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in Cleanrooms Using a Fire Propagation Apparatus (FPA ), was prepared by the Technical Commit-
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Origin and Development of NFPA 287

This standard is based on an apparatus developed by Factory Mutual Research Corpora-
tion (FMRC) in the mid-1970s and since then has been constructed from the original FMRC
design by several organizations. It is currently in active use at Underwriters Laboratories in
the United States; Gilbert International Ltd, Manchester, UK; INERIS, Verneuil en Halatte,
France; and Rhone-Poulenc Research Center, Decines, France. The apparatus associated test
methods are distinct from other fire standards because of the focus on characterizing hazards
associated with large-scale, self-sustained, upward, or flow-aided fire propagation on materials
and products, not just the response of materials to an imposed, external heat flux.

This standard was developed to address those concerns of the Technical Committee for
Cleanrooms through NFPA 318, Standard for the Protection of Cleanrooms.
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NOTICE: An asterisk (*) following the number or letter des-
ignating a paragraph indicates that explanatory material on
the paragraph can be found in Appendix A.

Information on referenced publications can be found in
Chapter 8 and Appendix C.

Chapter 1 General

1.1 Scope.

1.1.1 This standard shall determine and quantify the flamma-
bility characteristics of materials containing polymers that are
used in cleanroom applications. The propensity of these mate-
rials to support fire propagation, as well as other flammability
characteristics, are quantified by means of a fire propagation
apparatus. Measurements obtained include time to ignition
(tign), chemical (Qcpem), and convective (Q,) heat release
rates, mass loss rates () , and smoke extinction coefficient (D).

1.1.2 This standard includes the following separate test methods:

(1) The ignition test, which shall be used for the determina-
tion of g,

(2) The combustion test, which shall be used for the determi-
nation of Q jom, Q., M, and D

(3) The fire propagation test, which shall be used for the deter-
mination of Q,,, from burning of a vertical specimen

1.2 Purpose.

1.2.1* The test methods described herein evaluate the suit-
ability of materials and products containing polymers for use
in cleanrooms. These test methods also provide the transient
response of such materials and products to prescribed heat
fluxes in specified inert or oxidizing environments, for use in
mathematical modeling. The fire propagation apparatus is
also designed to obtain laboratory measurements of genera-
tion rates of fire products (CO,, CO, and, if desired, gaseous
hydrocarbons).

1.2.2 Distinguishing features of the fire propagation appara-
tus include the following:

(1) Tungsten—quartz external (isolated) heaters to provide a
radiant flux of up to 65 kW/m? to the test specimen, this
flux remaining constant whether the surface regresses or
expands

(2) Provision for combustion or upward fire propagation in
prescribed flows of normal or either oxygen-enriched or
oxygen-vitiated air

(3) The capability of measuring heat release rates and
exhaust product flows generated during self-sustained,
upward fire propagation on a vertical test specimen
0.305 m high

2001 Edition

(4) The capability for characterization of the smoke yield
from a specimen

1.2.3* The test methods are part of a quantitative methodol-
ogy for assessing the propensity of materials and products
used in cleanrooms to support upward fire propagation and to
generate effluent, such as smoke. This methodology consists
of the correlation of flammability indices resulting from the
test methods with corresponding characteristics measured
during real-scale fire propagation experiments. Indices result-
ing from the test methods include critical heat flux (CHF),
thermal response parameter (TRP), fire propagation index
(FPI), effective heat of combustion (EHC), and smoke yield
(%). The TRP and CHF indices are obtained from the ignition
test, the EHC and y, indices are obtained from the combustion
test, and the FPI is derived from a fire propagation test in air
containing 40 percent oxygen.

1.2.4 Summary of Test Methods. This standard is composed
of three separate test methods that shall be used in conjunc-
tion with a fire propagation apparatus. The ignition and com-
bustion test methods shall involve the use of horizontal
specimens, in normal air, subjected to a controlled external
radiant heat flux that shall be set from 0 up to 65 kW/m?2. The
ignition test method shall be conducted under ambient condi-
tions, whereas the combustion and fire propagation test meth-
ods shall be conducted with a prescribed airflow within a
quartz pipe. The fire propagation test method shall involve
the use of vertical specimens, in air having a 40 percent (by
volume) oxygen concentration, subjected to ignition near the
base of the specimen from an external radiant heat flux of
50 kW/m? and a pilot flame.

1.2.4.1* The ignition test method shall be used to determine
the TRP and CHF of horizontal specimens. The TRP shall be
determined from changes in the time required for sustained
ignition by a pilot flame as a function of the magnitude of a
constant, externally applied radiant heat flux. The CHF shall
be determined from the magnitude of externally applied radi-
ant heat flux below which there is no sustained ignition. Mea-
surements also shall be made of the time to initial fuel
vaporization. The surface of the specimens shall be coated
with a thin layer of black paint.

1.2.4.2 The combustion test method shall be used to deter-
mine the EHC and yj, as well as the chemical and convective
heat release rates when the horizontal test specimen is
exposed to an external radiant heat flux of 50 kW/m? in the
apparatus.

1.2.4.3* The fire propagation test method shall be used to
determine the FPI of vertical specimens. A 40 percent oxygen
concentration in the inflow shall be used to simulate the radi-
ant heat flux from real-scale flames.

1.2.5 The fire propagation test of vertical specimens shall not
be used for materials that melt and form a liquid pool while
burning.

1.2.6 This standard does not purport to address all safety
problems associated with its use. It shall be the responsibility
of the user of this standard to establish appropriate safety and
health practices.

1.3 Definitions.

1.3.1 Cleanroom (as defined in NFPA 318, Standard for the
Protection of Cleanrooms). A room in which the concentration
of airborne particles is controlled to specified limits. Clean-



TEST APPARATUS 287-5

rooms include areas below the raised floor and above the ceil-
ing grid if these areas are part of the air path and within the
rated construction.

1.3.2 Critical Heat Flux (CHF). The minimum heat flux at or
below which there is no ignition.

1.3.3 Effective Heat of Combustion (EHC). The energy gen-
erated by chemical reactions per unit mass of fuel vaporized.

1.3.4 Fire Propagation Index (FPI). The propensity of a
material to support fire propagation beyond the ignition zone
in terms of the chemical heat release rate during upward fire
propagation and TRP.

1.3.5 Smoke Yield (y,). The mass of smoke particulates gen-
erated per unit mass of fuel vaporized.

1.3.6 Thermal Response Parameter (TRP). A material char-
acteristic that gives resistance to ignition upon exposure to a
prescribed heat flux.

1.4 Symbols. The following symbols are used in this document.

A, = cross-sectional area of test section duct (m?)

CHF = critical heat flux (kW/m?)

¢, = specific heat of air at constant pressure (kJ/kg K)

D = extinction coefficient obtained from test section duct
turbidimeter (m™)

EHC = effective heat of combustion (kJ/kg)

FPI = fire propagation index (m?3/kW?/3 sec!/?)

