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INTERNATIONAL

Standard Test Method for
Critical Radiant Flux of Floor-Covering Systems Using a
Radiant Heat Energy Source 1!

This standard is issued under the fixed designation E 648; 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.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope 1.6 This standard does not purport to address all of the

1.1 This fire-test-response standard covers a procedure fégfety concerns, if any, associated with its use. It is the
measuring the critical radiant flux of horizontally mounted "esponsibility of the user of this standard to establish appro-
floor-covering systems exposed to a flaming ignition source ifPriate safety and health practices and determine the applica-
a graded radiant heat energy environment in a test chamber. llity of regulatory limitations prior to useSpecific hazard
specimen is mounted over underlayment, a simulated concrefatéments are given in Section 7.
structural floor, bonded to a simulated structural floor, or
otherwise mounted in a typical and representative way.

1.2 This fire-test-response standard measures the critical 2-1 ASTM Standards: _
radiant flux at flame-out. It provides a basis for estimating one C 1186 _Specification for Flat Non-Asbestos Fiber-Cement
aspect of fire exposure behavior for floor-covering systems. Sheetd _ _ . _

The imposed radiant flux simulates the thermal radiation levels E 122 Practice for Choice of Sample Size to Estimate a
likely to impinge on the floors of a building whose upper ~_Measure of Quality for a Lot or Process _
surfaces are heated by flames or hot gases, or both, from a fully E 136 Test Method for Behavior of Materials in a Vertical
developed fire in an adjacent room or compartment. The _Tube Furnace at 750°C ,
standard was developed to simulate an important fire exposure E 171 Specification for Standard Atmospheres for Condi-
component of fires that develop in corridors or exitways of _tioning and Testing Flexible Barrier Materials

buildings and is not intended for routine use in estimating E 176 Terminology of Fire Standartls

flame spread behavior of floor covering in building areas otheg_ Terminology
than corridors or exitways. See Appendix X1 for information o , . )
on proper application and interpretation of experimental results -1 Definitions—See Terminology E 176 for additional defi-
from use of this test. niions. B _

1.3 The values stated in SI units are to be regarded as the 3-2 Definitions of Terms Specific to This Standard:
standard. The values given in parentheses are for information 3-2-1 blackbody temperaturer—the temperature of a per-
only. fect radiator—a sy(face with an emissivity of unity and,
1.4 The text of this standard references notes and footnotd@erefore, a reflectivity of zero. _
that provide explanatory information. These notes and foot- 3.2.2 corridor, n—an enclosed space connecting a room or

notes, excluding those in tables and figures, shall not b€ompartment with an exit. The corridor includes normal
considered as requirements of this standard. extensions, such as lobbies and other enlarged spaces, where

1.5 This standard is used to measure and describe th@"€Sent. _ o .
response of materials, products, or assemblies to heat and 3.2.3 critical radiant flux n—t_he level of incident rad|ant
flame under controlled conditions but does not by itself’€at energy on the floor covering system at the most distant
incorporate all factors required for fire-hazard or fire-risk [1@me-out point. Itis reported as WIEnBtu/ft*s).

assessment of materials, products, or assemblies under actual3-2-4 flame-ouf n—the time at which the last vestige of
fire conditions. flame or glow disappears from the surface of the test specimen,

frequently accompanied by a final puff of smoke; Time 0 is the

2. Referenced Documents

1 This test method is under the jurisdiction of ASTM Committee EO5 on Fire
Standards and is the direct responsibility of Subcommittee E05.22 on Surface 2Annual Book of ASTM Standardéol 04.05.

Burning. 3 Annual Book of ASTM Standardéol 14.02.
Current edition approved Jan. 10, 2003. Published February 2003. Originally “Annual Book of ASTM Standardgol 04.07.
approved in 1978. Last previous edition approved in 2000 as E 648 — 00. > Annual Book of ASTM Standardgol 15.09.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



A8y E 648 — 03
“afl

time at which the specimen is moved into the chamber and this converted to watts per square centimetre from the flux profile
door closed. (See 12.3.) graph, Fig. 3, and reported as critical radiant flux, Wicm

3.2.5 floor covering n—an essentially planar material hav- o
ing a relatively small thickness in comparison to its length or>- Significance and Use
width, which is laid on a floor to enhance the beauty, comfort, 5.1 This fire test response standard is designed to provide a
and utility of the floor. basis for estimating one aspect of the fire exposure behavior of

3.2.6 floor covering systepm—a single material, composite a floor-covering system installed in a building corridor. The test
or assembly comprised of the floor covering and relatedenvironment is intended to simulate conditions that have been
installation components (adhesive, cushion, etc.), if any. observed and defined in full scale corridor experiments.

3.2.7 flux profile n—the curve relating incident radiant heat 5.2 The testis intended to be suitable for regulatory statutes,
energy on the specimen plane to distance from the point o$pecification acceptance, design purposes, or development and
initiation of flaming ignition, that is, 0 cm. research.

3.2.8 total flux meteyn—the instrument used to measure the 5.3 The fundamental assumption inherent in the test is that
level of radiant heat energy incident on the specimen plane aritical radiant flux is one measure of the sensitivity to flame
any point. spread of floor-covering systems in a building corridor.

