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[lIM) Designation: E 1995 _ 98 An American National Standard
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INTERNATIONAL
Standard Test Method for
Measurement of Smoke Obscuration Using a Conical
Radiant Source in a Single Closed Chamber, With the Test
Specimen Oriented Horizontally *
This standard is issued under the fixed designation E 1995; 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 shall be employed in conducting these tests. This test method
1.1 This is a fire-test-response standard. may involve hazardous materials, operations, and equipment.

1.2 This test method provides a means of measuring smoke€€ also 6.2.1.2, Section 7, and 11.7.2.
obscuration resulting from subjecting essentially flat materials, 1.10 This standard does not purport to address all of the
products, or assemblies (including surface finishes), not exé@fety concerns, if any, associated with its use. It is the
ceeding 25 mm (1 in.) in thickness, in a horizontal orientationeSPonsibility of the user of this standard to establish appro-
exposed to specified levels of thermal irradiance, from #riate safety and health practices and determine the applica-
conical heater, in the presence of a pilot flame, in a singldility of regulatory limitations prior to use.
;g)rizd chamber. Optional testing modes exclude the pl|0§_ Referenced Documents

1.3 The principal fire-test-response characteristic obtained 2-1 ASTM Standards: ,
from this test method is the specific optical density of smoke D 2843 Test Method for Density of Smoke from the Burn-

from the specimens tested, which is obtained as a function of _iNg Or Decomposition of Plastiés L
time, for a period of 10 min, D 4100 Test Method for Gravimetric Determination of

1.4 An optional fire-test-response characteristic measurable _SMoke Particulates from Combustion of Plastic Matetials
with this test method is the mass optical density (see Annex D 5424 Test Method for Smoke Obscuration of Insulating
A1), which is the specific optical density of smoke divided by ~ Materials Contained in Electrical or Optical Fiber Cables
the mass lost by the specimens during the test. When Burning in a Vertical Cable T_ray Conflguraﬁo_n

1.5 The fire-test-response characteristics obtained from this E 84 Test Method for Surface Burning Characteristics of
test are specific to the specimen tested, in the form and _Building Materials
thickness tested, and are not an inherent property of the E 176 Terminology of Fire Standartis ,
material, product, or assembly. E 380 Practice fOI’. Use of the International System of Units

1.6 This test method does not provide information on the (S (the Modemized Metric Systefn)
fire performance of the test specimens under fire conditions E 603 Guide for Room Fire Experimefits
other than those conditions specified in this test method. For E 662 Test Method for Specific Optical Density of Smoke
limitations of this test method, see 5.5. Generated by Solid Materidls .

1.7 Use the SI system of units in referee decisions; see E 906 Test Method for Heat and Visible Smoke Release

Practice E 380. The inch-pound units given in parentheses are _Rates for Materials and Produtts
for information only. E 1354 Test Method for Heat and Visible Smoke Release

1.8 This test method is used to measure and describe the Rates for Materials and Products Using an Oxygen Con-

response of materials, products, or assemblies to heat and _Sumption Calorimetér .
flame under controlled conditions, but does not by itself E 1474 TestMethod for Determining the Heat Release Rate

incorporate all factors required for fire hazard or fire risk of Upholstered Furniture and Mattress Components or
assessment of the materials, products, or assemblies under COmMposites Using a Bench Scale Oxygen Consumption
actual fire conditions. Calorimetef

1.9 Fire testing of products and materials is inherently E 1537 TestMethod for Fire Testing of Upholstered Furni-
hazardous, and adequate safeguards for personnel and property Uré Item$

This test mgthod is under the Jgr!gdlctlon of ASTM Committee E-5 on Fire 2 Annual Book of ASTM Standardéol 08.02.
Standards and is the direct responsibility of Subcommittee E05.21 on Smoke and 2 Annual Book of ASTM Standardéol 10.02

Combustion Products. 4
L ) Al | Book of ASTM Standardéol 4.07.
Current edition approved Dec. 10, 1998. Published March 1999. 5A2:EZI ngk gf ASTM Stzzdzgdml 14.02

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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E 1590 Test Method for Fire Testing of Mattresses 3.2.13 time to ignition n—time between the start of the test
2.2 1SO Standards: and the presence of a flame on the specimen surface for a
ISO Guide 52—Glossary of Fire Terms and Definitions period of at least 4s.
ISO 3261 Fire Tests—Vocabul&ry
ISO 5659-2 Determination of Specific Optical Density by a4 Summary of Test Method
Single-Chamber Te%t 4.1 This test method assesses the reduction of light by
ISO 5725 Precision of Test Methods—Determination ofsmoke obscuration from a burning sample. The test method
Repeatability and Reproducibility for Standard Testemploys a conically-shaped, electrically-heated, radiant-energy

Method by Interlaboratory Tests source to produce irradiance levels of 25 and 50 kfy/m
2.3 British Standards: averaged over the center of the exposed surface of an essen-
BS 6809 Method of Calibration of Radiometers for Use intially flat specimen, and mounted horizontally inside a closed

Fire Testing chamber. The equipment is suitable for testing at irradiance

levels of up to 50 kW/rA
3. Terminology 4.2 The specimen is 75 by 75 mm (3 by 3 in.), at a thickness

3.1 Definitions—For definitions of terms used in this test N0t exceeding 25 mm (1 in.) and is mounted horizontally

method, refer to Terminology E 176 and 1SO 3261. In case ofVithin & holder. _ _ _
conflict, the definitions given in Terminology E 176 shall 4-3 The exposure is conducted in the presence or in the

prevail. absence of a pilot flame (see details in 6.3.6). If a pilot flame
3.2 Definitions of Terms Specific to This Standard: is used for ignition, the test is deemed to be in the “flaming”
3.2.1 assemblyn—a unit or structure composed of a com- Mode; if a pilot flame is not used, the test is deemed to be in the
bination of materials or products, or both. “nonflaming” mode.

3.2.2 composite n—a combination of materials, which 4.4 The test specimens are exposed to flaming or nonflam-
generally are recognized as distinct entities, for example coatd@9 conditions within a closed chamber. A photometric system

or laminated materials. with a vertical light path is used to measure the varying light
3.2.3 continuous (as related to data acquisitiprddi— transmission as smoke accumulates. The light transmittance

conducted at data collection intervals of 5s or less. measurements are used to calculate the specific optical density
3.2.4 essentially flat surfacen—surface where the irregu- ©f the smoke generated during the test. N

larity from a plane does not exceed 1 mm. 4.5 The specimens are exp(_)_sed to two conditions, out of the
3.2.5 exposed surfagen—that surface of the specimen four standard exposure conditions, to be ch(_)sen by the t_est

subjected to the incident heat. requester. Thg fou_r standard exposure co.nd|t|ons are: flaming
3.2.6 flaming moden—the mode of testing that uses a pilot Mode at an irradiance of 25 _kW?mfIammg mode at an

flame. irradiance of 50 kW/rf; nonflaming mode at an irradiance of
3.2.7 ignition, n—the initiation of combustion. 25 kW/n?; and, nonflaming mode at an irradiance of 50

3.2.7.1 Discussion—The combustion may be evidenced by kW/r_nz. Unless specified other_vyise, conduct testing in the two
glow, flame, detonation, or explosion. The combustion may bdaming mode exposure conditions (see 8.3, X1.3 and X1.4).
sustained or transient. Exposures to other irradiances also are possible.

3.2.8 mass optical densifyn—the ratio of the optical 4.6 Ma.ss' optica}l density is an optional fire—test—.response
density of smoke and the mass loss of the test Specimeﬁharactt_arlstlc ot_)talnable from_thls test method, by using aloqd
multiplied by the volume of the test chamber and divided bycell, which continuously monitors the mass of the test speci-
the length of the light path. men (see Annex Al).

' 3.2.8.1 DiscussiOI_q—The mass pptjcal dengity as determineds_ Significance and Use
in this test method is not an intrinsic material property; it is a
function of the test procedure and conditions used.

3.2.9 Nonflaming moden—the mode of testing that does
not use a pilot flame.

3.2.10 sample n—an amount of the material, product, or

assembly, to be tested, which is representative of the item as . )
fundamental properties of the material, product, or assembly

5.1 This test method provides a means for determining the
specific optical density of the smoke generated by specimens of
materials, products, or assemblies under the specified exposure
conditions. Values determined by this test are specific to the
sgecimen in the form and thickness tested and are not inherent

whole.
3.2.11 smoke obscuratiom—the reduction in visibility due  ©€Sted. .
to smoke (ISO Guide 52). 5.2 This test method uses a photometric scale to measure

t smoke obscuration, which is similar to the optical density scale
" for human vision. The test method does not measure physi-
ological aspects associated with vision.

5.3 At the present time no basis exists for predicting the
_— smoke obscuration to be generated by the specimens upon
CH LS et 20 Swn. o o e et S et e 0 neatof flame nder any ire condilons other thar
11 West 42nd, Street. New York, NY, 10046, those specified. Moreover, as _thh many smoke obscuration

7 Available from British Standards Institution, P.O. Box 4033, Linford Wood, (€St methods, the correlation with measurements by other test
Milton Keynes, MK14 6LE, United Kingdom. methods has not been established.

3.2.12 specimenn—the actual section of material, produc
or assembly, to be placed in the test apparatus.
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5.4 The current smoke density chamber test, Test Methotkst conditions are substituted or the end-use conditions are
E 662, is used by specifiers of floor coverings and in the raichanged, it is not necessarily possible by or from this test
transportation industries. The measurement of smoke obscurarethod to predict changes in the fire-test-response character-
tion is important to the researcher and the product developmeidtics measured; therefore, the results are valid only for the fire
scientist. This test method, which incorporates improvementgest exposure conditions described in this procedure.
over Test Method E 662, also will increase the usefulness of 5.5.8 This test method solves some limitations associated
smoke obscuration measurements to the specifier and twith other closed chamber test methods, such as Test Method
product manufacturers. E 662[2-5] (see 5.4.1). The test method retains some limita-

5.4.1 The following are improvements offered by this testtions related to closed chamber tests, as detailed in 5.5.8.1-
method over Test Method E 662: the horizontal specimerb.5.8.5.
orientation solves the problem of melting and flaming drips 5.5.8.1 Information relating the specific optical density
from vertically oriented specimens; the conical heat sourc®btained by this test method to the mass lost by the specimen
provides a more uniform heat input; the heat input can beluring the test is possible only by using the (optional) load cell,
varied over a range of up to 50 kW#rather than having a to determine the mass optical density (see Annex Al).
fixed value of 25 kW/rf; and, the (optional) load cell permits  5.5.8.2 All specimens consume oxygen when combusted.
calculations to be made of mass optical density, which associFhe smoke generation of some specimens (especially those
ates the smoke obscuration fire-test-response characteristiodergoing rapid combustion and those which are heavy and
measured with the mass loss. multilayered) is influenced by the oxygen concentration in the

5.5 Limitations: chamber. Thus, if the atmosphere inside the chamber becomes

5.5.1 The following behavior during a test renders that tesbxygen-deficient before the end of the experiment, combustion
invalid: a specimen being displaced from the zone of controlleanay ceases for some specimens; therefore, it is possible that
irradiance so as to touch the pilot burner or the pilot flamethose layers furthest away from the radiant source will not
extinction of the pilot flame (even for a short period of time) in undergo combustion.
the flaming mode; molten material overflowing the specimen 5.5.8.3 The presence of walls causes losses through depo-
holder; or, self-ignition in the nonflaming mode. sition of combustion particulates.

