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1. Scope 4. Significance and Use
1.1 This is a fire test response standard. 4.1 This test method is intended for measurements on
1.2 This test method covers the measurement of surfaceaterials whose surfaces may be exposed to fire. It provides a
flammability of flexible cellular materials. laboratory test procedure for measuring and comparing the

1.3 This standard should be used to measure and describsurface flammability of materials when exposed to a prescribed
the response of materials, products, or assemblies to heat andvel of radiant heat energy. The test is made on 150 by
flame under controlled conditions and should not be used td60-mm (6 by 18-in.) specimens that are representative, to the
describe or appraise the fire-hazard or fire-risk of materials, extent possible, of the material or assembly being evaluated.
products, or assemblies under actual fire conditions. However, 4.2 The rate at which flames will travel along surfaces
results of this test may be used as elements of a fire-hazadkepends upon the physical and thermal properties of the
assessment or a fire-risk assessment which takes into accoungterial, its method of mounting and orientation, the type and
all of the factors which are pertinent to an assessment of théevel of fire or heat exposure, the availability of air, and
fire hazard or fire risk of a particular end use. properties of the surrounding enclosidre.

1.4 This standard does not purport to address all of the 4.3 In this procedure, the specimens are subjected to one or
safety concerns, if any, associated with its use. It is thamore specific sets of laboratory fire test exposure conditions. If
responsibility of the user of this standard to establish appro-different test conditions are substituted or the anticipated
priate safety and health practices and determine the applicaend-use conditions are changed, it may not be possible by or
bility of regulatory limitations prior to use. from this test to predict changes in the performance character-
istics measured. Therefore, the results are strictly valid only for
the fire test exposure conditions described in this procedure.
2. Referenced Documents 4.4 If the test results obtained by this test method are to be

21 ASTM Standards: considered in the total assessment of fire hazard in a building

E 162 Test Method for Surface Flammability of Materials structure, then all pertinent established crit_eria for fire hazard

Using a Radiant Heat Energy Soufce assessment developed b_y ASTM Committee E-5 must be
included in the consideration.

Note 1—There is no similar or equivalent 1ISO standard.

3. Summary of Test Method
5. Apparatus

3.1 This test method of measuring surface flammability of . -
flexible cellular materials employs a radiant panel heat source_E"1 The apparatus shall be essentially as shown in Fig. 1 and

consisting of a 300 by 460-mm (12 by 18-in.) panel in front of F19- 2 @nd shall include the following: .
which an inclined 150 by 460-mm (6 by 18-in.) specimen of 5.1.1 Radiant Panel with Air and Gas SuppiyThe radiant

the material is placed. The orientation of the specimen is suchan€l shall consist of a porous refractory material vertically

that ignition is forced near its upper edge and the flame fronflounted in a cast iron frame, exposing a radiating surface of
progresses downward. 300 by 460 mm (12 by 18 in.) and shall be capable of operating

3.2 Factors derived from the rate of progress of the flame
front and heat liberated by the material under test are combined , L . .
For additional information refer to the following:

to prowde a flame spread index. (1) Robertson, A. F., Gross, D., and Loftus, J., “A Method for Measuring Surface
Flammability of Materials Using a Radiant Energy SourderbceedingsASTM,
Vol 56, 1956, pp. 1437—1453.
(2) Robertson, A. F.,* Surface Flammability Measurements by the Radiant Panel
Methods,”ASTM STP 344ASTM, 1962, pp. 33-46.
(3) Gross, D. and Loftus, J. J., “Surface Flame Propagation on Cellulosic Materials
Exposed to Thermal RadiationJournal of ResearchNBS, Vol 67C, 1963, pp.
%51-258.
(4) Magee, R. S. and McAlevy lll, R. F., “The Mechanism of Flame Spread,”
Journal of Fire and FlammabilityVol 2, 1971, pp. 271-297.

