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INTRODUCTION
1 Scope

1.1 This is a test method for determining values of flame propagation distance and optical smoke density
for individual pairs of plastic plumbing pipes for distribution of potable water, water used for hydronic
heating and cooling applications, water reclaim/reuse water applications.

1.2 This test method addresses uninsulated pipe sizes 4 in. (10.2 cm) and less in diameter. This test
method also addresses insulated pipe assemblies which, based on the end use, can include thermal
insulation. The overall sizes of these pipe assemblies are to be 5 inches (12.7 cm) and less in diameter.

1.3 This test method does not cover plastic pipes when installed adjacent (side to side} in quantities
greater than fwo.

1.4 This test method does not cover the construction requirements for plastic plumbing pipe for pressure
or other performance requirements

2 General
2.1 Units gf measurement

2.1.1 Valugs stated without parentheses are the requirement: Values in parentheses are gxplanatory or
approximate linformation.

2.2 Undatdd references

2.21 Any Undated reference to a code or standard appearing in the requirements of this gtandard shall
be interpretefl as referring to the latest edition-of that code or standard.

PERFORMANCE
3 Test Asspmbly
3.1 Fire test chamber.

3.1.1 The flre testchamber is to consist of a horizontal duct having the shape and size shpwn in Figure
3.1 — Figure|3.3:. The sides and base of the duct are to be lined with insulating masonry ag illustrated in
Figure 3.2 consisting of a row of refractory fire bricks®. One side is to be provided with a rpw of double-
pane (inside pane mounted flush with inner wall — see Figure 3.2), pressure-tight (as described in 5.2 and
5.3) observation windowsP [exposed area: 2-3/4 +1/4 by 11 £1-1/2 inches (69.8 £6.3 by 279 +38.1 mm)]
located so that the entire length of the specimens being tested is capable of being observed from outside
the fire test chamber.

a The operation and calibration of this equipment is based on the use of A. P. Green G-26 refractories.

b Vycor, 100 percent silica glass, nominal 1/4 inch (6.4 mm) thick or equivalent, is capable of being used
for the inside pane. Pyrex glass, nominal 1/4 inch thick or equivalent, is capable of being used for the outer
pane.
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3.1.2 Thels
of being used

313 Top
positioning si
the wall] alon
m) on the win

3.1.4 Thetd
consisting of
and is to con
characteristic

ection AA
r Section B-B

dges are to be fabricated of structural metal. Water-cooled, structural-steel tubi
for this purpose.

ovide air turbulence far )combustion, turbulence-inducing baffling is to be
refractory fire bricks? [long dimension vertical and 4-1/2-inch (114-mm) dimens
j the side walls of-the chamber at distances of 7, 12, and 20 +£1/2 foot (2.1, 3.7,

p is to consist of a removable metal- and mineral-insulation composite unit hav
hominal 2:inch (50-mm) thick mineral-composition material. The top unit shown
npletély*cover the fire test chamber. The mineral-composition material is to h

6 UL 2846 JANUARY 14, 2021
Figure 3.1
Details of fire-test chamber
Insulated Gradual Rectangular-to-Round
— Air Inlet Port 3+1/16”(76.241.6mm) Sheet Metal Vent Pipe
Adjustable Air Intake Shutter Photoelectric Cel
/ 25(7.62m)-Length of Test Chamber otoelectric L€
—Draft Gauge Connection
[oe t Thermocouple A (=
\'" :||:||:||:||:||:||:||:||:u:||:||:u:u:||:||:||:u:| |
. |
A< =B+ \/. i O oy C=
B G(I]SnlEtgll:)rr? e'glrgor 1Thegrmz)ogouplesf f ) Light Source T ¢
I I | T mm) from surface ' .
e 12 (31%5(?3%[“) Access for Velocity 16,(4‘9"‘) Minimtum |
5445 : | Measurements 40°(12.2m)Maximum
(1.374£0.13m) . 16”(406mm) 1.D. To Induced
r._.l_n 3/44£1/4"  Automaticall Drafff System
Controlled

g is capable

provided by
on parallel to
and 6.1 £0.2

dow side, and 4=1/2, 9-1/2, and 16 £1/2 foot (1.4, 2.9, and 4.9 £0.2 m) on the opposite side.

ng insulation

in Figure 3.2
ave physical

5.cofmparable to the following:

a) Maximum effective temperature — 1200°F (649°C).

b) Bulk Density —21.0 +1.55 pounds per cubic foot (336 +24 kg/m?®).