5.5.2 As is usual in small-scale test methods, results ob- 5.5.8.4 Soot and other solid or liquid combustion products
tained from this test method have proven to be affected bgettle on the optical surfaces during a test, resulting in
variations in specimen geometry, surface orientation, thicknegsotentially higher smoke density measurements than those due
(either overall or individual layer), mass, and composition. to the smoke in suspension.

5.5.3 The results of the test apply only to the thickness of 5.5.8.5 This test method does not carry out dynamic mea-
the specimen as tested. No simple mathematical formula exissirements as smoke simply continues filling a closed chamber;
to calculate the specific optical density of a specimen at gherefore, the smoke obscuration values obtained do not
specimen thickness different from the thickness at which it wasepresent conditions of open fires.
tested. The literature contains some information on a relation- . )
ship between optical density and specimen thickrf#k8 6. Apparatus and Ancillary Equipment

5.5.4 Results obtained from this test method are affected by 6.1 General—The apparatus (Fig. 1) consists of an air-tight
variations in the position of the specimen and radiometetest chamber with provision for containing a sample holder,
relative to the radiant heat source, since the relative positioningadiation cone, pilot burner, a light transmission and measuring
affects the radiant heat flux (see also Appendix X2). system and other ancillary facilities for controlling the condi-

5.5.5 The test results have proven sensitive to excessivigons of operation during a test.
accumulations of residue in the chamber, which serve as 6.2 Test Chamber
additional insulators, tending to reduce normally expected 6.2.1 Construction
condensation of the aerosol, thereby raising the measured6.2.1.1 Fabricate the test chamber (Figs. 1 and 2) from
specific optical density (see 5.5.8.3 and 11.1.2). laminated panels, the inner surfaces of which shall consist of

5.5.6 The measurements obtained have also proven sensither a porcelain-enamelled metal, not more than@ 1 mm
tive to differences in conditioning (see Section 10). Many(0.04 = 0.004 in.) thick, or an equivalent coated metal, which
materials, products, or assemblies, such as some carpetirig, resistant to chemical attack and corrosion and capable of
wood, plastics, or textiles, require long periods to attaineasy cleaning. The internal dimensions of the chamber shall be
equilibrium (constant weight) even in a forced-draft condition-914 = 3 mm long, 914+ 3 mm high and 610 3 mm deep
ing chamber. This sensitivity reflects the inherent natura(36 = 0.1 in. by 36% 0.1 in. by 24=* 0.1 in.) (Fig. 2, where
variability of the sample and is not specific to the test methodthe numbers are dimensions, in mm). Provide the chamber with

5.5.7 In this procedure, the specimens are subjected to orehinged front-mounted door with an observation window and
or more specific sets of laboratory test conditions. If differenta removable opaque door cover to the window to prevent light

entering the chamber.
6.2.1.2 Fit the chamber with a safety blow-out panel,

N . consisting of a sheet of aluminum foil of thickness not greater
& Some of these limitations are common to many small scale fire-test-response

methods.
° The boldface numbers in parentheses refer to the list of references attheendof————————
this standard. 9 A list of suppliers for such equipment is available from ASTM Headquarters.
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faces flush with the outside of the cabinet lining. Provide the
underside of the window on the floor with an electric heater of
9 = 1 W capacity, in the form of a ring, which shall be capable
of maintaining the upper surface of the window at a tempera-
ture just sufficient to minimize smoke condensation on that
face?. Mount the heater around the window edge so as not to
interrupt the light path (Fig. 2).

6.2.1.4 Mount optical platforms, 8 0.1 mm (0.31 0.004
in.) thick, around the windows on the outside of the chamber
and hold them rigidly in position relative to each other by three
metal rods, with a diameter of at least 12.5 mm (0.5 in.),
extending through the chamber and fastened securely to the
platforms.

6.2.1.5 Provide other openings in the cabinet for services, as
specified. They shall be capable of being closed so as to
develop a positive pressure of up to 1.5-kPa (150-mm water
gage) above atmospheric pressure inside the chamber (see
6.2.2) and maintained when checked in accordance with 6.6
and 9.6. All components of the chamber shall be capable of
withstanding a greater internal positive pressure than the safety
blow-out panel.

6.2.1.6 Provide an inlet vent with shutter in the front of the
chamber at the top and away from the radiator cone. Also,
provide an exhaust vent with shutter in the bottom of the

Note 1—All dimensions given in this figure are in mm unless stated Chamber to lead, via flexible pipe with a diameter of 50 to 100

otherwise.

FIG. 1 Typical Arrangement of Test Chamber
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Note 1—All dimensions in this figure are given in mm unless stated

otherwise.

FIG. 2 Plan View of Typical Test Chamber

mm (2 to 4 in.), to an extraction fan capable of creating a
negative pressure of at least 0.5-kPa (50-mm water gage).

6.2.2 Chamber Pressure Control FacilitiesProvision shall
be made for controlling the pressure inside the test chamber. A
water manometer, with a range of up to 1.5-kPa (150-mm
water gage) shall be provided for connection to a pressure
regulator and to a tube in the top of the chamiFer.

6.2.3 Chamber TemperatureA thermocouple junction,
made from wires of diameter not greater than 1 mm (0.04 in.),
shall be mounted on the inside of the back wall of the chamber,
at the geometric center, by means of an insulating disc, such as
polystyrene foam, with a thickness of 6:50.2 mm (0.25 in.)
and a diameter of not more than 20 mm (0.8 in.) attached with
a suitable cement. The thermocouple junction shall be con-
nected to a recorder, meter, or data acquisition unit, and the
system shall be suitable for measuring temperatures in the
range of 35 to 60 °C (64 to 140 °F) (see 11.1.4).

6.3 Sample Support and Heating Arrangements

6.3.1 Radiator Cone

6.3.1.1 The radiator cone (Fig. 4) shall consist of a heating
element, of nominal rating 450 W, contained within a stainless
steel tube, 2216 5 mm (87= 0.2 in.) in length and 6.5 0.2
mm (0.25+ 0.008 in.) in diameter, coiled into the shape of a
truncated cone and fitted into a shade. The shade shall have an

than 0.04 mm (1.6< 102 in.) and having a minimum area of overall height of 43 0.04 mm (1.8+ 0.02 in.), an internal
80 600 mnf (125 in?), fastened in such a way as to provide andiameter of 55+ 1 mm (2.2+ 0.04 in.) and an internal base
airtight seal. Figs. 1 and 2 show the blow-out panel location. diameter of 110+ 3 mm (4.3+ 0.1 in.). It shall consist of two

6.2.1.3 Mount two optical windows, each with a diameter of
75+ 1 mm (3= 0.04 in.), one each in the top and bottom of
the cabinet, at the position shown in Fig. 2, with their interior

12 A window temperature of at least 50-55°C (122-131°F) has been found
suitable and normally is achieved with a 9W heater.

13 A suitable pressure regulator consists of an open water-filled bottle and a
length of flexible tubing (Fig. 3), inserted 100 mm (4 in.) below the water surface;

1 Stainless steel wire mesh for fastening the aluminum foil, offers adequatehe other end of the tubing is connected to the manometer and the chamber. The

protection for the blow-out panel.

regulator shall be vented to the exhaust system.
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Note 1—All dimensions in this figure are given in mm unless stated otherwise.
FIG. 3 Typical Chamber Pressure Relief Manometer

layers of 1+ 0.1-mm (0.04= 0.004-in.) thick stainless steel alternate wiring methods shown to give equivalent results also
with a 10= 0.5-mm (0.4% 0.02-in.) thickness of ceramic fibre are acceptable (see also Appendix ¥2)
insulation of nominal density 100 kgfn(6.2 Ib/ft), sand- 6.3.1.4 The temperature at the heater is to be controlled and
wiched between them. Clamp the heating element by tW%haII be held steady ta- 2 °C (+ 4 °F). The temperature
plates at the top and bottom of the element (see also Appendppntroller for the radiator cone shall be of the proportional,
X1). . ~integral and derivative Type 3-term controller with thyristor
. 6.3.1.2 The radiator cone shall be capable of providingtack fast-cycle or phase angle control of not less than 10 A
iradiance in the range 10 to 50 kWimat the center of the max rating. Capacity for adjustment of integral time between
surface of the specimen. The irradiance shall also be detefpg and 50s and differential time between 25s and 30s shall be
mined at a position of 25 2 mm (1+ 0.08 in.) to each side gyided to permit reasonable matching with the response
of the specimen center, and the irradiance at these tWenharacteristics of the heater. A temperature input range of 0 to
positions shall be not less than 85 %, and not more than 115 % g °c (32 to 1832 °F) is suitable: an irradiance of 50 k/m
of the irradiance at the center of the specimen. will be given by a heater temperature in the 700 to 750 °C
6.3.1.3 The irradiance of the radiator cone shall be CONr1292 to 1382 °F) temperature range. Automatic cold junction
trolled by reference to the averaged reading of two type Kyompensation of the thermocouple shall be provided. The
thermocouples. The thermocouples shall be £.600.2 mm  yeqcerined design has been shown to be satisfactory: alternate
(0.055 to 0.071 in.) outside diameter, sheathed with an unexye,jces shown to give equivalent results are also acceptable.
posed hot junction, mounted diametrically opposite, in contact 632 F K for S ¢ of the Radiator C Speci-
with, but not welded to, the heating element, and positioned at ~"~" ramework for support ot the Radiator ©-one, Speci
one third of the distance from the top surface of the cone. It had'e" Holder, and Heat-Flux Meter
been found that thermocouples of equal length and wired in
parallel to the temperature controller perform adequately;

14 Sheathed chromel/alumel type K thermocouples have been found suitable for
this purpose.

>While phase angle control is allowed for the temperature controller of the
radiator cone, it must be noted that this usually will require electrical filtering to
avoid the risk of inducing noise in low signal level lines.
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Note 1—All dimensions in this figure are given in mm unless stated otherwise.
FIG. 4 Cross-sectional View Through the Radiator Cone Heater

Thermocouple

6.3.2.1 The radiator cone shall be secured from the vertica
rods of the support framework and located so that the lower ri

of the radiator cone shade is 251 mm (1 0.04 in.) above
the upper surface of the specimen, when oriented in th
horizontal position. Details of the radiator cone and support

are shown in Figs. 5 and 6. The base of the specimen holddir 5"""|"“" *‘°“‘°""""LI—I‘I‘|

contains a height adjustment device to ensure a consistefjt
distance between radiator cone and specimen surface.
6.3.3 Radiation Shield-The cone heater shall be provided

=]

\ /Rodiolor cone

17

Radiator shield

365 mm

390 mm

L]

