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INTRODUCTION
1 Scope

1.1 These requirements cover through penetration firestops of various materials and construction that
are intended for use in openings in fire resistive wall, floor or floor-ceiling assemblies, and membrane type
penetration firestops of various materials and construction that are intended for use in openings in fire
resistive wall assemblies.

1.2 The method of testing penetration firestops as specified by these requirements consists of exposure

of test samples to a fire of standard time and temperature and to an application of a hose stream. Ratings
are then established-on-the-basis-of:

a) The length of time the firestop resists fire before the first development of through openings or
flamirnyg on the unexposed surface;

b) Acgeptable limitation of thermal transmission; and

c) Acgeptable performance under the application of the hose stream

1.3 The mathod of testing also includes optional air leakage tests to’determine the rate ¢f air leakage
through penItration firestop systems resulting from a specified airpressure difference applied across the
surface of th¢ systems.

1.4 The method of testing also includes optional water leakage tests to determine the ability of
penetration flrestop systems to resist the passage of water under a three foot pressure head| This method
does not evaluate the ability of uncured firestop systems to resist such exposure.

1.5 Two rajings are established for each penetration firestop system: an F rating based upon flame
occurrence dn the unexposed side of the test-sample and acceptable hose stream performance; anda T
rating based| on temperature rise and flame occurrence on the unexposed side of the test sample and
acceptable hpse stream performance:

1.6 An L rating may also be established for a penetration firestop system. The L rating is [based on the
amount of aiff leakage through'the test sample.

1.7 AW rafing may also be established for a penetration firestop system. The W rating is|based on the
water resistance of the)test sample.

1.8 The method” of testing penetration firestop systems containing piping systems for yented (drain,
waste or ve%mmmmnmmmppmg or non-

capping of the piping systems on the unexposed side of the test assembly as described in 5.1.1.2.

1.9 Tests conducted in accordance with these requirements are intended to demonstrate the
performance of penetration firestops during exposure to fire, but are not intended to determine
acceptability of firestops for use after exposure to fire. These requirements do not cover the ampacity of
conductors encased in penetration firestop materials.

1.10 The results obtained from the air leakage tests are expressed in ft/min (m%s) per ft* (m?) of
opening. The results are intended to develop data to assist authorities having jurisdiction, and others, in
determining the acceptability of penetration firestops with reference to the control of air movement through
the assembly.
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1.1
resistance as

part of a fire-resistance-rated floor, floor-ceiling or wall assembly.

2 Units of Measurement

2.1
approximate i

nformation.

3 References

3.1

These requirements do not cover outlet boxes and fittings for use in and evaluated for fire

Values stated without parentheses are the requirement. Values in parentheses are explanatory or

Any undated reference to a code or standard appearing in the requirements of this standard shall be

interpreted as
4 Glossary

4.1 Forthe

4.2 AIR-FL(

4.3 AIRLEA
sample unde
reported stan

44 AIRLEA
panel, or one

45 AIRSY
designed to p
for the period

4.6 AMBIEN
isto be 75 £2

4.7 ELEVAT
is to be 400 #

4.8 EXTRA
leakage (Q).

£ H 4 +lo |y + alids £l o4 pu | 4 <l <l
ICICITn Iu Wi 1Iatcotl TUTNLUIT UT Uiat COUUT Ul oldliudiyJu.

burpose of this standard the following definitions apply.
DW METERING SYSTEM — A device used to measure the air flow.

KAGE (Q) — The volume of air flowing, per unit of times through the openings ar
- a test pressure difference, expressed as ft2/min (%s). This air leakage vol
Hardized to an ambient air temperature of 75°F (24°C).

KAGE TEST CHAMBER — A sealed chamber or box with an opening, a remova
open side in which or against which the test'sample is installed and sealed.

STEM — A controllable blower, compréssed air supply, exhaust system, or reve
rovide an essentially constant required air flow at the specified fixed test pressu
required to obtain readings of airleakage.

T TEMPERATURE EXPOSURE — The temperature at the exposed face of thg
D°F (24 £11°C).
10°F (204 £5°C).

NEOUS\LEAKAGE (Q,) — The difference between the metered air flow (Q,

pund the test
Lime is to be

ble mounting

rsible blower
re difference

test sample

ED TEMPERATURE EXPOSURE - The temperature at the exposed face of thg test sample

and the air

4.9 MEMBRANE-PENETRATION FIRESTOP — A specific construction that:

a) Consists of material(s) that fills or covers the opening and that is intended to prevent the
passage of flame;

b) Consists of penetrating items, such as outlet boxes, cabinets, pipes, ducts, along with their
means of support through the wall opening; and

c) Only penetrates one side of a fire resistive assembly.

410 METERED AIR FLOW (Q,) — The volume of air flowing per unit of time through the air flow

metering syst

411
of opening.

em, expressed as ft¥/min (m?/s).

RATE OF AIR LEAKAGE — The total air leakage per sample, expressed as ft¥/min (m%/s) per ft? (m?)
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4,12 REPLACEMENT AIR — The volume of air, at ambient temperature, added to the test chamber, to
replace the air leakage (Q) volume of air in either the ambient or elevated temperature exposure tests.

4.13 TESTASSEMBLY - The wall or floor into which the test sample is mounted or installed.

4.14 TEST PRESSURE DIFFERENCE - The specified difference in static air pressure across the fixed
test sample, expressed as inch of water column (Pa).