GCO = mass flow rate of CO in test section duct (kg/sec)

GCO2 = mass flow rate of COy in test section duct (kg/sec)

1/1, = ratio of light intensity measured by turbidimeter to
the average value before ignition (-)

K = flow coefficient of averaging Pitot tube [duct gas veloc-
ity/ (2Ap,./p)'/2] (=)

L = light beam path length for turbidimeter in test section
duct (m)

M,,;s = ultimate change in specimen mass resulting from a
combustion test (kg)

7 = mass loss rate of specimen resulting from combustion
(kg/sec)

7, = mass flow rate of gases in the test section duct (kg/sec)

P,,,, = atmospheric pressure (Pa)

P = pressure differential across averaging Pitot tube in test
section duct (Pa)

Qdmm = chemical heat release rate (kW)

Q, = convective heat release rate (kW)

T, = average gas temperature in test section duct before
ignition (K)

T, = gas temperature in test section duct (K)

TRP = thermal response parameter (kW - sec'/2/m?)

t=time (sec)

At =time between data scans (sec)

7 = total volumetric flow rate in test section duct (m?3/sec)

W= horizontal width of a flat specimen or the circumfer-
ence of a cable specimen (m)

Xco. = measured carbon dioxide analyzer reading or
mole fraction of carbon dioxide =)

Xco = measured carbon monoxide analyzer reading or
mole fraction of CO (-)

9y, = mass of smoke particulates generated per unit mass of
fuel vaporized (-)

Superscripts

- = per unit time (sec™!)

0 = average value before ignition of the specimen

Subscripts

d = test section duct

1.5 Units. The values stated in SI units shall be regarded as
the standard.

Chapter 2 Test Apparatus

2.1 General.

2.1.1 When dimensions are stated in the text or in figures,
they shall be considered mandatory and shall be followed
within a tolerance of 0.5 percent. In addition to this tolerance,
cylindrical components meant to fit together shall have a total
clearance between the two components of 0.1 percent of the
clearance diameter, 0.025 mm.

2.1.2 The apparatus shall consist of the following components,
shown in Figure 2.1.2: an infrared heating system, a load cell sys-
tem, an ignition pilot flame and timer, a product gas analysis sys-
tem, a combustion air distribution system, a water-cooled shield,
an exhaust system, test section instruments, calibration instru-
ments, and a digital data acquisition system.

2.2 Infrared Heating System.

2.2.1* Each of four 241-mm long infrared heaters shall contain
six tungsten-filament tubular quartz lamps in a compact reflector
body that, for a 120-volt input, shall produce 190 kKW/m? of radi-
ant flux in front of the quartz window that covers the lamps. The
emitter of each lamp shall be a 127-mm long tungsten filament
in an argon atmosphere enclosed in a 9.5-mm outer-diameter
clear quartz tube. The emitter shall operate at a minimum of
2475 K for a 120-volt input, to produce a spectral energy peak at
1.15 microns.

2.2.2 The power controller shall maintain the output voltage
required by the heater array despite variations in the line volt-
age and load impedance, through the use of phase angle
power control to match the hot/cold resistance characteristics
of the tungsten—quartz lamps. The controller also shall incor-
porate average voltage feedback to linearize the relationship
between the voltage set by the operator and the output voltage
to the lamps.
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FIGURE 2.1.2 Main view of apparatus.

Bare stainless steel duct r\c Blast gate and linear
to blower and roof actuator control

152-mm diameter coated stainless
steel exhaust duct

279 mm

152-mm diameter coated stainless
steel test section

153 mm
3 ports—120° apart:

one port averaging Pitot tube for
mass flow rate measurement, two
ports plugged

152 mm

76 mm
76 mm

2 ports—180° apart, for
smoke turbidimeter

3 ports—120° apart:
one port thermocouple probe,
one port product sampling probe,
one port plugged

1.91m

152-mm diameter coated 914 mm

stainless steel mixing duct

/ \\ﬂ)/ /

Gas mixing
89-mm diameter orifice

152-mm—610-mm diameter coated 4

stainless steel intake funnel 260 mm 3.4m

172-mm diameter quartz extension pipe

Stainless steel connector \ 40 mm >

172-mm diameter quartz pipe 299 mm

Four infrared heaters,

each with 152-mm—203-mm 500-W lamps Y 701, mm

241 mm x 81 mm x 81 mm

3-mm aluminum plate 165 mm x 292 mm 264 mm 17
N mm

6-mm aluminum mounting plate \ I . i

T

464 mm x 51 mm [ [ mr 78 mm

6-mm adjustable steel angle bracket - 73 mm
100-mm diameter aluminum load platform ] <
186-mm diameter aluminum cylinder ———— 1 ]| 191 mm rg:;
225-mm diameter water-cooled—— |
shield with pneumatic piston | |~ — 1M < 60 mm —
216-mm diameter aluminum air distribution box—"| [ L] i i

! i ( | = — ?I Inletair 459 T 790 mm
6-mm diameter stainless steel pilot tube ————— | _—" supply
6-mm diameter stainless steel shaft —— [ | _p [
Load cell \

\\
3

296 mm | MM

Steel frame members Z/
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2.3* Load Cell System. The load cell system, shown in
Figures 2.3(a) and 2.3(b), shall consist of a load cell, which
shall have an accuracy of 0.1 g and a measuring range of
0 to 1000 g; a 6.35-mm diameter stainless steel shaft at least
330 mm long resting on the load cell support point; a
100-mm diameter, 1.5-mm thick aluminum load platform
connected to the upper end of the stainless steel shaft by a
collar; and two low-friction, ball-bushing bearings that
guide the shaft as it passes through the top and bottom,
respectively, of the air distribution chamber. The stainless
steel shaft shall incorporate, at the lower end, a threaded
adjustment rod.

2.4 Ignition Pilot Flame. The ignition pilot shall consist of an
ethylene-air (60-40 by volume) flame adjusted for a 10-mm
length and anchored at the horizontal end of a 50-mm long,
6.35-mm outer diameter (O.D.), 4.70-mm inner diameter
(I.D.), stainless steel tube. The horizontal section of the tube
shall contain a four-hole ceramic insert to produce a stable
flame and prevent flashback. The pilot flame tube shall be
able to be rotated and elevated to position the horizontal
flame at specified locations near the specimen, as shown in
Figures 2.3(a) and 2.3(b).

2.5 Ignition Timer. The ignition timer for measuring time to
sustained flaming shall be capable of recording elapsed time
to the nearest tenth of 1 second and have an accuracy of better
than 1 second in 1 hour.

FIGURE 2.3(b) Main view of specimen mounting.

172-mm diameter quartz extension pipe
Stainless steel connector

FIGURE 2.3(a) Exploded view of specimen mounting.

13-mm thick calcium silicate Specimen holder

board 102 mm x 102 mm \\ 102 mm x 102 mm,
High temperature heater or 99-mm diameter
(typ 4 places)

3-mm plate
(typ 4 places)

(typ 8 places)
provide
locking devices.

50 mm x 50 mm
x 4.5 mm

angle (alum) /

See
water-cooled
shield for
connection points.

