the smoke by measuring the light
give equivalent results. The gas train shall also includdransmitted with a photometer system consisting of a white
appropriate spanning and zeroing facilities. light source and a photocell/detector or a laser system for
6.4.9.2 Oxygen MeasurementMeasure the oxygen con- measurement of light obscuration across the centerline of the
centration with an accuracy of at leas0.04 % of full scale in  exhaust duct.
the output range of 0 to 25 vol % oxygen, c10.01 vol % 6.4.10.2 One photometer system found suitable consists of a
oxygen, in order to have adequate measurements of rate of hdamp, lenses, an aperture, and a photocell. See Fig. 7 and
release. Take the combustion gas sample from the end of thRnnex A2 for further details. Construct the system so that soot
sampling line. Calculate the time delay, including the timedeposits on the optics during a test do not reduce the light
constant of the instrument; it is a function of the exhaust ductransmission by more than 5 %.
flow. This time delay shall not exceed 60 s. (See Annex A6 for 6.4.10.3 Alternatively, instrumentation constructed using a
further details.) 0.5 to 2.0 mW helium-neon laser, instead of a white light

Exhaust Duct

Oxygen Analyzer*

Rotameter

Waste Flow Controller

] 7um Filter
| CO2 Removal Media
]

1 NOTE: Rotameter is on outlet of oxygen analyzer
*To include absolute pressure transducer

Separation Desiccant

Chamber
To CO2 and CO Analyzers
Drain

FIG. 6 Schematic of Gas Sampling Train
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Wallof . . . , ,
S e = 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
18 panel assembly dramatically lowers the heating of the labora-
Detector tory space. Additionally, it lowers the potential for harm to

operators working in the area.

Aperature

FIG. 7 White Light Optical System 8. Test Specimens

8.1 Size and Preparatian
system is also acceptable. See Fig. 8 and A2.4 for further 8.1.1 Test specimen’s dimensions shall be 1000 by 1000
details. It has been shown that white light and laser system@m and up to 152 mm in thickné$sThey shall be represen-

will give similar results(5, 6). tative of the construction of the end-use product. Test materials
6.4.11 Thermocouples and assemblies of normal thickness, 152 mm or less, using
6.4.11.1 All thermocouples shall be 0.127 mm (0.005 in. ortheir full thickness.

5 mils) Type K, Chromel-Alumel. 8.1.2 If a product is designed to normally have joints in a

6.4.11.2 The interior thermocouples shall be inserted irfield application, then that specimen shall incorporate the joint
holes that have been predrilled from the unexposed face of théetail. Center the joint in the specimen’s vertical or horizontal
sample toward the face to the desired depth. These thermeenterline as appropriate. Also test the specimen without a joint
couples shall be sheathed with ceramic insulatiofihe two  detail if the design does not include a joint.
wires leading up to the junctions of surface thermocouples 8.1.3 Cover the edges of the specimen with 12 mm ceramic
shall be bared for a distance of at least 50 mm on both sides @fool blanket to eliminate the gap between the holder and the
the junction. Each lead shall be pulled tight so that the bead ispecimen.
contacting the surface and stapled at a point on each wire 25 8.2 Conditioning—Condition specimens to moisture equi-
mm away from the junction. The bead shall be pushed byibrium (constant weight) at an ambient temperature of:23
thumb with moderate force into the surface if it will penetrate.3°C and a relative humidity of 5& 5 %. Constant weight is

achieved when two weighings differ by no more than 0.2 % in

7. Hazards 24 h.

7.1 The test procedures involve high temperatures and o
combustion processes. Therefore the potential exists for burng; Calibration
ignition of extraneous objects or clothing, and for inhalation of 9.1 Calibrate all instruments carefully with standard sources
combustion products. The operator shall use protective gloveafter initial installation. Among the instruments to be calibrated

1304 mm sdn.) bore diameter insulators from Omega Engineering, One 141f specimens of thickness greater than 152 mm are to be tested, a specimen

Omega Drive, Stamford, CT has been found suitable for this. holder shall be constructed to accomodate the desired specimen thickness.
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are load cells or weighing platforms, smoke meters, flow or
velocity transducers, infrared pyrometer and gas analyzers.

9.2 Heat Flux/Distance Relationship

9.2.1 Ignite the radiant panel and allow it to come to
equilibrium as indicated by its constant heat release rate.

9.2.2 Generate a curve of average flux measurements over
the specimen surface versus specimen distance from the radiant
panels. Place the calibration panel in the same position as a
specimen and insert the flux meter from the unexposed face
through the holes. The target face of the flux meter shall extend
15 mm toward the radiant panel from the exposed surface of
the calibration panel to minimize the convective heat transfer
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contribution. After the calibration panel has come to equilib-
rium, make the flux measurements with the target face of the
flux meter at the following distance away from the radiant
panel: 300, 400, 600, 800, 1000, and 2000 mm. If lower heat 7 ‘
fluxes than the one correspondirga 2 mdistance are used, Eil
continue calibrating until past the needed distance. i

9.2.3 No individual flux measurement shall deviate from the
average at each of the distances by more thab %. The
average heat flux measurements in the bottom row of the
calibration panel shall not deviate from that in any of the heat
flux values used by more thah 5 %

9.2.4 Use the curve generated in 9.2.2 to determine the .
distance from the radiant panel for a desired radiant heat flux
exposure.

9.2.5 Perform calibration every three months or more fre-
quently if any significant changes to equipment are made or iprior to ignition of the burner. Determine the average heat
calibration is suspect. release rate over a period of at least one minute by (a) the

9.3 Heat Release oxygen consumption method and (b) calculating the heat

9.3.1 Perform the calibration of the heat release instrumerrelease rate from the gas mass flow and the net heat of
tation in the exhaust duct by burning propane or methane gegpmbustion. A correct factor of heat released per oxygen
and comparing the heat release rates calculated from theonsumed for the calibration gas(E,.n& 12.78 MJ/kg O2,
metered gas input, and those calculated from the measurdGhethanz12.51 MJ/kg O2) must be used in the oxygen con-
oxygen consumption. The value of net heat of combustion fosumption method. The difference between the two values shall
methane is 50.0 MJ/kg and that for propane is 46.5 MJ/kgnot exceed 5%. This comparison shall be made only after
Position the calibration burner in the same location where th&teady state conditions have been reached.
specimen is to be placed during a 35 kV¥/exposure test. 9.3.5 Take measurements at least onceye@ey and start 1
Measure the gas flow at a pressure of 105 kPa (standard min prior to ignition of the burner. Determine the average rate
atmospheric pressure, measured at the flow gage) and o heat release over a period of at least 1 min by the oxygen
temperature of 2= 5°C. consumption method and calculating the heat release rate from

9.3.2 Asuitable calibration burner is a sand diffusion burnethe gas mass flow and the net heat of combustion. The
with a 0.3 by 0.3 m top surface and a 0.15 m depth. Construdifference between the two values shall not exceed 5 %. Make
such a gas burner with a 25 mm thick plenum. AIternativer,thiS comparison only after steady state conditions have been
use a minimum 100 mm layer of Ottawa sand to provide théeached.
horizontal surface through which the gas is supplied. This type 9.3.6 Perform calibration every three months or more fre-
of burner is shown in Fig. 9. The gas supply to the burner shafiuently if any significant changes to equipment are made or if
be technical grade propane or methane. Do not premix the g&&libration is suspect.
for the burner flame with air. Meter the flow of gas and keep it 9.3.7 When calibrating a new system, or when modifica-
constant throughout the calibration test. tions are introduced, check the response time of the measuring

9.3.3 Another suitable calibration burner is a pipe, with anSystem by the following test sequence:

]
i N
T 1 Space filled with ‘
white Ottawa siiica sand

Elevation
FIG. 9 Sand Burner

inner diameter of 100+ 1.5 mm, supplied with gas from Tirgfte, rgin Burner Ougput, kw
. 0
beneath_ (seg ISO 9705). Do not premix the gas for the burner 5 10 10 0
flame with air. 10 to 15 160
15 to 20 0

9.3.4 Obtain a minimum of two calibration points. Obtain a
lower heat release rate value of 100 kW and a higher heat The response of the system to a stepwise change of the heat
release rate of 300 kW, from the gas burner alone. Takeutput from the burner shall be a maximum of 12 s to 90 % of
measurements at least once every 6 seconds and start 1 min€iteal value.
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9.3.8 Perform the calibration in 9.3.7 at a duct air flow of 2 10.1.11 If heat flow through the specimen is to be moni-
m/s. tored, attach the thermocouples as described in 6.4.2 and 6.4.3.

