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HISTORICAL NOTE ANSI/UL 1256-2013 (R2018)

In August, 1953 the General Motors’ thirty-five acre Hydro-Matic factory at Livonia, Michigan was
destroyed by fire. Unprotected steel construction and the thin steel deck which permitted the asphalt
built-up roof covering to melt, drip through joints, and thereby contribute to fire spread within the
building was one of the factors cited as being responsible for the extent of the loss. As a means to
analyze the potential for contribution of roof covering materials to fire spread within a building, a 20 by
100 foot test structure was constructed. This analysis consisted of a series of five large scale fire tests
utilizing different roof deck constructions, one of which represented the roof deck construction used in

the General Motors factory. Based upon these large scale fire tests, a roof deck constructign

=

epaluated for the purpose of establishing limits for underdeck fire spread consisted of a steel rop
deck, without vapor retarder or adhesive, insulated with 1-inch thick plain vegetable fiberboa
echanically attached and covered with a 4-ply asphalt built-up roof covering with gravél surfacing

[}

sed on the time and expense associated with conducting the large scale fire test described in P4rt
f this Standard, UL investigated the use of a small scale fire test method te correlate the results pf
the small scale fire test to the results of the large scale fire test method. The small scale fire tept
ethod developed from this correlation utilized the Steiner tunnel test chamber described in Part Il f
this Standard.

ince the severity of the fire exposure in the large scale fite, test method introduces performand
fgctors which cannot always be measured effectively in the small scale fire test method described
art 1, subsequent large scale fire tests are conducted’by UL on specific new types of roof deq
cpnstructions which are judged to require additional datum tests.

=)

0
=~
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Standard for Fire Test of Roof Deck Constructions
First Edition — January, 1985
Second Edition — August, 1993
Third Edition — March, 1998
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This ANSI/UL Standard for Safety consists of the Fourth edition including
revisions through August 10, 2018.

The most recent designation of ANSI/UL 1256 as a Reaffirmed American National
Standard (ANS) occurred on August 10, 2018. ANSI approval for a standard does
not include the Cover Page, Transmittal Pages, and Title Page.

The Department of Defense (DoD) has adopted UL 1256 on August 19, 1989.
The publication of revised pages or a new edition of this Standard will not
invalidate the DoD adoption.
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INTRODUCT

1 Scope

ION

1.1 These requirements cover fire test methods to evaluate the performance of metallic and nonmetallic
roof deck constructions subjected to internal (under deck) fire exposures for the purpose of determining
the contribution of the roof covering material, insulation, and other components of the roofing system to
the spread of fire within a building. As the extent of flame propagation, thermal degradation, and
combustive damage are determined after roof deck constructions are exposed to controlled fire
conditions, these requirements are not intended for use in describing or defining the fire hazard or risk of
fire under actual fire conditions.

1.2 These fequiremenis do not include tesis o evaluafe ofher potential hazards

constructions

1.3 Two fire
be selected H

1.4 Part | d¢
experience in
conversely, \

1.5 Part il d
evaluate roof
under this te
construction

I. This constr|
inch thick plg
bitumen built
with other st
established f

1.6 For roof
scale fire tes

, such as structural integrity under fire exposure or wind uplift.

o roof deck

est methods are described in Parts | and Il of this Standard. One of thesé€ test nethods shall

ased on assessment of fire test experience, as outlined in 1.4, 1,5¥and 1.6.

scribes the large scale fire test method used to evaluate roof deck constructi
actual installations were known to have contributed extensively to underdeck f
ere regarded as being eligible for classification from this_standpoint.

pscribes the small scale fire test method whereby)thée Steiner fire test chamh
deck constructions for resistance to underdeck-\fire spread. The conditions d
5t method were initially established by analysis’of correlative data developed
which exhibited adequate performance in the large scale fire test method des
Liction consisted of a steel roof deck, witheut vapor retarder or adhesives, insul
in vegetable fiberboard roof insulationimechanically attached and covered wi
up roof covering with gravel surface. Subsequent Part | large scale tests we
bel deck constructions. These, results continued to support the conditions 9
br the Part Il small scale tests.

1.5 revised July 17, 2013

eck constructions dissimilar to any constructions previously evaluated under P
method is to beconducted.

pns which by
ire spread or,

er is used to
f acceptance
on a specific
cribed in Part
ated with one
h a three ply
re conducted
f acceptance

rt |, the large
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2 General

2.1 Units of

measurement

2.1.1 Values stated without parentheses are the requirement. Values in parentheses are explanatory or
approximate information.