Heat fluxmeter
holder

with a removable radiation shield to protect the specimen from 1
the irradiance prior to the start of the test. The radiation shield

|__— Spark ignition
housing

L. .

Heat flux meter
and mount

Thermocouple mount T
and shield

Note 1—The dimensions in this figure are given in mm unless stated
otherwise.
FIG. 6 Typical Arrangement of Radiator Cone, Specimen Holder
and Radiator Shield (Side View)

shall be made of noncombustible material with a total thickness
not to exceed 12 mm. The radiation shield shall comply with
either 6.3.3.1 or 6.3.3.2 and shall be kept in place for a
maximum period of 108°

6.3.3.1 A water-cooled radiation shield coated with a du-
rable matte black finish of surface emissivéy 0.95+ 0.05;
or,

Note 1—All dimensions in this figure are given in mm unless stated
otherwise.
FIG. 5 Typical Framework for Support of Radiator Cone,
Specimen and Flux Meter

161t is possible that the use of a radiation shield for periods longer than 10s will
affect radiator heat control and, consequently, the heat-flux level applied to the
specimen.
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6.3.3.2 A radiation shield with a reflective top surface in 6.3.5.2 A retainer frame and wire grid shall be used for all
order to minimize radiation transfer but not water-cooled.  tests. The wire grid shall be 75 1-mm (3+ 0.04-in.) square
6.3.3.3 The radiation shield shall be equipped with a handlavith 20 = 0.5 mm (0.8%= 0.02 in.) square holes constructed
or other suitable means for quick insertion and removal. Thérom 2 = 0.2 mm (0.08+ 0.008 in.) stainless steel rod, welded
cone heater base plate shall be equipped with the means fat all intersections?
holding the radiation shield in position and allowing its easy 6.3.6 Pilot Burner.
and quick removat’ 6.3.6.1 The flame from the single-flame burner, Fig. 8, shall
6.3.4 Heat-Flux Meter have a length of 3 5 mm (1.2 + 0.2 in.) and shall be
6.3.4.1 The heat-flux meter shall be of the thermopilepositioned horizontally 1@ 1 mm (0.4= 0.04 in.) above the
type® with a design range of at least 50 kWinThe target top face of the specimen. The color of the flame shall be blue,
receiving the radiation (Fig. 5) shall have a flat, circular face ofwith a yellow tip. Ensure that the tip of the burner is aligned
10 = 1-mm (0.4 = 0.04-in.) diameter, coated with a durable with the edge of the specimen, as shown in Fig. 9.
matt black finish. The target shall be water-coéfe@ee also 6.3.6.2 Install a small spark ignition device, sited next to the
Appendix X2). outlet tube of the burner, for the operator to cause reignition of
6.3.4.2 The heat-flux meter shall be connected directly to &he flame without opening the door of the chamber. A suitable
suitable recorder, or data acquisition unit (6.8.6), so that it isystem is a spark plug with a 3-mm (0.11-in.) gap, powered
capable, when calibrated, of recording heat fluxes of 25 k¥/mfrom a 10-kV transformer. A suitable transformer is of a type

and 50 kW/nf to an accuracy of- 1 kW/m?.20 specifically designed for spark-ignition use, with an isolated
6.3.4.3 For calibration of the heat-flux meter system, se¢ungrounded) secondary to minimize interference with the

9.8. data-transmission lines. An acceptable electrode length and
6.3.5 Specimen Holders spark plug location is such that the spark gap is located 13 mm

6.3.5.1 Details of the specimen holder are shown in Fig. 7(0.5 in.) above the specimen, close to the pilot burner.
The base shall be lined with a low density (nominally 65 k§/m 6.4 Gas Supply
(4 Ib/ft3)) refractory fibre blanket, with a minimum thickness of ~ 6.4.1 A mixture of propane, of at least 95 % purity and at a
10 mm (0.4 in.). pressure of 3.5 1-kPa (350+ 100-mm water gage), and air
at a pressure of 176 30-kPa (17 3-m water gage) shall be
[ supplied to the burner. Each gas shall be fed to a point at which
7 This device is necessary in order to enable repeat tests to be carried out withotliey are mixed and supplied to the burner.
switching off the radiator cone. 6.4.2 The use of needle valves and calibrated flowmeters is

1°The manufacturer of Schmidt-Boelter gages has the following specificationsa suitable method of controlllng gas flows. The flowmeter for

for cooling water: pressure 413-621 kPa, temperature 20.0-26.6 °C and flow rate
0.76-1.14 L/min.
29|f a recorder which only displays a millivolt output is used, the millivolt value

shall be converted to heat-flux, in kW#nusing the calibration factor (or equation, 21The retainer frame and wire grid particularly are appropriate when testing
if appropriate) specific to the heat-flux meter. intumescing specimens and also for reducing unrepresentative edge combustion of
composite samples or for retaining specimens prone to delamination. The wire grid
78 is likely to affect the test results, compared to tests conducted in its absence;

however, its use is recommended for several reasons: it helps to promote uniformity
in testing by different laboratories, in view of the expected effect of the retainer

(a) Plan view frame and wire grid on test results, it is needed for certain specimens, as explained
above, and it is required in ISO 5659-2.
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(34
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Spark ignition
housing
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Note 1—The dimensions in this figure are given in mm unless stated
Note 1—The dimensions in this figure are given in mm unless statedotherwise.
otherwise. FIG. 8 Typical Arrangement of Radiator Cone, Specimen Holder
FIG. 7 Specimen Holder and Radiator Shield (Front View)
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Note 1—The dimensions in this figure are given in mm unless stated otherwise.
FIG. 9 Detailed Location of Pilot Burner

the propane supply shall be capable of measuring 58raim  diameter. The housing shall be provided with a cover to allow
(18 x 10 ft3min) flow rates and that for air a value of 500 access for adjustments to be made to the position of the lens.
cm/min (18 x 102 ft¥min). Alternate devices shown to give  6.5.3 Photo-Detector

equivalent results are also acceptable. 6.5.3.1 The light-measuring device system shall consist of a
6.5 Photometric System photo-multiplier tube connected to a multirange amplifier
6.5.1 General coupled to a recording device, or data acquisition unit (6.8.6),

6.5.1.1 The photometric system shall consist of a lightcapable of measuring continuously relative light intensity
source and lens in a light-tight housing mounted below theagainst time as percentage transmission over at least five orders
optical window in the floor of the cabinet, and a photo-detectoof magnitude, with an S-4 spectral sensitivity response similar
with lens, filters and shutter in a light-tight housing above theto that of human vision and a dark current less thafl AOThe
optical window in the top of the chamber. system shall have a linear response with respect to transmit-
6.5.1.2 The system shall be as shown in Fig. 10. Equipmeriénce and an accuracy of better tharB % of the maximum
shall be provided to control the output of the light source and€ading on any range. For selection of photomultiplier tubes, as
to measure the amount of light falling on the photo-detector.applicable, the minimum sensitivity shall allow a 100 %
6.5.2 Light Source reading to be obtained with a 0.5 neutral density filter and an
6.5.2.1 The light source shall be a 6.5 V incandescent lamgVP-2 range extension filter (see 6.5.3.2) in the light path.
Power for the lamp shall be provided by a transformer_PrOV'S'on shall be_ made fo_r_ adjusting the reading of the
producing 6.5 V and a rheostat so that the r.m.s. voltage acro&strument under given conditions over the full range of any
the lamp, as determined by a voltmeter, is maintained at 4 Scalé’
0.2 V. The lamp shall be mounted in the lower light-tight box,
and a lens to provide a collimated light beam of 51-mm (2-in.)
diameter, passing towards and thrOUgh the Optlcal W|.n(.jow on 22The required accuracy of the photo-detector is obtained more easily if the
the floor of the chamber, shall be mounted, with provision formeasuring systems incorporate scale ranges of 30, 3, 0.3, etc., as well as ranges of
adjustment, to control the collimated beam in direction andioo, 10, 1, etc.
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Note 1—The dimensions in this figure are given in mm unless stated otherwise.
FIG. 10 Photometric System

6.5.3.2 The photo-multiplier tube shall be mounted in the 6.5.3.3 The lower part of the housing shall support & 51
upper section of the detector housing. Below it, there shall b&-mm (2 = 0.04-in.) diameter lens, capable of being adjusted
an assembly which provides for the rapid positioning of a filterso that the collimated beam is focused to form a small intense
and of a shutter, in or out of the path of the collimated lightspot of light at the disc aperture between the upper and lower
beam, each being operated separately. The filter, referred to parts of the housing. Above the lens, there shall be a mount for
the range-extension filter (ND-2), shall be a glass neutrasupporting one or more compensating filters from a set of nine
density filter of nominal optical density 2. When in the closedgelatin neutral density filters, with optical density varying from
position, the shutter shall prevent all light in the test chambef.1 to 0.9 in steps of 0.1. The housing shall be provided with
from reaching the photo-multiplier tube. An opal diffuser shalla cover, to allow access for adjustments to be made to the
be mounted permanently below the shutter. position of the lens and for inserting or removing filters.