9.3.9 The change in measured rate of heat release, compar-10.2 Procedure
ing time average values over 1 min, shall not be more than 10.2.1 Move the specimen trolly to the location necessary
10 % of the actual heat output from the burner. for the desired flux exposure.

9.4 Mass Loss-If required by the type of scale used, 10.2.2 Obtain sufficient data, at least 30 s, to ensure the
perform the calibration by loading the weighing platform with signal from the weighing platform settles down to equilibrium
known masses corresponding to the measuring range of inteend an adequate baseline has been reached.
est, to ensure that the requirements of accuracy in 6.3.2 are 10.2.3 Remove the water cooled specimen shield in not
fulfilled. Carry out this calibration daily, prior to testing. more tha 2 s and start the timer marking the beginning of the

9.5 Smoke ObscuratienrCalibrate the smoke meter ini- test.
tially to read correctly for two neutral density filters of 10.2.4 Record the times when flashing or transitory flaming
significantly different values, and also at 100 % transmissionoccur. When sustained flaming occurs, record the time and turn
The use of neutral density filters at 0.5 and 1.0 values of opticabff the igniters. If the flame extinguishes after turning off the
density has been shown to be satisfactory for this calibratiorigniters, turn on the igniters again within 5 seconds and do not
Once this calibration is set, only the zero value of extinctionturn the igniters off until the entire test is completed. Report
coefficient (100 % transmission) needs to be verified each dayhese events in the test report.
prior to testing. Investigate any excessive departure from the 10.2.5 If the duct flow is not sufficient to collect all the fire

zero line at the end of a test, and correct it. gases, then increase the duct flow to a sufficient value.
9.6 Gas Analysis-Calibrate gas analyzers daily, prior to  10.2.6 Record all important events during the test like
testing (see Guide E 800 for further guidance). cracking, melting, collapse of all or part of the specimen,

9.7 Heat Flux Meter—Check the calibration of the heat flux deformations, and intumescing.
meter whenever a recalibration of the apparatus is carried out 10.2.7 Collect data until 2 min after sustained flaming
by comparison with an instrument (of the same type as theccurs on the unexposed side of the specimen or a predeter-
working heat flux meter and of similar range) held as amined time period.
reference standard and not used for any other purpose. Fully 10.2.8 Withdraw the specimen trolley from exposure to
calibrate the reference standard at a standardizing laboratory @tdiant heat and insert the specimen radiation shield.

yearly intervals. 10.2.9 Unless otherwise specified in the material or perfor-
mance standard, make three determinations and report as
10. Procedure specified in Section 12.

10.1 Preparation )

10.1.1 Open the water valve to the steel tubing that supporl. Calculation
the radiant panel and adjust the water flow sufficiently high that 11.1 The specimen heat release rate is calculated by sub-
water exiting the frame will not exceed 100°C in temperaturetracting the radiant panel assembly heat release rate (which is

10.1.2 Position the specimen holder assembly remote to thiae theoretical baseline) from the total heat release rate. The
desired test location. radiant panel heat release rate contribution measured as the

10.1.3 Place the water cooled shield in front of the radianproduct of the gas flow rate and the net heat of combustion of
panel assembly and adjust the water flow sufficiently high thathe gas (see 9.3.1), shall be multiplied by a factor, to take into
water exiting the shield will not exceed 100°C in temperatureaccount the correct ratio of heat released per oxygen consumed

10.1.4 Establish a duct air flow previously determined tofor natural gas (1.047) or propane (1.025). The testing labora-
correspond to oxygen concentration between 20.2 and 20.4%ary shall choose one of the equations in A4.1 to calculate heat
with the radiant panel in operation only. release, based on the gas analyzers installed. Report the
equations used for heat release rate calculations, and state
whether carbon monoxide and/or carbon dioxide measure-
ments were used for this. Considerations for heat release

10.1.5 Turn on the flow of gas to each of the radiant panelsneasurements are presented in Annex A3. Calculate heat
and ignite them. release data, using the equations presented in A4.1 and'A4.2.

10.1.6 Allow the burners to operate for 30 minutes prior to 11.2 Calculate mass loss rate and effective heat of combus-
testing. tion using the procedures in Annex Ab.

10.1.7 Adjust, if necessary, the water flows and the duct 11.3 Calculate smoke release data using the equations in
flow to the required values. A4.3.

10.1.8 Turn on all sampling and recording devices and 11.4 Calculate gas yield data using the equations in A4.4.
calibrate the analyzers.

10.1.9 Insert the specimen into the specimen holder. Place
the specimen in the specimen holder by removing the to

Specimen holder cap section inserting the Specimen and 5 The correction factors are based on the ratio between the rate of heat released
laci h ’ per unit oxygen consumed for most fuels (whictEis 13.1 MJ/kg) and those for
replacing the top cap. natural gas (which i€, onane= 12.51 MJ/kg) and for propane (Which 8, ,pane =

10.1.10 Switch on the wire igniters. 12.78 MJ/kg).

Note 1—Such a duct flow will be close to 1.6 48, but that is not
necessarily the case.
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11.5 Calculate the specimen carbon monoxide and carbon 12.3.1.11 Peak yield of carbon monoxide (kg of CO/kg of
dioxide concentrations by subtracting the radiant panel contrituel),
butions (baseline data) from the total values. 12.3.1.12 Equation used to calculate rate of heat release,
11.6 The normal exposed surface area of the specimen is 12.3.1.13 Peak optical density of smoke (optional),
0.84 nt. Determine the exposed surface area for the apparatus 12.3.1.14 Total percentage of combustible mass loss (%)
in which the tests are conducted, and use that value t¢optional),
caluculate parameters per unit surface area. Report the exposed 2.3.1.15 Average yield of carbon monoxide (kg CO/kg
surface area. fuel) (optional),
11.7 When parameters are to be reported per unit surface 12.3.1.16 Average yield of carbon dioxide (kg &ky fuel)
area, the absolute values determined shall be divided by th@ptional),
exposed surface area of the apparatus before reporting. Use the12.3.1.17 Carbon monoxide/carbon dioxide yield ratio (kg
correct exposed surface area to calculate parameters per uoftCO/kg of CQ,) (optional),

surface area. 12.3.1.18 Average yield of any other measured combustion
gas (kg combustion gas/kg fuel) (optional),
12. Report 12.3.1.19 Material emissivity, and.
12.1 Report the following information: 12.3.1.20 Exposed surface area.
12.2 Descriptive Information 12.3.2 Graphical Results
12.2.1 Name and address of the testing |aborat0ry' 12.3.2.1 Plot of rate of heat release versus time,
12.2.2 Specimen identification code or number, 12.3.2.2 Plot of rate of smoke release versus time,
12.2.3 Date and identification number of the report, 12.3.2.3 Plot of optical density versus time,
12.2.4 Name and address of the test sponsor, 12.3.2.4 Plot of mass loss versus time,
12.2.5 Name of product manufacturer or supplier, if known, 12.3.2.5 Plot of mass loss rate versus time,
12.2.6 Composition or generic identification, 12.3.2.6 Plot of effective heat of combustion versus time,