2.2 Undated

references

2.2.1 Any undated reference to a code or standard appearing in the requirements of this standard shall
be interpreted as referring to the latest edition of that code or standard.

PART I -L
CONSTRUC

3 Test Meth

3.1 The test
structure whi
an ignition sg
supply to sup
The fuel flov
condition with
curve in the
recorded with
maximum fla

locations at iptervals not to exceed 30 seconds throughout the entire test. Post test observa

recorded with
after 30 miny

4 Fire Test ¢

4.1 The fire

IONS UNDER INTERIOR FIRE EXPOSURE

d

method utilizes a 10 foot (3.1 m) high by 20 foot (6.1 m) wide by 100 foot
th is open at one 20 foot (6.1 m) wide end (flue-end). At the opposite end (fire €
urce burner assembly consisting of atomized heptane pumped through two n
port combustion is produced by a blower and discharged into the structure a

rate for this test was developed through preliminaty trials to produce a
in the first 20 feet (6.1 m) of structure that is represgntative of the standard time
Standard for Fire Tests of Building Constructioh.and Materials, UL 263. Obs

30.5 m) long
nd) is located
bzzles. An air
the fire end.
ire exposure
-temperature
ervations are

respect to maximum underdeck flame spread-within the structure, and with espect to the

me spread on the top surface of the structure. Temperature data is recorde

respect to the conditions of the structure and roof covering materials. The test
tes elapsed time.

Structure

est structure is to consist of a rectangular building 10 feet (3.1 m) high by 2(

wide by 100
be construct

eet (30.5 m) long with ene 20 foot (6.1 m) long side left opened (flue-end). Th
d from nominal 8<by 8 by 16 inch (203 by 203 by 406 mm) concrete block

between the parapet wall, support wall and roof deck is to be tightly-packed with mineral w
The fire end wall and first'40 feet of each sidewall are to be protected from the floor to the
the roof deck|on the interior by a nominal 1-inch (25 mm) thickness of spray or trowel applieq
mixture. The [floor of(the structure is to consist of concrete, crushed stone, or packed-soil ¢
2-inch (50.8 Imm) thickness of sand. The roof covering system is to have perimeter tern
flashing construction that are representative of standard practice as specified by the roof cov

I at specified
tions are also
is terminated

feet (6.1 m)
e walls are to
5. The space
pol insulation.
underside of
| cementitous
bvered with a
ninations and
bering material

manufacturer: fgure 4-1-
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Figure 4.1
Large scale test structure
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\ © SR
BREECHING

h Factors:

>

and 4.5 +0.5 feet (1.4 £0.2 m) outward from the end of the 100 foot (30.5 m) |
the breeching wall shall be at least 10 feet (0.9 m) and shall not exceed the
by more than 3 feet (0.9 m). Itis’also required to further enclose the flue-end
the 100 foot (30.5 m) end-of the structure to connect to the breeching wa

ate observations, the flue-end of the\structure is to have a breeching wall positioned

bng structure.
height of the
by extending
[Il. The entire

overhead space enclosed within this~extension beyond the end of the structure is to refnain open to

exhaust com

pustion products. See Figure 4.1.

4.3 Open vig
and spaced
(1394 cm?)
the entire wi

4.4 For stru

w ports for observations during the fire test are to be provided in both 100 foot
ot greater than-10 feet (3.1 m) OC. These ports are to be a maximum of 1
d are to be-of such dimensions and elevation so that all underdeck and floor
th and letigth of the structure are visible through one or both sides.

tural steel roof deck constructions the purlins are to conS|st of a maximum M

30.5 m) walls

.p square feet

areas across

2 by 11.8 Jr.

-1/2 inch (38

mm) Type B decking. It is also not prohlblted to use lesser mass Jr. beams or bar joist when the spacing
is maintained at 6 feet, 8 inches (2.0 m) OC.

4.5 Other types of roof deck construction are to be constructed with structural support, decking and roof

covering syst

ems representative of the construction under evaluation.
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4.6 The roof covering material’s system shall have perimeter terminations, parapets and flashing
construction to be representative of standard practice as specified by the roof covering materials’
manufacturers.

5 Fire Control Equipment
5.1 The fire exposure is produced by two nozzles atomizing heptane. Flow to each nozzle is to be
monitored and balanced so that equal amounts of fuel is being delivered. The combined fuel rate delivered

to the two nozzles is as shown in Table 5.1.