4.15 TEST SAMPLE — The through-penetration or membrane-penetration firestop being tested.

4.16 THROUGH-PENETRATION FIRESTOP — A specific construction that:

a) Cqg
passd

nsists of material(s) that fills or covers the opening and that is intended td
ge of flame;

prevent the

b) Copsists of penetrating items, such as cables, cable trays, conduits, duets,and pip
their means of support through the wall, floor or floor-ceiling opening; and

es, along with

c) Penetrates through a fire resistive assembly.
PERFORMAINCE

5 Fire Exppsure Test
5.1 Test sample

5.1.1 Through-penetration firestop

5111 For
tested shall
workmanshig
installed in
through-pen
unlessitisd

5.1.1.2 Per

(279 mm) frgm the exposed side, and a maximum of 37 in (940 mm) from the unexpose

either or both
penetrant is
permitted to

through-penetration firestop systems, the penetrations and supporting cons
be representative of the construction for which ratings are desired with respec
, and details such as dimensions of parts. The through-penetration firestop sy
accordance with the manufacturer’s specified installation instruction proced
tration firestop is intended for use in both floor and walls, each orientation ig
monstrated that testing in a single orientation does not affect the test results.

etrating items are to be installed in the test sample so that they extend a min

of these extensions are not characteristic of actual field installations. For cond
equired to be longer for the Water Leakage Test, Section 8, the unexposed sid
extend a maximum of 4 in (100 mm) beyond the water level utilized per

ruction to be
to materials,
stem is to be
ure. When a
to be tested

mum of 11 in
d side unless
tions where a
P penetrant is
Section 8 to

accommodate the additional Tength needed for water leakage testing and securement of the penetrant. For
partially insulated penetrations, a minimum of 11 in (279 mm) of the bare penetration shall extend beyond
the termination of the insulation on the exposed side of the assembly. The extended portions of the
penetrating items on the unexposed side are to be mechanically supported by a metal rack and secured at
no more than two points. The individual ends of the penetrating items are to be covered on the exposed
side to prevent excessive transfer of gases through the test sample. When the penetrating item is intended
to be representative of a closed system that is not normally vented or open to the atmosphere, the
penetrating item can also be capped or sealed on the unexposed side. Otherwise, penetrating items shall
not be capped or sealed on the unexposed side.

5.1.1.3 Penetrating items of horizontal assemblies are to be exposed to the furnace temperatures for the
minimum specified distance of 11 in (279 mm) from the plane representing the bottom surface of a floor
assembly or floor-ceiling assembly and shall not be contained within the cavity of a wall under test
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conditions regardless of whether the intended application involves a completely exposed penetrant or one
which may be fully or partially contained within the cavity of a wall.

5.1.1.4 The periphery of the test sample is to be not closer than 1-1/2 times the thickness of the test
assembly, or a minimum of 12 in (300 mm), to the furnace edge, whichever is greater. The distance
between the test sample periphery and furnace edge can be reduced if it is demonstrated that the edge
effects do not affect the test results.

5.1.2 Membrane-penetration firestop systems for other than outlet boxes

51.21 For membrane penetra’uon f|restop systems for other than outlet boxes the penetratlons and

supporting censtrd S vhic
spect to materlals workmanshlp, and detalls such as dlmenS|ons of parts The

desired with
penetration fi
instruction prq

5.1.2.2 Eac
is desired is
evaluated wit
the firestop s

exposure is representative of both exposures, the testing laboratory shall test that one exposu

5.1.3 MemK

5.1.3.1 For
construction {
respect to ma
firestop syste

estop system is to be installed in accordance with the manufacturer’s spegcifig
pcedure.

N representative construction type of membrane-penetration firestop* system for
0 be tested. The membrane-penetration system, other than_metallic outlet bo,
h the firestop system exposed to the furnace condition and ‘also a second confi
ystem facing away from the furnace. If it is determined by the testing labora

rane-penetration firestop systems for outlet boxes

membrane-penetration firestop systems fofloutlet boxes, the penetrations an
p be tested shall be representative of the type construction for which ratings arg
terials, workmanship, and details suchvas dimensions of parts. The membran
m for outlet boxes is to be installed in accordance with the manufacturg

ratings are
membrane-
d installation

which rating
xes, shall be
guration with
ory that one
re.

d supporting
desired with
b-penetration
r's specified

installation ingtruction procedure.
5.1.3.2 Unlgss a different rating is desired for a different construction scheme, the outlet bokes are to be
installed in tHe test sample which is minimum 48 in (1219 mm) in width as indicated in Figure 5.2. The

exposed surf
(305 mm) fro
faceplate ang
surface outle
space and ir
maximum of
conduit and
members.

m the bottom of the test assembly. The unexposed surface shall contain one o
one switch outlet box with faceplate. The exposed surface outlet box and th

terconnected with the appropriate conduit. The switch outlet box shall be
B2 in (813/'mm) above the exposed outlet box and interconnected with the appro
bssociated hardware. Unless otherwise specified, all boxes shall be secure

box shall be\located at the same level in the assembly with the maximum 24|in

bce shall contain one.receptacle outlet box with faceplate positioned at the hgight of 12 in

Ltlet box with
b unexposed
(610 mm)
located at a
priate wiring,
d to framing

5.2 Conditioning

5.21

Prior to fire testing, each test sample and test assembly is to be conditioned, if necessary, to

provide a moisture condition representative of that likely to exist in similarly-constructed buildings. The test
assembly can be conditioned independent of the conditioning of the test samples. The moisture condition
is to be established by storage in air having 50% relative humidity at 73°F (23°C) until an equilibrium
moisture condition is achieved. If it is impractical to achieve this equilibrium moisture condition, the test
can be conducted when the dampest portion of the test assembly and test sample have achieved an
equilibrium moisture content resulting from storage in air having 50 to 75% relative humidity at 73 +5°F (23
1+3°C).