12.2.7 Density, or mass per unit surface area, total mass, 12.3.2.7 Plots of all temperatures (inCIUding dUCt) versus
thickness of the main components in the specimen, thickness 8Me, . _
the specimen, moisture content of hygroscopic materials and 12.3.2.8 Plot of concentration of carbon monoxide versus

mass of combustible portion of specimen, if known, time,

12.2.8 Description of the specimen, if different from the 12.3.2.9 Plot of concentration of carbon dioxide versus
product, time,

12.2.9 Details of specimen preparation by the testing labo- 12.3.2.10 Plots of concentration of any other measured
ratory, combustion gas versus time,

12.2.10 Details of special mounting methods used, 12.3.2.11 Plot of mass flow in the exhaust duct versus time,

12.2.11 Heating flux and exhaust system flow, 12.3.2.12 Plot the rate of heat release versus time from the

12.2.12 Number of replicates tested under the same condiadiant panel, and _ _
tions. (This shall be a minimum of three except for exploratory 12.3.2.13 Report of smoke obscuration, carbon monoxide,

testing), and temperature measurements in the room in the same
12.2.13 Conditioning of the specimens, fashion, if they have been made.
12.2.14 Date of test, and 12.3.3 Descriptive Results
12.2.15 Test number and any special remarks. 12.3.3.1 Photographs or videotape of the fire development,
12.3 Test Results: (See Also Appendix) and
12.3.1 Table of numerical results containing: 12.3.3.2 All available information requested in 12.2, includ-
12.3.1.1 Time to sustained flaming(s) on the exposed antilg information on physical changes to the specimen during the
unexposed sides (s), test (see 5.5).
12.3.1.2 Peak rate of heat release (in kW and k\§/nand
the time at which it occurred (s), 13. Precision and Bias

12.3.1.3 Average rate of heat release values for the first 60, 13.1 Information on reproducibility is presented in 13.2-
180, 300 s after ignition, or for other appropriate periods (kW),13.4. Information on repeatability obtained from an early study

12.3.1.4 Total heat released (in MJ and Mjm in a single laboratory9) also is available.
12.3.1.5 Peak rate of smoke releasé/ép and the time at 13.2 An interlaboratory study was performed, using the
which it occurred, three laboratories available in the United States, in which test

12.3.1.6 Average rate of smoke release values for the firghaterials were chosen intended to challenge the capabilities of
60, 180, 300 s after ignition, or for other appropriate periodshe instrument. The test materials provided a broad range of

(m?s), fire-test-response characteristics and offered the expected test-
12.3.1.7 Total smoke released3m ing difficulties. Details of the experimental work and of the
12.3.1.8 Total mass loss (kg), results can be found in R€10). The three laboratories tested
12.3.1.9 Total percentage of mass loss (%), six samples in triplicate, and one laboratory each tested the
12.3.1.10 Average effective heat of combustion for theseventh and eighth sample in triplicate. The materials selected

entire test (MJ/kQ), are described in 13.2.1-13.2.8

10
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13.2.1 Oriented Strand Boardll mm thick, tested at a heat was capable of sagging and eventually melting and dripping;

flux of 25 KW/n?(OSB 25). and, the composite building panel was very thick and inhomo-
13.2.2 Oriented Strand Boardl1 mm thick, tested at a heat geneous.
flux of 50 kW/nF(OSB 50). 13.3 Experimental uncertainty can be evaluated by a stan-

_ 13.2.3 Composite Building Panel (Structural Grid Compos- qarq statistical method for treating data or based on scientific
ite), 70 mm thick, tested at a heat flux of 25 KWAICBP 25).  jyqgement using all the relevant information available. For this
13.2.4 Poly(Methyl Methacrylate) Shee25 mm thick, analysis, the statistical method used was Practice E 691, but

tested at a heat qux_ of 25 KWifPMMA 25)' . . scientific judgement was used to eliminate outliers, particularly
|13'2's Wall (Zlé)verlng Syitem (\ﬁgyl Fllmhon T'f"l'Ck F|fbeéré in terms of smoke obscuration, where some of the results
glass _Panel) mm thick, tested at a heat flux o obtained clearly could be seen to be out of line.

KW/m?(WALL 25).

13.2.6 Fire Retardant Treated Plywood3 mm thick, tested 13.4 The results of the statistical analysis of this round robin
at a heat flux of 50 KW/R(FRT 50). ’ evaluation are found in Tables 1 and 2. The relative standard

13.2.7 Hardboard (Wood-Fibre) Siding (With Imitation deviations for repeatability are < 30 % for seven out of nine
Stucco Surface mm thick, tested by one laboratory at a heatProperties and those for reproducibility are < 30 % for four out
flux of 25 KW/NR(STC 25). of nine properties. The relative standard deviations for repeat-

13.2.8 Hardboard (Wood-Fibre) Siding (With Imitation 2Pility and reproducibility show similar patterns, but the
Stucco Surface mm thick, tested by one laboratory at a heatformer is significantly better, as expected. The difficulties
flux of 50 kW/n?(STC 50). encountered in testing some of the materials are illustrated by

13.2.9 Examples of testing difficulties inherent in the mate-their statistical data, as shown in Table 1. Considering the
rials chosen include the following: the wall covering Systemdﬁﬁculnes inherent in testing such materials, the precision of
consisted of a very thin combustible material mounted on 4he test results from the nonwood materials was comparable to
noncombustible backing, so that the period between ignitiothat of the wood materials.
and extinction was short; the poly(methyl methacrylate) sheet

TABLE 2 Overall Statistical Data, by Property from Three
Laboratories *

Avg RSD RSD STD STD
Rept Repro Rept Repro

Pk RHR, kw/m? 299 22 28 60 74
Time Ign, s 93 19 20 24 27
THR, MJ/m? 69 22 36 18 29
Ht Comb, MJ/kg 11 26 39 3 4
Mass Loss, % 42 21 26 6 7
Pk RSR, m?/s 12 36 43 4 6

TSR, m? 746 35 36 269 339
Pk RHR, kW 255 22 28 51 58
THR, MJ 59 21 35 15 25

AAbbreviations of statistical terms used: Avg: average; STD Repeat: Standard
deviation for repeatability (that is within laboratories); STD Repro: standard
deviation for reproducibility (that is between laboratories); r: repeatability; R:
reproducibility, RSD repeat: relative standard deviation for repeatability (that is 100
times ratio of STD repeat and Avg); RSD Repro: relative standard deviation for
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
OSB-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

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

Overall Pk RHR, kW/m? 299 60 74 168 206 22 28
OSB-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

11
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TABLE 1 Continued

Material/Flux Property Avg STD Repeat STD Repro r R RSD Repeat RSD Repro
0OSB-25 THR, MJ/m® 30 4 13 12 35 15 42
OSB-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? 1.9 0.5 0.7 1.4 2.0 26 37
FRT-50 THR, MJ/m? 25 6 6 17 18 24 26
STC-25 THR, MJ/m? 51 2.1 6 4

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

Overall THR, MJ/m? 69 18 29 50 82 22 36
OSB-25 Ht Comb, MJ/kg 6 1.8 3 5 8 29 45
OSB-50 Ht Comb, MJ/kg 10 2.1 2.1 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 1.1 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
OSB-25 Pk RSR, m?/s 2.0 0.6 0.6 1.7 1.7 32 32
OSB-50 Pk RSR, m?/s 2.4 0.4 0.4 1.1 1.1 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 1.6 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
OSB-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
OSB-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
OSB-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 1.4 17 27
FRT-50 THR, MJ 21 5 6 15 16 25 27
STC-25 THR, MJ 44 2.1 6 5