Table 5.1
Combined fuel rate to nozzles

Test time, minutes Fuel rate, gpm (I/s)
Oto2 1.0 0.06)
2to4 1.5 0.09)
4t07 2.0 0.13)
7 to 17 25 0.16)
17 to 30 37 0.17)

5.2 Air for combustion is furnished by a blower located outside thé test structure. An air supply totaling
4700 to 5500 ft3min (2.2 to 2.6 m3/s) is delivered by four dugts)through the fire end wall of the test
structure. Twp ducts are located with their centerlines 5 feet (1¥5 m) above the floor of the |structure and
discharge air|to the two nozzles positioned in front of the ducts. The other two ducts are lodated beneath
with their centerlines 2 feet (0.6 m) above the floor of the ‘structure. Dampers are to be provided in the
blower systein so as to equalize the balance of air being discharged through each duct. THe blower and
ignition details are shown in Figure 5.1.
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Figure 5.1
Blower and ignition details
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5.8 The severity of the ignition fire is to be monitored separately by six No. 14 gage chromel-alumel (Type
K) thermocouples located 12 inches (305 mm) below the roof deck. These thermocouples are to be
located within Inconel pipes and supported in concrete pylons. An example of such an assembly is shown
in Figure 5.2. The locations of these thermocouples (Nos. 1 through 6) are shown in Figure 5.3.

5.4 Prior to the conduct of testing the fire control equipment is to be calibrated by selection of atomizing
nozzles, air flow and fuel pressure such as to provide a fire exposure that follows the standard
time-temperature curve as specified in the Standard for Fire Tests of Building Construction and Materials,
UL 263. The fire exposure at the fire end of the structure is to be controlled so that the area under the
measured time-temperature curve, obtained by averaging the temperatures recorded from the
thermocouples described in 6.1, is within 10 percent of the corresponding area under the standard
time-temperature curve. The calibration is to be conducted with the roof deck (without the roof covering
system beind in place) and structural supporis in place. Steel deck construciions are 10 bq insulated on
the top surfage with a minimum of 2-inch (50.8 mm) thick mineral insulation for the first40Q|feet (12.2 m)
of the structpre. The underside of the deck and structural supports are to be preifectqd during the
calibration with 2-inch thick (50.8 mm) mineral board or blanket insulation for the first’40 fegt (12.2 m) of
the structure,
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Control thermocouples
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Figure 5.3
Thermocouple locations
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6 Instrumentation

6.1 The sevgrity of the ignition source is to be separately monitored by Type K (14 gage) thermocouples
located within) a pylon assembly as shown iriFigure 5.2, identified as Nos.1 — 6 and positiofned as shown
in Figure 5.3|(see 5.3).

6.2 Tempergture measurements are 10 be obtained using Type K (20 — 24 gage) thermodouples at the
locations and positions as shown.in Figure 5.3:

a) Alr temperaturgsiocated 9 inches (229 mm) below the roof deck — Nos. 9, 10, 15, 16, 23,
24, 30, 31, 32,,38,234, 35, 36, 37, 44, and 45.

b) Top sidewof roof deck — Nos. 7, 11, 13, 17, 21, 25, 38, 39, and 40.

c) Tep'side of membrane of roof covering system — Nos. 8, 12, 14, 18, 22, 26, 41.|42, and 43.

d) Exit air temperature 3 feet (0.9 m) below roof deck — Nos. 27, 28, and 29.
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e) Air temperatures located 9 inches (229 mm) below the roof deck and spaced as specified in
footnote 2 across the width of the test structure at 60 feet (18.3 m) and at 72 feet (21.9 m) from
the fire end wall — Nos. 19, 20, and 46 through X2

aThe number of thermocouples required is commensurate with that required to locate a thermocouple a
maximum of 6 inches (152 mm) to either side (but not both sides) of each exposed edge of steel deck
sidelap joints and to either side (but not both sides) of each longitudinal seam of other types of deck
construction. In no case shall there be less than six thermocouples evenly spaced across the structure at
60-ft and 72-ft distances from the fire end wall. Thermocouples Nos. 46 and higher are not shown in
Figure 5.3.

6.3 The flow rate of heptane to each nozzle is to be monitored using a calibrated flow meter.

6.4 All templrature data are to be recorded at intervals not exceeding 30 seconds.
7 Documentation
7.1 Documentation shall consist of the information specified in 7.2 — 7.4.

7.2 Thirty-five mm colored slides/prints taken during construction of the\test assembly anfl post-test to
include disseftion of the test assembly.