Attaching-/
bracket

13-mm plate

Steel “U”
.« channel

Load cell

N

Pneumatic cylinder
for cooling shield

172-mm diameter quartz pipe 029
mm
Four infrared heaters, 661 mm
each with 152-mm-203-mm 500-W lamps
241 mm x 81 mm x 81 mm
3-mm aluminum plate 165 mm x 292 mm 264 mm
6-mm aluminum mounting plate 12° me
464 mm x 51 mm '| | m —\* -
6-mm adjustable steel angle bracket ﬁ f 72 22 1451 mm
100-mm diameter aluminum load platform — 1 | [ 7] <
186-mm diameter aluminum cylinder — 191 mm| 34
225-mm diameter water-cooled | | > mm
shield with pneumatic piston ——— | (L
216-mm diameter aluminum air — > <—g%
distribution chamber :|/ [ .
10-mm aluminum p|ate /:7 7||:| Inlet air Supply 139 mm
6-mm diameter stainless steel pilot tube /4 F < /0
6-mm diameter stainless steel shaft ——— mm
1-kg load cell 7 L7 206 mm
10-mm aluminum plate ———
1 790 mm
3-mm "U" channel steel frame members
41 mm x 41 mm

2001 Edition



287-8 MEASUREMENT OF FLAMMABILITY OF MATERIALS IN CLEANROOMS USING A FIRE PROPAGATION APPARATUS (FPA)

2.6 Gas Analysis System.

2.6.1 The gassampling arrangement, as shown in Figure
2.6.1, shall consist of a sampling probe in the test section duct,
a plastic filter with a pore size of 5 to 6 microns to prevent
entry of soot, a condenser operating at temperatures in the
range of 5°C to 0°C to remove liquids, a tube containing an
indicating desiccant 10-20 mesh in size to remove moisture, a
cartridge filter, a sampling pump that transports the flow
through the sampling line, and a system flowmeter and mani-
folds to direct the flow to individual CO, COy, Oy, and hydro-
carbon gas analyzers. The sampling probe, made of 6.35-mm
(0.25-in.) O.D. stainless steel tubing inserted through a test
section port, shall be positioned so that the open end of the
tube is at the center of the test section. The sampling probe
shall be connected to a tee fitting that allows either sample or
calibration gas to flow to the analyzer and the excess to waste.

2.6.2 The carbon dioxide analyzer shall permit measurements
from 0 to 15,000 ppm, and the carbon monoxide analyzer shall
permit measurements from 0 to 500 ppm concentration levels.
Drift shall be not more than * 1 percent of full scale over a

FIGURE 2.6.1 Flow diagram of gas-sampling system.

24-hour period. Precision shall be 1 percent of full scale, and
the 10 percent to 90 percent of full-scale response time shall be
1.0 second or less.

2.6.3 The inlet-air oxygen analyzer shall have a 10 percent to
90 percent of full-scale response time of 1.0 second or less,
an accuracy of 1 percent of full scale, a drift of not more than
+ 50 ppm Oy over one-half hour, and a range of 0 percent to
50 percent.

2.6.4 An additional oxygen analyzer shall be permitted to
measure the depletion of oxygen in the combustion products.
This analyzer shall have the same specifications as the inlet-air
analyzer but shall have a concentration range of 19 percent to
21 percent. A hydrocarbon gas analyzer shall be permitted to
determine the total gaseous hydrocarbon concentration in
the combustion products. This analyzer shall employ the
flame ionization method of detection, have a 10 percent to 90
percent of full-scale response time of 1.0 second or less, and
have multiple ranges to permit measurements from a full scale
of 10 ppm methane equivalent to 10,000 ppm.

5-6-micron =
filter
Refrigerated circulator 1
(ethylene glycol used as coolant) LT
<1— Test section
Condenser >
filter ® <
2-mm-—
19.05-mm O.D.
indicating desiccant ———
(10-20 mesh) Calibration
:I gases —>» Intake funnel
5-6 psig
~ Closed except
6.?“5tgr1m E:l Inlet ® for calibration
of O, analyzer
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10 L/min
Sample Vs horsepower By-product of the analyzer is
Outlet | pump oil-less diaphragm H Oy gpproximately 2 ml)//day can
vacuum pump Calibration . 27 " be generated.
gas mixture o Empty thi ily.
40% hydrogen exhaust mpty this daily
o
6.35-mm stainless tube 60 (;i?(ltt&?egen
To with thermocouple for H,0
room <«— ambient temperature Hydrocarbon "fy-EXhaUSt
measurement. Tube free air By- To To
open to room j pass { exhaust room
To <«—|Sample Sample > ,
exhaust out in . * *
Optional Sample Ref
0.8 Umi total hydrocarbons out out
.8 L/min
Sample Inlet oxygen analyzer Carbon monoxide
system |_| |_| analyzer
flowmeter Nitrogen(Grade 5) bottle @ ® ® \
(10 L/min) (on when calibrating |.b02 ) / ~ Sample flowmeter
and testing) ref nitrogen calibration /
_/_Sﬁﬂéﬁl direct from bottle @ gas Refer%né: ?Jfrlgi\a/meter 0.8 L/min
138 kPa gauge through manifold )
to individual ref flowmeters Normally Pump To To
Closed Optional |—> ﬁ exhaust room
Exhaust<— combustion N A A
oxygen Sample Ref
® out out
Opento ® Carbon monoxide
room Reference |®| |®| analyzer
Reference air pump manifold N
for combustion oxygen < Sample flowmeter
Reference 0.8 L/min
manifold
Sample
manifold
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2.7 Combustion Air Distribution System.

2.7.1* The aluminum air distribution chamber, shown in Fig-
ure 2.7.1, shall contain eight discharge tubes arranged in a cir-
cle of 1656 mm I.D. Each tube shall be aluminum and built to

FIGURE 2.7.1 Air distribution chamber.

(3) 19-mm x 3-mm flat bar

Typ 8 places

Discharge tube
(typ 8 places)

33-mm threaded
socket aluminum

distribute inlet gases to three sets of screens, consisting of
stainless steel woven wire cloth of 10, 20, and 30 mesh from
bottom to top, respectively, for producing a uniform airflow.

13-mm tubing [4—25 mm
alumlnum\ ------ Square groove
'l weld around joint
N IRSa
6 mm —2
13-mm O.D.
16-mm O.D.
Detail of discharge tubes

32-mm pipe
tube copper

Forced ventilation
inlet air

__:Eg__

___@_

6-mm tube stainless steel 45°

Top and 2 sides
(typ 6 places)

216-mmOD. ——m >

3 mm[<— 168-mm diam. center-bored—>|

13-mm$

22.5°
plastic

32 mm x 32 mm x 13 mm
threaded tee brass

32-mm threaded pipe
cap brass

(typ 8 places)

Sampling port to !
measure oxygen

6-mm tubing copper
concentration /_

N

29 mm

g

; - o
N I
1

19-mm o.D.j t 22m

¥
i ! | |
3mm 17 mm 13-mm |.D. th|ck+‘ Lﬁ I 127 mm | 127 mm
VIEW SHOWING DISCHARGE TUBES
Install 1 retaining ring
/_ (typ 2 places).
s Fillet weld
o< cree”j/@-v—< completely around
—— s F A ———— —__ joint
Square groove weld :_ 1l I :_l_::_ ﬁ
all around joint : & _______ L L Y ':
both sides | == ====5 |ITI':1_::::F: |
o il 1y
1 u/\ b---- ‘rl’lh \““u A1l
}97_< L19 mm
6 mm

19-mm x 3-mm flat bar
aluminum (typ 3 places)

o

Install 2 low-friction, ball-bushing
bearings, 1 in top of chamber, 1 in bottom.