STC-50 THR, MJ 66 9 24 13

Overall THR, ML 59 15 25 42 70 21 35

13.5 Bias homogeneous materials with only a single pyrolysis mecha-

13.5.1 For solid test specimens of unknown chemical comnism, this uncertainty is reduced by determining the net heat of
position, as used in building materials, furnishings, and comeombustion from oxygen bomb measurements and the oxygen-
mon occupant fuel load, documentation exigts18] stating  fuel stoichiometric mass ratio from ultimate elemental analy-
that the use of the relationship that approximately 13.1 MJ osis. For most testing, this is not practical, since test specimens
heat are released per 1 kg of oxygen consumed results in ame composites, and usually nonhomogeneous; therefore, they
expected error band of5 % compared to true value. For often exhibit several degradation reactions. For unknown

12
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samples, therefore, &5 % accuracy limit is seen. For refer- Observe such materials with particular care during testing for
ence materials, however, careful determination of the ratio ophysical effects capable of influencing test results.
the net heat of combustion to the oxygen-fuel stoichiometric
mass ratio makes this source of uncertainty substantially lesd4- Keywords

13.5.2 Some materials appear to perform differently in this 14.1 effective specific heat; effective thermal conductivity;
test method than they would be expected to perform in actuamissivity; heat release rate; ignitability; intermediate scale
practice. In particular, this test method has a distinct bias whepalorimeter; mass loss rate; oxygen consumption method;
testing materials that melt and drip during the fire test methodsmoke release rate; surface temperature

ANNEXES
(Mandatory Information)

Al. DESIGN OF EXHAUST SYSTEM

Al1.1 Design of Hood and Exhaust Duct A1.1.5 Connect an exhaust duct to the plenum chamber. The
Note AL.1—Symbols are explained in A4.5. inner diameter of the ex_haust duct_ls 0.4 to 1.0 m. To facilitate

. . flow measurements, guide vanes, if needed are located at both
A1.1.1 Collect the combustion gases from the burning

specimen by means of a hood. A system is described below thgpds of the exhaust duct, Fig. 5. Alternatively, the rectilinear

has been tested in practice and proven to fulfill the specificagart of the exhaust .dugt must have such a qugth that a fully
tions given in this test method. developed flow profile is established at the point of measure-

Al1.1.2 The following bottom dimensions of the hood haveMent. Connect the exhaust duct to an evacuation system.
been found satisfactory: 3.1 by 2.4 m, with a height of the hood A1.1.6 Design the capacity of the evacuation system so as to
itself of 1.0 m, see Fig. 5. A vertical skirt on the hood will help €xhaust minimally all combustion gases leaving the specimen.
ensure all the fire gases are collected at the least duct flow. THENis requires an exhaust capacity of at least 2.7 Rgabout
hood feeds into a plenum having a 0.9 by 0.9 m cross section&000 m*h™* at standard atmospheric conditions) corresponding
area. The plenum has a height of 0.9 m. The maximunio a driving under pressure of about 2 kPa at the end of the
acceptable plenum height is 1.8 m, depending on buildingluct. Provide a means to control the exhaust flow from about
constraints. A system with different dimensions is acceptable).5 kg s* up to maximum flow as stated above during the test
provided equivalence has been demonstrated. Design amslocess. Ensure that the measurement system has sufficient
manufacture the hood so that no leakage exists. sensitivity for measuring low rates of heat release. Mixing

A1.1.3 In the plenum chamber, it has been found that thg/anes in the duct are an adequate means of solving the problem
incorp_oration_ of two plates approximat_ely 0.5 by 0._9_m in size,if concentration gradients are found to exist.
see F'g'. o s a satlsfacto_ry way 1o increase mixing of the Al1.1.7 An alternative exhaust system design is acceptable if
combustion gases. Alternative gas mixing methods are accep&- is shown to produce equivalent results. Equivalency is
able, if equivalence has been demonstrated. : - C-

emonstrated by meeting the calibration requirements under

Al1.1.4 If a laser is used for smoke measurement, a suitabl ) . .
means of mounting it together with the combustion gas ection 9. Exhaust system designs based on natural convection

sampling probes is shown in Fig. A1.1. are unacceptable.

A2. INSTRUMENTATION IN EXHAUST DUCT

A2.1 Flow Measurement Varaio Longh Support Tuses
A2.1.1 One technique for measuring the flow is a bidirec- 7eemm
tional probe located at the center line of the duct. The probe 470 ;

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
solid diaphragm in the center, dividing it into two chambers.
The pressure difference between the two chambers is measured
by a differential pressure transducer.
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A2.1.2 Use a differential pressure transducer with an accu- \m-m%m 1 W
racy of at least=0.25 Pa and of the capacitance type. A suitable [ oo rﬁ‘fj
range of measurement is 0 to 150 Pa. 5’

A2.1.3 Place one thermocouple within 152 mm of the

bidirectional probe. Use an Inconel sheathed thermocouple, FIG. A2.1 Bidirectional Probe
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Soot Mass Sampling Port

Laser Extinction Beam/ / Bi-Directional Probe

Laser Optics
|

i
g \ Gas Sampling Probe
| Flow Thermocouple

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

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

type K Chromel-Alumel. The wire gage shall be in the range 24A diaphragm pump (coated with polytetrafluoroethylene) is
AWG (0.51 mm diameter) to 30 AWG (0.36 mm diameter). suitable. Alternate pumps shown to have the same effect are
Place the thermocouple wire, within 13 mm of the bead, alon@cceptable, but they have often been shown to need frequent
expected isotherms to minimize conduction errors. Use aneplacement.

insulation between the Chromel and Alumel wires that is stable A2.2.4 Suitable sampling probes are shown in Fig. A2.2,
to at least 1100°C. Ensure that the thermocouple does nétig. A2.3, and Fig. A2.4. These sampling probes are of the bar
disturb the flow pattern around the bidirectional probe. and cross type. Ring type sampling probes are also acceptable,

A2.2 Sampling Line

A2.2.1 Locate the sampling probe in a position where the
exhaust duct flow is uniformly mixed. Construct the probe with
a cylindrical cross section so as to minimize disturbance of the
air flow in the duct. Collect the combustion gas samples across
the entire diameter of the exhaust duct (see Fig. A2.2).

A2.2.2 Remove the particulates contained in the combus-
tion gases with inert filters, to the degree required by the gas R
analysis equipment. Carry out the filtering procedure in more
than one step. Cool the combustion gas mixture to a maximum
of 4°C. The combustion gas samples taken to each analyzer
shall be completely dried.

A2.2.3 Transport the combustion gases by a pump. Use a
pump that does not allow the gases to contact oil, grease, or
similar products, all of which can contaminate the gas mixture.