7.3 Color video tape of the fire within the structure as vieweddrom the flue-end. Color vidgo tape of the
top surface throughout the test.

7.4 A clock gr timer depicting “real time” is to be included in all videos. The time is to be integral to the
video camerd or a clock/timer is to be used that is visible and legible throughout the test.

8 Test Procedure
8.1 Instrumeptation on the completed assembly is to be verified for operation.

8.2 Ambient [conditions prior to test are to be as follows:

a) Temperature: 40 t0-90°F (4.4°C to 32°C).
b) Relative humidity: 20 to 80 percent.

c) Air flow dcross the roof surface of the test assembly is to be less than 1050 ft/nfin (12 mph)
as dgtermined by an anemometer positioned in the direction of the prevailing wind.| The velocity
and dlirection of the prevailing wind is to not be such as to restrict fire spread across the roof

surface of thestructure:

8.3 Video and data collection are to begin one minute prior to ignition of the heptane burner.

8.4 Two 3/8 inch (9.5 mm) LP-Gas pilot nozzles are to be used to ignite the heptane initially and provide
a continuous source of ignition. An example of such an assembly is shown in Figure 5.1.

Exception: LP-Gas pilot nozzles are not required when heptane soaked fabric is secured to the heptane
nozzle so as to provide ignition of the atomized heptane once the pumps are started.
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8.5 The flow regime for heptane burners is to be followed.

8.6 Record visual observations of all flaming including flaming droplets of molten materials and flaming of
residue on the floor and the respective time of occurrence and distance within the structure (see
Conditions of Acceptance, Section 9) from both sides as well as the top surface of the assembly
throughout the entire test.

8.7 At 30 minutes after ignition of the heptane burners the heptane supply is to be shut-off and all flaming
is to be extinguished.

8.8 The interior and exterior of the roof deck construction assembly is to be photographed and visual

observations

made.

8.9 The roof

9 Conditions of Acceptance

9.1 The max
not exceed 6

9.2 The flam
exceed 60 fe|

9.3 The may

6.2(e) shall mot exceed 1400°F (760°C) for a 30-second<interval based on the average

thermocouple
72-foot (21.9

any individua] thermocouple.

9.4 Intermittd
flame front w|
test period.

9.5 Post tes
charring) of t
structure.

9.6 Thermal
throughout al

surface is to be covered or otherwise protected from inclement weather prior

imum sustained flame front progression within the structure due\to”underdeck
D feet (18.3 m) from the fire end during the 30-minute test period.

ing of molten residue falling from the roof deck or on ¢he floor of the struc
et (18.3 m) from the fire end during the 30-minute tesiperiod.

imum temperature measurements recorded at:the 60-foot (18.3 m) locatior

s yielding the highest recorded temperatufés. The maximum temperature re
m) location specified in 6.2(e) shall not éxceed 1400°F (760°C) for a 30-seco

nt underdeck flaming, tips of flaming along deck seams or flaming dissociated

examination of thewroof deck construction shall show that combustive dam
ne roof covering system has diminished at increasing distances from the fire ¢

comp@nents of the roof covering system at the extremity (flue end) of the str

o testing.

flaming shall

ure shall not

specified in
of any three
corded at the
nd interval for

rom the main

thin the structure are not to.exceed 72 feet (21.9 m) from the fire end during the 30-minute

hge (burning,
nd of the test

degradation* (damage in the form of charring, loss of integrity) shall not have extended

icture.
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10 Test Rep

ort

10.1 The test report shall include the following:

a) Drawings showing structural design of the roof deck construction, plan, elevation and

princi

ple cross-sections plus other sections as required for clarity.

b) Description of the roof covering system component materials and their placement within the
assembly.

¢) Ambient conditions at the start of the fire test including measured wind speed and direction
in relationship to the test structure.

d) Lq

e) Ti
asse

f) Ti

g VvV
resid

viewgd from both sides and top surface throughout the“entire 30-minute test.

h) P
exter|

i) An
of Ad

PART Il - SMALL SCALE FIRE TEST METHOD UTILIZING STEINER FIRE TEST CHAM

11 Fire Test

11.1 The firg]
of 17-3/4 +1/,
side walls an
mm) measur
is supported
of 25 feet (7.
in Figure 11.

e history of temperatures recorded within the structure and.roof deck constru

cation of all thermocouples.

Ime history of average temperatures recorded by the six fire control thermocou
mblies.

sual observations of all flaming, including flaming droplets of molten materials
e on the floor at the respective time of occurrence and distance, within the st

notographic and video documentation of the assembly prior to and post test (i
or).

alysis of performance of the roof deck-Construction with respect to each of the
ceptance.