PARTIAL VIEW SHOWING FLAT BARS
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2.7.2 The air supply pipes, shown in Figures 2.7.2(a) and oxidant to the specimen flame while allowing radiant energy
2.7.2(b), shall consist of an aluminum cylinder extending from the infrared heating system to reach the specimen sur-
from the air distribution chamber up to the load platform. face. The aluminum support cylinder shall be rigidly attached
This cylinder shall contain a step to support a quartz pipe. to the distribution chamber, with the quartz pipe removable.

Above the load platform elevation, the quartz pipe shall supply

FIGURE 2.7.2(a) Exploded view of quartz pipe assembly.

Quartz pipe extension
s pip

/— Stainless steel connector

_—— Quartz pipe

Ceramic paper gasket seal

. Aluminum support cylinder
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FIGURE 2.7.2(b) Dimensions of quartz pipe assembly.

«— 172 mm —>|
\%@mm—»

N

|
|
|
|
|
|
|
228 mm ||
|
|
|
|
|
1

Quartz pipe extension

<«—— 186 mm ——>|
[<«— 160 mm —>

7N
.

3-mm ceramic paper is

added to provide airtight 154 mm —>| 15 mm

seal with quartz tube.—~__
Ir

|
|
|
|
|
|
1| 225
|
|
|
|
|
|
1

mm

Aluminum cylinder to support pipe

24mmy [

N

511mm

3 mm
|<— 162 mm —>|

Stainless steel connector

l«<—— 172 mm

<«— 162 mm —>|

431 mm

Quartz pipe
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FIGURE 2.8 Water-cooled shield.

| 225 mm |
| 203 mm |

13 mm
Cooling water

JF———————q-——————— =
outlet —
Fillet weld
around joint

(typ 2 places)

13-mm threaded
socket
(typ 2 places)

Cooling water _¥

229 mm

inlet i T P P —— a4 v

13 mm

Shaft clamp
(typ 2 places)

Low-friction pillow
block-bearing bolt
to 50 mm x 50 mm
x 4.5 mm angle
(typ 2 places)

This clamp will connect
to pneumatic cylinder
via an attaching bracket.

12.7-mm diameter

pipe and fittings, copper
(typ 2 places)
Aluminum
cylinder

Water-cooled
shield

I\

i:‘Sodered

connection
12.7-mm dlameter

shaft, stainless steel

Air distribution chamber internal plates.
Discharge tubes and inlet line omitted for clarity.

Note: This view rotated 45° for clarity.
DETAIL OF WELDED ALUMINUM SHIELD

2.8 Water-Cooled Shield. The water-cooled shield, shown in
Figure 2.8, shall prevent the specimen from being exposed to
the infrared heaters during the 1-minute heater stabilization
period. The shield shall consist of two aluminum cylinders
welded together with an inlet and outlet for water circulation.
An electrically actuated pneumatic piston shall raise the shield
to cover the specimen during test preparation and shall lower
the shield within 1 second to expose the specimen at the start
of a test.

2.9 Exhaust System. The exhaust system shall consist of the
following main components: an intake funnel, as shown in Fig-
ures 2.9(a) and 2.9(b); a mixing duct, as shown in Figures 2.9(c)
and 2.9(d); a test section, as shown in Figure 2.9(e); an exhaust
duct, as shown in Figure 2.1.2; and a high-temperature blower to
draw gases through the intake funnel, mixing duct, test section,
and exhaust duct at flow rates from 0.1 to 0.3 m3/sec. The intake
funnel, mixing duct, test section, and exhaust duct shall be
coated internally with a fluorinated polyethylene—polypropylene
(FEP) resin enamel and finish layers over a compatible primer,
to form a three-layer coating that shall withstand temperatures
of at least 200°C.
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Note: Assembly is mechanically
fastened except as noted.

FIGURE 2.9(a) Intake funnel.

For funnel flange,

- Square groove weld
see detail. q g

around joint

0.508-mm
steel sheet
stock

6-mm O.D.

\stiel tube

[ 610 ‘

Tack fillet weld
completely around joint.

Notes:

(1) All dimensions in mm unless noted

(2) Inside of funnel to be coated with FEP after welding
(3) Coat thickness: 0.5 mm
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FIGURE 2.9(b) Funnel flange.

32 microinch
finish; 3 sides
of groove

=17,

12.565—2.718

< 3.988-4.140

0.127 R

Detail D1
o-ring groove

See detail

D l——— 182.626 0.D. ———>
3.251 39 027 1.D. )/
v l N 88773 |
20°
19.06 }_W

1.524 158.75 O.D. |
/4\_)‘ 3.175R 0 sng\S/
45° '

See detail
D2.
Knife edge. Do not chamfer, Detail D2
deburr, or radius this edge. taper-bore detail
Note: All dimensions in mm unless noted Note: Material 303/304 stainless steel

FIGURE 2.9(c) Mixing duct.

Square groove
weld to be flush
with face of flange,
all around joint

152 For duct flanges,
f—— O.D.— see detail.
[ —
1.575 wall

/ seamless tubing

914 <>
2=/ B N
Notes:

(1) All dimensions in mm unless noted

(2) Flanges to be square with tube

(3) Inside of duct to be coated with FEP after welding
(4) Material 304 stainless steel
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FIGURE 2.9(d) Duct flanges.

32 microinch
finish; 3 sides
aa N of groove
v

Lt 2.565-2.718

50

N
—>| |« 3.988-4.140

0.127 R

Detail F1
o-ring groove

See detall 182.626 O.0.————>|
3051 158.75
Top of groove )/
l % 20°

15.875 —T 3.(')48—>|l<—152.527 1.D. —>|
A75R

+0.127
-0.00

2.10 Test Section Instruments.

2.10.1 Thermocouple Probe. The thermocouple probe shall
be inserted through a test section port and positioned so that
the exposed, type K measurement bead is at the center of the
test section, at the axial position of the gas-sampling port. The
thermocouple probe shall be fabricated of wire no larger than
0.254 mm in diameter for measurement of gas temperature,
with a time response in the specified exhaust flow of no more
than 1 second and an accuracy of 1.0°C.

2.10.2* Averaging Pitot Probe and Pressure Transducer. The
averaging Pitot probe shall be inserted through a test section
port 220 mm to 230 mm downstream of the thermocouple
port and shall measure the mass flow rate of the gas stream by
using at least four sets of flow-sensing openings. One set of
openings shall face upstream, and the second set shall face
downstream and be designed for compatibility with the test
section diameter. The differential pressure generated by the
probe shall be measured with an electronic pressure trans-
ducer (electronic manometer).

2.10.3* Smoke Turbidimeters. The smoke turbidimeter mea-
suring system, as shown in Figure 2.9(e), shall measure smoke
extinction coefficient and both characteristic smoke particle size
and particle number density. The interference filters shown in
Figure 2.9(e) shall have the following specifications: central
wavelengths of 457.9 nm, 632.8 nm, and 1064.0 nm, +2/-0 nm;
a filtering band width of 10 nm * 2 nm; and minimum transmit-
tance of 40 percent.
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Notes:

(1) All dimensions are in mm unless noted.