¢) Thermal conductivity — 0.50 — 0.71 Btu (thermochemical) -
(0.0722 - 0.102 W/m - K) at 300 — 700°F

inch per hour -
(149 -371°C).

square foot -

°F

The entire top-panel unit is to be protected with flat sections of high-density [nominally 110 pounds per
cubic foot (1761 kg/m®)], 1/4-inch (6.3-mm) thick mineral-fiber/cement board maintained in an unwarped
and uncracked condition through continued replacement. While in place, the top panel is to be completely
sealed against the leakage of air into the fire test chamber during the test.
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LIQUID SEAL

REMOVABLE METAL-AND-MINERAL

MINIMUM 0.5 INCH
(12.7 mm) DISTANCE

Figure 3.2

Section B-B

BETWEEN PIPES

COMPOSITE TOP PANEL

1/4 INCH (6.4 mm)

MINERAL-FIBER/CEMENT BOARD

T 1
= ~~Y
4q P7— < q
4 P | AN | LR
: ot I ad
WATER-COOLED I t—:—:—: 1/8 INCH (3.2 mm) :—:—:—:P -
STRUCTURAL -STEEL = = FIBERED GLASS BELTING = :
TUBE ‘ B P
e . l«————— 12 INCHES {(305 mm) ——— PR \
4 a a
A, l«—— 11.25 INCHES |(286 mm) ——» . ‘v
4.5INCHES - — —] O O _
(100 mm) N P 4
MAXIMUM — Fr—-—=-=-=-=-=---=- |
a « . [ JJ:' CABLE-TRAY RUNGS 4 Eu_-- DOUBLE-PANE
‘e : . .4 4.0£0.5 INCHES OBSERVATION
. (10162127 mm) ¢ 0006 €75 WINDOW
Tae e, 6.875 +—— INCHES—*| INCHES
B 44 CABLE/ INCHES (152.4+6.4 mm) (209.6mm)
ey . |TRAY (1746
SUPPORT mm)
e 5.0:0.5 . .
‘ . 3/4 INCH "% g PR
. : 127:0342.7 mm .
i ELBOWS ( ™ <t FIRE BRICK
- Tz [ 1 I 1 EEr T Ea—— 9.0x4-1/2x2-1/2 INCHES
A i A TR 7T s . (228.6x114.3x63.5 mm),
| R EERECIE PR B ‘ « ot e MAX. TEMP. 2600°F
P . LN e W |, . . - (1427°C)
4 A . M 4 2 . A
o . - T, | ! i - - e
a% “4 <4 " < . B \ I I < 4, a a; a < 40
< 4 a < g S . a < 4 < a
L] 4 e S B P I ” .
‘| u X |—| L
su1698
See Figure 3.3 fpr details of the tray"and’supports.
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3.1.5 The ladder-type tray used to support the test specimens is shown in Figure 3.2 and Figure 3.3. The
tray is to be fabricated from cold-rolled steel, 50,000 psi minimum (350 MPa) tensile strength. The solid-
bar-stock side rails are to be as shown in Figure 3.3. The C-shaped channel rungs are to be as shown in
Figure 3.3. Each rung is to be 11-1/4 inches (286 mm) long. The rungs are to be welded to the side rails 9
inches (229 mm) on centers along the tray length. The tray is capable of consisting of several sections
having a total assembled length of 23.9 feet (7.28 m) and is to be supported with 16 supports equally
spaced along the length of the tray. The supports (see Figure 3.3) are to be fabricated from bar steel.

3.1.6 One end of the test chamber, designated as the "fire end" in Figure 3.1, is to be provided with two
gas burners delivering flames upward that engulf the test specimens. As shown in Figure 3.2, the burners
are to be positioned transversely to each side of the centerline of the furnace so that the flame is evenly
distributed over the width of the specimens.

