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INTRODUCTION
1 Scope

1.1 These tests are intended to determine the fire resistance of grease duct enclosure assemblies. These
requirements limit the combustibility, the surface flammability, and the smoke generation potential of the
coverings used to enclose the grease duct. In addition, these requirements evaluate the effectiveness of
the combination of the grease duct and the enclosure as a fire rated enclosure system and through
penetration firestop system, as well as the enclosure’s effect on the grease duct.

1.2 The fire endurance ratings for grease duct enclosure assemblies are intended to register performance
during the period of fire exposure and are not intended to be interpreted as having determined the

acceptability
methods is t
where fire re

1.3 These r
specified in 1
The test eval

1.4 Requiren
are containeq
shall comply
Commercial

1.5 Under th

external fire ¢xposures controlled to achieve specified\temperatures throughout a specified

1.6 During t
measure tem
duct. One m
within non-v
intended for i

1.7 Thesee
vary with chaj
configuration

1.8 These rd

assembly angl the ‘passage of heat and gases hot enough to ignite cotton waste.

istance is required.

bquirements are intended to evaluate the ability of grease duct|enclosur
Lates the grease duct assembly’s resistance to fire, heat, anthte a hose strea
nents covering the construction and performance requiréments of proprietary
in the Standard for Grease Ducts, UL 1978. All ductsiboth proprietary and noj
with installation requirements of the Standard for¢Ventilation Control and Fire
Cooking Operations, NFPA 96, and the International Mechanical Code.

ese requirements a grease duct enclosuret@ssembly is subjected to standarg
e internal fire exposure, one of_two installation condition methods shall b
peratures near or on the surface(of the grease duct enclosure material away frd
bthod of temperature measurement is intended for all installations except fo
bntilated combustible enclosures. The second method of temperature me
nstallations within non-ventilated combustible enclosures.

posures by themselves are not intended to be representative of all fire conditio

and heat sifk characteristics of the compartment.

quirements cover the measurement of the transmission of heat through the

of the grease duct assembly for US€ before or after fire exposure. The infent of these
p develop data to assist others in determining the suitability of the grease“duct assembly

assemblies

.1 to contain an internal fire or repel an external fire during prédetermined tegt exposures.

grease ducts
n-proprietary,
Protection of

internal and
time period.

b selected to
m the grease
I installations
Asurement is

ns; conditions

hges in the amount, nature, and distribution of fire loading, ventilation, compartment size and

grease duct

1.9 These requirements provide a Tefative measure of fire performance under these specified fire
exposure conditions. Any variation from the construction or conditions that are tested, such as method of
assembly and materials, is not within the scope of this test method.

1.10 The results of these tests represent one factor in assessing fire performance of grease duct
assemblies. These requirements prescribe standard fire exposures for assessing the performance of
grease duct assemblies. Application of these test results to predict the performance of actual building
construction requires careful evaluation of test data.
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2 Units of Measurement

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

approximate i

nformation.

3 Undated References

3.1 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.

4 Glossary

4.1 For the

4.2 FIREST]
passes throu

4.3 GREAS
a) B
b) B
c) C
The duct sha
Standard for
the Internatio
4.4 GREAS
duct assemb

facers, faster

4.5 SUPPO

grease duct assembly is suspended.

4.6 TESTA

47 TESTS
supporting cq

Urpose of these requirements, the following definitions apply.

OP — Materials, including the grease duct, that fill the opening where the\grea
jh the supporting construction.

- DUCT — The duct shall:

b constructed of steel not less than 0.055 inch (1.40 mm)dntthickness, or

b constructed of stainless steel not less than 0.044 jach (1.12 mm) in thicknes
bmply with the requirements of the Standard for.Grease Ducts, UL 1978.

| comply with requirements of nationally re€ognized standards and codes suc
\Ventilation Control and Fire Protection of\Commercial Cooking Operations, NH
hal Mechanical Code.