FIG. 1 Flooring Radiant Panel Tester Apparatus

4. Summary of Test Method 5.4 The test is applicable to floor-covering system speci-

4.1 The basic elements of the test chamber, Fig. 1, Mens that follow or simulate accepted installation practice.
air-gas fueled radiant heat energy panel inclined at 30° to andiests on the individual elements of a floor system are of limited
directed at 2) a horizontally mounted floor covering system value and not valid for evaluation of the flooring system.
specimen, Fig. 2. The radiant panel generates a radiant energy, 1 i dure. th ) biected t
flux distribution ranging along the 100-cm length of the test O;.E . f'f Eroce u"fe.‘ © specimens are subjectea fo one or more

. from a nominal maximum of 1.0 W/Rno a specific sets of la ora_ltory ire test exposure conditions. If different test
SPe_C'me” L : conditions are substituted or the anticipated end-use conditions are
minimum of 0.1 W/cri. The test is initiated by open-flame

e ) ! changed, it may not be possible by or from this test to predict changes in
ignition from a pilot burner. The distance burned to flame-out
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EXAMPLE OPERATING CONDITIONS|

o
@

WATTS,/cm?

BLACK BODY TEMPERATURE 430C
CHAMBER TEMPERATURE, BOTTOM
OPEN 11C
GAS FLOW (96% METHANE) 1.1 m3 per i,
AIR FLOW 16.4 m3 per hr.
{PROFILE DETERMINED AT £QUILIBRIUM,
CHAMBER CLOSED, DUMMY SPECIMEN IN
PLACE)}

INSTRUMENTATION
TOTAL HEAT FLUX METER - MEDTHERM ]
MODEL No. 64-2-20, SERIAL No. 124421

o
s3]

04

0.2

(CALIBRATED AT N8S BY DPTICAL RADIATION
GROUP 8-23-74)
DIGITAL VOLTMETER - KIETHLEY MODEL |

No. 160 RANGE USED 0-10 mV.
PANEL

No. 1 RADIANT BURNER 305 x 457 cm |
RADIANT HEATING Ltd. PATTERN

N

No. 2458 NBS P.0. S - 402857 - 714
INSTALLED 8-3-7

0.0

<
>\"“<>\

20 30 40 50 60

DISTANGE, cm
FIG. 3 Standard Radiant Heat Energy Flux

the performance characteristics measured. Therefore, the results are
strictly valid only for the fire test exposure conditions described in this

procedure.

70 80 90

Profile

100
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If the test results obtained by this method are to be considered in the 6.1.2 The bottom of the test chamber shall consist of a
total assessment of fire risk, then all pertinent established criteria for ﬁr%liding steel platform that has provisions for rigidly securing
risk assessment developed by Committee E-5 must be included in tht?‘le test specimen holder in a fixed and level position. The free
consideration. . o ’

or air access, area around the platform shall be in the range
6. Flooring Radiant Panel Test Chamber—Construction from 2580 to 3225 ch(400 to 500 irf).

and Instrumentation 6.1.3 When the rate of flame front advance is to be
6.1 The flooring radiant panel test chamber employed fomeasured, a metal scale marked with 10-mm intervals shall be
this test shall be located in a draft-protected laboratory. installed on the back of the platform or on the back wall of the

6.1.1 The flooring radiant panel test chamber, Fig. 4 ancdhamber.

Fig. 5, shall consist of an enclosure 1400 mm (55 in.) long by 6 1.4 When the extent of flame travel is to be measured after

500 mm (19%zin.) deep by 710 mm (28 in.) above the test 4 prescribed burning period, for example, 15 min, the metal
specimen. The sides, ends, and top shall be of 13-tAN()  gc51e described in 6.1.3 shall be used.

calcium silicate, 0.74 g/ci(46 Ib/ft®) nominal density, insu-
Igtigg m}?é:aé\)/vlfg g;heBrtmgl condgctlvny at 17-7 C (350°F) of with interior dimensions of 102 3 mm (4.00= 0.13in.) wide

. - . u-in./(h#t°F)]. One side shall be .
provided with an approximately 100 by 1100-mm (4 by 44—in.)by 380 £ 3 mm (.15'00t 0.13 |n._) deep by 318= 3 mm
draft-tight fire-resistant glass window so the entire length of thd+2-50+ 0.13in.) high at the opposite end of the chamber from
test specimen will be observable from outside the fire testn€ radiant energy source.
chamber. On the same side and below the observation window 6.2 The radiant heat energy source shall be a panel of
is a door that, when open, allows the specimen platform to bgorous material mounted in a cast iron or steel frame with a
moved out for mounting or removal of test specimens. Wheradiation surface of 305 by 457 mm (12 by 18 in.). It shall be
required for observation, a draft-tight fire-resistant windowcapable of operating at temperatures up to 816°C (1500°F).
shall be installed at the low flux end of the chamber. The panel fuel system shall consist of a venturi-type aspirator

|

6.1.5 The top of the chamber shall have an exhaust stack

s ¥
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FIG. 4 Flooring Radiant Panel Tester Schematic Side Elevation
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FIG. 5 Flooring Radiant Panel Tester Schematic Low Flux End, Elevation

for mixing ga$ and air at approximately atmospheric pressurepanel is 89+ 3 mm (3.5= 0.13 in.). The panel-to-specimen

a clean, dry air supply capable of providing 28.3 NTB/hn vertical distance is 146: 3 mm (5.5= 0.13 in.) (see Fig. 4).