3.1.7 The ¢
regulator; ag
to indicate g3
and an orifice
An air intake
provided at th

pntrols used to maintain a constant flow of gas to the burners are to consist ¢of a pressure
hs meter calibrated to read in increments of not more than 0.1 cubic foot (2,88 mm?®); a gauge
s pressure in inches of water (Pa); a quick-acting gas-shutoff valve;\@ gas-metering valve;
plate in combination with a manometer to assist in maintaining uniform gas-flov conditions.
fitted with a vertically-sliding shutter extending the entire width ofthe test chamber is to be
e fire end. The shutter is to be positioned to provide an air-inlet,port as shown in|Figure 3.1.

3.1.8 The ofher end of the test chamber, designated as the "vent eénd™in Figure 3.1, is to b¢ fitted with a
rectangular-tg-round transition piece which, in turn, is to be fitted t6_a round flue pipe. The moyement of air

is to be by ing
water (37 Pa
with the dam
indicate statig
the air-intake

3.19 Thed
specified in 3|

uced draft. The draft-inducing system is to have.a“total draft capacity of at leasf 0.15 inch of
with the specimens in place, with the shutter.at\the fire end open to its normal position, and
ber (see Section C-C in Figure 3.1) in the wide-open position. A draft-gauge mpanometer to
pressure is to be inserted through the toplat'the mid-width of the tunnel, just downstream of
shutter (see Figure 3.1).

amper is to be installed in the vent pipe downstream of the smoke-indicatin
2.1.

) attachment
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Figure 3.3

Details of steel tray and supports

3/8 INCH

[ I_[(QAS mm)
=1 U L | L
;]Eg SPECIMEN
- ' PLACEMENT
] Hl H H | e s T
[ n n § n n ] ,—E
3-3/4| 4-3/4 [ 3/8 INCH
L RUNGS 9 INCHES ON CENTER e £9-5—rrrm
¢ (121 mm)
{
1-1/2 INCHES
[ [ 3 3 [ [ | (38.1 mm)
t
1/4 INCH
(6.3 mm)
1/16 INCH (1.60 mm) 2 INCHES
MAX. RAD. (TYP.)mm _-| (50 mm)
1/8 INCH
1/8 INCI (3.2 mm) 8-1/4 INCHES
(:{ 2 I:r:) —L (210 mm)
172 INCH 1 2. INCHES 1/4 INCH
(12.7 mm) 8. (6.3 mm)
T U
' ) I___I_s/a INCH (152 mm)_|'_’
3/16 INCH (4.74 mm) (9.5 mm)
MAX. RAD.
SB1971D
SEQTION RUNG SECTION Q—Q (ALTERNATE RUNG) SECTION S-S (SIDE RAIL) SUPPORT
3.1.10 An jautomatic draft-regulator controller is to be mounted in the vent pipe downstream of the
manual damper. Other manual-, automatic-, or special draft-regulation devices are to be incorporated to
maintain air-flow control throughout each test run.
3.1.11  The|room in which théttest chamber is located is to have provision for a free irfflow of air to
maintain the foom at atmospheric pressure throughout each test run.
3.2 Smoke/measurement
3.2.1 Alight souree® is to be mounted on a horizontal section of the vent pipe at a point at which it is:

40 1. 4.0 + \

(] () N - Jorde £ (] - bl -
a) Preceded by astraight rumrof round pipeat teast

end o

- LA f\f\
£ Ui diriciers Or 10 BU \F.00 1TI

]
f the rectangular-to-round transition section and

b) Not affected by flame from the test chamber.

from the vent

The light beam is to be directed upward along the vertical axis of the vent pipe. The vent pipe is to be
insulated with high-temperature, mineral-composition material from the vent end of the chamber to the
photometer location. A photoelectric celld having an overall light-to-cell path length of 36 +2 inches (914
151 mm), 16 inches (406 mm) of which are taken up by the smoke in the vent-pipe interior as shown in
Section C-C of Figure 3.1. The cell is to be connected to recording devices for indicating changes in the
attenuation of incident light by passing smoke, particulate matter, and other effluents.

¢ A General Electric Model 4405, 12-volt, sealed-beam, clear auto spot lamp or equivalent is capable of being used for this purpose.
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d A Weston Instruments No. 856BB photronic cell with an overall light-to-cell path length of 36 +2 inches (914 +51 mm), or its
equivalent is capable of being used for this purpose.