4 Also see Test Method E 162.

1 This test method is under the jurisdiction of ASTM Committee D-20 on Plastics
and is the direct responsibility of Subcommittee D20.30 on Thermal Properties.
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a 150 to 180-mm (6 to 7-in.) flame of gas premixed with air in
an aspirating type fitting. Acetylene has been found satisfactory
for this purpose. Properly adjusted, the pilot flame should have
25-mm (1-in.) inner blue cones and should impinge on the
upper central surface of the specimen within 13 mm (0.5 in.) of
the edge of the specimen support frame. Flow rates of 0.015
dm®/s (0.032 ff/min) of acetylene and 0.075 d¥s (0.16
ft3/min) of air have been found to provide the desired flame.

5.1.5 Stack—The stack shall be made from 1.0-mm (0.040-
in.) sheet steel with shape and dimensions as shown in Fig. 2.
The position of the stack with respect to the specimen and
radiant heat panel shall also comply with the requirements of
Fig. 2.

5.1.6 Thermocouples-Eight thermocouples of equal resis-
tance and connected in parallel shall be mounted in the stack
and supported with porcelain insulators as indicated in Fig. 2
and Fig. 5. Each junction shall be formed by fusing the end of
a twisted pair of chromel and alumel wires of 0.5-mm
(0.02-in.) diameter. The wiring shall be insulated in a manner
that adequately protects those segments subjected to elevated
temperatures.

5.1.7 Automatic Potentiometer RecordeAn automatic
potentiometer recorder in the range from 38 to 538°C (100 to
1000°F) shall be installed to record the temperature variation
of the stack thermocouples as described in 5.1.6. The recorder
shall give a continuous record or shall print at time intervals of
not more than 5 s.

5.1.8 Hood—A hood with exhaust blower placed over the
stack is required. The blower should produce a velocity that
adequately exhausts smoke and combustion gases. The veloc-
at temperatures up to 820°C (1500°F). The panel shall bgy is not critical for flame spread measurements provided a
equipped (see Fig. 2) with a venturi-type aspirator for mixingstack thermocouple calibration is performed (see A1.3) for the
gas and air at approximately atmospheric pressure; a centrifigstablished test conditions. The hood surfaces should clear the
gal blower, or equivalent, to provide 47 dis (100 ff/min) air  top and sides of the stack by a minimum of 250 mm (10 in.)
at a pressure of 0.7 kPa (2.8 in. water); an air filter to prevennd 190 mm (7.5 in.) respectively.
dust from obstructing the panel pores; a pressure regulator ands_ 1.9 Radiation Pyrometer-The radiation pyrometer for
a control and shut-off valve for the gas supply. standardizing the thermal output of the panel shall be suitable

5.1.2 Specimen HolderThe specimen holder shall con- for viewing a circular area 250 mm (10 in.) in diameter at a
form in shape and dimension to Fig. 3 and be constructed frorfange of about 1.2 m (4 ft). It shall be calibrated over the
heat-resistant chromium steel. Observation marks shall be fi|e§berating black body temperature range in accordance with the
on the surface of the specimen holder to correspond witlpyrocedure described in Annex Al.

75-mm (3-in.) interval lines on the specimen. 5.1.10 Portable Potentiometer-The electrical output of the

5.1.3 Framework for Support of the Specimen Holdefhe  radiation pyrometer shall be monitored by means of a poten-
framework shall have two transverse rods of stainless steefiometer provided with a millivolt range suitable for use with
each about 12.5 mm (0.5 in.) in diameter, with a stop to centethe radiation pyrometer described in 5.1.9.
the specimen holder directly in front of the radiant panel. The 5.1.11 Timer—The timer shall be calibrated to read to 0.01
support and bracing members should be constructed fromin to record the time of events during the test.
metal stock. Since the angle of the specimen and its position ]
with respect to the panel are critical, the framework dimension§- Tést Specimens
specifying these conditions shall be within 3.0 mm (0.13in.) of 6.1 The test specimens shall be 150 by 460 by 25 mm (6 by
the values given in Fig. 2. 18 by 1.0 in.). Materials produced at less than 25-mm thickness