(1000 standard fth) at 76 mm (3.0 in.) of water, and suitable 2.2 The radiation pyrometer for standardizing the thermal

instrumentation for monitoring and ContrO”ing the flow of fuel output of the pane| shall be suitable for Viewing a circular area

to the panel. 254 mm (10 in.) in diameter at a range of about 1.37 m (54 in.).
6.2.1 The radiant heat energy panel is mounted in thet shall be calibrated over the 490 to 510°C (914 to 950°F)

chamber at a nominal angle of 38 5° to the horizontal  gperating blackbody temperature range in accordance with the

specimen plane. The radiant panel shall be adjusted to obtaifocedure described in Annex Al.

the flux profile within the limits specified in 10.6. The = 5543 A high impedance or potentiometric voltmeter with a

horizontal distance from the 0 mark on the specimen fixture tQitap|e millivolt range shall be used to monitor the output of
the bottom edge (projected) of the radiating surface of theche radiation pyrometer described in 6.2.2.

6.3 The specimen holder (see Fig. 5) shall be constructed
® Gas used in this test shall be commercial grade propane having a heating valtfﬁrom heat_reSiSt.am stainlegs Stee.l (AISI Type 300 (UNA_
of approximately 83.1 MJ/f(2500 Btu/ff), commercial grade methane having a ' 08330) or equwalen_t) hav!ng a thickness of 1.98 mm (0-078
minimum purity of 96 %, or natural gas. in.) and an overall dimension of 1140 by 320 mm (45 by
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12%4in.) with a specimen opening of 200 by 1000 mm (7.9 byvertical plane of the chamber 25 mm (1 in.) down from the top
39.4in.). Six slots shall be cut in the flange on either side of the@nd 102 mm (4 in.) back from inside the exhaust stack.
holder to reduce warping. The holder shall be fastened to the 6.5.1 The thermocouple shall be kept clean to ensure
platform with two stud bolts at each end. accuracy of readout.

6.4 The pilot burner, used to ignite the specimen, is a 6.5.2 An indicating potentiometer with a range from 100 to
nominal 6 mm ¥z in.) inside diameter, 10 mn%§ in.) outside  500°C (212 to 932°F) shall be used to determine the chamber
diameter stainless steel tube line burner having 19 evenliemperature prior to a test.
spaced 0.7 mm (0.028 in.) diameter (#70 drill) holes drilled 6.6 An exhaust duct with a capacity of 28.3 to 85 NTP
radially along the centerline, and 16 evenly spaced 0.7 mnm*min (1000 to 3000 standard®ftnin) decoupled from the
(0.028 in.) diameter (#70 drill) holes drilled radially 60° below chamber stack by at least 76 mm (3 in.) on all sides and with
the centerline (see Fig. 6). In operation, the gas flow is adjustedn effective area of the canopy slightly larger than plane area of
to 0.085 to 0.100 rith (3.0 to 3.5 SCFH) (air scale) flow rate. the chamber with the specimen platform in the out position is
The pilot burner is positioned no more than 5° from theused to remove combustion products from the chamber. With
horizontal so the flame generated will impinge on the specimethe panel turned on and the dummy specimen in place, the air
at the 0 distance burned point (see Fig. 4 and Fig. 5). When thigow rate through the stack shall be 76:215.2 m/min (250t
burner is not being applied to the specimen, move it away fronb0 ft/min) when measured with a hot wire anemometer about
the ignition position so it is at least 50 mm (2 in.) away from 30 s after insertion of the probe into the center of the stack
the specimen. opening at a distance of 152 mm (6 in.) down from the top of

6.4.1 With the gas flow properly adjusted and the pilotthe stack opening.
burner in the test position, the pilot flame shall extend from 6.7 The dummy specimen that is used in the flux profile
approximately 63.5 mm (2.5 in.) at either end to approximatelydetermination shall be made of 19-m#tn.) inorganic 0.74
127 mm (5 in.) at the center. glent (46 Ib/ft%) nominal density calcium silicate board (see

6.4.2 The holes in the pilot burner shall be kept clean. A soffFig. 7). It is 250 mm (10 in.) wide by 1070 mm (42 in.) long
wire brush has been found suitable to remove the surfaceith 27-mm (%4e-in.) diameter holes centered on and along

contaminants. Nickel-chromium or stainless steel wire with arthe centerline at the 100, 200, 300, ... , 900 mm locations,
outside diameter of 0.5 mm (0.020 in.) is suitable for openingmeasured from the maximum flux end of the specimen. To
the holes. provide proper and consistent seating of the flux meter in the

6.5 A 3.2-mm s-in.) stainless steel sheathed groundedhole openings, a stainless or galvanized steel bearing plate
junction Chromel-Alumel thermocouple shall be located in theshall be mounted and firmly secured to the underside of the
flooring radiant panel test chamber (see Fig. 4 and Fig. 5). Thealcium silicate board with holes corresponding to those
chamber thermocouple is located in the longitudinal centrapreviously specified. The bearing plate shall run the length of