Exception: These requirements can be waived if:
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a) An equilibrium moisture condition is not achieved within a 12-month conditioning period; or

b) The construction is such that hermetic sealing resulting from the conditioning has prevented
drying of the interior of the test sample or assembly, in which case the conditioning need then be
continued only until the test assembly has developed sufficient strength to retain the test sample
securely in position.

5.2.2 The method for determining the relative humidity within hardened concrete by use of electric
sensing elements is described in Appendix | of a paper by Carl A. Menzel, "A Method for Determining the
Moisture Condition of Hardened Concrete in Terms of Relative Humidity," Proceedings, ASTM, Volume 55,
Page 1085 (1955). A similar procedure with electric sensing elements can be used to determine the
relative humidity within a test assembly and test sample made of materials other than concrete.

5.2.3 For v
determined b

5.3 Protec

53.1 The't

wind or weather that might influence the test results. The ambient air t€mperature at the be

test is to lie W
the test sam
determined |
is employed

y an electrical resistance method.
ion of assembly and sample

bsting equipment and test sample and assembly are to be protected from an

ithin the range of 50 to 90°F (10 to 32°C). The velocityof air across the unexpog
ple, measured immediately before the test begins; is not to exceed 4.4 ft/s
y an anemometer placed at right angles to the unexposed surface. If mechani
Huring the test, an air stream is not to be directed\across the surface of the samp

5.4 Furna

5.4.1

The temperature of the furnace is to\'be controlled so that the area under t

temperature control and measurement

ood construction, the moisture content of the wood shall not be greater, t?l\an 13 % as

y condition of
hinning of the
sed surface of

(1.3 m/s) as

cal ventilation

le.

ne measured

temperature-time curve of furnace temperature, obtained by averaging the results from thernpjocouple (see

5.4.5 — 5.6.1.1.2) or pyrometer readings, is*within 10% of the corresponding area under

temperature

longer than 1Ih but not longer than 2 h, and within 5% for tests exceeding 2 h in duration. The
termine its character are as follows in (a) — (h) below. For a more precise de

curve that d
temperature-

a) 50

b) 10

ime curve illustrated in Figlre 5.1 for fire tests for 1 h or less duration, within

time curve, see Table'5.1.
— 90°F (10 t0,32°C) at 0 min

DO°F (538°C) at 5 min

c) 13

0°F.(704°C) at 10 min

the standard

r.5% for tests

points on the
finition of the

d) 1550°F (843°C) at 30 min

e) 1700°F (927°C) at 1 h

f) 1850°F (1010°C) at 2 h

g) 2000°F (1093°C) at4 h

h) 2300°F (1260°C) at 8 h
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Figure 5.1

Time-temperature curve

2400

1315.6

'3
2200 .% = ] 1204.4
—
2000 | & 1093.3
Q //
1800 / L % 982.2
W
1600 / ; 871.1
W
7 s
1400 I S 760.0
1200 I 648.8
1000 537.6
800 426, 7,
600 315.6
400 204.4
200 93.3
HOURS _17.8
0 1 3 4 5 6 7 8
TF70-2
Table 5.1
Standard time-temperature curve for control of fire tests
Time Temperature Area above 68°F base Temperature Area above 20°C base
h:min °F °F, min °F, h °C °C, min °C,h
0:00 68 00 0 20 00 0
0:05 1000 2330 39 538 1290 22
0:10 1,300 7740 129 704 4300 72
0:15 1399 14 150 236 760 7 860 131
0:20 1462 20970 350 795 11 650 194
0:25 T5T0 78050 268 BZT T5 590 260
0:30 1550 35 360 589 843 19650 328
0:35 1584 42 860 714 862 23810 397
0:40 1613 50510 842 878 28 060 468
0:45 1638 58 300 971 892 32390 540
0:50 1661 66 200 1103 905 36 780 613
0:55 1681 74 220 1237 916 41230 687
1:00 1700 82330 1372 927 45740 762
1:05 1718 90 540 1509 937 50 300 838
1:10 1735 98 830 1647 946 54910 915

Table 5.1 Continued on Next Page
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Table 5.1 Continued

Time Temperature Area above 68°F base Temperature Area above 20°C base
h:min °F °F, min °F, h °C °C, min °C,h
1:15 1750 107 200 1787 955 59 560 993
1:20 1765 115650 1928 963 64 250 1071
1:25 1779 124 180 2070 971 68 990 1150
1:30 1792 132760 2213 978 73760 1229
1:35 1804 141 420 2357 985 78 560 1309
1:40 1815 150 120 2502 991 83 400 1390
1:45 1826 158 890 2648 996 88 280 1471
1:50 1835 167 700 2795 1001 93170 1553
1:55 1843 176 550 2942 1006 98 080 1635
2:00 1850 185 440 3091 1010 103 020 1717
2:10 1862 203 330 3389 1017 112 960 1882
2:20 1875 221330 3689 1024 122 960 2049
2:30 1888 239470 3991 1031 133 040 2217
2:40 1900 257 720 4295 1,038 143 180 2 386
2:50 1912 276 110 4602 1045 153 390 2 556
3:00 1925 294 610 4910 1052 163670 2728
3:10 1938 313 250 5221 1059 174 030 2900
3:20 1950 332000 5533 1066 184 450 3074
3:30 1962 350 890 5848 1072 194 940 3249
3:40 1975 369 890 6 165 1079 205 500 3425
3:50 1988 389 030 6484 1086 216 130 3602
4:00 2000 408 280 6 805 1093 226 820 3780
4:10 2012 427670 7128 1100 237 590 3960
4:20 2025 447 180 7453 1107 248 430 4140
4:30 2038 466 810 7780 1114 259 340 4322
4:40 2050 486 560 8110 1121 270310 4 505
4:50 2 062 506 450 8441 1128 281 360 4689
5:00 2.075 526 450 8774 1135 292 470 4874
5:10 2088 546 580 9110 1142 303 660 5061
5:20 2-166 566-846 0447 +449 314946 5248
5:30 2112 587 220 9787 1156 326 240 5437
5:40 2125 607 730 10129 1163 337 630 5627
5:50 2138 628 360 10473 1170 349 090 5818
6:00 2150 649 120 10 819 1177 360 620 6010
6:10 2162 670 000 11167 1184 372 230 6204
6:20 2175 691010 11517 1191 383 900 6 398
6:30 2188 712 140 11 869 1198 395 640 6594
6:40 2200 733 400 12223 1204 407 450 6 791
6:50 2212 754 780 12580 1211 419 330 6 989