(2) Material 304 is stainless steel.

(3) A matching pair consists of 1 flange
with o-ring groove and 1 flange without.

2.11 Heat Flux Gauge. The infrared heating system shall be
calibrated by using a Gardon-type total heat flux gauge having
a nominal range of 0 to 100 kW/m? and a flat, 6 mm to 8 mm
in diameter sensing surface coated with a durable, flat-black
finish. The body of the gauge shall be cooled by water above
the dew point of the gauge environment. The gauge shall be
rugged and maintain an accuracy of +3 percent and a repeat-
ability within 0.5 percent between calibrations. Whenever the
infrared heaters are calibrated, the calibration of the heat flux
gauge shall be checked through the use of a black-body oven-
calibration facility that compares the gauge response to that of
an optical pyrometer with a NIST-traceable calibration, or
through the use of a facility that compares the gauge output to
that of a reference standard.

2.12 Digital Data Collection. The digital data collection sys-
tem shall be capable of recording the output from the CO,
COy, hydrocarbon gas, Oy combustion, and Oy inlet air analyz-
ers, the load cell, the test section instruments, and the elec-
tronic pressure transducer at 1-second intervals. The data for
gas concentrations shall be time-shifted to account for delays
within the gassampling lines and respective instrument
response times. The data collection system shall have an accu-
racy corresponding to at least + 1°C for temperature measure-
ment and £ 0.01 percent of full-scale instrument output for all
other channels. The system shall be capable of recording data
for atleast 1 hour at 1-second intervals.
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FIGURE 2.9(e) Test section.

Rear fL
collimating =
lens Interference
. filter
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lamp E
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Rear/
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12.7 I.D. smoke
diffusion tube

SMOKE TURBIDIMETER %

1.575 wall
seamless tubing

N\ [

Fillet weld ( 9 <
around joint

(typ 8 places)
'
[
152
(3) ¥8in. NPT
half couplings
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38.10.D.——
- ~ | 28:6001..
28.753 I.D.
F ke turbidimeter 1 —— —
or smoke

attachment to couplings 76 ‘ 34.925
180° apart, see detail above.
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[ b
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Notes:
1 .g (1) All dimensions in mm unless noted
| (2) Flanges to be square with tube
| 152 | (3) Inside of duct to be coated with FEP
0.D.

after welding

For duct flanges see detail. (4) Material 304 stainless steel
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Chapter 3 Calibration of Equipment

3.1 Radiant Flux Heater.

3.1.1 Infrared heaters shall be calibrated at the start of the test
day. The quartz windows, lamps, and back reflective surfaces
of the heaters shall be cleaned of any impurity buildup or
scratches. The sensing surface of the heat flux gauge shall be
positioned to be horizontal, at a location equivalent to the
center of the top surface of a horizontal specimen. Calibra-
tions shall be performed, both with and without the quartz
pipe in position, by recording infrared heater voltage settings
and corresponding heat flux gauge outputs that cover the
entire range of flux levels for planned tests.

3.1.2 At least annually, the position of the infrared heaters
shall be checked by setting the heater voltage at 90 percent of
the maximum value, positioning the heat flux gauge sensing
surface to be horizontal, and measuring the heat flux at each
of five locations, corresponding to each corner and the center
of a square, horizontal specimen, at an elevation equivalent to
that of the specimen top surface. The position of each infra-
red heater shall be adjusted symmetrically, and the heat flux
measurements repeated until there is at most a 5 percent
mean deviation of the five readings from the average value.
Then, the heat flux gauge shall be positioned, with the sensing
surface horizontal, to locations equivalent to the vertical axis
at the center of a square, horizontal specimen, and the heat
flux measured at elevations of 10 mm and 20 mm above and
below that equivalent to the specimen top surface. The heat
flux at these four elevations shall be checked to ensure that it
is within 5 percent of the value at the elevation of the speci-
men top surface.

3.2 Gas Analysis Equipment.

3.2.1 The gas analysis equipment shall be calibrated before
the first combustion or fire propagation test of the day.

3.2.2 Carbon dioxide and carbon monoxide analyzers shall
be calibrated for measurement of the combustion gases by
establishing a downscale/zero calibration point and an
upscale/span calibration point. The upscale calibration shall
be performed with a “span gas” at the upper end of the range
that will be used during actual sample analysis and with a “zero
gas” for the downscale calibration point at the lower end of the
analyzer range. Nitrogen shall be used as the “zero gas” refer-
ence source by turning on a cylinder of Grade 5 nitrogen.

3.2.3 The oxygen analyzer for the measurement of inlet oxy-
gen concentration and the optional oxygen analyzer for the
measurement of combustion gases shall be calibrated by estab-
lishing a downscale/zero calibration point and an upscale/
span calibration point. The upscale calibration shall be per-
formed with a “span gas” at the upper end of the range that
will be used during actual sample analysis and with a “zero gas”
for the downscale calibration point at the lower end of the
analyzer range. Grade 5 nitrogen shall be used as the “zero
gas” reference source. The optional combustion gas oxygen
analyzer shall be checked to ensure that the span (upper
range) setting does not change by more than 0.1 percent after
the first zero gas (downscale) setting is performed. If it does
change by more than this amount, then the calibration proce-
dure shall be repeated.
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3.2.4 The optional hydrocarbon gas analyzer shall be cali-
brated at the downscale point by using Grade 5 nitrogen as the
“zero gas.” Methane at a concentration that matches the oper-
ating range of the analyzer shall be used as the “span gas” for
the upscale calibration.

3.3 Load Cell. The load cell shall be calibrated each time it is
used. The output voltage shall be set to zero by adjusting the
tare, with the appropriate empty specimen holder in position.
A NIST-traceable weight corresponding to the weight of the
specimen to be tested shall then be placed on the empty
holder, and the output voltage shall be measured. Linearity
shall be checked by repeating this procedure with three other
NIST-traceable weights so as to cover the entire specimen
weight range.

3.4 Heat Release Calibration.

3.4.1* The heat release rate measurement process shall be
calibrated at least monthly to ensure the proper functioning
of the fire propagation apparatus. The measured effective
heat of combustion of acetone shall be checked to ensure that
it is within 5 percent of the reference value of 27,900 kJ/kg
and that the measured total delay (or lag) time of the gas ana-
lyzers is less than 15 seconds.

3.4.2 The infrared heaters or the pilot shall not be used.

3.4.3 All other required calibration procedures described in
Section 3.4 shall be performed.

3.4.4 Inlet airflow shall be checked to ensure that it is set at
200 +20 L/min.

3.4.5 The data acquisition program shall be started.

3.4.6 Acetone in the amount of 100.0 ml shall be placed in
a 97-mm diameter heat-resistant glass specimen dish on the
load cell.

3.4.7 The acetone shall be ignited using a match 30 seconds
after the start of data acquisition.

3.4.8 Data acquisition shall be ended 2 minutes after the end
of visible flaming.

3.4.9 The effective heat of combustion shall be determined in
accordance with the calculation procedure in Section 6.4.

3.4.10 The delay time for the gas analyzers shall be deter-
mined by computing the difference between the time when
the test section duct gas temperature reaches 50 percent of its
steady-state value and the time when the reading of each ana-
lyzer reaches 50 percent of its steady-state value.