Front View Side View

Burner Holes

OO
W 1_1 Ho|es90°—(-:+ﬂj

\ —.1 Holes 150"/

X2.7 mm
(l/?. in. )
(1 1/4 1n-) - .
All Holes " 70 Drill
0.7 mm (0.028 1in.)
diameter
i: 254 mm (10 1in.) ~]l
e ARE -
L-I - . - . . . -_]I. . I. . . . » - . I
B Stainless Steel
10 mm (3/8 in.) Stainless Steel Tube
Nominal 6 mm (1/4 in.) I1.D.
Note:
All Joints
Silver soldered, heliarced, or other appropriote seal.
-
Bottom View
FIG. 6
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FIG. 7 Dummy Specimen in Specimen Holder

the dummy specimen and have a width of 76 mm (3 in.). The/. Hazards
;mik&eése:’fggie Efzrlg%iﬁféeirr?i%vsrﬁ In tcc)) rd3e ;tomrrr;zlr(:rt]a;n the 7.1 Suitable safeguards following sound engineering prac-
maximum 9 P = up ' ' tices shall be installed in the panel fuel supply to guard against
: . a gas-air fuel explosion in the test chamber. Consideration shall
6.7.1 The total heat flux transducer used to determine thB ; . .
flux profile of the chamber in conjunction with the dummy € given, but notllmlt_ed to the fo_llowmgllagas fee_d cut-off
specimen shall be of the Schmidt-Boelteype, have a range activated when the air supply fail®)(a fire sensor directed at
from 0 to 1.5 W/cn (0 to 1.32 Btu/ff-s), and shall be the panel surface thgt stops fuel flow when the paqel flame goes
calibrated over the operating flux level range from 0.10 to 1.§_Ut’ () a commercial gas we_lter heater or _gas-f_lred furnace
Wi/cm 2 in accordance with the procedure outlined in Annexp|Iot burner control thermostatic shut-off that is activated when
AL. A source of 15 to 25°C cooling water shall be provided fortN€ 92 supply fails or other suitable and approved device.
this instrument. Manual reset is a requirement of any safeguard system used.
6.7.2 A high impedance or potentiometric voltmeter with a 7.2 In view of the potential hazard from products of
range from 0 to 10 mV and reading to 0.01 mV shall be use¢ombustion, the exhaust system must be so designed and
to measure the output of the total heat flux transducer duringperated that the laboratory environment is protected from
the flux profile determination. smoke and gas. The operator shall be instructed to minimize
6.8 Atiming device with a minimum resolution of 0.10 min the exposure to combustion products by following sound safety
shall be used to measure preheat, pilot contact, and flame-optactice, for example, ensure that the exhaust system is
times. working properly, wear appropriate clothing including gloves,
etc.
” The sole source of supply of the apparatus known to the committee at this time .
is Medtherm Corp., P.O. Box 412, Huntsville, AL 35804. If you are aware of 8. Sampling
alternative suppliers, please provide this information to ASTM Headquarters. Your

comments will receive careful consideration at a meeting of the responsible 8.1 The samples selected for testing shall be representative
technical committeé which you may attend. of the product.



A8y E 648 — 03
“afl

8.2 Standard ASTM sampling practice shall be followed10 s. If the level is within the limits specified in 10.6, start the
where applicable; see Practice E 122 for choice of sample siztux profile determination. If it is not, adjust the panel fuel flow

to estimate the average quality of a lot or process. as required to bring the level within the limits specified in 10.6.
' A suggested flux profile data log format is shown in Fig. 8.
9. Test Specimens 10.6 Run the test under chamber operating conditions that

9.1 The test specimen shall be floor-covering system sizedive a flux profile as shown in Fig. 3. The radiant heat energy
to provide for adequate clamping in the mounting frame. Itsincident on the dummy specimen shall be between 0.87 and
minimum dimensions shall exceed the frame width 200 mn0.95 W/cm? (0.77 and 0.83 Btu/fs) at the 200-mm point,
(7.9 in.) nominal and length 1000 mm (39.4 in.) nominal by between 0.48 and 0.52 W/én(0.42 and 0.46 Btu/fts) at the
about 50 mm (2 in.). Notch or punch holes in the specimen t@00-mm point, and between 0.22 and 0.26 W/¢@19 and
accomodate the bolts when required to secure the specimen @23 Btu/fE-s) at the 600-mm point.
the mounting frame (see Fig. 7). 10.7 Insert the flux meter in the 100-mm opening following

9.2 The floor-covering system is to be specified by the testhe procedure given in 10.5. Read the millivolt output at-30
sponsor. In the absence of a specified floor-covering systemQ s and proceed to the 200-mm point. Repeat the 100-mm
select one of the following: procedure. Determine the 300 to 900-mm flux levels in the

9.2.1 A carpet mounted over the standacdshion or the same manner. Following the 900-mm measurement, make a
cushion proposed for use tested over the standard simulatetieck reading at 400-mm. If this is within the limits set forth
concrete subfloSr(see X2.2.1). in 10.6, the test chamber is in calibration and the profile

9.2.2 A carpet with or without integral cushion pad bondeddetermination is completed. If not, adjust fuel flow, allow 0.5
to the standard simulated concrete subfloor (see X2.2.2).  h for equilibrium, and repeat the procedure.

9.2.3 Aresilient floor bonded to a high density inorganic  10.8 Plot the radiant heat energy flux data as a function of
sheet simulating a concrete subfloor (see X2.3.1). distance along the specimen plane on rectangular coordinate

9.2.4 A hardwood floor nailed to a plywood subfloor, graph paper. Draw a smooth curve through the data points. This
sanded, and finished in accordance with standard practice (sggrve will hereafter be referred to as the flux profile curve.
X241). _ 10.9 Determine the open chamber temperature and radiant

9.3 A minimum of three specimens per sample shall b&,,ne| blackbody temperature identified with the standard flux
tested. profile by opening the door and moving the specimen platform
. , o out. Allow 0.5 h for the chamber to equilibrate. Read and
10. Radiant Heat Energy Flux Profile Standardization record, in degrees Celsius, the chamber temperature and the