AW E 1995 — 08
“afl

6.5.3.4 A neutral density filter, with a nominal optical 6.8.1 Balance—Use a balance with a capacity exceeding the
density of 3.0, large enough to cover the lower optical windowmass of the specimen and which shall be readable and accurate
the actual optical density having been determined by calibrato 0.5 % of the specimen mass.
tion, shall be available for calibrating the photometric sys- 6.8.2 Timing Device—Use a timing device capable of re-
tem?3 cording elapsed time to the nearest second, over a period of at
6.5.4 Additional Equipment least 1 hour, with an accuracyf @ s in 1 hour, for timing
6.5.4.1 A template for checking the collimated light beamoperations and observations.
shall consist of an opaque disc marked with a concentric ring 6.8.3 Linear Measuring Devices-Use rules, calipers,
of 51 = 1-mm (2 = 0.04-in.) diameter, shall be capable of gages, or other devices of suitable accuracy, for checking all
fitting snugly between the support pillars. It shall be capable oflimensions specified with given tolerances.
being attached to, and centered on, the underside of the upper6.8.4 Auxiliary Heater—Use an auxiliary heater of 500 W
optical window in the chamber. capacity, capable of raising the air temperature uniformly
6.5.4.2 A piece of white cloth, paper tissue or a neutralwithout local heating of the walls, if required, to help the
density filter of sufficient size to cover completely the lower chamber to reach the stabilized temperature more rapidly under
optical window of the chamber and capable of transmitting sadverse conditions.
sufficient amount of light to give a midscale reading of the 6.8.5 Protective EquipmentProtective clothing, such as
photometric system when switched to the scale with a range afloves, goggles, respirators, and handling equipment, such as
1 % transmission, shall be available for calibrating the rangetongs, always shall be available and shall be used when the
extender filter. type of sample being tested demands them (see Section 7).
6.5.4.3 A piece of opaque material, sufficiently large to 6.8.6 Data Acquisitior—Use a recorder, or a data acquisi-
cover the lower optical window, shall be available for blockingtion unit, capable of continuously recording the millivolt
the light from the light source entering the chamber. output of the photo-detector (6.5.3) to an accuracy of better
6.6 Chamber Leakage-With the specified items of equip- than 0.5 % of full-range deflection. The device used also shall
ment assembled properly and ready for test, the chamber sh&lé capable of recording the heat-flux meter output (see 6.3.4.2)
be sufficiently air-tight to comply with the requirements of the to the required accuracy. If a data acquisition unit is used, the
leakage rate test given in 96. data collection intervals shall be 5s or less. If a recorder is used,
6.7 Cleaning Materials—Conduct periodic cleaning to en- the recording chart drive shall be used at a minimum chart
sure proper operation (see also 11.1.2). Have available apprepeed of 10 mm/min (0.4 in./min).
priate materials for cleaning the inside of the chamber. The 6.8.7 ThermometerUse a thermometer, or a Type K ther-
optical system windows, viewing window, chamber walls, andmocouple, capable of measuring temperature over the range 20
specimen holders must all be cleaned regularly. A recomto 100 °C (68 to 212 °F), to an accuracy ©f0.5 °C (+ 0.9
mended cleaning procedure is presented in 6.7.1-6.7.4. °F), for determining ambient temperature or any other needed
6.7.1 Optical System Windows Recommended Procedure temperature.
Clean the exposed surfaces of the glass separating the photo-6.8.8 Water Circulating Device-Use a device for water
detector and light source housings from the interior of thecirculation to cool the heat-flux meter.
chamber after each test. Clean the top window first, then the 6.9 Test Environment
bottom window, using a nonabrasive cloth dampened with a 6.9.1 Protect the test apparatus from direct sunlight or any
suitable cleanei® Dry the window to prevent streaking or film strong light source to avoid the possibility of spurious light
buildup. Do not use any cleaners that contain wax because waradings.
will cause the smoke to adsorb to the glass more quickly. 6.9.2 Make adequate provision for removing potentially
6.7.2 Viewing Window—Clean the viewing window periodi- hazardous and objectionable smoke and gases from the area of
cally, as required, to allow viewing the chamber interior duringoperation. Also, take suitable precautions to prevent exposure
testing?® of the operator to such gases, particularly during the removal of
6.7.3 Chamber Walls-Clean the chamber walls periodi- specimens from the chamber or when cleaning the apparatus.
cally to prevent excessive build-up of smoke products. A
ammoniated spray detergent and soft scouring pads have been
found effective for cleaning the chamber walls. Note 1—Warning: This test procedure involves high temperatures and
6.7.4 Specimen Holders-Remove any charred residues on combustion processes; therefore, it is possible for eye injuries, burns,
the specimen holders and horizontal rods securing the holdégnition of extraneous objects, and inhalation of smoke or combustion

position to prevent contamination of subsequent specimens products to occur, unless proper precautions are taken. To avoid accidental
6.8 Ancillary Equipment ‘leakage of toxic combustion products into the surrounding atmosphere, it

is advisable to evacuate the chamber, at the end of a test, into an exhaust
system with adequate capacity. The operator must use heavy gloves, safety
tongs, or other suitable protection for removal of the specimen holder. The
23 Handle all filters by their edges, because fingerprints greatly affect their ratingV€Nting must be checked periodically for proper operation.
Do not attempt to clean the surface of a filter; once the surface has been damaged .
replace the filter. 8. Test Specimen
24 i . . .
A The most likely sources of leakage have been found to be the door seal, the 8.1 SU|tab|I|ty of Sample for Testlng
inlet and outlet vents and the safety blow-out panel. . . . .
25 Ethyl alcohol, ethyl ketone, or equivalent, and soft tissue have been found 8.1.1 The method is suitable for essentially flat specimens

effective for cleaning the optical windows and the viewing window. onIy (see 3.2.4).

Operator Safety

10
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8.1.2 The results of this test method are sensitive to variaare not flat, this shall be stated in the test report. Any substrate
tions in surface characteristics, thickness of individual layerspr core materials for the specimens shall be the same as those
overall thickness, mass, and composition. used in practice.

8.1.3 When preparing replicate specimens for testing, take 8.7.3 When coatings, including paints and adhesives, are
precautions to ensure all specimens fall within the requiretested with the substrate or core as used in practice, specimens
ments in 8.6. Keep individual records of the mass of eactshall be prepared following normal practice and in such cases
specimen together with the individual test data of that specithe method of application of the coating, number of coats, and
men. type of substrate shall be included in the test report.

8.2 If the top and bottom faces of samples submitted for 8.8 Wrapping of Specimens
evaluation by this test method are different from one another, 8-8-1 All specimens shall be covered across the back, along

evaluate both faces if it is possible that each face will pehe edges, and over the front surface periphery leaving a central
exposed to fire when in use. exposed specimen area of 855 mm by 65 5 mm (2.5*

8.3 Aminimum of six specimens shall be tested so that thre@-2 iN- by 2.5% 0.2 in.), with a single sheet of aluminum foil

specimens are tested at each one of the two required cond@:04 = 0.005 mm (0.0016= 0.0002 in.) thick) with the dull

tions. Unless specified otherwise by the test requester, thﬂ‘_je in contact with the specimen.Take care not to puncture the
il or to introduce unnecessary wrinkles during the wrapping

standard exposure conditions are flaming at an irradiance of 28 X X L
kW/m?, and flaming at an irradiance of 50 KWm operation. Fold the foil so as to minimize losses of any molten

material at the bottom of the holder. After mounting the
Note 2—Optional testing modes include nonflaming, at an irradiancespecimen into its holder, trim off any excess foil along the front
of 25 kw/n? (needed if comparison is required with the test results fromedges, as appropriate.
Test Method E 662), and nonflaming, at an irradiance of 50 k¥/m 8.8.2 Back all wrapped specimens with one or more sheets
(needed if comparison is required with the test results from ISO 5659-2), . - . . .
These additional exposures are not mandatory (see also X1.4.9). Othgéncycombusﬁgle mS+UIatm9 anrd of an qven d'fy density of
testing modes are also possible with this equipment. 0+ 100 kg( (53 = 6 Ib/ft”) and a nominal thickness Qf
. ) o 12.5 mm (0.5 in.) to ensure that the top edges of the specimen
8.4 An additional number of specimens, as specified in 8.33re pressed against the retaining lips of the specimen holder.
shall be used for each face in accordance with the requiremenigck wrapped specimens less than 25 mm (1 in.) thick with at
of 8.2. least one sheet of noncombustible board with or without a layer

8.5 An additional nine specimens (three specimens pesf mineral fibre blanket underneath to accommodate a wider
mode to be tested) shall be held in reserve, in case they atgirriety of specimen thicknesses.

required by the conditions specified in 11.9.2 8.8.3 In the case of resilient materials, products, or assem-
8.6 Size of Specimens blies, install each specimen in its aluminum foil wrapper, in the
8.6.1 The specimens shall be square, with sides 25mm  holder in such a way that the exposed surface lies flush with the

(3 = 0.04 in.). inside face of the opening of the specimen holder. Ensure that

8.6.2 Whenever possible, test samples in their end-usgPecimens with uneven exposed surfaces do not protrude
thickness. If the end-use thickness is 25 mm (1 in.) or less, te$€yond the plane of the opening of the specimen holder.
the samples at their full end-use thickness. It is recommended 8-8.4 When thin impermeable specimens, such as thermo-
that materials for which end-use thickness is not available b@lastic films, swell during the test due to gases trapped between
tested at a thickness of 1:00.1 mm (0.04+ 0.004 in.), unless  the film and the backing, they shall be maintained essentially

otherwise specified in the material or performance standard dfat by making two or three cuts (20 to 40 mm (0.8 to 1.6 in.)
specification. long) in the film to act as vents.

8.6.3 Samples with a thickness greater than 25 mm (1 in.é Set-up. Calibration. and Maintenance
shall be cut to give a specimen thickness of28 mm (1 + ’ P '

0.04 in.), in such a way that the original (uncut) face is 9.1 Set-up and Calibration ProceduresAssemble the ap-
evaluated. paratus, connect to the services and control devices as specified

8.6.4 Samples of multilayer materials, products, or assemil Section 6, and check for the proper functioning of the
blies, with a thickness greater than 25 mm (1 in.), consisting o 2rous sys_tems, including the electrical connections to ensure
core material(s) with facings of different materials shall be900d electrical contace

; ; 4 9.2 Alignment of Photometric System
repared according to 8.6.3, by cutting from the layers behind -
tpheaacing one (seg also 8.7.23/. g y 9.2.1 General—Conduct the procedure detailed in 9.2.2 and

8.7 Specimen Preparation 9.2.3 in the initial setting-up of the apparatus, aftgr the
. replacement of the light source or after some accidental

8('17'1 The specitr)rren sQaIL bﬁ t;epresenta(;i\_/e of thz materia isalignment has occurred, and then always follow this by the
product, or assembly, and shall be prepared in accordance Wi}, .oqre for selecting the appropriate compensating filter(s)

the procedures described in 8.7.2 and 8.7.3. The specime e 9.3)
shall be cut, sawn, molded or stamped from identical sampl
areas of the material, product, or assembly, and records shall be
kept of their thicknesses and, if required, their masses. , _
. . 26 Heat up the radiator cone gradually from cold, and do not allow it to overheat
8.7.2 If th_e test specimens US_Z?d are flat representatlons_ Qtfto remain operating without a blank specimen holder, a holder with a specimen
the same thickness and composition, of the actual parts, whidhit or the heat-flux meter in position in front of it.

11
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9.2.2 Beam Collimation 9.5 Calibration of Range-Extension Filter

9.2.2.1 Check the optical platforms for rigidity. Attach the 9.5.1 Bring the apparatus to its normal operating condition
opaque-disc template (see 6.5.4.1) to the lower face of thésee 11.1) with the chamber wall temperature remaining steady
upper optical window with the marked ring downwards andat 40 = 5 °C. Switch on the photometric system with the
centered on the window. Switch on the light source and adjustange-extension filter in the light path and with the shutter
its projected image on the template so that the light beanopen, switch the amplifier to its 100 % transmission range.
completely fills the 51-mm (2-in.) diameter ring with no more Place the white cloth, sheets of tissue or filter with an optical
light outside the ring than is necessary to satisfy this requiredensity of about 2.5 (see 6.5.3) over the lower optical window,
ment. and switch to the 1 % transmission range. Set the reading to

9.2.2.2 Make the adjustments by removing the cover to th€®.50 % by adjusting the instrument. Without disturbing the
light-source enclosure, releasing the lower lens mount fixingsloth, tissue or filter, reset to the 100 % transmission and
and repositioning the lens mount so that the light pattern on thesithdraw the range-extension filter (ND-2) from the light path.
template is centered and of the correct size. If these adjusRecord the transmission reading (Ts) and use it to determine,
ments are insufficient for proper alignment, reposition the lamgdrom Table #°, the value of the appropriate correction factor
socket also. (Cf) for readings obtained when the range extension filter is not

9.2.2.3 Refix the lens mount and replace the cover ensurinig the light path.
that the test cabinet has been adequately resealed. Remove th®8.5.2 For materials, products, or assemblies having known
template from the upper optical windd. performance, this calibration procedure is not needed unless

9.2.3 Beam Focusing-Open the cover to the housing on the optical density is greater than three.
top of the test chamber, remove the compensating filter holder, 9.6 Chamber Leakage Rate TesWeasure the air-tightness
and slacken the lens mount. With the photo-detector systerf the test chamber on each occasion of use (with the door,
switched off and the light source switched on, adjust the lensents and spare gas sampling pipes closed) by introducing
mount for focusing and alignment so that the converging bearcsompressed air into the test chamber through one of the gas
forms a small intense spot of light on the aperture to thesampling pipes (or other compressed air inlet) until the
photomultiplier tube housing. Tighten the lens mount, checkpressure recorded on the manometer is over 0.76 kPa (76-mm
the beam focusing adjustment, replace the compensating filtevater gage) and then shutting the supply off. The air-tightness
holder, close and seal the enclosure cover. of the test chamber shall be such that the time taken for the

9.3 Selection of Compensating Filter{sClean the faces of
both optical windows inside the test chamber. Switch on the
photometric system with the range extension filter in the light 2°Note than the values in Table 2 have been corrected and are different from
path, the shutter open, and the multi-range meter set to tH&ose in Test Method E 662, which are inaccurate.
range capable of recording 100 % light transmission. Operate

the control for adjusting the reading of the instrument to TABLE 1 Frequency of Checks and Calibrations
determine whether a reading of 100 % is achievable. If it is, natem of equipment Maximum interval between checks and ~ Procedure
change in compensating filter is required; if not, use another calibrations ifgr‘;”ce)
compensating filter to satisfy this requiremé#t.