Table 5.1 Continued on Next Page
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Table 5.1 Continued

Time Temperature Area above 68°F base Temperature Area above 20°C base
h:min °F °F, min °F, h °C °C, min °C,h
7:00 2225 776 290 12938 1218 431270 7188
7:10 2238 797 920 13 299 1225 443 290 7388
7:20 2250 819 680 13661 1232 455 380 7 590
7:30 2262 841 560 14 026 1239 467 540 7792
7:40 2275 863 570 14 393 1246 479 760 7996
7:50 2288 885 700 14 762 1253 492 060 8201
8:00 2300 907 960 15133 1260 504 420 8 407
5.4.2 The measured temperature to be compared with the standard temperature-time’curve is to be the

average temg
within the tes

54.3 A min
thermocouplg
wall surface.
areas.

54.4 Thejy
floor test asse

545 Thetg
10 min or lesq

furnace to indicate the temperature near all parts of the test assembly.

imum of three thermocouples are to be used, and theré.are to be no fey
s per 100 ft? (9.3 m?) of floor surface, and no fewer thenine thermocouples
The floor surface or wall surface area is to be the grass area of test-assembly

nctions of the thermocouples are to be placed-12 in (305 mm) from the expo
mbly and 6 in (152 mm) from the exposed face of a wall test assembly.

thereafter.

5.5 Furnac¢ thermocouple preparation

5.5.1 Each

urnace thermocouple is t0 be enclosed in a sealed protection tube. The expos

length of profection tube and thermocouple in the furnace chamber is to be not less than 1

Other types ¢
limits of accu

5.5.2 Theti
min. A typica
fusion-weldin

f protection tubes ¢an be used provided that the temperature measurements 3
acy specified in.5.5.2.

me constant of the protected thermocouple assembly is to lie within the range
thermocouple assembly complying with this time constant requirement can be
j_the twisted ends of 18 AWG (0.82 mm?) chromel-alumel wires, mounting

porcelain inst

erature obtained from the readings of thermocouples symmetrically-disposed and distributed

er than five
ber 100 ft2 of
and -sample

ted face of a

mperatures are to be read at intervals;of 5 min or less during the first 2 h and at intervals of

ed combined
2in (0.3 m).
re within the

of 50t0 7.2
fabricated by
the leads in

laters and inserting the assembly into a standard weight nominal 1/2-in iron_ste

el, or inconel

pipe, and sealing the end of the pipe that is inside the furnace. The thermocouple junction is to be inside

the pipe, 1/2 i

n (13 mm) from the sealed end.

5.6 Unexposed side temperature measurement

5.6.1 Samp

le thermocouple location

5.6.1.1 Through-penetration firestop

5.6.1.1.1

Temperature measurements are to be made by thermocouples placed at each of the following

locations on the unexposed side of the test sample and test assembly, as illustrated in Figure 5.2.

a) At a point on the surface of the test sample, 1 in (25 mm) from one of each type of penetrating
item employed in the field of the penetration firestop material. Thermocouples are to be covered by
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a pad (see 5.6.1.1.3 and 5.6.2.1.1); however, if the grouping of items through the test sample does
not permit use of a pad, the thermocouple need not be used.

b) At a minimum of one point on the penetration firestop material surface at the periphery of the test
sample.

c) At least three points on the penetration firestop material surfaces approximately equidistant from
a penetrating item or group of penetrating items in the field of the firestop and the periphery.

d) At a point on any frame installed around the perimeter of the opening.

e) At a point on the unexposed surface of the wall or floor assembly at least 12 in (0.3 m) from any
opening

f) At gne point on each type of penetrating item. On each type of penetrating itemd at'al point 1 in (25
mm) from the unexposed surface of the test assembly. When the penetrating)item is insulated or
coated on the unexposed side, the thermocouple shall be located on thelexterior gurface of the
insulgtion or coating. When the insulation or coating does not extend the full |ength of the
penefrating item on the unexposed side, an additional thermocouple: shall be indtalled on the
penefrating item 1 in (25 mm) beyond the termination of the insulation.or coating.

Figure 5.2

Temperature measurements locations?

oooooooooooooo

oooooooooooooooooooooooooo

o o
. .
. . .
o e o
. . .
o e o
. . .
o e B
. .

o e ¢
. . A
0 e

. .

o e

. .

o o

. .

o e

. ® o .

o e

. .

o e

. . T

_
) O/ @ . t'+] Exposed Side
4‘4 4‘4
4‘4 4‘4
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@ See 5.6.1.1.1 for description of letter symbols.