10.1 In a continuing program of tests, the flux profile shallgptical pyrometer output that gives the panel blackbody
be determined not less than once a week. Where the tim@mperature. These temperature settings shall be used in
interval between tests is greater than one week, the flux profilgubsequem test work instead of measuring the dummy speci-

shall be determined at the start of the test series. men radiant flux at 200, 400, and 600 mm.
10.2 Mount the dummy specimen in the mounting frame
and attach the assembly to the sliding platform. 11. Conditioning

10.3 With the sliding platform out of the chamber, ignite the . . R R
radiant panel. Allow the unit to heat fo4h. The pilot burner 111 CO’?d'“O” tggt speumeng, at &.13 C (69.8* 5'.4 F)
is off during this determination. Adjust the fuel mixture to give _and a relative humld_lty of o 5% ho_rlzontally or _vert|cally
an air-rich flame. Make fuel flow settings to bring the panel!n OP€N racks for optimum air circulation for a minimum of 48
blackbody temperature to about 500°C (932°F) and record thi carpet specimens i glued. _dovyn shall be
chamber temperature. When equilibrium has been establishe%?nd't'oned for a minimum of 96 h. (See Specification E 171.)

move the specimen platform into the chamber and close the
door. 12. Procedure
10.4 Allow 0.5 h for the closed chamber to equilibrate. 12.1 With the sliding platform out of the chamber, ignite the
10.5 Measure the radiant heat energy flux level at theadiant panel. Allow the unit to heat fo4h (Note 2). Read
400-mm point with the total flux meter instrumentation. This isthe panel blackbody temperature and the chamber temperature.
done by inserting the flux meter in the opening so its detectingf these temperatures are in agreement to withis°C with
plane is 1.6 to 3.2 mm¥e to ¥s in.) above and parallel to the those determined in accordance with 10.9, the chamber is ready
plane of the dummy specimen and reading its output after 30 for use.

Note 2—Itis recommended that a sheet of inorganic millboard, such as
calcium silicate, be used to cover the opening when the hinged portion of
8 Standard is: Type Il—Rubber Coated Jute and Animal Hair or Fiber Federathe front panel is open and the specimen platform is moved out of the

Specification DDD-C-001023 (GSA-FSS) Amendment-1, March 10, 1972 (mini-chamber. The millboard is used to prevent heating of the specimen and to
mum of¥s in. thick, 50 oz/ycf). The option of specifying that the actual cushion pad protect the operator.
to be used in the installation be tested is also acceptable.

QlStandard is:l Fiber reinforced cement board with a nominal thickness of 6.3 mm 12.2 |nvert the sample holder on a workbench and insert the
(4 in.), a density of 1442« 160 kg/n? (90 + 10 Ib/ft’), and uncoated. The  flnqring system. Place the steel bar clamps across the back of
reinforced cement board shall meet the requirements of Specification C 1186 a&?‘ne assembly and tighten the nuts firmly Return the sample

Test Method E 136. The option of specifying that the actual subfloor to be used i ’ . - ’
the installation be tested is also acceptable. holder to its upright position, clean the test surface with a
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Test Number Date Time
Laboratory .
Specimen Identification/Code No.

Test Assembly:

Panel Angle ° Temperature °C (°F)

Flow : Gas NTP m3/h (SCFH) Air NTP m3/h (SCFH)
Pressure, mm (in.) HzO: Initial, Air Gas N

Chamber: Temperature Initial Maximum °C (°F)

Room: Temperature

°C (°F) Hood Draft __..___mm (in.) water
Flame Front Advance

Distance, Time, min
mm (in.)

i

i
I
]
i
]
1
T

Total Burn Length
Flame Front Qut

mm (in.) Critical Radiant Flux, Wjcm2 _______
min Flux Profile Reference

All Flame Out min
Signed
FIG. 9 Flooring Radiant Panel Test Data Log Format
Radiant Flux Profile

Date

Blackbody Temperature .____mV. °C(°F)

Gas Flow NTP m3/h (SCFH) Air Flow NTP m3/h (SCFH)

Room Temperature °C (°F)

Air Pressure Gas mm (in.) of H,0

Flux Meter Conversion Factor

Radiometer No. from Calibrationon

Distance, mm mvV W/cm2
100 PR
200 - -
300 - -
400 —_ -
500 - —_—
600 [ -
700 —_ —_
800 R -
900 - —_—
Signed

FIG. 8 Flux Profile Data Log Format

vacuum, and mount it on the specimen platform. Carpeflame goes out. Observe and record significant phenomena
specimens shall be brushed to raise the pile to its normauch as melting, blistering, penetration of flame to the sub-
position. strate, etc.

12.3 Ignite the pilot burner, keeping it at least 50 mm (2in.) 12 5 \When the test is completed, open the door and pull out
away from the specimen, move the specimen into the chambey, o specimen platform.

and close the door. Start the timer. After 5 min preheat, with the . . .
pilot burner on and at least 50 mm (2 in.) Zway from the 12.6 Measure the distance burned, that is, the point of
specimen, bring the pilot burner flame into contact with thefarthest advgnce of the flame front_to the nearest 1 mm. From
specimen at the 0 mm mark. Leave the pilot burner flame ifhe f'qu proﬁlgcurve, F:onvert the distance to watts per square
contact with the specimen for 5 min, then remove to a positior?e”t'me”e critical radiant heat flux at flame-out. Read to two
at least 50 mm (2 in.) away from the specimen and extinguis§ignificant figures. A suggested data log format is shown in Fig.
the pilot burner flame. 9.