9.4 Lmea.nty Check . . Test chamber interior Inspect before testing every specimen  9.10

9.4.1 Switch on the photometric system with the range and before any calibration
extension filter in the light path and the shutter closed. Adjust

. . - . o L .., Radiator cone Once every test day and when renewed 9.9

the zeroing device to give a reading of 0 % transmission with or replaced

the instrument range switched to a full-scale reading of 100 %
transmission; switch the instrument to the other ranges t&hamberleakage rate  Once every test day and when new 9.6
determine that the recorded transmission remains 0 %. seals or safety blow-out panel are fited

9.4.2 Place the calibrated filter, with a nominal optical Heat-flux meter Every three months and when cleaned 9.8 and
density of 3.0, in the light path over the lower optical window, or recoated Annex A
open the shutter and measure the percentage transmission. Thgometric system:
difference between the observed reading and the calibrated
value, when expressed as a percentage of the average of th&/bration Before testing every specimen

two values, shall be within 5 %. Alignment Every six months and when light source 9.2
is replaced or when damage is incurred

11.3

Compensating filters  Every six months and when transmission9.3

270n occasions, this adjustment also includes the optimization of the lens mount through windows deteriorates

position so that the reading given by the photo-detector is a maximum; this

operation will require removal of the template and shall be followed by a final check Linearity Every six months and when transmission9.4

on the position of the image as described above. through windows deteriorates

28 An indication of the appropriate filter, or combination of filters, is obtained
conveniently by removing any compensating filter in the housing above the test range-extension filter ~ Every six months 95
chamber, closing the housing cover, placing a compensating filter, or filters, over the
lower optical window inside the test chamber and checking the instrument reading. Total system Every month or after the system has 9.12
The choice of compensating filter determined this way must be confirmed by the been used for more than 100 tests

specified procedure.

12
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recorded pressure to drop from 0.76 to 0.50-kPa (76 to 50-mm 9.12 Total System-Check the total system by testing a
water gage), determined using the timing device, shall be nahaterial, or product with repeatable results, and which is, and
less than 5.0 min. is likely to continue to be, consistently available to the testing
9.7 Burner Calibration—Set the propane flowto 88551.0  laboratory. Maintain a record of the test results obtained. If
cm®/min (0.003+ 0.00003 ft/min) and the air flow to 270 erratic values are observed, identify and correct any instrumen-
20 cn?/min (0.01 + 0.0007 f&/min) (see 6.4). tal or operational deficiencies.
9.8 Heat-Flux Meter—Calibrate the heat-flux meter system
by comparing its response with that of a primary referencel0. Conditioning
standard, when exposed to irradiances of 25 and 50 KW/m  10.1 Prior to testing, condition the specimens to constant
1 kw/n?, averaged over the 1@ 1-mm (0.4= 0.04-in.)  mass in an atmosphere at a temperature of 28°C (73+ 5
diameter area of the heat-flux meter (see also 6.3.3 and Annex) and a relative humidity of 58 10 %. Constant mass shall
A2). be considered to have been reached when two successive
9.9 Radiator Cone Calibration weighing operations, carried out at an interval of 24 h, do not
9.9.1 Clean the apparatus of any residues left from previougiffer by more than 0.1 % of the mass of the test piece, or 0.1
tests, and, when a cone calibration is to follow soon after a tesyy whichever is the greater. Test the specimen within 10 min of

flush the Cham.ber (Wlth the QOor shut and the exhaust and in|$émova| from the Conditioning atmosphere, if the test room
vents open) with air for 2 min. Mount the heat-flux meter, asconditions differ from the above.

specified in 6.3.2. 10.2 Forced-air movement in the conditioning chamber is
9.9.2 Mount the heat-flux meter (see 6.3.2) and connect tgcceptable to assist in accelerating the conditioning process.
the electrical and water services. 10.3 While in the conditioning chamber, support specimens

9.9.3 Do not ignite the burner during this calibration. Bring in racks so that air has access to all surfaces.
the apparatus to its normal operation condition (see 11.1) with
the chamber wall temperature remaining steady (see 11.1.4). Test Procedure
and move the radiation shield away from the cone. 11.1 Initial Conditions

9.9.4 With the chamber door closed, the inlet vent open and 17 1 ¢ Record the mass of each test specimen, wrapped in
the exhaust vent closed, supply water to the heat-flux meter toy, in m foil, before placing it inside the specimen holder, to
cool the heat-flux meter body. Monitor the heat flux metergenerate an initial mass ((in g).

output to determine. when thermal equilibrium hgs been 11.1.2 Before starting a test, ensure that all internal chamber
reached, and then adjust the cone, as necessary, to give asteggyfaces are clean and free of accumulated resffues

millivolt reading corresponding to the calibrated value equiva- 11.1.3 Prepare the test chamber according to thé require-
lent to an |rrad|ance of 25 kw/fnor 50 kW/n?, as requwed. ments of Section 9, with the radiator cone set at an irradiance
If the door is opened for any reason during calibration, aIIowof 25 KW/n? or of 50 kW/n?

sufficient time after closing the door for thermal equilibrium to 11.1.4 If a test has jus'i been completed, flush the test

be reached before taking the final milivolt readitig” __chamber with air until it is completely clear of smoke, with the
9.9.5 Repeat the procedure of 9.9.3 as necessary to calibraies -hampber door closed and the exhaust and inlet vents open.

the equipment in th_ree pOS'“OF‘S' that is, at the center and at 3 spect the inside of the cabinet and clean the walls and the

* 1 mm (1= 0.04in.) ga_ch S'd? of the center. supporting framework wherever necessary (see 9.9). Clean the
9.9.6 Return the radiation shield to the position below thegyceg of the optical windows inside the chamber before each

cone and remove Fhe heat flux meter f.rom thg test chamber 8st. Allow the apparatus to stabilize until the chamber wall
that tests on specimens can proceed immedi&tely. temperature is within the range 40 5 °C (104 + 9° F) for

9.10 CIea_ning—CIean the inside walls of the chamber and tests with the radiator cone at 25 kWAnor within the range 55
the supporting framework for the cone and specimen holders. 5 °C (131+ 9 °F) for tests with the radiator cone at 50
using materials as described in 6.7, whenever periodic visuei]W/mzl Close the inlet valvés

inspection indicatesfthi ”ek‘?d (see aIscIJ_ 11'.1'2)' 11.2 Tests With Pilot Flame-Place the pilot flame burner in
9.11 Frequency of Checking and Calibrating Procedures s orrect position (Fig. 9), turn on the gas and air supplies,

9.11.1 Undertake regular checking and calibration at periz g ignite the burner. Then, check the flow rates, and, if

ods as given in Table ¥ necessary, adjust the flow rates to ensure that they are as

Xletermined by the setting up procedure described in 9.7.
part of the equipment has been renewed or repaired. y gupp

30with some water circulators, it is necessary to have the chamber door slightly ** Sensitivity to variations requires that, when changing to another specimen to
open to allow access for the tubing. be tested, it is first necessary to clean and remove from the walls all accumulated

3% Allow at least 10 min for stabilizing between adjustments. residues, to ensure that chemical or physical recombination with the effluents or

32t is necessary to continue to circulate water through the heat-flux meter untitesidues produced as a result of the thermal irradiance does not affect the data
the meter is cool enough for the protective cap to be replaced without melting oobtained. Even when testing the same specimen, excessive accumulations of residue
distortion. shall not be permitted to build up, since ruggedness tests have indicated that such

32 Combustion products of some materials, products, or assemblies may causkeposits serve as additional insulators, tending to reduce normally expected
corrosion of the cone heating element which may be compensated for by adjustingpbndensation of the aerosol, thereby raising the measured specific optical density.
the applied voltage for a limited amount of change. If the cone cannot be made to *°If the temperature is too high, use of the exhaust fan to draw in cooler air from
give the required output, a new heating element may be required. the laboratory is an adequate procedure.
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11.3 Preparation of Photometric SysterBet the zero and 11.7.3 Reposition the radiation shield below the cone.
then open the shutter to set the full scale 100 % transmission 11.7.4 Switch on the exhaust fan, and when the water
reading. Close the shutters again and check and reset the zensanometer indicates a small negative pressure, open the inlet
if necessary, using the most sensitive 0.1 % range. Recheck thent and continue exhausting until a maximum value of light
100 % setting. Repeat the sequence of operations until accurai@nsmission is recorded, with the appropriate range selected,
zero and 100 % readings are obtained on the amplifier andnd noted as the “clear beam” readifig, for use in correcting
recorder, or data acquisition unit, when the shutters are openddr deposits on the optical windows.
and closed. 11.8 Specimen MassAt the conclusion of each test, deter-
11.4 Loading Specimen mine the final specimen massy (in g), after removal from
11.4.1 Put the radiation shield in position. Place a wrappedhe specimen holder. Include the aluminum foil in which the
specimen, prepared according to 8.3 and 8.4 with its backingpecimen had been wrapped during the test for determining the
board, in its holder. Place the holder and specimen on theass.
supporting framework below the radiator cone and immedi- 11.9 Repeat Tests
ately close the test chamber door. The radiation shield shall be 11.9.1 Measure the percentage light transmission of two sets
in position for no longer than 10 s (see 6.3.3). of three specimens for each sample, one set for each mode
11.4.2 Start the test by removing the radiation shield fromfrom among the standard exposure conditions shown below.
below the cone. Then, simultaneously start the recording chakiinless specified otherwise by the test requester, use as expo-

drive or data acquisition unit and close the inlet vent. sure conditions those with a pilot flame (see 8.3).
11.4.3 If preliminary tests indicate that the pilot flame is Mode 1: Irradiance: 25 kw/m?, with pilot flame
extinguished before the radiation shield is removed, this Moze ; Irragiance: 25?( k\;\//rgz, Wri:h pilqlt ﬂ?Ime
PR . Mode 3: Irradiance: 5 kW/m?, without pilot flame
problem shall be addressed before continuing with the test, for Mode 4- radiance: 50 kKW/m?. without pilot flame

example by using the spark igniter (see 6.3.6.2). i .
11.4.4 If the pilot flame is extinguished by gaseous effluent 11.9-2 If during a test, one or more of the three replicate

during a test and fails to reignite within 10 s, switch off the gasSPecimens show any of the following behavior: a specimen
supply to the pilot burner and mark the test as invalid. being displaced from the zone of controlled irradiance so as to

11.5 Recording of Light Transmission touch the pilot burner or the pilot flame, extinction of the pilot

11.5.1 Record the percentage light transmission and thfi2me (even for a short period of time) in the flaming méde,
corresponding time continuously from the start of the testmolten material overflowing the specimen holder, or self-
which corresponds to the time when the radiation shield waignition in the nonflaming mode, then an additional specimen
removed. Switch the range of the photo-detector amplifiePf the identical preconditioned sample shall be tested in the test
system to the next decade when required, so that readings 1¢3§de in which the unusual behavior occurred. A maximum of
than 10 % of full-scale deflection are avoided. six specimens is allowed to be tested for any one test mode.