Small Holes (9) 3/32" (2.4 mm) Diameter

Large Holes (16) 1/8" (3.2 mm) Diameter
M Distance Between Holes = 1" (25.4 mm)
Exhaust Duct
Air Flow
4+
Helas on dewn stream side of flow
FIG. A2.2 Horizontal Gas Sampling Probe FIG. A2.3 Cross Type Sampling Probe
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oxide, hydrogen cyanide, or hydrogen chloride, are to be
12.7 mm OD S8 Tube 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
H each other. It has been found that a system consisting solely of
Smal Holes (center 9) 2.4 mm (36527 Diameter a white light and a photocell, along the exhaust duct, across
rge Holes (outer 16) 3.2 mm {1/87) Diamster
Distance Between Holas = 25.4 m (1°) from each other and at an angle to the vertical, is satisfactory
: ) in some cases.
§ To Fiter and Gas Analyzers A2.4.1.2 Use a lamp of the incandescent filament type,
FIG. A2.4 Cross Type Gas Sampling Probe which operates at a color temperature of 280000 K. Supply
the lamp with stabilized direct current, stable withirD.2 %
(including temperature, short term and long term stability).
although they do not collect gas samples across the fulCenter the resultant light beam on the photocell.
diameter of the duct. Turn the intake of the sampling probe A2.4.1.3 Select the lens system such that the leps
downstream to avoid soot clogging the probe. according to Fig. 7, has a diametdrchosen with regard to the
A2.2.5 Asuitable pump has a capacity of 10 to 50 L min  focal length,f, of L, so thatd/f = 0.04.
kPa (minimum), as gas analysis instrument consumes about 1A2.4.1.4 Place the aperture in the focus of lepsiccording
L min~t. A pressure differential of at least 10 kPa, as generategh Fig. 7.
by the pump, reduces the risk of smoke clogging of the filters. A2.4.1.5 Use a detector with a spectrally distributed re-
A2.2.6 Install a soot filter, capable of removing all particlessponse according to the CIE photopic curve and linear within
>25 pum in size. 5% over an output range of at least 3.5 decades. Check this
A2.2.7 A refrigerated column is the most successful apiinearity over the entire range of the instrument periodically
proach to cool and dry the gases. Provide a drain plug tgith calibrated optical filters.

remove the collected water from time to time. Alternative A2.4.1.6 The system described as follows is an examp|e of

devices are also acceptable. a light measuring system that has been found to be satisfactory:
A2.2.8 If carbon dioxide is to be removed, use carbon(l) lenses—Plano convex: diameter 40 mm, focal length 50
dioxide removal media, as indicated in Flg 6. mm; (2) |amp_OSram Halo Stars, 64410, 6 V, 10 W, or
. . equivalent; 8) photocel—United Detector Technology, PIN
A2.3 Combustion Gas Analysis 10 AP, or equivalent; and4fvoltage supply- Gresham Lion

A2.3.1 Oxygen ConcentratierUse an oxygen analyzer, Ltd, Model G X 012, or equivalent.
meeting the specifications under 6.4.9.2, preferably of the A2.4.1.7 Design a system that is easily purged against soot
paramagnetic type. deposits. The use of holes in the periphery of the two housings
A2.3.2 Carbon Monoxide and Dioxide Concentratien is a means of achieving this objective.

Analyzers found suitable are nondispersive infrared analyzers. A2.4.2 Laser System An acceptable alternate system for
See Guide E 800. measurements of smoke obscuration uses a laser beam. An 0.5
A2.3.3 Other Combustion GasesUse Guide E 800 for to 2.0 mW helium-neon laser beam is projected across the
details of suitable analyzers when the concentrations of othexxhaust duct. Couple the two halves of the device rigidly

combustion gases, such as water, total hydrocarbon, nitrogeéngether (see Fig. 8).

A3. CONSIDERATIONS FOR HEAT RELEASE MEASUREMENTS

A3.1 Measurement of Rate of Heat Release by Oxygen for this constant of 12.1 MJ/kg of DIt is appropriate to use
Consumption this value for practical applications; it is accurate, with very
A3.1.1 Introduction—In 1917, Thorntor{2) showed that for ~ few exceptions, to within= 5 %.
a large number of organic fuels, a more or less constant net A3.1.2 Thornton’s rule indicates that it is sufficient to
amount of heat is released per unit of oxygen consumed fameasure the oxygen consumed in a combustion system in order
complete combustion. Huggd(t8) obtained an average value to determine the net heat released. This is particularly useful
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for full-scale fire test applications. For example, for compart-sequent sections, distinction is made between various combus-
ment fires, the oxygen consumption technique is much moréon gas analyzer combinations.

accurate and easier to implement than methods based on

measuring all the terms in a heat balance of the compartmerft:3-2 Flow Measurements

A3.1.3 Perhaps the first application of the @nsumption ~ A3:2.1 Mainly two techniques are used to measure mass
principle in fire research was by Parka0) using Test Method ~ flow in the exhaust duct of ICAL fire tests.
E 84 tunnel test. Later, Sensenig applied it to an intermediate A3-2.2 The first technique measures mass flow by the
scale room teg7). During the late seventies and early eighties,Pressure drop across, and temperature at, an orifice plate (see
the O, consumption technique was refined at the NationaFd A4.1). If the test is conducted within a narrow range of
Institute for Standards and Technology (NIST, formerly Na-conditions, the orifice plate coefficien€, is approximately
tional Bureau of Standards). A paper by Parkét) gives constant. Determine the value of the orifice plate coefficient
equations to calculate rate of heat release byc@sumption using a gas l_)urner calibration or an altgrnatlve method _that
for various applications. The technique is now used extensivelfrovides equivalent results. However, if flows are varied
in many laboratories all over the world, both in bench-scal uring a test or if temperature changes are considerable, the

12) and full-scale (Proposal P147 a fire test applica-  €ffects onC of the Reynolds number and pressure at the
'Eion)s. (Prop (B) PP downstream side of the orifice plate must be taken into

A3.1.4 The obiective of this section is to provide a com re_account. Information on such corrections and on various design
- Ject . P ) Pre5ptions (for example location of the pressure taps) are found in
hensive set of equations and guidelines to determine the rate

i . . ef (14).
hgat .release in ICAL fire tests based on tr@cﬁ)nsumppon A3.2.3 The other technique is to measure velocity at one
principle. The approach followed here is somewhat dlfferenei)

f Parker(11 th hasis | int diat le fi oint in the duct, usually along the center line. The flow is then
rom Far er(_ ) as the emphasis is on in ermediate-scaié Mre. clated using a predetermined shape of the velocity profile
test applications and the use of volumetric flows is avoided

Vol ic 1l . ificati ¢ din the duct. The latter is obtained by measuring velocity at a
olumetric OWS Tequire Speci ication o te.mperature andsyfiicient number of representative points over the diameter or
pressure. Various investigators have used different combin

. ¢ ref q his lead Fross section of the duct prior to any fire tests. Detailed
tions of reference pressure and temperature. This leads [9,ceqyres to obtain this profile are describe€l®). Usually,

confusion, which is greatly minimized if mass flows are usedqngjtions in intermediate-scale fire tests are such that the flow
A3.1.5 The basic requirement is that all combustion prOd'in the duct is turbulent, resumng in a Shape fad(p(equab
ucts be collected in a hood and removed through an exhaugitio of the average velocity to the velocity along the center-
duct. At a distance downstream of the hood sufficient forjine) close to 1.
adequate mixing, both flow and composition of the combustion A3.2.4 Due to considerable soot production in many fires,
gases are measured. It is assumed here that it is not possiblegigot static tubes cannot be used because of the potential for
measure the air flow into the system, as this is generally thelogging of the holes. In order to deal with this problem, a
case for full-scale fire tests. The differences in treatment anghore robust bidirectional probe was designed by McCaffrey
equations to be used are mainly due to the extent to whicand Heskestagl6). This involves measuring the differential
combustion gas analysis is made. At leastsball be mea- pressure across the probe and the centerline velocity (see Eq
sured. However, heat release rate measurements will be mopet.2), and is valid in the range of Reynolds numbers, Re: 40
accurate by measuring G@nd CO additionally. < Re< 3800. In many intermediate-scale first test applications,
A3.1.6 It must be emphasized that the analysis is approxiduct diameter and flow are such that the Reynolds number is:
mate. The following list describes the main simplifying as-Re > 3800. In this casé (Re) is taken as a constant (1.08),
sumptions made: which greatly simplifies the calculations. This equation (see Eq
A3.1.6.1 The amount of energy released by complete comA4.2) is preferred to Eq A4.1 for intermediate scale measure-
bustion per unit of oxygen consumed is taken Bs=12.1  ments of hea_t release rate. _Furt_her details of this gnd of all
MJ/kg of Q.. other calculations discussed in this annex are found in a paper