12.4 If the specimen does not propagate flame within 5 min 12.7 Remove the specimen and its mounting frame from the
following pilot burner flame application, terminate the test. Formovable platform.
specimens that do propagate flame, continue the test until the
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12.8 Before each test, verify that the blackbody temperature 14.1.5 Extent of flame travel up to the prescribed time as
and chamber temperature meet the requirements of 12.1. Thikescribed in 6.1.4, where applicable. The test result shall be
test assembly shall be at room temperature prior to start up.reported as radiant flux at)(minutes.,

, 14.1.6 Average critical radiant flux, standard deviation, and
13. Calculation coefficient of variation, and

13.1 Calculate the mean, standard deviation, and coefficient 14.1.7 Observations of the burning characteristics of the
of variation of the critical radiant flux test data on the threespecimen during the testing exposure, such as delamination,
specimens in accordance with ASTM standard pragtlg&® melting, sagging, shrinking, etc.

2 2
S = A /w andw :§X 100 15. Precision and Bias (Note 3)

15.1 Defining test results as the average of three replicate

where: determinations, the repeatability (within laboratory variability)

s = estimated standard deviation, is about 20 % of the measured value (Note 4), and the
X = value of single observation, reproducibility (among laboratory variability) is about 35 % of

n = number of observations, the measured value (Note 5). Based on changes that have been
X = arithmetic mean of the set of observations, and made in this standard, a new precision and bias statement is
v = coefficient of variation. being prepared.

14. Report Note 3—This statement is based on the results of two, 13 laboratory

factorially designed experiments in which a total of 18 floor covering
systems were tested.
Note 4—Repeatability is a quantity that will be exceeded only about

14.1 Report the following information:
14.1.1 Description of the flooring system tested including

its elements, 5 % of the time by the difference, taken in absolute value, of two randomly

14.1.2 Description of the procedure used to assemble th&lected results obtained in the same laboratory on a given ma®ial
flooring system specimen, Note 5—Reproducibility is a quantity that will be exceeded only about

14.1.3 Number of specimens tested, 5 % of the time by the difference, taken in absolute value, of two single

14.1.4 Individual values of critical radiant flux may be test results made on the same material in two different randomly selected
reported, laboratorieq2).

16. Keywords

*°The boldface numbers in parentheses refer to the list of references at the end 16.1 critical radiant flux; fire; floor-covering systems; radi-

of this test method. ant panel
ANNEX

(Mandatory Information)

Al. PROCEDURE FOR CALIBRATION OF RADIATION INSTRUMENTATION

Al.1 Radiation Pyrometer Al.2 Total Heat Flux Meter

Al.1.1 Calibrate the radiation pyrometer by means of a A1.2.1 The total flux meter calibration shall be developed
conventional blackbody enclosure placed within a furnace angy transfer calibration methods with an NIST-calibrated flux
maintained at uniform temperatures of 490, 500, and 510 meter. This calibration shall make use of the flooring radiant
2°C (914, 932, and 956 4°F). The blackbody enclosure shall pane| tester as the heat source. Measurements shall be made at
consist of a closed Chromel metal cylinder with a small sighteach of the nine dummy specimen positions and the mean

hole in one end. Sight the radiation pyrometer upon thgajye of these results shall constitute the final calibration.
opposite end of the cylinder where a thermocouple indicates A1.2.2 Each laboratory shall maintain a dedicated cali-

the blackbody temperature. Place the thermocouple within Brated reference flux meter against which one or more working

S\r/'rl::g ?r?(l,eb?ggklbnogooedn::rrgsrm? ﬁggt?g;x? dt?ﬁeb:‘(:kgo??g%lx meters can be compared as needed. The working flux
y pprop eters shall be calibrated at least once per year.

temperature equilibrium, read the output of the radiation
pyrometer. Repeat for each temperature. .

Al.1.2 An acceptable alternative to the procedure describe'al'3 Potentiometer
in A1.1.1 is the use of an outside agency to provide calibration A1.3.1 The indicating potentiometer used to measure output
traceable to the National Institute of Standards and Technologgf the radiation pyrometer and the total heat flux meter shall be
(NIST). calibrated at least once per year.

10
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A1.3.1.1 Calibrate the potentiometer using a NIST traceable
calibrator with a minimun resolution of 0.01 mV.

A1.3.1.2 An acceptable alternative to the procedure de-
scribed in A1.3.1 is the use of an outside agency to provide
calibration traceable to NIST.

APPENDIXES
(Nonmandatory Information)

X1. COMMENTARY ON CRITICAL RADIANT FLUX TEST

X1.1 Introduction finish. Analysis of the measurements made during such tests
X1.1.1 The development and behavior of fires in buildingshas made clear the importance of radiant heat transfer from

and rooms or compartments are complex phenomena and nigPPer corridor surfaces, flame, smoke, and gases in serving a
well understood. As a result, efforts to achieve a basis for safetf'® support role. Thus, the sensitivity of a floor-covering
requirements must, for the present, be based on the selecti§¥#Steém to radiant support of combustion can be sugggsted
and use of those components of the fire system that ma ) as a bagls of r_a_nklng ﬂpor-covermg systems with respect to
become involved and be regulated. These together with expdl® behavior. Critical radiant flux, the heat flux level below
rienced engineering rationale must serve until a more valigvhich surface flame spread will not occur, was selected as the