5.1.4 Pilot Burne—The pilot burner shall be a porcelain shall be tested at the maximum thickness produced. Materials
tube 230 mm (9 in.) in length, 6.3 mm (0.25 in.) in diameter,produced at less than 460 mm (18 in.) in length shall be
with two holes 1.5 mm (0.059 in.) in diameter equally spacedmounted in series to provide a specimen of the proper length.
in the tube (see Fig. 4). The burner shall be mounted horizorNo segment of the specimen shall be less than 150 mm (6 in.)
tally and at an angle of 15 to 20° to the intersection of thein length.
horizontal plane of the burner with the plane of the specimen 6.2 The back and sides of the test specimen shall be
with the outlet end of the burner spaced 322 mm (1.25+  wrapped with aluminum foil, the shiny side against the test
0.1 in.) from the specimen (see Fig. 4). The pilot shall providespecimen, 0.05 mm (0.002 in.) in thickness. Insulation board,

2

FIG. 1 Radiant Panel Flame Spread Test Equipment
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FIG. 2 Details of Construction of Test Equipment

6.4 mm (0.25 in.) in thickness, shall be used as backing. The 8.2 Ignite the gas-air mixture passing through the radiant
test specimen shall be retained in the specimen holder by a 15fnel and allow the unit to heat for 0.5 h. Before each test,
by 460-mm (6 by 18-in.) sheet of 25-mm (1-in.) 20-gagecheck the radiant output by means of the radiation pyrometer
hexagonal steel wire mesh placed against the exposed face giiced in such a manner as to view a central panel area about
the specimen. Molded skin or treated surfaces shall face th2&50 mm (10 in.) in diameter. Adjust the rate of gas supply to

exposure. _ maintain the radiant output equal to that which would be
6.3 At least four test specimens of each sample shall bgbtained from a blackbody of the same dimensions operating at
tested. a temperature of 670 4°C (1238+ 7°F).

7. Conditioning 8.3 Turn on the recording potentiometer for measuring the
stack thermocouple temperature.

7.1 Condition the specimens for a minimum of 24 h at a : . o )
temperature of 2& 3°C (73 5°F) and a relative humidity of 8.4 Ignite the pilot and adjust it to give a flame 150 to 180
mm (6 to 7 in.) long with inner blue cones 25 mm (1.0 in.) in

50 = 5 %.
length.

8. Procedure 8.5 Place the specimen holder containing the specimen into
8.1 Remove objectionable combustion deposits from théhe supporting framework and start the timer. A maximum of 5
thermocouples by brush cleaning or other effective methodnin shall lapse between the time the specimen is removed from
after each test. the conditioning chamber until it is placed in position on the
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FIG. 3 Specimen Holder

framework. During this time, place the specimen and holder irproduct of the flame spread factdt,, and the heat evolution
an appropriate vapor barrier jacket, removing it only when theactor, Q, as follows:
specimen and holder are placed on the framework for the test. .= F.Q (1)

A polyethylene bag has been found suitable as a vapor barrier . .
envelope. whereF, andQ are as defined in 9.2 and 9.3.

8.6 Record the time of arrival of the flame at each of the 9.2 Calculation of E—On linear graph paper, plot distance
75-mm (3-in.) marks on the specimen holder. Also record thevertically against time of arrival of flame at each mark

maximum temperature rise of the stack thermocouples. horizontally. For this purpose, assume that the flame starts at 0
8.7 Record any observations made of any behavior charaga. (0 mm) at time 0 min, and plot this initial point also.
teristics of a specimen that appear to be of interest. Connect the six (or fewer) points with straight-line segments. If

8.8 Exposure Time-The test is completed when the flame the upward slope of all the line segments becomes less steep,
front has progressed the full length of the specimen or after agr remains constant, calculafe as follows:
exposure time of 15 min, whichever occurs earlier, provided 1 1 1 1 1
the maximum temperature of the stack thermocouples is Fe=l+r—t+ir—t it i —oti—1 2
reached. 3~ =l 7l L7l bLs=lo

) wheret, is conventionally 0, and... t,;5 correspond to the
9. Calculation time, in minutes, from initial specimen exposure until arrival of
9.1 Calculate the flame spread indexpf a specimen as the the flame front at the positions 3 ... 15 in. (76 ... 380 mm),

4
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