Chapter 4 Test Specimens

4.1 Specimen Holders. Four types of specimen holders shall
be permitted: horizontal square; horizontal circular, as shown
in Figure 4.1(a); vertical, as shown in Figure 4.1(b); and vertical
cable, as shown in Figure 4.1(c). The horizontal square holder
shall consist of two layers of “2 mil” (0.05-mm thickness) alumi-
num foil molded to the sides and bottom of a square specimen.
The horizontal circular holder shall be a 99-mm diameter alu-
minum dish. The vertical specimen holder shall be a 485-mm
high x 133-mm wide ladder rack. The vertical cable holder shall
be 825 mm high, for supporting a cable specimen 810 mm long
and up to 51 mm in diameter.
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FIGURE 4.1(a) Horizontal circular specimen holder.

Wrap holder with
24-gauge wire
2 places 90° apart.

| I

l

| | : 25

A S R — —_

/ \Stamped
2R 99 aluminum holder

1.D.
102
0O.D.

Notes:

(1) All dimensions are mm unless noted.

(2) This holder is used to hold charring
and melting materials as well as liquid
and powdered specimens.

4.2 Conditioning. Specimens shall be conditioned, before
surface preparation or testing, to moisture equilibrium at a
temperature of 23 £ 3°C and a relative humidity of 50 £ 5 per-
cent for 24 hours.

4.3 Specimen Size and Preparation.

4.3.1* Ignition and Combustion Tests of Horizontal Speci-
mens. Specimens for the horizontal square holder shall be
cut from planar materials or products to be 101.6 mm x 101.6
mm in area. Square specimens shall have a thickness of no less
than 3 mm and no more than 25.4 mm. For materials and
products having a thickness greater than 25.4 mm, the unex-
posed surface shall be cut to reduce the thickness to 25.4 mm.
When the ignition test is paired with a fire propagation test,
the specimen thickness shall be identical in both tests.

Square specimens shall be used with the horizontal
square holder.

Granular specimens shall be used with the horizontal circu-
lar holder by filling the aluminum dish. Cable specimens shall
be used with the horizontal circular holder, by cutting them to
cover the center and at least 20 mm on each side of the center
of the aluminum dish. The exposed top surface of square, gran-
ular, and cable specimens shall be sprayed with a single coat of
flat black paint that is designed to withstand temperatures up to
540 + 10°C. The paint coating shall be cured by conditioning
the specimen at a temperature of 23 £ 3°C and a relative humid-
ity of 50 + 5 percent for 48 hours. Before testing, the holder con-
taining the specimen shall be placed on a 13-mm thick calcium
silicate board having a density of 700 kg/m? to 750 kg/m?, a
thermal conductivity of 0.11 W/mK to 0.13 W/mK, and the
same dimensions as the holder, as shown in Figure 2.3(a).

4.3.2 Fire Propagation Test of Vertical Specimens. Vertical
specimens shall be cut from planar materials or products to be
101.6 mm in width and 305 mm in height. Vertical specimens
shall have a thickness of no less than 3 mm and no more than
13 mm. For materials and products having a thickness greater
than 13 mm, the unexposed surface shall be cut to reduce the
thickness to 13 mm. When the fire propagation test is paired
with an ignition test, the specimen thickness shall be identical
in both tests.

Ceramic paper having a density 190 kg/m? to 200 kg/m?
and a thickness of 3.2 mm shall be placed to cover the sides
and back surface of the vertical specimen. Two layers of “2 mil”
(0.05 mm) thickness aluminum foil shall then be molded to
the ceramic paper on the sides and back surface of the vertical
specimen, thereby leaving the front surface of the specimen
exposed for testing. Following this preparation, the bottom of
the vertical specimen shall be placed on the metal baseplate of
the vertical holder shown in Figure 4.1(b), with the covered
(back) surface of the specimen against the ladder rack. To
secure the specimen to the vertical specimen holder, 24 gauge
nickel-chromium wire shall be wrapped three turns around
the vertical specimen, the ladder rack, and the threaded rods,
at distances of 100 mm and 200 mm from the bottom of the
specimen.

Cable specimens shall be mounted as shown in Figure 4.1(c).

4.4 Mounting Methods. The exact mounting and retaining
methods used shall be specified in the test report if different
from the techniques in Section 4.3.
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FIGURE 4.1(b) Vertical specimen holder.

133
—:}5— m | o
Ao I
| | |
| | |
128 | | |
| | | 3-mm diameter stainless steel
| | | /wire ladder frame secured to
+-—"H | | A all the rods with 24-gauge wire
| | |
127
| | | Steel plate
| | | 76 mm x 150 mm x 5 mm thick
y_ | | | | | | Grind corner
A A A to clear
| | | ' ' aluminum stand
| | | | (typ 4 places).
~G-0-¢ o<
130
- o4
ol W
it ' ' ! 1 drill (typ
| | | ' ' 10 places)
65 I I I l100— to provide
¢ ] r.!.1 I.Fﬁ.l r‘!"l L airflow
l LIE!HJ T LI#J I Holes for_airflow not shown
A3 ! \ A3 A3-A3 in main view for clarity
10 dril | 10-mm diameter hex nut
typ 6 places
(typ 3 places) i (yp6p )
| 10-mm diameter
| all-thread rod
| (typ 3 places)
343 i
|
|
I Notes:
| (1) All dimensions are mm unless noted.
| (2) Flat specimen is secured to the ladder frame using 24-gauge wire.
B T
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FIGURE 4.1(c) Cable specimen holder.
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| /_ wire used to
| o secure cable
i

|

|

+

|

|

|

|

|

|

(typ 6 places)

<2
2mm places

&1

A2 - ] A2

5 mm

3 mm

T

Steel plate
92 mm x 92 mm x 6 mm thick

13 drill Notes:

Steel tube
l« 75-mm O.D. x 2-mm wall thickness

Snip 22 mm x 45°
(typ 4 corners).

Fillet weld around joint
3 mm with 3-mm width of bead.

Drill 10 D hole in
tube before welding
hex nut to tube

(typ 3 places).

8-mm hex nut
(typ 3 places)

Fillet weld both sides of

round stock intermittently,

each weld 25 mm long with

a 25-mm space between welds.

13-mm diameter bolt
x 102-mm long

(1) All dimensions are mm unless noted.

(2) Cable specimen is placed in the center
of the holder with lower end on the steel plate.
It is secured by three tie wires and is centered
by tightening the three bolts in the steel tube.

Chapter 5 Test Procedure

5.1 Procedure 1: Ignition Test. The ignition test shall be per-
formed to determine the TRP, and the CHF of a material,
through measurement of the ignition time over a range of
external heat fluxes.

5.1.1 Nitrogen for extinguishing flames shall be ready to
flow at 100 + 10 L/min, and cylinders of compressed ethyl-
ene and air shall be available to give the specified pilot flame
when needed.

5.1.2 The 13-mm thick calcium silicate board supporting the
appropriate horizontal specimen holder shall be centered on
the aluminum load platform with no quartz pipe in place, to
ensure natural airflow.