Chamber

test chamber, Figures 11.1 and 11.2, is to consist of a horizontal duct having a
1 inches (451 #6,Mm) measured at the ledge on which the sample is suppor
d 17-5/8 +3/8\inches (448 £10 mm) at all other points; a depth of 12 £1/2 inc
bd from thie-bottom of the test chamber to the ledge of the inner walls on whig
includingthe 1/8-inch (3.2-mm) thickness of woven fiberglass gasketing tape?
52 m)s.. The sides and base of the duct are to be lined with insulating masonry|
D, Conisisting of A. P. Green, G-26°, refractory fire brick. One side of the cha

ple

ction.

and flaming
ructure as

terior and

Conditions

BER

h inside width
ted along the
hes (305 +13
h the sample
and a length
as illustrated
mber is to be

provided witt

doubte pane observation windows® withtheinside pane fiustrmounted (see

Figure 11.2).

The exposed area of an inside pane is to be 2-3/4 £1/4 by 11-1/2 plus 1 minus 2 inches (69.9 +6.4 by 280
plus 25 minus 50 mm). The centerline of the exposed area of the inside glass is to be in the upper half
of the furnace wall, with the upper edge not less than 2-1/2 inches (63 mm) below the furnace ledge. Each
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window is to be located such that not less than 12 inches (305 mm) of the specimen width is observable.
Multiple windows are to be located along the tunnel so that the entire length of the test sample is
observable from outside the fire test chamber. The windows are to be pressure tight (see 12.2 and 12.3).

aMcMaster-Carr No. 8817K35 1-1/2 by 1/8 inch (38.1 by 3.2 mm) woven fiberglass tape or equivalent has
been found to be capable of being used for this purpose.

bThe operation and calibration of this equipment is based on this A. P. Green Refractory.
®Vycor, 100 percent silica glass, nominal 1/4 inch (6.4 mm) thick or equivalent, has been found to be

capable of being used for the inside pane. Pyrex glass, nominal 1/4 inch thick, or equivalent has been
found to be capable of being used for the outer pane.

Figure 11.1
Details of test furnace
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+ See Figure 11|2 for Section-B-B.

11.2 The ledges are to be fabricated of a structural material® capable of withstanding abuse of continuous
testing, level with respect to length and width of the chamber and each other, and maintained in a state
of repair commensurate with the frequency, volume, and severity of testing occurring any time.

8High temperature furnace refractories such as Zircon have been successfully used for this purpose.

11.3 To provide air turbulence for proper combustion, turbulence baffling is to be provided by positioning
six A. P. Green, G-26, refractory fire bricks [long dimension vertical, 4-1/2-inch (114-mm) dimension along
the wall] along the side walls of the chamber at distances of 7, 12, and 20 +0.5 feet (2.13, 3.66, and 6.09
+0.15 m) on the window side and 4-1/2, 9-1/2, and 16 0.5 feet (1.37, 2.90, and 4.88 +0.15 m) on the
opposite side.
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11.4 The top is to consist of a removable structure, constructed of metal and mineral composite
(noncombustible) insulated with nominal 2-inch (50.8-mm) thick mineral composition material as illustrated
in Figure 11.2 and is to be of the size required to completely cover the fire test chamber and test sample.
The mineral composition material is to have physical characteristics comparable to the following:

Maximum effective temperature — 1200°F (649°C);

Bulk density — 21 Ib/ft3 (336 kg/m?3);

Thermal conductivity at 300 to 700°F (149 to 371°C) — 0.50—0.71 Btu-in/h-ft2°F (0.072-0.102

W/m-

K);

KpCq—TT1o 4 Biu=-in. T°- h-°F= (T x 10" 10 4 X 10" W= S-m"K°).

The entire top assembly is to be protected with flat sections of high density (nominak110
kg/m3) 1/4 ingh (6.4 mm) inorganic reinforced-cement board®, maintained in an unwarped a
condition. This protective board is not required to be secured to the furnace lid«When in plg
to be complefely sealed against the leakage of air into the fire test chamber’dufing the tes

using a liqui
a8KpC is equ

bInorganic re|
Building Prog

11.5 One en
delivering fl
(305 mm) fr
surface of th
the burner,

burners is to
The outlet is
such that the
4 +1/2 inches
distributed o\
constant flow
meter calibra
gas pressure
plate in comk
intake fitted
at the fire en