11.5.2 If the light transmission falls below 0.01 %, cover thePata obtained from the improper tests noted above shall not be
observation window in the chamber door and withdraw thdncorporated in the averaged data, but the occurrence shall be

range-extension filter from the light path. reported. The test method is not suitable if three of the
11.6 Observations specimens tested in any one specific test mode show any of the
11.6.1 Record the time at which a flame is present on th&°0ve characteristic§. _ _

specimen surface, if it occurs. 11.9.3 For each individual specimen, determine the percent-

11.6.2 Record any particular burning characteristics of thé9€ value of light transmission, from this, calculate the
specimens, such as delamination, intumescence, shrinkag@PPropriate specific optical density, as given in Section 12. If
melting, dripping, collapse, occurrence of pool fire under th he value ofDg at 10 min for an individual specimen d|ffers'
test specimen, or any other event of special interest, and recofP™m the average value, forghe set of three specimens of which
the time at which the particular behavior occurs, including thdt 1S part, by more than 50 % of that average for no apparent
time to ignition and duration of flaming. Also, record the reason, test an additional set of three specimens, from the same
smoke characteristics, such as color, and the nature of tr&Mple in the same mode, and record the average of all six
settled particulate matter. All times are reported from the€Sults obtained.
moment the test is started (see 11.4.2).

11.7 Termination of Test . ) )

11.7.1 Conduct the test for a period of 10 min. It is 12-1 Specific Optical Density (O ,
permissible to conduct this test for periods in excess of 10 min, 12-1.1 For each specimen, use the set of continuous re-
when minimum light transmittance values have not beerforded data of light transmission against time and convert the
reached during a 10 min exposure. If the period exceeds 1{gsults at 1.5 min, 4.0 min, and 10.0 min to specific optical
min, report the test time. density Do) by using Eq 1, wher@% is a value of the percent

11.7.2 Extinguish the burner if the pilot flame has beenlight transmittance, taken from the continuous record.
used36

12. Calculation

37If a specimen does not cease flaming after the pilot flame goes out, the test
results are considered valid.
36 The burner is extinguished in order to reduce the likelihood that the air added *2If a thin specimen that had not been cut (see 8.8.4) swells out of the plane, the
during venting will create an explosive mixture in the chamber. results from that specimen shall be ignored and an extra cut specimen tested.
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D, — 132l0g 100 1) time it is measuredTo < 0.0_l %). .
s 10 T% 12.2 Clean Beam Correction Factor (p—For each speci-
Note 3—The factor 132 is derived from the physical characteristics of €N, record the value of the “clear beam” readifig, (see
the chamber by using Eq 2: 11.7.4) to determine the correction facidy. CalculateD., as
v for D,in 12.1. Do not record the correction factog if it is less
AL 132 (2)  than 5 % of the maximum specific optical density as determine
where: from the graph (see 12.1).
V is the volume of the chamber, and, 12.3 Mass Loss-For each specimen tested, calculate and

Alis the exposed area of the specimen and is the length of the light patitecord total mass losdm (in g), by using Eq 3, whene is the

12.1.2 Add a neutral density correction fact@), to the initial mass of the specimen, (including the aluminum foil used
value of D, as determined in 12.1.1. The correction factorfor testing) (in g)m,, is the mass of the specimen after the test
depends upon the use of the range-extension filter. The value &Iso with all the foil wrappings included) (in gf:

Cyis: Am—m —m, ®
12.1.2.1 Zero: if the filter is in the light path at the time the
transmission was recorded% = 0.01 %); or, if the photo- 13. Test Report
metric system is not equipped with a removable filter; or, ifthe 13,1 The following descriptive information shall be in-
ND-2 filter is of the correct optical density of two. cluded in the test report:
12.1.2.2 As determined by the procedure described in 9.5 13.1.1 Name and address of the testing |ab0rat0ry_
(and Table 2), if the filter is moved out of the light path atthe 1312 Date and identification number of the report.
13.1.3 Name and address of the test requester, when appli-
cable.
TABLE 2 Correction Factors With Neutral Density Filter (ND-2) 13.1.4 Name of manufacturer or supplier of material, prod-
Removed uct, or assembly tested, if known.
Note 1—Corrections are to be applied to thgvalues equivalent to the 13.1.5 Commercial name or other identification marks and

0.01 to 0.001 % and 0.001 to 0.00001 %oonly. description of the sample.
Meter Indication, Correction Factor,  Optical Density of Neutral 13.1.6 Full description of the sample, including such aspects
Ts & Density Filter as type, form, essential dimension, mass or density, color and

coverage rate of any coating.

o o o 13.1.7 Full description of specimen construction and prepa-
33 -23.8 1.82 ration (see 8.6 and 8.7).

34 221 183 13.1.8 Face of specimen tested (see 8.6 and 8.7).

- 204 1895 13.1.9 Thickness of each specimen tested.

37 -17.3 1.87 13.1.10 Conditioning of the test specimens.

38 187 1.88 13.1.11 Date of the test.

ig jg:; i;gg 13.1.12 Modes of testing, indicating irradiance and use of
a1 -11.4 1.01 pilot flame for each specimen. If a nonflaming mode is used,
42 -10.0 1.92 the report shall state that an optional testing mode is used.
ﬁ . 3;2 igi 13.1.13 Number of specimens tested for each type of
45 - 6.0 1.95 exposure.

46 - 48 1.96 13.1.14 Test number and any special remarks.

j; ) 32 1;3; 13.2 The following test results shall be included in the test
49 - 12 1.99 report:

5‘1’ (1)'(1) 3-0(1) 13.2.1 Table of numerical results containing the following
22 N 22 2:82 information for each specimen tested.

53 +33 2.025 13.2.1.1 Specific optical density at 1.5 min.

g;‘ N g-g ;-gj 13.2.1.2 Specific optical density at 4.0 min.

56 + 65 505 13.2.1.3 Specific optical density at 10.0 min. .

57 +75 2.06 13.2.1.4 Specific optical density at end of test (if test
23 N gg ;-8?4 duration is different from 10.0 min).

60 +105 208 13.2.1.5 I\/!aximur_n s_p_ecific optical density.

61 +11.4 2.086 13.2.1.6 Time to ignition.

gg :gg g-gg 13.2.1.7 Time to maximum optical density.

64 142 5107 13.2.1.8 Duration of the test.

65 +15.0 2.114

66 +15.9 2.12

67 +16.8 2.13 -

68 +17.6 2.135 3 Note that the deposition of smoke particulates on walls and lenses is one of the
69 +18.5 2.14 reasons that, if two materials reach the same peak optical density at different times
70 +19.3 2.146 within the test, they likely are to exhibit different fire performance in terms of smoke

obscuration, and possibly in terms of mass optical density.
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13.2.1.9 The neutral density correcti@n(see 12.1.2). batches of 16 materials were tested in accordance with this test
13.2.1.10 The clear beam correction factoy, method by eight laboratories in six countries, for plastic
13.2.1.11 The mass los&m. materials (Table A3.1) and building materials (Table A3.2).
13.2.1.12 (Optional) If mass optical density is measured, thédditional information on repeatability in a single laboratory
information required in A1.8. for two wood samples is presented in Table A3.3, and repeat-
13.2.2 Graphical Results-Plot of specific optical density ability information from another laboratory, which tested six
against time for each specimen tested. building products, in Table A3.4. Overall the results of these
13.2.3 Descriptive Results preliminary studies indicate that the average coefficient of

13.2.3.1 Allavailable information required in 8.7 (regarding variability (CV) for repeatability is 14.4, while the average
specimen preparation and coatings used, if applicable) and ivefficient of variability for reproducibility in the international
11.6 (observations regarding burning characteristics of thgtdy is 49.0. Results from a more definitive precision study

specimens and any events of special interest during the testg)ill be made available after a round robin evaluation has been
13.2.3.2 Details of any invalid tests with reasons for themcompleted.

being invalid (see 5.5.1 and 11.9.2). 14.2 Bias—The bias of this test method is unknown.

14. Precision and Bias

14.1 Precision—Tables A3.1 and A3.2 in Annex A3, contain
information on repeatability and reproducibility, from a pre- 15.1 cone heater; fire; fire-test-response characteristic; op-
liminary international interlaboratory evaluation, in which tical density; smoke; smoke obscuration

15. Keywords

ANNEXES
(Mandatory Information)

Al. Determination of mass optical density (optional measurements)

Al.l1 Mass Optical Density as Measured by This Test — Phetemuiipier

Method (Optional Measurements)rhe values of mass optical ™
density (MOD) determined by this test method are specific to _J -
the specimen used in the form and thickness tested and are not —

to be considered inherent or fundamental properties.

Al.2 Principles of the TestThe conditions of thermal
exposure and of smoke collection are the same as those in the
main body of the test method. Additional mass loss measure- H

ments, optionally, are conducted on the specimen during the
test. From these measurements, it is possible to obtain a mass
loss/time curve and to calculate mass optical density.