E DUCT ENCLOSURE MATERIALS — The insulating materials surrounding th
y. The grease duct enclosure materials also include adhesives, encapsulating

ers, and banding required:fe’secure the insulating materials in place.

RTING CONSTRUCTION — A floor slab that seals the top of the furnace from

SSEMBLY —‘The combination of the test specimen and the supporting constry

PECIMEN — An enclosed grease duct and, when the grease duct is suspende
nstruction, the firestop.

5e duct

or

U7

h as the
PA 96, and

b grease
materials,

which the

ction.

d from the

4.8 UNEXP

_ : : . S
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PERFORMANCE

MATERIAL REQUIREMENTS

5 Surface Burning Characteristics

5.1 Test met

hod

5.1.1 The grease duct enclosure materials including adhesives, encapsulating materials, and facers shall
be evaluated in accordance with the Standard for Test for Surface Burning Characteristics of Building
Materials, UL 723. (The requirements contained in UL 723 are also in the Standard Method of Test of
Surface Burning Characteristics of Building Materials, NFPA 255, and the Standard Test Method for

Surface Burn
5.2 Performd
5.2.1 The gr
5.2.2 The gr
6 Serviceabi
6.1 General
6.1.1 The s€
by tests con
High-Temper
Thermal Trar

6.2 Hot-surfd

6.2.1 The gre¢
subjected to
Performance
temperature
as described
500°F (260°
Paragraph 6(

6.2.2 The gr

ng Characteristics of Building Materials, ASTM E&4).
nce criteria
base duct enclosure materials shall have a flame spread value of25,0r less.

pase duct enclosure materials shall have a smoke developed\value of 50 or le

—

ity

rviceability of the insulating material used in the grease duct enclosure is to b
ducted in accordance with the Standard(@est Method for Hot-Surface Pe
ature Thermal Insulation, ASTM C411,%and the Standard Test Method for
smission Properties by Means of the;Heat Flow Meter Apparatus, ASTM C51

ce performance

pase duct insulation systemuncluding adhesives, encapsulating materials, and f
a service temperature.jn accordance with the Standard Test Method for
of High-Temperature, Thermal Insulation, ASTM C411. The service temperatur
bn the face of the-grease duct enclosure material nearest the grease duct whe
in 8.6.1, is obtained during the internal fire test. The service temperature shg
C) nor shall the ASTM C411 test temperature fall below 250°F (121°C) as
4.3 of the€ lnternational Mechanical Code.

pase duct enclosure materials shall not flame, glow, smolder or smoke.

e determined
rformance of
Steady-State
i

hcers shall be
Hot-Surface
b shall be the
n equilibrium,
Il not exceed
specified in
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6.3 Steady-state thermal transmission properties

6.3.1 Test method

6.3.1.1 Eight samples of the insulation material used in the grease duct enclosure are required.

6.3.1.2 The thickness of the samples is to be that of a single layer of insulation material used to construct
the test specimens for the internal and external fire tests.

6.3.1.3 All samples are to be conditioned for a minimum of 24 hours at 75 +5°F (23.8 £2.7°C) at a relative
humidity of 50 +5 percent.

6.3.1.4 Four
3/8 inch to 3
to 500 +5°F

cool at 75 £5
the tenth cyq
minimum 12-

6.3.2 Perforr
6.3.2.1 Whsd

Transmission
in thermal co|

Samples are 1o be placed vertically In a rack with a space between each samplg
4 inch (from 9 mm to 19 mm). The rack is to be placed in an air circulating. oV
P60 +2.7°C) for a minimum 12-hour period. The oven is shut off and theysamp
"F (23.8 £2.7°C) for a minimum 12-hour period. This cycle is to be repeated 1
le, the samples are to be removed from the oven and allowed~to,cool for
hour period.

nance criteria

ranging from
en preheated
les allowed to
D times. After
an additional

n tested in accordance with the Standard Test‘Method for Steady-S

hductivity of the four samples placed in the oventshall not be greater than 10

average thermal conductivity of the four samples not placed-\in the oven. The oven shall be

a temperatur
grease duct
temperature

7 Noncombu

b equal to the temperature on the face of.the grease duct enclosure material
vhen equilibrium, as described in 8.6.1,%s obtained during the internal fire te
Shall not be greater than 500°F (2602€).