~

g

?Fes upward against the surface of the test'sample. The burners are to be spac

seal as shown in Figure 11.2.
| to the thermal conductivity times the density times the §pecific heat.

nforced cement board such as Manville Building’Materials Corp. Flexboard
ucts Sterling Board have been successfully used. for this purpose.

d of the test chamber, designated as the “fife end,” is to be provided with twg

the fire end of the test chamber and7-1/2 +1/2 inches (190 +12.7 mm) bel
test sample. An air intake shutter\isto be located 54 +5 inches (1.37 £0.1 m
s measured from the burner centerline to the outside surface of the shutte
be provided through a single.inlet pipe, distributed to each burner port through
to be a 3/4-inch (19-mm)-elbow. The plane of the port is to be parallel to the
gas is directed upward toward the specimen. Each port is to be positioned with
(102 £12.7 mm) on. each side of the centerline of the furnace so that the flz
er the width of the-exposed specimen surface. See Figure 11.2. The controls us
of gas to the (burners during periods of use are to consist of a pressure reg
ed to read jmincrements of no more than 0.1 cubic foot (2.8 liters), a manome
in inchesfwater (Pa), a quick-acting gas shutoff valve, a gas metering valve,

ith a'vertically sliding shutter extending the entire width of the test chamber is t
0., The shutter is to positioned so as to provide an air inlet port 3 +1/16 inche

Ib/ft3 or 1762
nd uncracked
ce, the top is
t, such as by

| and Tunnel

gas burners
ed 12 inches
ow the under

) upstream of

r. Gas to the
A tee section.
furnace floor,
its centerline
me is evenly
ed to provide
ulator, a gas
er to indicate
and an orifice

ination(wijth a water manometer to assist in maintaining uniform gas-flow conglitions. An air

b be provided
5 (76 £2 mm)

high measur

d-fromtheftoor fevetof thetestthamber, at theair intake point:

11.6 The other end of the test chamber, designated as the “vent end,” is to be fitted with a gradual
rectangular-to-round transition piece, not less than 20 inches (508 mm) long with not less than 200 square
inches (1290 cm?) cross-section at any point. The transition piece is to be, in turn, fitted to a flue pipe 16
inches (406 mm) in diameter. The vent pipe is to be insulated with at least 2 inches (50.8 mm) of high
temperature mineral composition material from the vent end of the chamber to the photometer location.
The movement of air is to be by an induced draft system having a total draft capacity of at least 0.15 inch
water column (37.4 Pa) with the sample in place, the shutter at the fire end open the nominal 3 £1/16
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inches (76 £2 mm), and the damper in the fully-open position. A draft gauge connection, to indicate static
pressure, is to be inserted through the top at the midwidth of the tunnel, 1 £1/2 inch (25 £13 mm) below
the ceiling, and 15 £1/2 inches (380 £13 mm) downstream from the inlet shutter.

Figure 11.2
Section B-B of figure 11.1

Removable Top Panel Nominal 2°(50mm) Mineral Composition Insulation
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/
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41/2 b Window

(102412.7mm) p
| Gas Ports

1 1241/
(30511'2A7mm)

3/4” Elbows

S
SR

Ae Brick, 9 x 4-1/2 x 2-1/2"

(229 x 114.3 x 63.5mm)
$2196B Max. Temp. 2600 (14277)

11.7 A photgmeter system? consisting of a light source and photocell is to be mounted on a horizontal
section of the 16-inch (406-mm) dianeter vent pipe at a point where it is preceded by a dtraight run of
pipe at least [12 diameters or 16+eet (4.9 m) and not more than 30 diameters or 40 feet (12. m) from the
vent end of the chamber, and with the light beam directed upward vertically through the center axis of the
vent pipe. A photoelectric cellwhose output is directly proportional to the amount of light received is to be
mounted ovelr the light-Source and connected to a recording device having a minimum operating chart
width of 5 inghes (127mm) and an accuracy within £1 percent of full scale, for indicating changes in the
attenuation df incident light resulting from the passage of smoke, particulate, and other|effluent. The
distance between. the light source lens and the photocells lens is to be 36 +4 inches (914 £102 mm). The
cylindrical light*beam is to pass through 3-inch (76-mm) diameter openings at the top and pottom of the
16-inch diameter duct, with the resultant light beam centered on the photo cell.

aA system found capable of being used for this purpose consists of a Weston Instruments No. 856BB
photronic cell and 12-volt sealed beam, clear lens, auto spot lamp.