5.6.1.1.2 Temperature measurements can be made at locations in addition to those described in
5.6.1.1.1 for the purpose of evaluating the performance of the firestop.
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5.6.1.1.3 Temperatures on the surface of the penetration firestop and test assembly are to be measured
with thermocouples placed under flexible pads (see 5.6.2.1.1). The pads are to be held firmly against the
surface and are to fit closely about the thermocouples. Each thermocouple junction is to be located under
the center of each pad. The thermocouple leads under the pads are to be not larger than 18 AWG (0.82
mm?) and are to be electrically insulated with heat- and moisture-resistant coverings.

5.6.1.1.4 Where temperature measurements are being made on the penetrating item, the thermocouple
bead is to be held firmly against the penetrating item. The thermocouple leads are not to be larger than 22
AWG (0.32 mm?) and are to be electrically insulated with heat and moisture-resistant coverings. The pads,
as described in 5.6.2.1.1, are to be held firmly against the penetrating item and are to fit closely about the
thermocouples.

5.6.1.1.5 Tﬂ‘nperatures are to be measured at intervals of 15 min or less until a reading excéeding 212°F
(100°C) has been obtained at any one point. Thereafter, the readings can be taken more frequently at the
discretion of testing personnel, but the intervals need not be less than 5 min.

5.6.1.2 Membrane-penetration firestop systems
5.6.1.2.1 Membrane-penetration firestop systems for other than outlet boxes
5.6.1.2.1.1 [or items penetrating the exposed surface, temperaturé measurements are to| be made by
thermocouplds placed at each of the following locations on the unexposed side of the test sample and test
assembly, asillustrated in Figure 5.3.
a) A minimum of two points directly opposite ta>the opening of the exposed sideg. If the area
opposijte to the opening of the exposed surface'is not sufficient to locate two thermogouples, one
thermocouple at the center of the projected area shall be used. If the penetrating item |s less than 6

in (151
labora

b) A n
the w4
center

c) Temperature measurfements are to be made in accordance with 5.6.1.1.1 when th

item e

P mm) in diameter, a minimum of onethermocouple shall be used. At the discreti
tory, more thermocouples may be.used.

inimum of two points on thetinexposed surface at least 2 £1 in (51 £25 mm) be
ll. The two points shall be Jocated a maximum of 3 in (76 mm) laterally at each
of the opening.

kits the unexposed surface.

on of the test

ow the top of
side from the

e penetrating
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Figure 5.3

Temperature Measurement Locations for membrane-penetration firestop systems for other than
outlet boxes

Wall Top Plate

JZ +-1"
Q

56.1.21.2
made in accq

X/4 X4
-
/‘ Y/I2
Y l Q !
\ T
\ /)
\ /
- == //\¥
X

TN

i— Penetration
Opening

su1715

rdance with 5.6.1.1.1.

Q = Thermocouplée

Unexposed Side Thermocouplekocations

For items penetrating the unexposed surface only, temperature measureme

5.6.1.3 Membrane penetration firestop systems for Outlet boxes

5.6.1.3.1
locations on

a) At
to be

b) At

Temperature measurements are to be made by thermocouples placed at each of
he unexposed surface of the test sample and test assembily, as illustrated in Fig

hts are to be

the following
re 5.4.

fwo points‘on the near top of the faceplate of the snap switch outlet box. Thermocouples are
covered by a pad (2"x2” thermocouple pad).

fwo points on the near top of the faceplate of the snap switch outlet box. Thermocouples are

to be covered by a pad (2"x2” thermocouple pad).

c) At a point on the unexposed surface of the wall centered over outlet box. Thermocouples are to
be covered by a pad (6”x6” thermocouple pad).

d) At two points on the near top of the faceplate of the receptacle. Thermocouples are to be
covered by a pad (2"x2” thermocouple pad).

e) At two points on the near top of the faceplate of the receptacle. Thermocouples are to be
covered by a pad (2"x2” thermocouple pad).

f) At a point on the unexposed surface of the wall 12 in above outlet box. Thermocouples are to be
covered by a pad (6"x6” thermocouple pad).
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Figure 5.4

Temperature measurements locations for membrane-penetration firestop systems for outlet

boxes?

STUD SPACING
Measured On Center

2 See 5.6.1.3.1 fd

5.6.1.3.2 TH

a) Du
UL 49
each

Max 32"

12"

Unexposed Surface

su1714a

r description of letter symbols. Example of eutlet box test assembly.

e test assembly shall include the following:

blex electrical receptacles complying with Standard for Attachment Plugs and
8, and switches complying with Standard for General Use Snap Switches, UL
f minimum amperage and voltage.

b) Ga
the elg
box of]

g boxes complying with Standard for Metallic Outlet Boxes, UL 514A, sized to a
ctrical freceptacles and switches referenced above. The maximum height, width
the intended construction shall be installed.

Receptacles,
20, which is

ccommodate
and depth of

for use with the box system.

d) Zinc conduit connectors where applicable.

e) Wiring intended for use with the specific receptacles and switches.

f) Faceplate for each outlet box.

g) Oth

er components representative of the electrical assembily.

bnduits sized

5.6.1.3.3 Temperature measurements can be made at locations in addition to those described in
5.6.1.3.1 for the purpose of evaluating the performance of the firestop.
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5.6.1.3.4 Temperatures on the surface of the membrane-penetration firestop and test assembly are to be
measured with thermocouples placed under flexible pads (see 5.6.2.1.1). The pads are to be held firmly
against the surface and are to fit closely about the thermocouples. Each thermocouple junction is to be
located under the center of each pad. The thermocouple leads under the pads are to be not larger than 18
AWG (0.82 mm?) and are to be electrically insulated with heat- and moisture-resistant coverings.