stibility

7.1 Test method

7.1.1 Insulaion materials without surface adhesives, encapsulating materials, and fag

evaluated in
Furnace at 7

accordance with-the' Standard Test Method for Behavior of Materials in a
b0°C, ASTM E136:

te Thermal

Properties by Means of the Heat Flow Meter Apparatus, ASTM C518, the avg¢rage change

}Zrcent of the

maintained at
5 nearest the
st. The oven

ers shall be
Vertical Tube
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7.2 Performance criteria

7.2.1 The insulation materials shall meet the requirements of ASTM E136 for noncombustibility.

ASSEMBLY REQUIREMENTS

8 Internal Fir

8.1 General

e Test

8.1.1 One of two installation conditions is simulated during the internal fire test. Condition A represents
all installation conditions except for installations within non-ventilated combustible enclosures which are

represented

8.1.2 The te
buildup of ca
is to be free ¢
and 32°C) at
room temper
the beginning

8.1.3 Thero
vertically orie
at both ends
unexposed s
elevation of
the test samyj

8.2 Test spe|

8.2.1 The te
(1.40-mm) th
brazed jointg
International
Ducts, UL 19
width-to-heig

8.2.2 The hd
section 4.5
supports at
8.1. The wei
grease duct
insulation are

by Condition B.

5t specimen is to be tested within an area having ventilation capable,"\aof m

'bon monoxide to less than 50 parts per million throughout the period of’any t
f extraneous drafts. The temperature of the test specimen is to be-between 50
the beginning of the tests. The room is to be constructed so that'during any

hture does not increase by more than 40°F (23°C) above theXxgom temperatur,
of the test.

bm temperatures are to be determined by a shielded-thermocouple located cen
hted 6-inch (152 mm) length of aluminum painted 23inch diameter (50.8 mm) st

hintaining the
pst. The area
and 90°F (10
one test the
e recorded at

trally within a
cel pipe open

The shielded thermocouple is to be located 24\+2 inches (610 +51 mm) from the vertical

Lrface nearest the thermocouple grid used te~measure the internal duct tem

perature. The

he thermocouple is to be within 1 inch (25.am) of the centerline of the horizontal portion of

le.

cimen

5t specimen is to consist of @ grease duct constructed of steel, not less than 0.055-inch

ck, or stainless steel, notless than 0.044-inch (1.12-mm) thick, with liquid tig

or seams and the bracing and supports in accordance with the specific
Mechanical Code, NEPA 96, or comply with the requirements of the Standa
78. The grease duchis to be representative of the largest cross-sectional area 4
Nt ratio to be used:

rizontal section of the grease duct is to be 9 %1 feet (2.74 £0.3m) long an
0.5 feet (1.37 +0.15 m) in length. The horizontal section of the grease duct
aximum spacing, at least one access opening, and at least two joints, as sh

yht welded or
ations of the
d for Grease
ind maximum

0 the vertical
is to include
bwn in Figure

ht ofthe grease duct on the supports is to represent the maximum load to be 3

required.

pplied on the

al methods of
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Figure 8.1
Grease duct assembly

GREASE DUCT

COMBUSTION GREASE DUCT
CHAMBER / / ENCLOSURE MATERIAL
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Lv

__________________________________________ [mp——
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WITH INSTALLATION SIDE VIEW
INSTRUCTIONS. -
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8.2.3 The test specimen is to be representative of the complete duct assembly, including insulation.
Insulation systems are to be installed in accordance with the manufacturer’s installation instructions.

8.2.4 Prior to the test, the test specimen is to be representative of the condition that does exist in similar
construction in buildings. The condition is to be established by storage in air having 50 percent relative
humidity at 73°F (23°C). When conditioning to this level is not possible, the test is to be conducted when
the dampest portion of the test specimen has achieved an equilibrium moisture content corresponding to
drying in air having 50 to 75 percent relative humidity at 73 £5°F (23 £3°C).