11.8 Linearity of the photometer system is to be verified periodically by interrupting the light beam with
calibrated neutral density filters. The filters are to cover the full range of the recording instrument.
Transmittance values measured by the photometer, using neutral density filters, are to be +3 percent of
the calibrated value for each filter.
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11.9 An automatically controlled damper is to be installed in the vent pipe downstream of the
smoke-indicating attachment. The damper is to be provided with a manual override.

11.10 Other manual or automatic regulation devices are not prohibited from being used to maintain fan
characterization and air flow throughout test periods.

11.11 A 18 AWG (0.82 mm?) thermocouple having 3/8 +1/8 inch (9.5 +3 mm) of the junction end exposed
to the air is to be inserted through the floor of the test chamber so that the tip is 1 £1/32 inch (25.4 +1
mm) below the top surface of the woven fiberglass gasketing tape and 23 feet £1/2 inch (7.01 m £13 mm)

from the centerline of the burner ports, at the center of the chamber’s width.

11.11 revised July 17, 2013

11.12 Two 1
the test cham
cracking, at ¢
respectively,

11.13 The rd
test, to maint
12 Calibrati¢
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12.2 With t

h
furnace charI
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inch (76.2 1
fire-end shutt
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12.3 In addi
shutter and ¢
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12.4 A draft
Pa). The reg
controlled da

8 AWG (0.82 mm#) thermocouples embedded 1/8 inch (3.2 mm) below theld
ber are to be mounted in refractory or portland cement that has been carefully
istances of 13 feet £1/2 inch (3.96 m £13 mm) and 23-1/4 feet £1/2 inch\(7.01
from the centerline of the burner ports.

11.12 revised July 17, 2013

om in which the test chamber is located is to have provision\for a free inflow
ain the room at atmospheric pressure during the test.

bn of Test Equipment

ch (6.4-mm) thick inorganic reinforced cementboard is to be placed on the

ber, and with the removable lid in place, a draft is to be established so as
er-column (37.4 Pa) reading on the,draft manometer, with the fire end shutter

er is to be closed and sealed..The manometer reading is to increase to at leg
(93.4 Pa), indicating that\no’excessive leakage exists.

ion, a supplementalieakage test is to be conducted periodically by sealing
xhaust duct beyond'the photometer system and placing a smoke bomb in the ¢
ignited and the chamber pressurized to 0.375 £0.15 inch water column (93.4
age observedhin the form of escaping smoke particles are to be sealed.

eading'is’to be established within the range of 0.55 — 0.100 inch water column
uired\draft gauge reading is to be maintained throughout the test by the
mper. The air velocity is to be recorded at seven points 23 feet (7.0 m) from

or surface of
dried to avoid
m +13 mm),

of air during

ledge of the

1/4-inch (6.4-mm) inorganic reinforced cement board in position on top of thg ledge of the

to produce a
open 3 +1/16

6 mm), by manually setting the(damper as a characterization of fan performance. Then the

st 0.375 inch

the fire end
hamber. The
+37.0 Pa). All

(137.0-25.0
automatically
he centerline

of the burner

ports and 6 £1/4 inch (152 £7 mm) below the plane of the specimen mounting

ledge. These

points are to be determined by dividing the width of the tunnel into seven equal sections and recording
the velocity at the geometrical center of each section. During the measurement of velocity, the turbulence
bricks are to be removed and 24-inch (670-mm) long straightening vanes are to be placed 16 to 18 feet
(4.9 to 5.5 m) from the burners. The straightening vanes are to divide the chamber cross section into nine
equal sections. The air temperature is to be 73.4 +5°F (23 +2.8°C). The determinations are to be made
using a velocity transducer?. The velocity, determined as the arithmetic average of the seven readings, is
to be 240 £5 fpm (1.22 £0.025 m/s).

a8A Thermo Systems Inc. Model 1610 velocity transducer (thermal anemometer) or equivalent using a
readout device accurate to 1 millivolt has been found capable of being used for the purpose.
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12.5 The air supply is to be maintained at 73.4 £5°F (23 +2.8 °C) and at 50 +5 percent relative humidity.

12.6 The fire test chamber is to be supplied with natural (city) or methane (bottled) gas fuel of uniform
quality with a nominal heating value of 1000 Btu per cubic foot (37.3 MJ/m3). The gas supply is to be
initially adjusted at 5000 Btu per minute (87.8 kW). The gas pressure, the pressure differential across the
orifice plate, and the volume of gas used in each test are to be recorded. Unless otherwise corrected for,
when bottled methane is employed, a length of coiled copper tubing is to be inserted into the gas line
between the supply and metering connection to compensate for possible errors in the flow indicated due
to reductions in gas temperature associated with the pressure drop and expansion across the regulator.
With the draft and gas supply adjusted as indicated in 12.4 and 12.5, the test flame is to extend
downstream to a distance 4-1/2 feet (1.37 m) over the specimen surface, with negligible upstream
coverage.