technical basis for fire engineering design has been assembld{por-covering system fire property of controlling importance.
X1.1.2 When fire develops in a building, experience sung aroom fire does not impose a rad!ant flux that exceeds this
gests that the traditional floor systems have seldom served a<Htical level on a corridor floor-covering system, flame spread
fire-spread medium during early stages of a fire. During severapill not occur. _ o _
fires in the early 1970s, floor-covering materials in corridors X1.2.2 Critical radiant flux does not provide information on
have become involved over considerable distances. The tel§te irradiance level to which the flooring will be exposed when
method described in this standard has been suggested aglrgs.occur. This will be largely influenced by other variables
means to control potential fire spread in floor covering systemghat include: . _
X1.1.3 Since the quantity and nature of room furnishing X1.2.2.1 Nature, quantity, and arrangement of the fire load
items cannot at present be controlled with regard to fird" the compartment where ignition occurs, _
involvement of the full room, it is necessary to assume that X1.2.2.2 Ventilation conditions in the portion of the build-
floor involvement can and will, on occasion, occur. It hasind that becomes exposed to fire, o
seemed appropriate to recommend application of only floor- X1.2.2.3 Geometry of the compartment and ventilation
covering systems meeting the higher levels of resistance to filgdSsages,
involvement based on critical radiant flux for use in corridors. X1.2.2.4 Heat release rate of the fire load and the floor-
Building codes cover interior finish in general, and it appear$oVvering system, and
that only in corridors do requirements for floor-covering X1.2.2.5 Heat capacity of the enclosing walls, ceiling, and
systems need to be more restrictive than the normal reguldloors.
tions.
X1.1.4 This commentary is included to provide information X1.3 Experimental Studies of Relevance
on the technical relevance of the test method to the problem of X1.3.1 One important fire property of floor-covering sys-
fires. Itis intended to provide both the technical and lay publicems has been identified that, provided effective irradiance
with a basis for interpreting the significance and limitations oflevel can be predicted when fire occurs, will provide informa-

the data resulting from use of the test. tion on the extent of fire-spread possibility. The use of this
property alone, at least in some cases, is inadequate for
X1.2 Nature of the Test prediction of fire spread under severe exposure conditions. For

X1.2.1 Convective heat flow cannot serve as a majotinstance, Fig. X1.1 shows a plot of the maximum heat flux to
feedback mechanism in most cases of fires involving floorthe floor surface of the NIST full-scale corridor when no
covering systems because of the buoyancy of the flames ambmbustible floor-covering system or other interior finish was
hot gases. Thus these horizontal surfaces of building finishgzresent in the corridor. These data were obtained with a fire
have seldom been recognized as primary hazards in the sprelaéd in the adjoining room of 2.2 Ib/ft (10.7 kg/m?) with a
of flames. However, corridor fire tests conducted at N(§¥)  measured burning rate (maximum) of 10.6 Ib/min (80 g/s). The
together with some building fire incidents have indicated thatwo curves, designated by triangles, show the envelope result-
fire spread can occur in corridors exposed to burn-out conding from two series of experimen(g). The data plotted on the
tions in adjacent rooms. Fires were observed to propagate tlsame figure as circles represent the critical radiant flux of
full length of the corridor when little, if any, combustible other twelve floor-covering systems versus the extent of flame
than the floor-covering system was involved in the corridorpropagation in the corridor as tested in the full-scale t&ts

11
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FIG. X1.1 Heat Flux to Floor with Bare Corridor versus Distance Along Corridor and Fire Propagation Distance of Various Floor
Systems versus Critical Radiant Flux (NIST Corridor with Four 18-kg Cribs in Burn Room—Fuel Load 10.7 kg/m 2 (2.2 Ib/ft2))

In all cases, the heat flux to the floor covering system at theritical radiant flux. The four floor-covering systems used were
doorway between the room and corridor was higher than thearpets that qualified as having passed the pill test. The data are
critical radiant flux for the material. Hence, flame spreadinteresting since they show that under the conditions of the
should be expected to take place into the corridor, and this wasxperiments the distance of fire propagation was inversely
observed. related to critical radiant flux. In addition, while not demon-
X1.3.2 It is evident that only two of the twelve floor- strated by this figure, the data show that the burning ceased at
covering systems stopped burning at distances correspondip@sitions on the floor-covering system somewhat below those
to their critical radiant flux as shown on the flux-distance curvest which flux measurement during the test corresponded to the
for the corridor without combustible linings. The reason for critical radiant flux of the floor-covering system being studied.
this difference in behavior is apparently that the flux to the floorrhs in this situation, which did not involve room flashover,

surface has been sufficiently augmented by the heat releaggitical radiant flux appeared to provide a method of ranking
from the flooring itself after rapid flame spread commencedie fire spread behavior of the carpets.

This usually followed a period of relatively slow flame spread . . .
away from the doorway. It also seems likely that changes in fX1'3'5 The ::jurrentdveragn o{\ltlhliotes_;hprocedure |sfar:_esult
ventilation of the compartment fire may have modified the®' & recent study C(?n ucted at NIZT0). '€ PUrpose o t IS
location at which pyrolysis gases are burned, that is, in thé(vork was twofold: to. resolve a percelveq problem with
corridor above the floor and influenced the flame height of thégn't"’Iblllty O_f and continued flame propa_gat_lpn across some
floor fire. These effects would greatly increase the radiant flu arpfet Specimens and to redyce the variability of te.st r(—?‘sults
incident on the floor. To date these effects are not welPPtained by different laboratories. As a result, three significant
understood, and no firm guidance can be provided on the wa§anges were made in the standard: 1) specimen preparation
they should be introduced to predict the overall behavior of2nd conditioning; 2) tighter control of the air flow through the
such a fire system. chamber during calibration and conduct of the test; and 3)