5.1.3 The exhaust blower shall be turned on.

5.1.4 The pilot flame shall be ignited and adjusted for a
10-mm flame length.

5.1.5 The lighted pilot flame shall be moved to a position
10 mm above the specimen surface and 10 mm radially in
from the perimeter of the specimen.
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5.1.6 The air and water supplies shall be turned on to cool the
infrared heaters.

5.1.7 The water-cooled shield surrounding the specimen
holder shall be raised to prevent specimen exposure to exter-
nal heat flux.

5.1.8 The infrared heater voltage shall be set to produce a
30-kW/m? exposure on the specimen surface, and the infra-
red heater shall be allowed to stabilize for 1 minute.

5.1.9 The water-cooled shield shall be lowered to expose the
sample to the external heat flux, and the ignition timer shall
be started.

5.1.10 The time at the first appearance of vapors from the
specimen shall be recorded and the time to ignition shall be
recorded as the time from exposure to the external heat flux
until a sustained flame is established for at least a 4-second
duration.

5.1.11 Nitrogen shall be introduced to extinguish flames.

5.1.12*% The specimen shall be removed to a ventilated
environment.

5.1.13 The procedures of 5.1.1 to 5.1.12 shall be repeated for
infrared heater settings of 35, 40, 45, 50, 55, and 60 kW/m?. If
the specimen ignites at 30 kW/m?within 15 minutes, the same
procedure shall be repeated at 25, 20, 15, and 10 kW/m?2, in
that order, until there is no ignition for 15 minutes.

5.2 Procedure 2: Combustion Test. The combustion test
shall be conducted to determine the EHC and the y,, and to
measure the chemical and convective heat release rates

(Qﬂhem and Qt) .

5.2.1 The gas-sampling system shall be removing all water
vapor and other condensable combustion products. If the sam-
pling system flowmeter indicates a flow of less than 10 L/min,
then the sampling system filter elements shall be replaced.

5.2.2 Fresh indicating desiccant and a soot filter shall be
installed in the gas-sampling line.

5.2.3 The flame in the hydrocarbon gas analyzer shall be
ignited, and the flame-out indicator on the front panel shall
be checked to ensure that there is flame ignition.

5.2.4 Nitrogen for extinguishing flames shall be ready to flow
at 100 £10 L/min, and cylinders of compressed ethylene and
air shall be available to produce the specified pilot flame when
needed.

5.2.5 The gas-sampling pump to oxygen, carbon monoxide,
carbon dioxide, and hydrocarbon gas analyzers shall be
turned on, and correct flow rates shall be set for each instru-
ment. Gas analyzers shall be powered on at all times to main-
tain constant internal temperatures.

5.2.6 The required calibration procedures shall be per-
formed, as specified in Chapter 3.

5.2.7 The exhaust and air supply blowers servicing the appa-
ratus shall be turned on.

5.2.8 The 13-mm thick calcium silicate board supporting the
appropriate horizontal specimen holder shall be centered on
the aluminum load platform.

5.2.9 The pilot flame shall be ignited and adjusted for a 10-mm
flame length.
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5.2.10 The lighted pilot flame shall be moved to a position
10 mm above the specimen surface and 10 mm radially in
from the perimeter of the specimen.

5.2.11 The air and water supplies shall be turned on to cool
the infrared heaters.

5.2.12 The quartz pipe shall be installed on the mounting
step in the aluminum oxidant supply pipe.

5.2.13 The water-cooled shield surrounding the specimen
holder shall be raised to prevent exposing the specimen to the
external heat flux.

5.2.14 The inlet airflow shall be set at 200 = 20 L./ min and the
exhaust flow rate set at 0.25 £ 0.025 m3/sec.

5.2.15 The infrared heater voltage shall be set to expose the
specimen surface to 50 kW/m? and shall be allowed to stabi-
lize for 1 minute.

5.2.16 The data acquisition system shall be started.

5.2.17 Thirty to 35 seconds after the start of data acquisition,
the water-cooled shield shall be lowered to expose the speci-
men to the infrared heaters.

5.2.18 The following shall be recorded: the time at the first
appearance of vapors from the specimen, the time at ignition,
the flame height, the flame color and smokiness, any unusual
flame behavior, and the time at flame extinction.

5.2.19 If flames reach 35+ 10 mm above the rim of the collec-
tion funnel for more than 30 seconds, they shall be extin-
guished by introducing nitrogen.

5.2.20 Data acquisition shall be continued for a period of
2 minutes after specimen flaming has ceased.

5.2.21 The specimen shall be removed from the specimen
holder and weighed, and the residue mass shall be recorded
when the specimen has cooled.

5.2.22 The procedures of 5.2.1 through 5.2.21 shall be
repeated to give at least three determinations of the heat
release rate, mass loss rate, and smoke yield.

5.3 Procedure 3: Fire Propagation Test. The fire propagation
test shall be performed to determine the FPI of a material,
through measurement of the chemical heat release rate of a
vertical specimen during and after upward fire propagation.

5.3.1 The procedures of 5.2.1 through 5.2.7 for measurement
of heat release rate, with the exception of the load cell calibra-
tion, shall be repeated.

5.3.2 The stainless steel load cell shaft and the ball-bushing
bearings in the air distribution chamber shall be removed and
replaced with the appropriate vertical specimen holder, and
the specimen shall be installed, so that the bottom edge of the
vertical specimen that is to be exposed to external heat flux is
at an elevation equivalent to that of the top surface of a hori-
zontal specimen.

5.3.3 The pilot flame shall be ignited and adjusted for a 10-mm
flame length.

5.3.4 The exhaust and air supply blowers servicing the appa-
ratus shall be turned on, and a cylinder of Grade 2.6 oxygen
shall be connected to the inlet air supply line.
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5.3.5 The air and water supplies shall be turned on to cool the
infrared heaters.

5.3.6 The quartz pipe shall be installed on the mounting step
in the aluminum oxidant supply pipe.

5.3.7 The water-cooled shield surrounding the specimen
holder shall be raised to prevent exposing the specimen to the
external heat flux.

5.3.8 The pilot flame shall be moved to a position 75 mm
above the bottom of the specimen and 10 mm away from the
specimen surface.

5.3.9 The inlet air/oxygen flow shall be set at 200 + 20 L/min,
the inlet oxygen concentration at 40 percent, and the exhaust
flow rate at 0.25 + 0.025 m3/sec.

5.3.10 The infrared heater voltage shall be set to produce
50 kW/m? and allowed to stabilize for 1 minute.

5.3.11 The data acquisition program shall be started.

5.3.12 Thirty to 35 seconds after the start of data acquisition,
the water-cooled shield shall be lowered to expose the lower
portion of the vertical specimen to the infrared heaters, and
the ignition timer shall be started.

5.3.13 The base area of the specimen shall be preheated for
1 minute. If ignition and fire propagation have not already
occurred, the pilot flame shall be moved into contact with
the specimen surface 75 mm above the bottom of the speci-
men to initiate fire propagation. The pilot flame shall then
be moved away from the specimen.

5.3.14 The chemical heat release rate shall be measured as a
function of time during and after fire propagation, using the
combustion test procedures.

5.3.15 The following shall be recorded: the time at the first
appearance of vapors from the specimen, the time at igni-
tion, the flame height at 1-minute intervals, the flame color
and smokiness, any unusual flame behavior, and the time at
flame extinction.