5.6.2 Thermocouple pads
5.6.2.1 Through-penetration firestop systems

5.6.2.1.1 Each thermocouple used to measure temperatures on the unexposed surface of the sample
and assemblll isto bhe covered with o floxihle parl that:

a) Is of inorganic material that can be bent without breaking;
b) Hap a length and a width of 2 £0.04 in (50 £1 mm);

c) Is 9.375 +£0.063 in (9.5 £1.6 mm) thick;

d) Hap a density of 18.7 +0.2 Ib/ft> (300 +3 kg/m®); and

e) Hgs a thermal conductivity at 150°F (65.6°C) of 0.37<+0.03 Btu-in/(h-ft?-°F) [p.053 +0.004
W/(m}K)].

5.6.2.2 Membrane-penetration firestop systems (both‘outlet and non-outlet box)

5.6.2.2.1 Epch thermocouple used to measure temperatures on the unexposed surface ¢f the sample
and assembly is to be covered with a flexible pad that:

a) Is of inorganic material that can be bent without breaking,
b) Hap a length and a width of 2 +0.04 in (50 £1 mm) for thermocouples on penetrating items,

¢) Hap a length and a width-of 6 £0.04 in (152 +1 mm) for thermocouples on the urjexposed wall
surfage,

d) Is 0.375 +0.063 in{(9.5 +1.6 mm) thick,
e) Hap a density/48.7 +0.2 Ib/ft> (300 +3 kg/m®), and

f) Hap a thermal conductivity at 150°F (65.6°C) of 0.37 +0.03 Btu-in/(h-ft?-°F) [p.053 +0.004
W/(miK)];

5.7 Differential pressure measurements
5.7.1 General

5.7.1.1 The appropriate differential pressure between the exposed and unexposed surfaces of the test
assembly (see 5.7.3.1) is to be measured no less frequently than once every minute.

5.7.1.2 The differential pressure between the exposed and unexposed surfaces of the test assembly is to
be measured at sufficient locations to determine the specified pressure differential at elevations specified
in5.7.3.1.

NOTE: See Section A3 for information regarding differential pressure measurement.
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5.7.1.3 The pressure sensors shall be located where they will not be subjected to direct impingement of
convection currents from the flames or in the path of the exhaust gases.

5.7.1.4 Tubing connected to each pressure sensor shall be horizontal both in the furnace and at its
egress through the furnace wall, such that the pressure is relative to the same elevation from the inside to
the outside of the furnace.

5.7.2 Pressure measurement apparatus

5.7.2.1 The differential pressure between the exposed and the unexposed surface of the test assembly

is to be measured by means of a manometer or equivalent transducer capable of reading pressure within
an accuracy f 0. 01 inofwater (’)_’-_\ DQ) increments-

5.7.2.2 The|pressure sensors are to be either of the “T” type or the “tube” type as illustratéd|in Figure 5.5
or Figure 5.6 respectively, and manufactured from stainless steel or equivalent material. The steel baffle
shown in Figdre 5.5 is optional.

NOTE: The characteristics of air flow are different from furnace to furnace. The steel baffle is intended to provide addjtional shielding,
at the discretion|of the test laboratory, to the T-shaped probe from air flow currents within thé furnace that may] affect pressure
readings.

Figure 5.5

Pressure measurement probe —T-shaped probe

0.39100.791n

S , ‘
10to 20 h 0.98 in (25 mm) 0.98 in (25 mm) Steel Tube
(101020 mm) 039 9 in 0.20t0 0.39 in (5 to 10 mm)

(1040,20 mm) Inside Diarfeter

Specimgn
or Furngce Wall
Furnace

X | /
d\ T T —
\T/ 1.57 in (40 mm)
~1.59in|
% % J/ 1
§ 0.98in
(25 mnf)
Mid Steel Baffle,
Thickness 0.12 in
(3 mm) -
1.59 in (150 mm)
SECTION ELEVATION

The “T” branches shall be horizontally oriented.

$2190c
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Figure 5.6
Pressure measurement probe — Tube probe
| —
5 mm DIAMETER )_
EXTERNAL THREAD
SECTION B-B (along probe axis)
B
A ] .2Zmm
' 1.2 DIAMETER & -
— 1
‘ =— = S
16 mm DIAMETER A ] I_ 6
SECTION A-A
— L,>150mm  — L,>50mm — (across probe axis)
sm655a
5.7.3 Differential pressure selection
5.7.3.1 Exdluding the first 5 min of the test, the furnace pressure differential shall be a mirfimum of 0.01
in of water (2.5 Pa) at a distance of 12 in (305 mm) from the\surface of horizontal test assgmblies and a
minimum of (.01 in of water (2.5 Pa) at a level 0.78 in (20imm) below the lowest level of mgterials that fill

openings surfrounding penetrating items passing through yvertical test assemblies.

Exception: Atmospheric changes (or other causes-which result in the test chamber dropp
1 in of water pressure) shall not be-ctonsidered unacceptable provided such
in duration and collectively do not exceed 5% of the test time.

specified 0.
exceed 1 min
5.8 Duratign of test

5.8.1

The tpst sample and assembly are to be subjected to the fire exposure for a periog

ng below the
drops do not

equal to the

desired F rating (see Section (0)*for the firestop or until a through opening develops in, or flaming occurs
on the unexposed side of, the test sample; whichever is less.

6 Hose Stream Test

6.1 A dupli¢atetest sample and test assembly is to be subjected to a fire exposure test for

to one-half

period equal
after the fire

exposure, the test sample is to be subjected to the impact, erosion, and cooling effects of a hose stream,
as described in the Standard Practice for Application of Hose Stream, ASTM E2226, using the water
pressure and duration specified in Table 6.1.