Exception: These requirements are not required when:

a) An equilibrium condition is not achieved within a 12-month conditioning period, or

b) The construction is such that drying of the interior of the test specimen is prevenhted by
hermetic sealing of the construction materials.

8.3 Tempergture exposure
8.3.1 A gas fired premix burner assembly is to be used to supply flue gases to the test spgcimen.

8.3.2 The burner assembly is to be placed at the inlet of an insulated(Combustion chamber [assembly, as
illustrated in Figure 8.2.
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Figure 8.2
Insulated combustion chamber assembly

PLAN VIEW

i TEST SPECIMEN
<t

1
TRANSITION 1

SECTION ~_

/— INSULATED COMBUSTION CHAMBER
60 INQH (1524mm)

MIN SECTION _A-A

28 INCH X 2§ INCH
/_(710mm X 710mm)
STEEL DUCT

: —>A

V| L.—. —— \
: \ 2 INCH (51mdh), CERAMIC FIBER
=3
)

INSULATION

GAS FIRED PREMIX
S4047C 68 INCH (1727mm) MIN BURNER ASSEMBLY
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8.3.3 The minimum total length of the insulated combustion chamber is to be 150 inches (3810 mm).

8.3.4 Combustion is to be complete within the combustion chamber assembly. The insulated combustion
chamber assembly is to be connected to the grease duct by means of bolted or clamped flanges. The
flanges are to be welded to the combustion chamber and to the grease duct. A flow restrictor, at the outlet
of the grease duct, is to be used to adjust the flow rate of the flue gases to assist in obtaining the required
temperatures within the grease duct.

8.4 Temperature measurements

8.4.1 Flue gas temperatures are to be determined by a thermocouple grid as illustrated in Figure 8.3. The
thermocouples are to be located within the grease duct as illustrated in Figure 8.4. The thermocouples are
to be No. 18 fauge, Type K or Type S inconel sheathed thermocouples with tips projeciing 1/2 +£1/16 inch
(25.4 £1.5 mm) from the inner ends of the support tubes or an ungrounded thermocouple-yith a 1.0-mm
outside diameter sheath having maximum No. 24 gauge, Type K lead wires.

Figure 8.3
Thermocouple locations flue gas temperattres

THERMOCOUPLE GRID

LOCATION
GREASE DUCT \ \

S40480


https://ulnorm.com/api/?name=UL 2221 2010.pdf

14

TESTS OF FIRE RESISTIVE GREASE DUCT ENCLOSURE ASSEMBLIES - UL 2221

AUGUST 13, 2010

$S4049C

Four thermocou
Figure 8.3).

8.4.2 Tempe
enclosure for
(0.21 mm) w
capable of w
within the ndg

properties of
Pads, Appen

8.4.3 The wi

the unexpose
placed under
about the thg

8.4.4 The thq

surfaces hav

Figure 8.4
Thermocouple locations flue gas temperatures
GREASE
pucT
W
le w/2
\ I~
<
B A < 'J;A
N S B
él H
® ® o [ ) °
A I%
\ 7® - o B
<
A > A
A=D/4,-B=W/4

Note:

"A" or "B" shall not be greater than 12 inches.

bles located inside the grease duct to measure flue gas temp€ratdre at mid-length of grease du

ratures on the unexposed surfaces and,temperatures within the non-ventilateq
Condition B are to be measured with Type K (chromel-alumel) thermocouple]
ire. The wires are to be electrically insulated with heat- and moisture-resist
thstanding a minimum single point temperature of 600°F (315°C). The thern
n-ventilated combustible enclosure are to be placed under flexible, dry, feltd
these pads are to comply with the requirements specified in Requirements for T
Hix B.