T e\
[X]
=
o o

 m— O | s—|

]

Al.3 Test SpecimenThe same specifications on suitability | °°
of materials, products, or assemblies, apply here than in the %‘ j
main body of the test method (see Section 8). Similarly, the . 135 ¢
same number of specimens, their preparation and conditioning 8 "v /
also applies (see Section 10). =IO

Optical system

Al.4 Ancillary Equipment oo

Al.4.1 The load cell shall have a measuring range of 500 g, toad Cell  panel
and a weighing accuracy of 0.1 g. Mount the load cell in an
enclosure (see Figs. A1.1-Al1.4) with a close-fitting labyrinth e ————

seal between the sample support rod and the enclosure, to

minimize ingress of smoke particles and aggressive combus- . .
tion product§°'41 FIG. Al.1 Typical Arrangement of Test Chamber With Load Cell

“°The load cell assembly should be easily removable from the smoke chamber,
so that the mandatory test procedure can be performed without unnecessary **Figs. A1.1-A1.4 differ from Figs. 1 and 4, Fig. 5, and Fig. 7 in that they show
exposure of the load cell, if mass optical density data is not required. the location of the (optional) load cell.
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Thermocouple mount
and shield

Heat flux meter
and mount

Heating Element

,/‘/ N />

Load Cell .

1 [ ——pilot burner

———

\

Load Cell

Spark Ignition
housing

! —N,
i‘ " Specimen

Zz_ X

holder

™~ Pilot burner &
ignition electrode

N

Propane & air

FIG. Al1.4 Typical Arrangement of Radiator Cone, Specimen

Holder, Radiator Shield, and Load Cell (Front View)

Al1.5 Calibration Procedures-The load cell calibration
shall be checked with standard reference weights, in the range
of test specimen mass, before each series of tests.

A1.6 Test Procedure-Conduct the test in the same manner

FIG. Al1.2 Typical Framework for Support of Radiator Cone,
Specimen, Flux Meter, and Load Cell

as detailed in Section 10, with the added precaution of ensuring

that the load cell measurements are conducted properly.

Thermocouple

.
! f’_@ \ [ ————Radiator cone
nl

Radiatoer shield

Il
Specimen holder —— 111 | E]
Heat fluxmeter
holder Where
Load Cell D =
l * Spark  ignitie Xm f
— hZu;inglgm e -
FIG. Al1.3 Typical Arrangement of Radiator Cone, Specimen .
Holder, Radiator Shield, and Load Cell (Side View) ‘I’Vheael-
andl,

Al.4.2 The load cell enclosure shall be fitted with one fixed
foot and two adjustable feet, to level the unit on the baseplate.
The load cell also shall have a means to centralize the load cell
assembly beneath the cone radiator.

Al1.4.3 The load cell shall have a safe operating temperature
range between 15 and 70 °C (59 to 158 °F). A mineral
fiberboard shield shall be positioned over the top and sides of

A1.7 Calculation of Mass Optical Density (MOD)

Al1.7.1 For each specimen, calculate the mass optical den-
sity (in m?/kg), at 10 min, using Eq A1.1:

D \%

MOD — * smx 0.001

(AL.1)

the optical density of smoke;

the length of light path (0.914 m);

the volume of the chamber (0.51°mand,

the mass loss of the test specimam(= m - my), in

g). The optical density of smoke is calculated by
means of Eq Al.2:

D — logly /1] (A1.2)

the light intensity for a parallel light beam
having traversed a certain length of smoky
environment and reaching photodetector and the
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,
respectively*?

the load cell enclosure during thermal exposure of the test A1.8 Test Report
specimen, so that excessive temperature rise within the enclo-A1.8.1 The test report shall include all the information

sure is prevented, and drift of the load cell is avoided.

required in the mandatory part of the test method, as well as,

Al.4.4 The load cell shall be connected to a controllerfor each specimen tested:

which drives the load cell, and which is situated externally to
the smoke chamber. This controller shall be preferably fitted

with a d|g|tal mass dlsplay, a scaleable millivolt output and a 4 It is possible to calculate the mass optical density at times other than 10 min

sample tare facility.

17
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A1.8.1.1 Mass optical density at 10 min from the start of the A1.8.1.2 Graph of specimen mass against time.
test.

A2. Calibration of the working heat-flux meter

A2.1 The calibration of the heat-flux meter shall befor making the intercomparison of working and reference
checked, whenever a recalibration of the apparatus is carriegtandard heat-flux meters required in 9.8, is the use of the
out, by comparison with two instruments of the same type asonical heater (6.3.1), with each heat flux meter mounted in
the working heat-flux meter and of similar range, held asturn in the calibration position (6.3.1.2), care being taken to
reference standards and not used for any other purpose. One@fow the whole apparatus to attain thermal equilibrium.
the heat flux meter reference standards shall be calibrated fulfyternatively, use an apparatus specially built for comparative
at an accredited laboratory at yearly intervals. This meter shalfurPoses, for example as described in BS 6809.
be used to calibrate the heater temperature controller (Figs. 4
and 5)' It shall be positioned at a location eqUivalem to the “3The use of two reference standards rather than one provides a greater
center of the specimen face during this calibration. One optioRafeguard against change in sensitivity of the reference instruments.

A3. Variability in the Specific Optical Density of Smoke Measured in This Single-Chamber Test

A3.1 A preliminary interlaboratory trial has been carried of Dg (at 10 min) for five plastics and five building materials,
out in which replicate batches of 16 materials are tested ims derived in accordance with the statistical analysis in
accordance with this test method by eight laboratories (in sixSO 5725.
countries). This preliminary interlaboratory trial showed that
the specific optical densitie3, (at 10 min) of some materials ~ A3.3 Repeatability 1) is the value below which the
had a higher relative variability than those of others. Thedifference between twDg (at 10 min) values obtained with the
relative variability increased particularly for those materialssame method on identical test sample, under the same condi-
which did not ignite readily at an incident heat flux of 25 tions (same laboratory, same apparatus, same operator, within
kwW/m?, and for those materials which showed higheat 10  a short interval of time), may be expected to lie with a 95 %
min) values in the nonflaming mode than in the flaming modeprobability.

A3.2 The preliminary interlaboratory trial has demon- A3.4 Reproducibility R) is the value below which the
strated the ability of this test apparatus to discriminate betweedifference between twb (at 10 min) values obtained with the
materials, which generate different levels of smoke. Tablesame method on an identical test sample, under different
A3.1 and A3.2 present the repeatabilities and reproducibilitiegonditions (different laboratories, different operators, different

TABLE A3.1 Repeatabilities and Reproducibilities of Specific Optical Density for Some Plastics

Note 1—pf indicates test carried out with pilot flame.

Material Thickness, Irradiance, Mean, Repeatability Reproducibility
mm kw/m? Ds (10) (Within Laboratories) (Between Laboratories)
r % of mean R % of mean

PMMA 1.0 25 11 4 38 10 91

25 + pf 55 13 24 29 53

50 54 11 20 17 32

ABS 1.1 25 312 7 25 311 100

25 + pf 441 146 33 205 46

50 435 102 23 192 44

Polyurethane 25.0 25 49 16 32 61 124

rigid foam 25 + pf 48 24 51 26 54

(28 kg/m?) 50 145 48 33 97 67

Polyurethane 25.0 25 178 49 27 114 64

flexible 25 + pf 80 28 35 56 70

foam 50 127 46 36 80 63
(27 kg/m?)

Expanded 25.0 25 112 75 67 196 175

polystyrene 25 + pf 102 75 74 130 128

(nonfire retardant; 14 kg/m®) 50 270 88 33 195 72

18
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TABLE A3.2 Repeatabilities and Reproducibilities of Specific Optical Density for Some Building Materials

Note 1—pf indicates test carried out with pilot flame.

Material Thickness, Irradiance, Mean, Repeatability Reproducibility
mm kw/m? D, (10) (Within Laboratories) (Between Laboratories)
r % of mean R % of mean

Pine 121 25 403 97 24 300 74
25 + pf 26 15 55 56 211

50 196 191 98 191 98

Chipboard 12.2 25 411 47 12 187 45
25 + pf 58 59 102 88 153

50 481 96 20 464 97

Plywood 4.2 25 251 31 12 132 52
25 + pf 33 15 47 58 175

50 113 58 51 82 72

Medium 11.9 25 420 127 30 281 67
density 25 + pf 68 42 62 72 106
fiberboard 50 688 114 17 413 60
Paper-faced 12.7 25 20 8 42 21 107
plasterboard 25 + pf 8 8 104 25 314
50 17 11 64 23 132

TABLE A3.3 Repeatability Experiments Using Wood Samples in
a Single Laboratory

A3.5 The preliminary interlaboratory trial has suggested
that it is not meaningful to quote a single value for the

Note 1—AVG: average; STD: standard deviation; CV%: coefficient of variability of the test. Th®, (at 10 min) data shows that smoke

variance.

Material

Douglas Fir Plywood

Red Oak Flooring

Incident Flux: 25 kW/m?, NF
D, (AVG)
D,, (STD)
D,, (CV%)
D,, /g (mass loss) (AVG)
D,, Ig (mass loss) (STD)
D,, g (mass loss) (CV%)
Incident Flux: 35 kW/m?, NF
D,, (AVG)
D,, (STD)
D,, (CV%)
D,, /g (mass loss) (AVG)
D,, g (mass loss) (STD)
D,, /g (mass loss) (CV%)
Incident Flux: 40 kW/m?, NF
D,, (AVG)
D, (STD)
D,, (CV%)
D,, /g (mass loss) (AVG)
D,, /g (mass loss) (STD)
D,, /g (mass loss) (CV%)
Overall Statistics
D, (AVG)
D,, (STD)
D,, (CV%)
D,, /g (mass loss) (AVG)
D,, Ig (mass loss) (STD)
D,, g (mass loss) (CV%)

496
47
9
24.2
4.7
20

475
19.9
3.4

17

491
13

22.3

475
9
2
22.1
7.3
33

461

11.9

generation depends upon the ignition behavior of the materials
(among other factors). Since ignition times are sensitive to
irradiance (or incident heat flux), it is clear that careful
attention must be paid to the measurement of irradiance.

A3.6 A further examination of repeatability also was
conducted in a single laboratory for wood samples, and the
results are shown in Table A3.3. It is clear from these results
that the repeatability of the test method is much better if the
materials tested undergo consistent ignition under the condi-
tions used for testing.

A3.7 Six different products were selected for evaluation in
a single laboratory. These selections represent typical commer-
cial products that display a wide range of responses when
subjected to the heat fluxes and the ignition source employed in
this test method. An analysis of the data was conducted as a
measure of the repeatability of the test method (see Table
A3.4), which also identifies the products included in the study.
The repeatability of the test method for this selection of
products is good, as indicated by the calculated coefficient of
variance (CV%). Some of the products are difficult to ignite,
some of them bulge towards the heater and some of them melt;
however, the combination of the cone heater and the horizontal
orientation minimizes the effect of these common performance

apparatuses), may be expected to lie with a 95 % probabilityproblems.
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TABLE A3.4 Repeatability Using Products in a Single Laboratory (6)

Note 1—E Foam: blended polymeric/rubber compound used as thermal insulation; Sh FI 1: commercial PVC floor covering, with inorganic felt
backing; F1 Tle: commerical-filled PVC floor tile; PP Crp: carpet with polypropylene yarn and scrim; Lens: polymeric material used to cover fluorescent
light fixtures; Sh Fl 2: residential unfilled PVC floor covering. AVG: average; STD: standard deviation; CV%: coefficient of variance.