Table 6.1

Pressure and duration — hose stream test

Water pressure at base of nozzle, psi Duration of application, s/ft? (s/m?) of
Desired F rating (F), min (kPa) exposed area®
240 <F <480 45 (310) 3.0 (32)
120<F <240 30(210) 1.5(16)

Table 6.1 Continued on Next Page
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Table 6.1 Continued

Water pressure at base of nozzle, psi

Duration of application, s/ft? (s/m?) of

Desired F rating (F), min (kPa) exposed area®
90=<F <120 30 (210) 0.90 (9.7)
F <90 30 (210) 0.60 (6.5)

@ The rectangular area of the wall or floor assembly into which the test assembly is mounted is to be considered as the exposed
area, as the hose stream must traverse this calculated area during its application.

6.2 The test sponsor can elect, with the advice and consent of the testing body, to conduct the hose
stream test on the sample constructed for the fire exposure test. The hose stream test is to be conducted

within 10 min

O compietion or the 1ire exposure test.

7 Air Leakage Test

7.1 Test sample

711
tested.

Each

7.2 Conditi

7.21 Atest
is to be cond
humidity of 4(

Fepresentative construction type of penetration firestop for.which rating is des

bning

sample containing hygroscopic materials or other materials that can be affected
tioned in an environment having a dry bulb temperature of 77 £5°F (25 £3°C) 3
to 65% until reaching equilibrium.

7.3 Test chamber

7.3.1 The 4
removable m
means of ac
installed test

7.3.2 Atlea
located so th

7.3.3 The tg
the readings

r leakage test chamber is to_consist of a sealed chamber or box having a
bunting panel, or one open:side in or against which the test sample is installed 3
cess into the chamber cah be provided to facilitate adjustments and observ
sample.

5t one static préssure tap is to be provided to measure the test chamber pressur
t the readingis ‘unaffected by the velocity of the air supplied to or exiting from th

mperature of the chamber shall be determined by averaging the temperatures g
of not less than three thermocouples symmetrically distributed 6 in (152 m

exposed face

ired is to be

by moisture
nd a relative

N opening, a
nd sealed. A
ations of the

b and is to be
b chamber.

btained from
m) from the

of.the side of the test sample or from the side of the test chamber in which the t

bst sample is

installed. The temperatures are to be measured and recorded at intervals not exceeding 5 min and at the
time each pressure differential is recorded.

7.3.4 The pressure shall be measured by means of a manometer or equivalent transducer. The
manometer or transducer shall be capable of reading 0.02 in of water column (5 Pa) increments with a
measurement precision of 0.01 in of water (2 Pa).

7.3.5 The air supply opening into the test chamber is to be arranged so that supplied air does not
impinge directly on the test sample.
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7.4 Testsetup

7.4.1 The test sample is to be installed in or against the test chamber. The same test sample to be used
for the Fire Exposure Test, Section 5, can be used for the Air Leakage Test, prior to the Fire Exposure
Test.

7.4.2 The outer perimeter of the test sample is to be sealed to the chamber wall. Nonhardening mastic
compounds or pressure-sensitive tape can be used to seal the test sample at the chamber opening, to
seal the access door to the chamber, and to achieve air tightness in the construction of the chamber.
Rubber gaskets with clamping devices can also be used for this purpose.

7.4.3 Each
leave the ch
through the g

vhich air can
assage of air

nenetratinaitem containina -hollow. _snaces \voids or passaaewavs throuah
Lad J J Lad I Lad J J J

amber shall be sealed on the ends of each penetrating item to prevent thép
enetrating item.

7.5 Extraneous chamber leakage requirements

7.5.1 Prior
to be measu
the air press
rate (Q,) is
the elevated
measured af]
the faces of
during the ai

7.5.2 The ¢
flow meter. T

7.5.3 Forth

7.5.4 Shou

fo the ambient temperature air leakage test, the extraneous chamber air leakag
ed using an air-impermeable sheet to cover the test samplemounted on the te
ire differential to be applied during the air leakage test, The extraneous chamb
fo be measured prior to the ambient temperature exposure tests specified in 7|
temperature exposure tests specified in 7.7.1. The/extraneous chamber air
er the elevated temperature exposure tests (Q g)\is'to be measured after the te

leakage test.

xtraneous chamber leakage shall be;measured by means of a rotameter or
he device shall have a measurementresolution better than 3% of the measured

e air leakage tests to be acceptable, the value of Q, shall be within £10% of Q.

d the air leakage test be-conducted only at ambient temperature, the value o

e rate (Q,) is
5t chamber at
br air leakage
6.2 and after
leakage rate
mperatures at

he test sample have returned to 75 +20°F (24 £11°C) at the air pressure diffeential applied

equivalent air
value.

he

[ Q. shall be

determined gfter the air leakage.test at ambient temperature.

7.6 Ambient temperature-exposure tests
7.6.1  Prior

extraneous |
between the

heet used for
bing the seal

fo the conduct of the ambient temperature exposure test, the air-impermeable 5
pakagesmeasurement shall be removed from the test sample without distur|
test'sample and the test chamber.

7.6.2 The chamber temperature is to be 75 +20°F (24 £11°C). The air flow into the test chamber is to be
adjusted to provide a positive test pressure differential of 0.30 £0.01 in water (75 +2 Pa) between the test
chamber and the space immediately outside the test chamber. After the test conditions are stabilized, the
airflow rate through the air flow metering system and the test pressure differential are to be measured and
recorded. This airflow rate is designated the total metered air flow (Qy,) at ambient temperature. When
required by codes, other test pressure differentials shall be permitted to be used.