5.3.16 The test shall be terminated 2 minutes after the end of
visible flaming or if flames reach 35 + 10 mm above the rim of
the collection funnel for more than 30 seconds or if the spec-
imen undergoes noticeable structural deformation.

5.3.17 The procedures of 5.3.1 through 5.3.16 shall be
repeated to give at least three heat release rate determinations.

5.4 Safety Precautions. All normal laboratory safety precau-
tions shall be followed.

5.4.1* During the test, the operator shall use hearing protection
and at least shade 5 welding goggles or glasses. The operator shall
use protective gloves to insert and remove test specimens. The
specimen residue shall be transferred to a fume hood. Neither
the infrared heaters nor the associated fixtures shall be touched
while hot except with protective gloves.

5.4.2 The exhaust shall be checked for proper operation before
testing and shall be discharged away from intakes for the build-
ing ventilation system. Provision shall be made for collecting and
venting any combustion products that fail, for whatever reason,
to be collected by the normal exhaust system of the apparatus.

Chapter 6 Calculations

6.1 Critical Heat Flux (CHF). The CHF shall be the inter-
cept with the ordinate of a straightline regression fit to data
on external heat flux (from the infrared heaters) versus the
inverse of time to ignition. Data shall be from the four lowest
values for heat flux (e.g., 30, 25, 20, and 15 kW/m?) in the
ignition test. The standard deviation (or standard error) of
the intercept due to data scatter shall be within 10 percent of
the regression fit intercept. Additional data shall be obtained
if the standard deviation exceeds this limit.

6.2 Thermal Response Parameter (TRP). The TRP shall be
the slope of a straight-line regression fit to data on external
heat flux (from the infrared heaters) versus the inverse of
the square root of the time to ignition. Data shall be from the
four highest values for external heat flux (e.g., 45, 50, 55,
and 60 kW/m?) in the ignition test. The standard deviation
(or standard error) of the slope due to data scatter shall be
within 10 percent of the regression fit slope. Additional data
shall be obtained if the standard deviation exceeds this limit.

6.3 Fire Propagation Index (FPI).

6.3.1 The FPI shall be determined from the fire propagation
and ignition tests by using the following equation:

10000042 Qg W3

FPI TRP

where Q,},,m,shall be obtained from the fire propagation test
and TRP from the ignition test.

6.3.2 The chemical heat release rate shall be determined
from the following equation:

R . . 0 R . 0
Qetem = 13.300( Geo, - Geo, )+ 11,100 (o~ Geo')

6.3.3 The mass flow rates of COy and CO shall be determined
from the following equations:

101,000 T

. P 172[ (353Ap, V2
Gc02=AdK( “””) 2[ de (0.152X )

P 172[ (353Ap, \1'/?
: atm m
GCO_AdK(IOLOOO) 2[ Td) (0.966 X))

where 353 (kg K/m?) is the product of air density and temper-
ature at normal atmospheric pressure.

6.4 Effective Heat of Combustion (EHC). The EHC shall be
determined from the following equation:

chhemAtl.

loss

EHC =

where the summation shall be taken over all combustion test
data scans and Q,j,,,, shall be obtained from 6.3.2 and 6.3.3.
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6.5 Smoke Yield (y,).

6.5.1 The three values for y; corresponding to each of the
three turbidimeter wavelengths (A) shall be determined from
the following equation:

LY 0,DAL
y, = 1L5Tx10 —

loss

where the summation shall be taken over all combustion test
data scans.

6.5.2 The volumetric flow rate in the test section duct during the
combustion test shall be determined from the following equation:

RAp T .,/353
b = Adem—d
[P—7101,000

6.5.3 The extinction coefficient in the test section duct
during the combustion test shall be determined from the
following equation:

In(,/1)
e

6.6 Convective Heat Release Rate.

6.6.1 The convective heat release rate shall be determined
from the following equation:

Q, mac,(Ty=T,)

P 353p
_ atm m _
B AdK(lOl,OOO){Z[ T, H%”d a)

where all terms in this equation shall be evaluated from com-
bustion test data scans.

6.6.2 The gas specific heat shall be corrected for temperature
by the following equation:

¢, = 1.00+ 1.34(10_4Td—%5—%)]

b 2
1,

Chapter 7 Report

7.1 General Test Description and Ignition Test. The follow-
ing information shall be provided in a test report:

(1) Specimen identification code or number

(2) Manufacturer or name of organization submitting specimen

(3) Date of test

(4) Operator of apparatus

(5) Composition or generic identification of specimen

(6) Specimen thickness and dimensions of specimen surface
exposed to infrared heaters (mm)

(7) Specimen mass (kg)

(8) Specimen orientation, specimen holder, and description
of special mounting procedures

(9) Room temperature (°C) and relative humidity (percent)
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(10) Radiant flux from infrared heating system applied to test
specimen (kW/m?)

(11) Time when vapors are first observed coming from the test
specimen (sec)

(12) Time at which there is sustained flaming (sec)

(18) Thermal response parameter (kW-sec™1/2/m?)

(14) Critical heat flux (kW/m?)

(15) Additional observations (including times of transitory
flaming, flashing, or melting)

7.2 Combustion Test. In addition to the information in Sec-
tion 7.1(1) through (15), the report shall include the follow-
ing information:

(1) Chemical and convective heat release rates per unit
exposed area of specimen (kW/m?)

(2) Generation rates of carbon monoxide and carbon diox-
ide (kg/sec)

(3) Effective heat of combustion (kJ/kg)

(4) Smoke yield values corresponding to wavelengths of
457.9, 632.8, and 1064.0 nm (-)

(5) Specimen mass remaining after test (kg)

(6) Specimen mass loss rate (kg/sec)

(7) Number of replicate specimens tested under the same
conditions

7.3 Fire Propagation Test. In addition to the information in
Sections 7.1 and 7.2, the report shall include the following
information:

(1) Chemical heat release rate (kW)

(2) Chemical heat release rate per exposed width or circum-
ference of specimen (kW/m)

(3) Flame height (m)

(4) Thermal response parameter for the specimen, if pre-
viously obtained from the ignition test method
(kW-secl/2/m?2)

(5) Fire propagation index, calculated using the value in Sec-
tion 7.3(2) (m 5/3/kW2/3 secl/?)

(6) Number of replicate specimens tested under the same
conditions

Chapter 8 Referenced Publications

8.1 The following documents or portions thereof are refer-
enced within this standard as mandatory requirements and
shall be considered part of the requirements of this standard.
The edition indicated for each referenced mandatory docu-
mentis the current edition as of the date of the NFPA issuance
of this standard. Some of these mandatory documents might
also be referenced in this standard for specific informational
purposes and, therefore, are also listed in Appendix C.

8.1.1 NFPA Publication. National Fire Protection Association,
1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101.

NFPA 318, Standard for the Protection of Cleanrooms, 1998 edition.

Appendix A Explanatory Material

Appendix A is not a part of the requirements of this NFPA docu-
ment but is included for informational purposes only. This appendix
contains explanatory material, numbered to correspond with the appli-
cable text paragraphs.

A.1.2.1 The test methods described within this document are
part of an existing procedure detailed in Approval Standard for
Clean Room Materials, Class Number 4910, from Factory Mutual
Research Corporation.