e leads of the thermocouple are to have an immersion under the pad and be i
d surface for_net'less than 3 inches (76 mm). The hot junction of the thermoc
the centerfofithe pad. The pad is to be held firmly against the surface and id
rmocouplé.

prmoecouples within the non-ventilated combustible enclosure are to be attache

t assembly (see

I combustible
s of 24 AWG
ANt coverings
ocouples not
bd pads. The
hermocouple

h contact with
buple is to be
to fit closely

i to the wood

ng-a surface of the thermocouple adjacent to the grease duct enclosure mat

erial so as to

have 1/2 inch (12.7 mm) of wire exposed. The thermocouple is to be secured to the wood surfaces by
staples placed over the insulated portion of the wires. The thermocouple insulation and tip are to be
depressed for a length of 1/2 inch (12.7 mm) into the wood so as to be flush with the wood surface at the
point of measurement. The thermocouple is to be held in thermal contact with the surface at the point of
measurement by the use of 1-inch (25.4-mm) wide high-temperature paper masking tape painted flat
black after installation. See Figure 8.5.
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Staple

Figure 8.5

Thermocouple installation methods on wood surfaces

1/2inch
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0.05 inch (1.3mm) Max. Diometer Bead.

2 Twists,
Maximum

Pressure Sensitive Paper Tape

¢

>

1/2inch

=

Pressure Sensitive Paper Tape

52256

— Staple Over Tape

—— 1/4

— | Bead in
With Wq

0.05 inch (1.3m)
Max. Diameéter Bead.
Two Twists, Maximum

Staple

SECTION A-A

nch (6.3mm)

Contact
od Surface
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8.4.5 Roving thermocouples are to be as shown in Figure 8.6. The measuring junction of the
thermocouple is to consist of 1-mm diameter Type K thermocouple wire soldered or welded to a 12-mm
diameter, 0.5-mm thick copper disc. The thermocouple assembly is to be provided with a handle so it can
be applied over any point on the unexposed surface of the test specimen. The roving thermocouple is to
be applied until temperature equilibrium is reached but is to be removed if a temperature of 300°F (149°C)
is not recorded within 20 seconds.

Dimensions in nj

Key:
1) He
2) Tw|
3) Th
4) Co
8.4.6 For Cq

unexposed s
specimen, on
protected du
covers and ty

Figure 8.6
Roving thermocouple assembly
1 23 4
// \\ \
Wz 7z
g U )
= — —— —— — — —
(Y i
3
6
S4228

illimeters.

ht-resistant steel support tube of 13-mm diameter
n-bore ceramic insulator of 8.0-mm diameter
ermocouple wire of 1.0-mm diameter

bper disc of 12-mm diameter and\0.5-mm thickness

ndition A, temperature readings are to be taken at no less than fifteen f
irface. Eight,of\these are to be symmetrically disposed, near the center of ea
the minimop thickness of protection material, on the horizontal and vertical el
t, as shewn in Figure 8.7. Two are to be placed around the edges of the cle

the grease

drct. The other thermocouples are to be located at the discretion of the testing

is anticipated maximum temperatures will occur to obtain representative information on the

oints on the
th side of the
bments of the
Anout access

vo areto’be placed on the assembly support system adjacent to the insulatiop surrounding

body where it

performance

of the test specimen. These locations are to include vertical and horizontal joints in the grease duct
enclosure materials.

8.4.7 For Co

ndition B, a plywood enclosure as described in Figure 8.8 shall be provided.
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Figure 8.7
Unexposed surface thermocouple locations
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NOTE: For Condition B, thermocouple numbers 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, and 15 is to be secured to wood surface. See
Figure 8.5.
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Figure 8.8
Installation within non-ventilated combustible enclosures
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8.4.8 For Condition B, temperature readings are to be at no less than fourteen points within the enclosure
as shown in Figure 8.7. Within the enclosure, the thermocouples are to be located at a distance equal to
the clearance between the grease duct enclosure material and the combustibles. Two of the
thermocouples are to be placed around the edges of the cleanout access covers and two are to be placed
on the assembly support system adjacent to the insulation surrounding the grease duct. The other
thermocouples are to be located at the discretion of the testing body where it is anticipated maximum
temperatures will occur to obtain representative information on the performance of the test specimen.
These locations are to include vertical and horizontal joints in the grease duct and in the grease duct
enclosure materials.