7.7 Elevated temperature exposure tests

7.7.1 The test chamber temperature is to be 75 +20°F (24 £11°C) prior to the conduct of the test. The
test chamber temperature shall be uniformly increased so that it reaches 350°F (177°C) within 15 min and
400°F (204°C) within 30 min. The chamber temperature shall be stabilized at 400 +10°F (204 +5.6°C).
Then, the airflow into the test chamber shall be adjusted to provide a positive differential of 0.30 £0.01 in of
water column (75 +2 Pa) between the test chamber and the space immediately outside the test chamber.
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After the temperature and pressure differential are stabilized within the above tolerances for a period of at
least 5 min, the airflow rate through the airflow metering system and the pressure differential shall be
measured and recorded. This airflow rate shall be designated as the total metered rate (Qy.) at elevated
temperature. When required by codes, other test pressure differentials shall be permitted to be used.

7.8 Recorded test data

7.8.1 The barometric pressure, temperature, and relative humidity of the supply air are to be measured
at the test sample and recorded. The supply air flow values are to be corrected to standard temperature,
humidity and pressure conditions of 68°F (20°C), 50% relative humidity and 29.92 in Hg (101.325 kPa) for
the purpose of determining and reporting the air leakage rates.

7.8.2 The 1mbient air leakage rate of the test sample (L) shall be determined by ‘subtracting the
extraneous chamber air leakage chamber air leakage rate (Q,) from the total metered airflow|rate (Qy,).

7.8.3 The glevated temperature air leakage rate of the test sample (Lg) shall be dgtermined by
subtracting the average extraneous chamber air leakage rate [(Q 5 + Q.¢)/2] fremthe total metered airflow
rate (Que)-

7.8.4 The tdst sample opening area (A shall be measured to within®0.1 in? (65 mm?) and recorded.
8 Water Leakage Test
8.1 Test sample

8.1.1 Each fepresentative construction type of a penetration firestop for which the water leakage rating is
desired is to| be tested. The sample shall be conditioned as described in 5.2 both befgre and after
completion of|the water leakage test.

8.2 Test chamber

8.2.1 The wgter leakage test chamber is to consist of a well-sealed vessel sufficient to mainfain pressure
with one opep side against which-the test assembly is sealed. The leakage test chamber i$ to have the
ability to plage water within the_.chamber. When the test method requires a pressure head|greater than
provided by the water withinthe test chamber, the test chamber is to be provided with mearjs to attach a
pressurized pneumatic orhydrostatic supply.

8.2.2 When|a pneumatic supply is being used, the water leakage test chamber is to be prqvided with at
least one static préssure tap to measure pressure within the test chamber. The pressure|tap is to be
located a mintmtm 0y r-abov he-wate HSie rater leakage test
chamber.

8.2.3 The temperature of the test fixture is to be within a range of 50 to 90°F (10 to 32°C).

8.2.4 When the test method requires a pressure head greater than provided by the water within the test
chamber, the air pressure within the water leakage test chamber is to be measured at a minimum
frequency of 15 s. The pressure within the water leakage test chamber is to be measured by means of a
manometer or equivalent transducer capable of reading pressure within an accuracy of 1% of the specified
pressure.

8.3 Test setup

8.3.1 Penetrating items are to be installed as specified in 5.1.1.2.
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8.3.2 The water leakage test chamber is to be sealed to the test sample. Nonhardening mastic
compounds, pressure-sensitive tape or rubber gaskets with clamping devices are permitted to be used to
seal the water leakage test chamber to the test assembly.

8.3.3 Water, with a permanent dye, is to be placed in the water leakage test chamber. The water is to
cover the firestopping materials to a minimum depth of 6 in (152 mm).

8.3.4 The top of the penetrating item is to be sealed by whatever means necessary when the top of the
penetrating item is to be immersed under water. The seal is to prevent passage of water into the

penetrating item.

8.3.5 The \

when the teg
leakage test

8.3.6 Awhi

ater leakaae test chamber is to be nressurized usina pneumatic or hvudras
J Lad g9 F J

t method requires a pressure head greater than that provided by the water ing
Chamber.

fe indicating medium is to be placed immediately below the penetration-irestop.

atic pressure
ide the water

8.3.7 The minimum pressure within the water leakage test chamber shall be 3 ft of water (1.3 psig)

applied for a

the water sedl.

8.3.8 Subs
shall be tests

8.4 Record

8.4.1 Thel
dye on the in

9 Environr

9.1 Generd
9.1.1  Intum
the Expansig
and, as appli

9.2 Requirgd environmental exposures

minimum of 72 h. The pressure head shall be measured at the horizontal plang

bquent to the water leakage test, and conditioning’as’specified in 5.2, the fires
d as specified in Sections 5 and 6.

ed test data

bakage of water through the penetration firestop is to be noted by the preseng
dicating media or on the underside-of the test sample.

hental Exposure Tests for Intumescent Material
I

escent fill, voidror-eavity material shall comply with the Expansion pressure test
n factor test,Q.5; following exposure to the required environmental exposures s
cable, to the 'supplemental environmental exposures specified in 9.3.

e at the top of

top assembly

e of water or

9.4, and with
pecified in 9.2

9.2.1 Intum

escent fill, void or cavity material is to be exposed to the following conditions:

a) Accelerated Aging — Samples of the material are to be placed in a circulating air-oven at 158
+5°F (70 £2.7°C) for 270 days or at 176 +5°F (80 +2.7°C) for 135 days.

b) High Humidity — Samples of the material are to be placed in a controlled humidity of 97 — 100%
at 95 £3°F (35 £1.5°C) for 180 days.

9.2.2 Following exposure to specified conditions in 9.2.1, the material is to be subjected to the Expansion
pressure test, 9.4, and to the Expansion factor test, 9.5.
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