Material E Foam ShFl1 FI Tle PP Crp Lens Sh FI 2

25 kW/m?, NF
Dm AVG 134 266 178 543 333 483
Dm STD 8 9 9 15 17 93
Dm CV% 6 3 5 3 5 19
D10 AVG 111 264 170 521 202 396
D10 STD 5 9 13 12 25 33
D10 CV% 5 4 8 2 12 8

25 kw/m?, F
Dm AVG 29 143 97 340 94 476
Dm STD 6 8 37 29 6 20
Dm CV% 19 6 38 9 7 4
D10 AVG 25 121 91 269 72 344
D10 STD 4 7 37 17 5 15
D10 CV% 15 6 40 6 7 4

50 kW/m?, F
Dm AVG 125 304 144 388 110 691
Dm STD 7 15 10 31 8 37
Dm CV% 6 5 7 8 2 5
D10 AVG 90 205 118 245 77 418
D10 STD 5 9 9 20 7 15
D10 CV% 5 4 8 8 3 4

APPENDIXES

(Nonmandatory Information)

X1. Smoke Density Chamber:

X1.1 The smoke density chamber test was developed at thegroduced and hence is useful for comparing one material,
National Bureau of Standards and was first described in aproduct, or assembly, against another.
ASTM research symposium in 1969). Since that time, there
have been numerous publications reporting on its application X1.3 Features of This Test Method

and on studies of the correlation of results of interlaboratory X1.3.1 Two exposure conditions are simulated by the test

tests through its uggd.0-16) Features of a chamber like the one These conditions include open flaming combustion in the

in this test method, which a conical radiant heater, have alsQ : Ao X L
been discussed in the literatuf?). presence of supporting radiation and radiant heating in the

absence of ignition. These two conditions are selected as

representative of two types of fire involvement of a product.

d ei(/éicz) eghg 'g?ﬁ%d alrs1 dsar:e(?s\:gatwwi(ceh tEeelsbsoi)r(\c:aypt?e;ﬁStThe irradiance level of 25 kW/fwas selected as the highest
P y ! for which most cellulosics would pyrolyze without self-

standardlzeq_ as Test_ Method D 2843; hqwever, It prowde§ nition. This irradiance level is much lower than that which
certain modifications in the nature of specimen exposure an\%ould exist in a compartment after flash-over. It more nearly
the capability for quantitative measurement of the smoke '

) ; imulates conditions in the initial stages of a fire; thus, it is
produced. Advantages provided by use of this test metho bpresentative of a nonflaming fire condition.

include the smoke collection chamber is essentially sealed so i Vi
all smoke produced during a test is retained: only one surface X1-3-2 The higher standard heat flux, 50 kW/mepresents
hat a flaming fire condition.

of a test specimen is exposed to fire or radiant heating, thu¢
providing a measure of effectiveness of surface treatment X1.3.3 The conical heater used is specific to this test
assisting in control of smoke release; a vertical photometer ig1ethod, and is required to yield a maximum imposed heat flux
used as a means for avoiding measurement errors resultif§ 50 KW/nf on an exposed specimen area of ca. 4200°mm

from smoke stratification; provision is included for reporting X1.3.4 The primary measurement made during this test
the result of smoke measurements in terms of specific opticahethod is the amount of light transmitted by an optical system.
density, which is a measurement of the amount of smok&here is considerable advantage to using specific optical
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density as a value by which to evaluate results as compared tmnditions. In practice, techniques for making these estimates
using percent light transmittance. have not been developed, because of variations in types of fire
X1.3.5 The use of this unit of smoke measurement is basedxposure; the rate of involvement of a material, product, or
on Bouguer’s law of light attenuation which is expressed as irassembly, in a fire; the ventilation characteristics of the
Eq X1.1: compartment; and the degree of stratification of the accumu-
lated smoke. In most instances, these are undetermined vari-

oL

T-Toe (x1.1) ables, which greatly influence light transmission through
where: smoke obscuration resulting from a fire.
T = the % flux transmittance; . .
T, (which is equal to 100) = the initial transmitted flux; X1.4 Factors Influencing this Test Method
o = the attenuation coefficient, X1.4.1 During development of the original smoke density

and chamber test method (Test Method E 662), many factors were

L = the length of the optical path. considered that could influence the measurements. Some of the

For a monodispersed aerosol, more important of these are discussed briefly in the following
o is found to be proportional  sections.
to the product of the size and X1.4.2 It is observed that, in spite of significant thermal
the number of particles. The convection mixing, smoke near the top of the cabinet is
optical density,d, is defined  obviously more dense. This fact is verified by experimental
by Eq X1.2: measurements. As a result, it is apparent that a vertical
d — log (100) (X1.2) photometer yields.a much more re_presentative measurement of
smoke accumulation than is provided by a horizontal unit at
one position in the chamber.
oL oL (X1.3) X1.4.3 Experiments showed that the optical density of the
log10  2.303 ' accumulated smoke is sensitive to the spacing between the

X1.3.6 While the smoke produced from fire usually doesspecimen face and the surface of the radiation source. Experi-
not meet the requirements of a monodispersed aerosol, it h&’ents suggested that the sensitivity is caused by two effects:
been found to behave in a photometric manner such that, faHoser spacing causes more smoke to be consumed near the
engineering purposes, optical density may be considered to heat source; on the other hand, it also reduces air circulation
roughly proportional to the smoke particulate produced. Thepast the specimen, and thus, inhibits open flaming combustion.
fire-test-response characteristic measured in this test methofis a result, if the spacing between sample and heat source is
specific optical densityD,, has been introduced to provide a changed, a small systematic change should be expected in

conveniently factored rating scale as shown in Eq X1.4: ~ smoke obscuration measurement.
X1.4.4 The use of aluminum foil to wrap the back and edges

Therefore, the optical density is calculated from Eq X1.3:

d

\Y v 100 . o . e
De—ard-ar Iog(T) (X1.4) of the specimen is introduced to provide better standardization
because it is found that if smoke particles are allowed to leak
where: out through the back or edges of the specimen holder, the
(VIAL) = 132. various ways this occurs introduces an undesirable variability

X1.3.7 Certain test methods report smoke obscuration simin the measurements.
ply in terms of light transmission. The problem with such a X1.4.5 The set-up in this test method, with the sample being
procedure is that the percent light transmittance is not aested horizontally, limits the problem of testing material,
reciprocal, linear function of the quantity of smoke produced;products, or assemblies, such as those containing some ther-
that is, the assumption that as the quantity of smoke produceatioplastic materials, which can melt and drip way from the heat
is doubled, the percent light transmittance is cut in half issource.
incorrect. X1.4.6 The smoke generation from some materials, prod-

X1.3.8 The concept of specific optical density, while old in ucts, or assemblies, differs significantly depending on whether
terms of chemical photometric practice, was first introduceccombustion occurs in a nonflaming or flaming mode. It is
for measuring smoke obscuration as part of the smoke densifynportant, therefore, to record as much information as possible
chamber test method (Test Method E 662). It is based ombout the mode of combustion (for example, the presence of
Bouguer’s law (Eq X1.1). and permits reporting smoke develflame on the sample surface) during each test.
opment in terms that recognize the area of specimen involved, X1.4.7 Coated and faced samples, including sheet lami-
the volume of the chamber, and the optical path length of theates, tiles, fabrics, and other composites secured to a substrate
photometer. Specific optical density is a dimensionless quarwith an adhesive, and composites not attached to a substrate,
tity, but its value must be recognized as relating to the samplare subject to delamination, cracking, peeling, or other sepa-
only in the thickness tested. In theory, it has the advantage oftions affecting their smoke generation.
providing a basis for estimating the smoke optical density or X1.4.8 Evaluation of the data obtained for individual speci-
light-obscuring properties of smoke that can be developed bynens, together with the individual masses of the specimens,
the same product in other fire-involved areas, different lightwill assist in assessing the reasons for any observed variability
paths, in another enclosure volume, on the assumption dh measurements. Preselection of specimens with identical
uniform smoke-air mixing and under similar fire exposurethickness or mass, or both, will reduce the variability, but is not
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necessarily truly indicative of the actual variability to be nonflaming modes. In particular, the nonflaming mode often
expected from the sample as normally supplied. exhibits higher smoke; thus, use of the nonflaming mode is

X1.4.9 It has been shown, by the use of Test Method E 662appropriate when assessing applications involving smoldering
that a number of materials and products exhibit considerableombustion.
difference in smoke obscuration between the flaming and

X2. Radiant Heat-Flux Uncertainties

X2.1 The strategies shown in X2.2 through X2.4 can help X2.3 It has been found that heat losses down the thermo-
to minimize uncertainties in radiant heat flux at the specimertouple sheath can occur due to a fin effect. If this is a problem,
location. steps should be taken to minimize such losses.

X2.2 New heater elements should be aged before using for
test purposes to allow the heater emissivity to stabilize and
minimize drift in the heat flux.

X3. COMMENTARY

X3.1 The visibility in a fire atmosphere will adversely X3.3.5 Test Methods D 5424, E 1537, and E 1590 are ex-
affect the ability of victims to escape and the ability of fire amples of Category (IV) tests.
fighters to fight the fire. X3.3.6 Test Methods E 906, E 1354, and E 1474 are ex-
_amples of Category (V) tests.
X3.2 The test methods used to measure smoke obscurationx3.3.7 The test method described here also is an example of
accompanying a fire can be classified into five categdbgs a Category (I) test, which offers solutions to some of the

0} Static small-scale smoke obscuration tests on materi- deficiencies described for Test Method E 6§@24).
als.
I Dynamic small-scale smoke obscuration tests on ma- X3.4 Correlation Between Test Methods
terials.
iy Large-scale smoke obscuration tests on products, not X3.4.1 Little information exists about correlations between
W gﬁﬁ'gzzi f:’e's?:fr:;';?f: hoat release and smoke test methods measuring smoke obscuration. It has been found
release. ¢ that there is good correlation between data from Test Method
) Small scale tests measuring heat release and smoke E 906 and Test Method E 13%4). It also has been found that
release. there is good correlation between data from Test Method

D 5424 and E 13548), while there is poor correlation between
the data from Test Method E 662 and either Test Method E 906

X3.3.1 There are a significant number of ASTM test nWth'ordE 1354 or a fully lined room, as discussed in Guide E @03
ods that measure fire-test-response characteristics associa

with smoke obscuration. It is possible to classify most of them
as being an example of one of the categories in X3.2.
X3.3.2 Test Methods D 2843 and E 662 are examples o

X3.3 Smoke obscuration measurement test methods.

X3.4.2 The test method described here would be expected to
ffer more adequate results than Test Method E 662, princi-
Eally because of two features: the capability of using high

Category (1) tests. incident heat fluxes, and the use of horizontal sam i
. , ples, which
X3.3.3 Test Method D 4100 is an example of a Category (1), ot |ose material due to melting and dripping.

test, which measures smoke gravimetrically instead of photo-

metrically, as most other tests do. X3.5 If the heat-flux meter finish has a relatively flat
X3.3.4 Test Method E 84 is an example of a Category (lll)spectral absorptivity in the range of 2-14 um, that would
test. decrease heat flux setting uncertainty.
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