X1.3.3 Other data are available to illustrate the merit of the'@Placement of the propane torch pilot burner with a propane
test under less severe exposure. These result from a series!é burner. The ignitability (and flame propagation) question
experiments on crib or furniture item fires in an open door 3.42ppears to have been resolved by the use of the new line
by 2.7-m (11 by 9-ft) room of 2.4-m (8-ft) height that had beenburner. The variability of test results among different labora-
fitted with floor-covering assemblies of known critical radianttories has been shown to be markedly improved by the
flux characteristics. In these tests the crib or furniture and th&forementioned changes in the standard, at least for one carpet
floor covering assembly were the only combustibles in thgfabric. Previous proficiency rounds performed by NVLAP
room. resulted in coefficients of variation ranging from 18 to 35 %;

X1.3.4 The results of this study have been published anthe coefficient of variation obtained using the revised standard
Fig. X1.2 shows some of the data develogé}§l This shows was less than 12 %. A complete discussion of the research
the extent of fire propagation from the source as a function o€onducted by NIST can be found in the referenced report.

12
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FIG. X1.2 Room Burn Tests—Fire Spread from Crib 6.4-kg (14-lb) Cribs
X1.4 Summary data from prototype experiments. Once a fire is initiated in a

X1.4.1 It must be recognized that the critical radiant flux corridor, other parameters such as critical flux for ignition and
test method provides a useful way of rank ordering floor-rate of flame spread, as well as corridor configuration and the
covering systems with regard to this important fire propertypresence of combustibles, such as ceiling and wall linings, can
However, this is only one of several parameters that determinkee important in determining the ultimate spread of fire.
the fire behavior of floor-covering systems. Critical radiant flux  X1.4.2 Thus, establishment of criteria for critical radiant
indicates the threshold above which flame spread will occur. T@lux of floor-covering systems may be expected to reduce, but

use this property in fire safety estimates one must judge thgot eliminate, the incidents of extensive flame spread of
probable heat flux exposure to the floor from the initiating fire fioor-covering systems.

Such estimates must, for the present, depend on judgment or

X2. GUIDELINE TO MOUNTING METHODS

X2.1 Introduction direction. To mount a specimen, invert the holder on a clean,
X2.1.1 This guideline has been compiled as an aid irflat surfa_ce. Insert_ the test specimen in _the holder. Then insert

selecting a method of mounting various floor covering matehe cushion pad with the pattern side facing the carpet followed

rials in the fire test chamber. The mounting methods in 9.2 ar@Y @ nominal 6.3-mm¥a-in.) thick fiber reinforced cement

suggested for test method uniformity and convenience and aRPard having a density of 1442 160 k_g_/rﬁ’(QO + 10 Ib/ft)

to guide the user in the evaluation of an appropriate floorand meeting the requirements of Specmcatl'on C 1186 and Test

covering system. Method E 136 (Note X2.1) and a 13-mr¥fin.) 0.58 g/cnd
X2.1.2 Tests of carpet/cushion systems involving other thaf36 10/ft °) inorganic millboard. Finally, place the steel bar

the standard cushion are only applicable to the specific systeflamps across the assembly and tighten firmly. Mount the test

tested. Conversely, for regulatory purposes, the results of tesg$Sembly on the specimen transport frame so that the pile lay

for carpets over the standard cushion are normally applied tiices the panel.

any cushion combination. Note X2.1—The fiber reinforced cement board may spall during a test.

This can be avoided by heating for 12 h at 163°C (325°F).

X2.2 Mounting Procedures X2.2.2 Carpet with or without Integral Cushion Pad
X2.2.1 Carpet and Cushion Pad over Concrete Bonded to Concrete, SimulatedCarpet specimens should be

Simulated—Carpet specimens should be cut in the machinecut in the machine direction. The adhesive shall be that

13
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recommended by the carpet manufactdteipply the adhe- apply the adhesive with a 3.2 mri{n.) V-notched trowel.
sive to the smooth side of the fiber reinforced cement board in x2 2 3 Carpet, Other—Substitution of the actual subfloor
accordance with the directions provided by the adhesivgor the standard fiber reinforced cement board substrate is
manufacturer (Note X2.2). Apply a nominal 9.1 kg (20 Ib) acceptable.
roller, having a diameter of 76 mm (3 in.) and approximately
the width of the specimen, across the top of the specimen t¥2.3 Resilient Flooring
assure good contact with the substrate. Stack the specimensx2.3.1 Follow or simulate, or both, commercial installation
under a dead load after bonding to the fiber reinforced cemergractice. This will, in most instances, mean bonding to the
board for no more than 24 h prior to conditioning. (See 11.1 fotstandard fiber reinforced cement substrate.
storage and conditioning requirements.) Mount the specimen in
testing frame as described in X2.2.1 and test in accordanc¥2.4 Hardwood Flooring
with standard procedure. X2.4.1 Follow or simulate, or both, commercial installation
Note X2.2—In the absence of a manufacturer’s recommendation,pra(_:t'ce' In a typical system, the _SUbStr_""t? would be a 16-mm
(¥s-in.) plywood sheet covered with building paper. The oak
flooring strips would be nailed to the plywood then sanded,
11n the absence of the manufacturer's recommendation, a multipurpose adh&€@led, and waxed. The assembly should be tested with the

sive typical of commercial installation shall be selected by the laboratory. moisture content of the oak at 7 to 8 %.
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