A3.1.6.2 All combustion gases are considered to behave 4% Janssenel?). For additional details, see also ISO 9705.

ideal gases, in other words one mole of any gas is assumed f3 3 Rate of Heat Release Measurement if Only Oxygen
occupy a constant volume at the same pressure and tempera- s Measured

ture.

i ) , A3.3.1 In this case all water vapor and ¢@re eliminated
A3.1.6.3 Incoming air consists of OCO ,, H,O, and N.

e ) - . by the use of appropriate filtering media. This leads to the
All “inert” gases, which do not take part in the combustion 5omption that the specimen combustion gas only consists of
reaction, are lumped into the nitrogen. 0, and N.. This is approximately true provided CO production
A3.1.6.4 Q, CO,, and CO are measured on a dry basis, injs negligible, which is usually the case due to the abundant
other words water vapor is removed from the specimen beforgyailability of oxygen. As the composition of the incoming air
combustion gas analysis measurements are made. is unlikely to change during a test, and as the temperatures in
A3.1.7 In the analysis to follow, initial emphasis will be building fires are usually not high enough to generate notice-
placed on the flow measurement. Equations to calculate flowble amounts of nitrogen oxides by nitrogen fixation, the mole
are applicable, unless otherwise indicated, irrespective of thiaction of O, in the air as measured by the analyzer prior to a
configuration of the combustion gas analysis system. In sultest can be written on the basis of @nd N, exclusively. The
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mole fraction of Q in the exhaust combustion gases, asA3.6 Calculation of Heat Released by Igniting Fuel

measured by the oxygen analyzer, can be written likewise. AS A3.6.1 Part of the oxygen depletion in the exhaust duct is
nitrogen is conserved and does not participate in the combugy,e to the combustion of the radiant panel fuel. This part must

conservation. . _determine the net rate of heat release of the specimen.
A3.3.2 In this case the rate of heat released (in kW) is

calculated as a function of the heat released per unit of oxygefi3.7 Conclusions
consumed K, 12.1 MJ/kg of Q), the ratio of the molecular ~ A3.7.1 Depending on the configuration of combustion gas
weight of oxygen (M),, 32.0 kg/kmol) and molecular weight analyzers and the type of flow measurement, one of the
of the incoming air 1,,, generally taken as 28.97 kg/kmol) and following procedures shall be used to calculate rate of heat
the mass flow of the incoming air (in kg/s). The flow measuredelease:
is that of the smoke within the exhaust duct and not that of the A3.7.2 Case 1—Only Qis Measured:
incoming air. In order to find a relation between the two, itis A3.7.2.1 Calculate the mass flow of the exhaust combustion
necessary to define the oxygen depletion factor. The oxygebases,
depletion factor is the fraction of the incoming air which is  A3.7.2.2 Calculate the oxygen depletion factor, and
fully depleted of its oxygen (see Eq A4.4). It has been A3.7.2.3 Calculate the rate of heat release.
demonstrated (see appendix in Test Method E 1354), that the A3.7.3 Case 2—Both Qand CQ, are Measured:
rate of heat release is a function®fM 5,, M,, and the oxygen A3.7.3.1 Calculate the mass flow of the exhaust combustion
depletion factor, plus the factor, plus the expansion factor. gases as in A3.7.2,
A3.3.3 The expansion factor has to be assigned and a A3.7.3.2 Calculate the new oxygen depletion factor, and
recommended value is 1.105, the value for methane. The value A3.7.3.3 Calculate the new rate of heat release.
for propane is 1.084, carbon in dry air is 1.0 and hydrogen is A3.7.4 Case 3—Qand CQ and CO are Measured:
1.21. A3.7.4.1 Calculate the mass flow of the exhaust combustion
A3.3.4 The resulting equation, Eq A4.5, is expected to beyases as in A3.7.2,
accurate to withint5 % provided combustion is complete and  A3.7.4.2 Calculate the new oxygen depletion factor, and
all carbon is converted to COErrors will be larger if CO or A3.7.4.3 Calculate the new rate of heat release.
soot production is considerable or if a significant amount of the A3.7.5 The following numerical values are recommended
combustion products are other than £add H,O. Itis unlikely  for use in the equations:
that these errors will be of concern for the ICAL tests singe O  A3.7.5.1 Energies—E =13.1 MJ/kg of Q, Eco=17.6
is not limited. MJ/kg of Q..
) A3.7.5.2 Molecular Weights-M, = 29 kg/kmol (Cases 1, 2,
A3.4 Rate of Heat Release Measurement if Oxygen and  gnqg 3), Mco =28 kg/kmol, Mo, =44 kg/kmol, Mg, = 29
Carbon Dioxide are being Measured kg/kmol, M =29 kg/kmol (Cases 1, 2, and 3,0 = 18
A3.4.1 This case is similar to that covered in A3.3. It is nowkg/kmol, andM,, = 28 kg/kmol, My, = 32 kg/kmol.
assumed that only water vapor is trapped before the specimenA3.7.5.3 Expansion factor=1.105 (Cases 1, 2, and 3).
reaches the combustion gas analyzers. Again, the equations areA3.7.6 If a CQ, analyzer is used, this eliminates the need
derived on the basis of conservation of. Nhe mole fraction  for removal of CQ from the combustion gas specimen. This is
of CO, in the incoming air is taken to be 440 ppm. A new mainly of practical importance as the scrubbing agent used to
equation is now needed, of course, for the oxygen depletioremove CO, usually requires careful handling and is rather
factor: Eq A4.7. Again the equation for rate of heat release (seexpensive. If a significant amount of CO is produced (for
Eq A4.5) is accurate to withint5 % provided combustion is example at or beyond flashover in ventilation controlled room

complete and all carbon is converted to £O fires), accuracy of the rate of heat release measurement is
_ improved if CO is measured.
A3.5 Rate of Heat Release Measurement if Oxygen, A3.7.7 The presence of a water vapor analyzer simplifies
Carbon Dioxide, and Carbon Monoxide are being the analysis and improves accuracy even more. Unfortunately,
Measured implementation of a water vapor analyzer is not straightfor-

A3.5.1 This case reverts to that covered in A3.4 if COward because sampling lines, filters, etc. must be heated to
production is negligible. Taking CO into account, however,avoid condensation. Thus, the use of a water vapor analyzer
changes the equations. It means that a new oxygen depletigmecludes the need to estimate the expansion factor. However,
factor is required, Eq A4.7, as well as a new rate of heat releader this test method, the use of water analyzers is not
equation altogether, Eq A4.8. recommended.
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A4. MEASUREMENT EQUATIONS

A4.1 Rate of Heat Release A4.2 Total Heat Release Equations
A4.1.1 Flow: A4.2.1 Determine the total heat released during combustion,
A4.1.1.1 Pressure Drop Measurement (Eq A4.1) q, by summation as follows:
D q= g (HAt (A4.9)
fn, = C* [Te] (A4.1) where the summation begins with the first reading after

exposure and continues until the final reading of the test.