3.2.2 The output of the photoelectric cell is to be connected to a recording device that processes the
signal into a continuous record of smoke obscuration according to the following formula:

in which:

T, is the initial light transmission (without smoke) and

T is the light transmission during the test (T varies with the amount of smoke).

3.3 Temperature measurement

3.3.1 An18
inch (10 £3 m
chamber so t
feet £1/2 inch
chamber.

3.3.2 An 18
inch (3.2 mn
cement (care
the fire end of

4 Test Spec

41 Two 24
if uninsulated
to be installed
separation be
liquid in the p

4.2 The pip
cloth with 0.0
pipe are to bg

4.3 Bare co
are to be use
to keep a spe

AWG thermocouple [nominal wire cross section of 1620 cmil (0.823 mm?)}-with
m) of the junction exposed in the fire chamber air is to be inserted through the flg
nat the tip is 1.0 £0.031 inch (25 £1 mm) below the top surface of the gasketing
(7.09 m £13mm) from the centerline of the burner ports, and at the' center of the

) below the floor surface of the test chamber is 10 be mounted in refractory
ully dried to keep it from cracking) at distances of 43-1/2 and 23 feet (3.96 and
the burner ports.

imens

foot (7.32 m) lengths of plastic pipe;less than or equal to 4 inches (10.2 cm) ins
less than or equal to 5 inches (12.7 cm) outside diameter, if an insulated pipe 4

tween the individual pipes ©f* 0.5 inches (12.7 mm). There shall be no water
pe during the test.

b specimen is to be.placed on a mesh screen in the tray. The mesh screen is ga
47 inch (1.2 mm)-wire diameter and having 3/4-inch (19-mm) openings. The ty

fastened to the Screen with fasteners as described in 4.3.

bper tie\wires not larger than 18 AWG [nominal wire cross section of 1620 cmil

cimen in contact with the rung and to minimize movement during the test. A ti

0.375+0.125
or of the test
tape and 23
e width of the

AWG thermocouple [nominal wire cross section of 1820-cmil (0.823 mm?)] einbedded 1/8

or Portland
7.09 m) from

de diameter,
ssembly, are

in the bottom of the tray. The spécimen is to be laid in the center of the tray with a minimum

or any other

vanized wire
vo lengths of

0.823 mm?)]

i to fasten the specimen to the mesh screen and rungs of the tray wherever a tje is required

b is not to be

used in any

anner that alters the abllity or the specimen 10 transmit gases and/or vapor

through the core of the specimen.

4.4
manufacturer

of thermal insulation, if used, are to be determined and recorded.

5 Calibration of Test Equipment

5.1

ongitudinally

Properties applicable to identification of the specimens, including the type, thickness, and

One 1/4-inch (6.3-mm) thick mineral-fiber/cement board is to be placed on the ledge of the furnace

chamber as shown in Figure 3.2. The removable top of the test chamber is to be placed in position.

5.2 With the board in position and with the removable top in place, the draft is to be established to
produce a 0.15-inch water column reading (37 Pa) on the draft manometer with the fire-end shutter open 3
+£1/16 inches (76 £2 mm) and with the manual damper in the wide-open position. Then, the fire-end shutter
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is to be closed and sealed. The manometer reading is to increase to at least a 3/8-inch water column (93
Pa), indicating that no excessive air leakage exists.

5.3 In addition, a supplemental leakage test is to be conducted periodically by activating a smoke bomb
in the fire chamber while the fire shutter and exhaust duct beyond the differential manometer tube are
sealed. The bomb is to be ignited and the chamber is to be pressurized to a 0.375 £0.15-inch water
column (93 +£37 Pa). All points of leakage observed in the form of escaping smoke particles are to be
sealed.

5.4 A draft reading is to be established within the range of a 0.055 — 0.085-inch (13.7 — 21.1 Pa) water
column. The required draft-gauge reading is to be maintained by regulating the manual damper. The air

velocity at eg

ch of seven points, each located 1 foot (300 mm) from the vent end, is to be re

orded. These

points are to
velocity at th
per minute.