8.4.9 Temperatures on the surface of the grease duct enclosure material nearest the grease duct are to
be measured with 24 AWG, Type K thermocouples. The thermocouples are to be positioned beneath
locations 4, §,76, and 7 as shown In Figure 8.7.

8.5 Integrity

8.5.1 The infegrity of the test specimen is to be checked for passage of flasne jand hot ¢
cotton waste [pad in a wire frame provided with a handle.

ases using a

8.5.2 The ng
undyed, and
grams. The f
least 30 mind

8.5.3 The frg
is to be provi

8.5.4 The co
+1/4 inches

minal 4- by 4- by 3/4-inch (100- by 100- by 19-mm) cotton.waste pads are to ¢
soft cotton fibers, without any admixture of artificial fibers) and each pad is to
ads are to be conditioned prior to use by drying in-an oven at 212 +9°F (10(
tes. After drying, the pads are to be stored in a d€siecator for up to 24 hours.

me used to hold the cotton waste pad is to bexformed of 16 AWG (1.31 mm) S
fded with a handle long enough to reach all{points of the test assembly.

tton waste pad is to be held directly over an observed crack or hole in the tes
5.4 +6 mm) from the breached surface, for a period of 30 seconds. Small a

bnsist of new,
weigh 3 to 4
+5°C) for at

teel wire and

specimen, 1
djustments in

the position ¢f the cotton waste pad are not(prohibited from being made when required t¢ achieve the

maximum eff

8.5.5 When

30-second application, "screening.tests” involving short duration applications of the cotton

areas of potg
made. Charr
waste pad is

bct from the hot gases.
no ignition (defined as.glowing or flaming) of the cotton waste pad occu
ntial failure and/efr,the movement of a single pad over and around such are

ng of the pad(provides an indication of imminent failure, and a previously u
to be employed in a prescribed manner for an integrity failure to be confirmed

s during the
waste pad to
as are to be
nused cotton
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8.6 Conduct of fire test

8.6.1 The test is to be started with the grease duct and the test structure at room temperature. The gas
fired premix burner is to be regulated to produce a minimum flue gas temperature of 430°F (239°C) above
room temperature within 15 minutes, as determined by the thermocouple grid. The flow restrictor is to be
adjusted so that the heat input is to be a minimum of 925 Btu/hr per square inch of the cross-sectional
area of the grease duct. The test is to be continued until equilibrium temperatures are attained on the
unexposed surfaces of the test specimen and, for Condition B, equilibrium temperatures are also attained
within the non-ventilated enclosure. Equilibrium is determined when, after a minimum 4-hour exposure,
two or more consecutive readings at 5-minute intervals show a temperature rise of no greater than 2°F

(1.1°C).

8.6.2 Temp
recorded on
exceeding 30

8.6.3 After e
duct is to be
initial room tq
to be adjust
cross-section
(1073°C) abd
assembly is 1

8.6.4 For req

ature dafa Is to be recorded at maximum 5-minute intervals until temperature
he unexposed surface. After equilibrium, the temperatures shall be recorded-a
seconds.

Nuilibrium temperatures are attained, the temperature of the flue gases enteriy

lequilibrium is

intervals not

g the grease

increased to produce a minimum average flue gas temperaturé 0¥"1930°F (1073°C) above

mperature within 15 minutes, as determined by the thermocauple grid. The flo
bd so that the heat input is to be a minimum of 4025 “Btu/hr per squarg
al area of the grease duct. The minimum average flue,gas temperature is to rq
ve initial room temperature for a time period of 30 minUtes. After the 30 minute
o be turned off.

tangular ducts, the cross-sectional area is to’be modified when determining

heat input specified in 8.6.1 and 8.6.3. For rectangulap ducts, an equivalent diameter

determined 3

nd the cross-sectional area (in square inches) would equal 3.14(Dg/2)?, wherg

De = 1.30(ab)%-625 / (a + b)0-2°

bngth of one side of the duct

bngth of adjacent.side of the duct

8.6.5 After the burner .is:shut off, the temperatures are to be monitored at 5-minute int

decrease in {

emperatures of the entire assembly is recorded.