A4.1.1.2 Velocity Measurement (Eq A4.2): A43 Smoke Measurement Equations

= 26.54’%* [AT—"] (aa2)  A4.3.1 Optical Density (OD) (Eq A4.10)
° 0D = log[I 1] (A4.10)

The preferred measurement method uses Eq A4.1. If EqQ A4.2

is used, determink.daily, by calibration. A4.3.2 Extinction Coefficient (k) (Eq A4.11)

A4.1.1.3 The function of the Reynolds numbiéRe) has k= (1/Lp)*In[lg] (A4.11)
been described, by McCaffrey and HeskegtHs), as respond-
ing to Eq A4.3: A4.3.2.1 The volumetric flow is calculated as the product of

the mass flow and the density of air, at the corresponding

temperature. Thus, both the volumetric flow and the density of

air must undergo temperature corrections. The volumetric duct

flow V is adjusted because it is measured in the exhaust duct,
A4.1.2 Case +-Only O, concentration measurements arebut required at the temperature near the photodetector, as

used. Calculate the rate of heat release in accordance with Bfjown in (Eq A4.12):

A4.4: . (T

. —S) (A4.12)
Ap (Xo, = Xo) .
TJ X [1.1051.5>< xoj XA =Xpo) _ S _
(A4.4) A4.3.2.2 The density of air is adjusted between the literature

) value, measured at 273.15 K, and the value at the temperature
Set the value of E for the test specimen equal to 2810 iy the exhaust duct, as shown in (Eq A4.13):

3 kJ/kg unless a more exact value is known for the test material. 973,15
273

A4.1.3 Case 2-Only O, and CQ concentration measure- P=poT (A4.13)
ments are used. Calculate the mass flow rate in accordance ‘
with Eq A4.1 or Eq A4.4 and the oxygen depletion factor in
accordance with Eq A4.5:

_ Xoo2 X [1=Xeo] = Xo, X [1— XZ:oZ]
X%, X [1 = Xo, = Xco)

and the rate of heat release in accordance with Eq A4.6:

f(Re) = 1.533— 1.366X 10 2 Re" + 1.688x 10° Re?
—9.705% 10" Re® + 2.555 10 °* Re?
—2.484x 10"V Re® (A4.3)

Qt)=Ex 1.10x C [

A4.3.2.3 Then, the final equation for the volumetric flow is
Eq A4.14:

— Te
~ b 273.15

(A4.5) VA (A4.14)

A4.3.2.4 Rate of smoke release (RSR) is defined by Eq
O = Ex O o XX x X, A4S
1-d@—-1 M. H0 0, 2 _
(A4.6) RSR= [Vgk] (A4.15)
A4.1.4 Case 3—0 , and CQ and CO concentration mea-

surements are used. Calculate the mass flow rate in accordan f6325 Total smoke released (TSR) Is defined by Eq
with Eq A4.1 or Eq A4.2 and the oxygen depletion factor in“"" ="

accordance with Eq A4.7: TSR= f RSR dt (A4.16)
_ xgo2 X [1 = Xco, = Xcol = Xo, X [1— Xaco2]
Xoo2 X [1—=Xq, = Xco, = Xcol

(A4.7)

A4.4 Gas Yield Measurement Calculations

Finally, calculate the rate of heat release in accordance with A4.4.1 Calculate the gas yield$)(using the following

Eq A4.8: equation (Eq A4.17):
B 1- ¢ Xeo in,
Q(t)*[EXd)*(Eco*E)>< > Xx_02:|><—1+¢><(0l.*1) fmassflowofgagit
L o O f, = S (A4.17)
X Mc: % (1 _ XHZO) % on (A48) mass I0Ss of specimen
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A4.4.2 The numerator is Eq A4.17 is calculated by sum-x A
ming the product of the fraction of combustion gas by the total
mass flow, measured at each scan, multiplying it by the totalX o
time period involved and dividing by the number of scans, as

shown in Eq A4.18: Eco
. My

(2 (X gy Ati))*0.001*m Mgy
b= mass loss of specimen (A4.18) ma

0,
A4.4.3 In this equation,¥, the concentration of gas, is m,

expressed in kg/kan,, the mass flow, calculated by Eq A4.1 or

Eq A4.2, is expressed in kg/¥) , is the molecular weight of ™M,

gas species, Dtis the scan period, and mass loss of specimen
is the mass lost over the period over which the gas yield is
calculated, and is expressed in g, with 0.001 a conversioro
factor, to account for the unit changes.

A4.4.4 Report gas concentrations on a dry gas basis, unless
water concentrations are being measured. |

A4.5 Symbols
A4.5.1 Symbols: oD
k
. . Lp
me = Mass flow in exhaust duct (kg/sz).
C = Orifice plate coefficient (k> mY/2 K*/?). T
AP = Pressure drop across the orifice plate or bi- \'/eS
directional probe (in Pa).
Te = Combustion gas temperature at the orifice plate VA
(K).
A = Cross sectional area of ductdm
[ = Velocity profile shape factor (nondimensional). o
f(Re) = Reynolds number correction. P °
q = Total heat released (MJ).
Q(t) = Heat release rate, as a function of time (in kW). pgr
E = Net heat released for complete combustion, per Tgr
unit of oxygen consumed (13.1 MJ/kg,0 b
At = Sampling time interval(s). f
t = Time(s). [)2(]
a = Combustion expansion factor (nondimensional; p
) normally a value of 1.105.) M:, o
Xo, = Measured mole fraction of @in incoming air My,
(nondimensional). co
Xo, = Measured mole fraction of On exhaust flow M002
(nondimensional).
XHZO° = Measured mole fraction of 4© in incoming air m
(nondimensional). m
X co, = Measured mole fraction of CQin exhaustflow ~ m
(nondimensional). Ah ¢ o

= Measured mole fraction of CO in incoming air
(nondimensional).

= Measured mole fraction of CO in exhaust flow

(nondimensional).

Net heat released for incomplete combustion,

per unit of CO consumed.

Molecular weight of dry air (29 kg/kmol).

Molecular weight of incoming air (kg/kmol).

Molecular weight of oxygen (32 kg/kmol).

C (Ap/T )Y mass flow, by measurement of

pressure drop, in kg/s, according to Eq A4.1).

(26.54x A X kJ(f(Re) X (a/T)**(mass flow,

by measurement of velocity drop, in kg/s,

according to Eq A4.2).

= Light intensity for a beam of parallel light rays,

measured in a smoke free environment, with a

detector having the same spectral sensitivity as

the human eye and reaching the photodetector.

Light intensity for a parallel light beam having

traversed a certain length of smoky environ-

ment and reaching photodetector.

Optical density (nondimensional).

Extinction coefficient (1/m).

Light path length of beam through smoky

environment (m).

Duct temperature (near photodetector) (K).

Volumetric flow in exhaust duct (at measuring

location of mass flow) (n/s).

Volumetric flow at location of smoke meter

(value adjusted for smoke measurement calcu-

lations) (n¥/s).

Density of air at 273.15 K: 1.293 (kg/R).

Density of air at the temperature in exhaust duct

(kg/m?).

Rate of smoke release fra).

Total smoke release @

Oxygen depletion factor (nondimensional).

Yield of gasx (kg/kg).

Concentration of gax (kg/kg).

Molecular weight of exhaust gases (kg/kmol).

Molecular weight of water (kg/kmol).

Molecular weight of nitrogen (kg/kmol).

Molecular weight of carbon dioxide (kg/kmol).

Molecular weight of carbon monoxide (kg/

kmol).

Specimen mass (kg).

Final specimen mass (kg).

Initial specimen mass (kg).

Effective heat of combustion (kJ/kg).