12.7 The test chamber is to be preheated with the 1/4-inch (6.4-mm) inorganic reinforced“¢ement board
and the remqvable top in place and with the fuel supply adjusted to the required flow:.The [preheating is
to be continued until the temperature indicated by the floor thermocouple at 23-1/4 féet (7]09 m) is 150
+5°F (66 £2.4°C). During the preheat test, the temperatures indicated by the thexrmocouple at the vent end
of the test chamber are to be recorded at 15-second intervals or less and.compared tq the preheat
temperature [shown in the time-temperature curve, Figure 12.1. The preheating is to pstablish the
conditions that exist following successive tests and to indicate the control of the heat input into the test
chamber. WHen appreciable variation from the temperatures shown,in(ihe representative prgheat curve is
observed, the fuel supply is to be adjusted as required based on.red-oak calibration tests.

Figure 12:1
Time-temperature curve — preheat
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12.8 The fire test chamber is to cool after each test. When the floor thermocouple at 13 feet (3.96 m)
indicates a temperature of 105 £5°F (40.5 +2.8°C), the next specimen is to be placed in position for test.

12.9 With the test equipment adjusted and conditioned as described in 12.2, 12.4, 12.5, and 12.7, a test
or series of tests are to be made, using nominal 23/32 inch (18.3 mm) select-grade red-oak flooring as
the sample, conditioned to 6 — 8 percent moisture content as determined by the 221°F (105°C) oven dry
method described in the Test Methods for Direct Moisture Content Measurement of Wood and
Wood-Base Materials, ASTM D4442-92 (R 1997). Observations are to be made at distance intervals not
in excess of 2 feet (0.61 m) and time intervals not in excess of 30 seconds, and the time is to be recorded
when the flame reaches the end of the specimen, that is, 19-1/2 feet (5.9 m) from the end of the ignition
fire. The end of the ignition fire is to be 4-1/2 feet (1.37 m) from the burners. The flame is to reach the end
point in 5-1/2 minutes +15 seconds. The flame is determined to have reached the end point when the
vent-end thefmocouple registers a temperaiure of 980°F (527°C). The temperature mealsured by the
thermocouplg near the vent end is to be recorded at least every 15 seconds during-the test. The

photoelectric
during the te

12.10 The fl4
time are to b
red-oak flam

cell output is to be recorded immediately prior to the test and at least\every
bt
ime-spread distance, temperature, and change in photoelectric cell'readings ag
b plotted separately on coordinate paper. Figures 12.2 — 12:4.are representat
b spread, time-temperature development, and smoke density, respectively. H

15 seconds

a function of
\ve curves for
Flame spread

distance is tq be determined as the observed distance minus 4-1/2 fegt (1.37 m).

Figure 12.2
Representative time-distance curvecfor flame spread of red oak
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12.11 Following the calibration tests for red oak, a similar test(s) is to be conducted on samples of
1/4-inch (6.4-mm) thick inorganic reinforced cement board. The results represent an index of zero. The
temperature readings, as a function of time, are to be plotted separately on coordinate paper. Figure 12.5
is a representative curve for time-temperature development of inorganic reinforced cement board.

Figure 12.3
Time-temperature curve — red oak
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Figure 12.4
Smoke density — red oak
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Figure 12.5
Time-temperature curve - inorganic reinforced cement board
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13 Test Method

13.1 Each tgst sample, assembled as described in 14.1, is to be subjected to the test des¢ribed in 13.2
- 13.6.

13.2 The test equipment is to be adjusted and conditioned as described in 12.2 — 12.11.
13.3 The test assembly is to beplaced across the ledges of the test chamber.

13.4 The asgembly and removable top are to be placed in position and all joints sealed against infiltration
of air.

13.5 The ga$ pressure, the pressure differential across the orifice plate, and the volume of [gas used are
to be recordqd inneach test.

13.6 The test assembly is to be subjected to a continuous 30-minute fire exposure. All flame propagation
including time of occurrence and distance is to be recorded. At the conclusion of the 30-minute exposure
period, the assembly is to be examined for thermal degradation and combustive damage. See Conditions
of Acceptance, Section 15.
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