5.5 The ain
percent.

5.6 The teg
of 1000 £20/
+100/-50 Bty
plate, and th
inserted into
errors in the
drop and exj
draft adjuste
extend dowr
coverage.

5.7 The tes
place and wi
temperature

the preheat fest, the temperatures indicated by the thermocouple at the vent end of the test

to be record
same interva
preheating is
indicate the
temperatures
characteristiq

be determined by dividing the width of the tunnel into seven equal sections and
e geometric center of each section. The average velocity shall be 240 +5-feet

supply is to be maintained at 70 £5°F (21 £3°C) and the relative-humidity is t

t fire is to be fueled with bottled methane gas of uniform quality and with a high
10 Btu per cubic foot (37.3 +0.7/-0.4 MJ/m?®). The gas Supply is to be initially adj
per minute (87.9 +1.0/-0.9 kw). The gas pressurethe pressure differential acr

the gas line between the supply and the metering connection to compensats
indicated flow because of reductions in the,gas temperature associated with
ansion across the regulator, or other applicable means of correction shall be U
d as indicated in 5.4, and the gas supply adjusted as described herein, the tg
stream to a distance of 4.5 feet (%4 m) over the specimens, with negligi

t chamber is to be preheated with the mineral-fiber/cement board and the ren
th the fuel supply adjusted'to the required flow. The preheating is to be conti
ndicated by the floor.thermocouple at 24.0 feet (7.32 m) reaches 150 +5°F (66

bd at 15-second- intervals and are to be compared to the preheat temperatures
Is from the represSentative curve of temperature as a function of time shown in Fi
for the parpose of establishing the conditions that exist following successivg
controll of the heat input into the test chamber. When appreciable variaf
shown in the representative preheat curve occurs because of varig
s Of 'the gas used, adjustments in the fuel supply are to be made prior to proce

recording the
73.2 1.5 m)

b be 35 to 40

heating value
usted to 5000
Dss the orifice

e volume of gas used are to be recorded in each test. A length of coiled copper fubing is to be

b for possible
the pressure
sed. With the
st flame is to
ble upstream

ovable top in
hued until the
+3°C). During
chamber are
5 taken at the
qure 5.1. The
tests and to
ion from the
tions in the
eding with the

red-oak cali

$ E'S 4
dlUuIT tColo.
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Figure 5.1

Representative preheat curve

600 316
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0 1 2 3 4 5 ) 7 8 9 10

$2571 Time, Minutes
5.8 The furpace is to be cooled after each\test. As soon as the floor thermocouple at 14| feet (4.2 m)
shows a temperature of 105 £5°F (41 £3°C); the next set of specimens is to be placed in positjon for test.
5.9 With th¢ test equipment adjusted and conditioned as described in 5.2, 5.4, 5.5, and .7, a test or
series of tesfs are to be condficted using nominally 23/32-inch (18-mm) thick, select-grade, red-oak
flooring in pldce of the mineral-fiber/cement board specified in 5.1. Prior to the testing, the wood is to be

conditioned t¢ a moisture content of 6 — 8 percent as determined by the Standard Test Meth¢ds for Direct
Moisture Content Measurement of Wood and Wood-Base Materials, ASTM D 4442 and the Standard Test
TM D 4444,

feet (1.37 m) ) onds. The ﬂame
has reached the end p0|nt when the vent end thermocouple reglsters a temperature of 980°F (527°C). The
temperature measured by the thermocouple near the vent end is to be recorded at least every 30 seconds.
The photoelectric-cell output is to be recorded immediately prior to the test and at least every 15 seconds
during the test. The test is to be conducted for 10 minutes.

510 The temperature and change in photoelectric-cell readings are to be plotted separately on
coordinate paper. Figure 5.2 — Figure 5.4 are representative curves for the flame spread on red oak, fuel
contribution of red oak, and the optical density from red oak.

5.11 Following the 10-minute calibration test(s) for red oak, a similar test or tests are to be conducted on
specimens of mineral-fiber/cement board 1/4 inch (6.3 mm) thick. The temperature readings are to be
plotted separately on coordinate paper. Figure 5.5 is a representative curve for the fuel contribution of
mineral-fiber/cement board.
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