A5. MASS LOSS RATE AND EFFECTIVE HEAT OF COMBUSTION CALCULATIONS

A5.1 Mass Loss Rate and Effective Heat of Combustion

A5.1.1 Compute the required mass loss ratdpidt at
each time interval using five-point numerical differentiation.
The equations to be used are as follows:
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A5.1.2 For the first scan (= 0):

_ 25my — 48m; + 36m, — 16m; + 3m,
N 12At
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A5.1.3 For the second scan € 1): _[d_m] _ —25m, +48m,_; — 36m,_, + 16m, ; — 3m,_,
dt |, _ .~ 12At
dm _10my — 3m;, — 18m, + 6my —my i=n
_[Wl T ToAT (A5.2) (A5.5)

A5.1.7 Determine the average effective heat of combustion
A5.1.4 For any scan for which li<c n— 1 (wheren =total  as follows:
number of scans):

_[dm] _ "Moo+ 8m; — 8miyy My,

2 (DAt

m — Mg
With the summation taken over the entire test length. The

time-varying value is also determined as follows:

q(t)
—(dnvdt)

Ahg e = (A5.6)

ot oA (A5.3)

A5.1.5 For the next to last scan € n - 1):

_[dm] _ —10m, —3m,_; +18m,_, —6m,_z+ m, 4 Ah (1) = (A5.7)
i=n-1

dt 12At
(A5.4)

A5.1.6 For the last scan (= n):

A6. Procedure for Calculating Analyzer Time Delay

A6.1 This procedure determines the time delay correctiorflowing), rapidly ignite the gas burner or insert the lit burner,
for oxygen (and for other gases) used in heat release ratecord data for 3 min, rapidly extinguish or remove the burner.
calculations. An instantaneous change in heat release rate isA6 5 Plot duct temperature and oxvaen concentration on
introduced by inserting or igniting a burner underneath the[h : h with pfﬁ ient det 'Ity% ble to int lat
measuring hood and measuring the time required by the g ge same graph, with suticient detai to be able 1o in erpooae
analyzer to respond to the change. Use a sufficient amount jme to the nearest second, temperature to the nearest 5°C and

. X .
gas (methane or propane) to cause an oxygen depletion of gxvgen to the nearest 0.01%. Do the same for carbon oxides, if
least 1% required, to within 1 % of full scale for each gas.

) ) o A6.6 Determine the analyzer time delay as shown in A6.1
A6.2 The preferred technique is to have a burner 'gn'teC{hrough AG.A.

outside the hood and insert it rapidly, ensurintsep chande
in heat release rate. If this is impractical, ignite the burner
under the hood, after having purged it of air so that ignition an
the required fuel flow are achieved instantaneously.

A6.6.1 Determine the time at which the duct temperature
hows a deflection from the baseline (or previous level), to
within 1 s.

A6.6.2 Determine the time at which the gas concentration
A6.3 Record, at intervals of 3 s: duct temperature (with réaches 50 % of its ultimate change over the 3 min period, to
the thermocouple closest to the collection hood), duct oxygeM/ithin 1 s. . _

concentration, average duct volume or mass flow rate and (if A6-6.3 Record the time difference between the values de-
they are to be used during tests) duct carbon monoxide arf§'mined in A6.1 and in A6.2 as the analyzer delay time.
carbon dioxide concentrations. A6.6.4 Calculate the analyzer delay time six times (three

involving change from “off” to “on” and three involving
A6.4 Perform the following sequence a minimum of threechange from “on” to “off”) and average them to assess the time
times: record baseline data for 3 min (without burning gasdelay.

A7. SAMPLE TEMPERATURE MEASUREMENTS

A7.1 Sample temperature measurements are optional. Hvoid incorrect thermocouple measurements due to phenomena
such temperatures are measured, measurements shall complich as crack formation, material recession and melting.

with A7.2-A7.4. A7.3 Other temperatures shall be recorded as needed to

A7 2 The locations of thermocoubles for measurement O]gain specific information, such as to obtain temperature infor-
) P ation at various depths and locations of the specimen.

the sample temperature of homogenous materials shall be at tma
geometric center of the specimen on the exposed and unex-A7.4 For non-homogenous specimens including sandwich
posed surfaces. The exposed surface thermocouple measupanels and assemblies, temperatures shall be permitted to be
ment shall be replaced with an optical infrared pyrometerecorded on interfaces between layers of materials, or between
measurement if the pyrometer specified in 6.4.2 is available, tmaterials and air pockets, or at any other locations of interest.
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APPENDIX
(Nonmandatory Information)

X1. COMMENTARY

X1.1 Introduction fore, irradiance from the radiant panel may also change. In
X1.1.1 Rate of heat release is the most important fireorder to maintain a constant irradiance, the flow of gas to the

quantity associated with a burning object, room, or building. Itradiant panel must be adjusted to compensate for the reradia-
describes the size of the fire at any time during a specific firéion from the sample.
scenario. X1.2.2 Experience in operating the radiant panel in a
X1.1.2 Bench scale test methods like the Cone Calorimetetelatively small laboratory shows that high heat flow from the
(see Test Method E 1354) and the Ohio State University Rateadiant panel may increase the temperature of the room and gas
of Heat Release Apparatus (see Test Method E 906) have begiumbing while the radiant panel is operating. This increase in
used for testing materials and to some extent sandwich panefise plumbing temperature will cause the gas temperature and
and composites. The resulting rate of heat release (RHR) dafw to increase also. Therefore, the heat produced by the
have mainly been used in computer fire models. Classificationgdiant panel will also change. Such changes may influence the
of building materials and products have also been proposed a@sults of the tests of longer duration.
the basis of heat release data from the Cone Calorimeter alone
or in combination with a large scale fire test. X1.3 Ignition Source for the ICAL
X1.1.3 However, some materials and especially assemblies ) o ) .
can not be successfully tested on a bench-scale apparatus for<1-3-1 Different ignition sources were examined for use in
several reasons. One of the most important limitations is thé® ICAL. The desired ignition system should ignite the
composition of assemblies. The very small samples used in tH@ecimen surface instantaneously as it reaches the ignition
bench scale apparatus cannot adequately represent an asségRaperature. A line pilot burner was positioned near the top of
bly. Also, other features, like joints of assembly panels, sheetthe specimen as a first attempt. Ignition by this mode did not
of noncombustible protective materials, cracking, materiaprovide for uniform ignition over the whole surface especially
collapse, melting and spilling of thermoplastic materials,at irradiances greater than 30 kWinRather, the flaming
cannot be represented in a bench-scale sample. Neither cignition was isolated to the burning of the pyrolysis gases
these features be mathematically modeled. above the specimen and did not spread downward over the
X1.1.4 Large-scale tests like a standard room fire test haveurface.

been successfully used for heat release measurements 0fx1.3.2 When the pilot line burner was positioned near the

assemblies. Attempts to measure heat release from fire endottom of the specimen, they caused localized heating and
ance furnaces have not been successful. These tests gji@mature ignition. The rest of the specimen had not reached
expensive and time consuming. The new ICAL test methodhe ignition temperature that resulted in upward flame spread.
discussed in this test method overcomes most of the probIemle_3_3 Spark igniters are used extensively when gas phase

identified with large and bench scale testing. PR ) . .
X1.1.5 The ICAL was developed between 1989 and 1993 a?nmon is desired. This approach was not suitable for the ICAL

. : . ..since the width of the sample was quite large and would have
Weyerhaeuser Fire Technology Laboratory in cooperation with__~~
required many spark sources near the bottom edge. Even more

the American Forest and Paper Association (formerly National park igniters would be required at the top of the specimen for

Forest Products Association). In the years following, Severaiertain assemblies that generate pyrolysis gases near the top of
laboratories have built, or are building, test equipment to 9 Pyrolysis g P

conduct this test. the specimen only.
X1.3.4 Hot wire igniters at the top and bottom of the
X1.2 Factors Affecting Radiant Panel Assembly specimen were determined to be the best solution to the
Performance problems mentioned above. The hot wires have performed well
X1.2.1 Because the surface temperature of the specimen all the tests conducted to date on several different materials
may change during a test, the surface temperature and, thet@d assembilies.
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