W restrictor is

inch of the
main 1930°F
s, the burner

the minimum
Dg) is to be

ervals until a
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8.7 Acceptan

ce criteria

8.7.1 For Condition A, the test specimen shall comply with the following:

a) At or before the equilibrium temperature is reached, any temperature measured on the
unexposed surface of the test specimen shall not exceed 115°F (64°C) above the initial starting
temperature during exposure in accordance with 8.6.1.

b) At no time during the exposure to the flue gases shall the average temperature on the
unexposed surface of the test specimen, as determined by thermocouple numbers 4, 5, 6, and
7, exceed 250°F (139°C) above the initial starting temperature, or any individual temperature
exceed 325°F (181°C) above the initial starting temperature.

c) O

cool flown period, cotton waste on the unexposed surface shall not ignite.

d) After the cool down period, the cross-sectional area of the grease duct shall not
by mpre than 25% and there shall be any openings in the grease duct,

8.7.2 For Condition B, the test specimen shall comply with the following:

a) A
8.6.1
90°F

b) A

average temperature on the non-ventilated combustible enclosure, as determined b
thermocouple numbers 4, 5, 6, and 7, exceed 250°F (139°C) above the initial starti
tempgrature, or any individual temperature exceed 325°F (181°C) above the initial
tempgrature.

c) During the exposure to the flue gases at either test temperature and during the
cool flown period, cotton waste’ on the unexposed surface shall not ignite.

d) After the cool down-petriod, the cross-sectional area of the grease duct shall not

by m

uring the exposure to the flue gases at either test temperature and duringrthe

or before the equilibrium temperature is reached dufing exposure in accordar
any temperature measured on the non-ventilated cembustible enclosure shal
(50°C) above the initial starting temperature.

pre than 25% and-there shall not be any openings in the grease duct.

subsequent

be reduced

ce with
not exceed

no time during the exposure to the flue gases and subsequent cool down petliod shall the
y
ng

Starting

subsequent

be reduced
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9 External Fire Tests, General
9.1 Conditioning

9.1.1 Prior to fire testing, the test assembly is to be representative of the condition that does exist in
similar construction in buildings. The supporting construction is permitted to be conditioned independently
of the test specimen. The condition is to be established by storage in air having 50 percent relative
humidity at 73°F (23°C). When conditioning to this level is not possible, the test is to be conducted when
the dampest portion of the test assembly has achieved an equilibrium moisture content corresponding to

drying in air having 50 to 75 percent relative humidity at 73 £5°F (23 £3°C).

Exception: These requirements are not required when:

a A

b) T
herm

In these cas
developed st

9.1.2 The re
electric sensi

9.2 Furnace
9.2.1 The cd
ports, and dg
with an adeq
test specime

9.2.2 The te
Figure 9.1. T

50 to|
1000
1300

1550

h equilibrium condition is not achieved within a 12-month conditioning peried,

e construction is such that drying of the interior of the test assembly.is ‘preve
etic sealing of the construction materials.

bs, the conditioning is required to be continued only until the supporting cor
rength to retain the test specimen securely in position.

ative humidity within hardened concrete shall be detérmined with a method
hg element.

control

nstruction details of the test furnace are\to include fuel burners, gas exhaus
vices for monitoring and controlling the' furnace conditions. The furnace is to
uate number of burners arranged.invsuch a way as to provide uniform fire ex
.

mperature in the test furnace shall follow the standard time-temperature cu
ne points on the curve that determine its character are:

90°F (10 to 32°CG)at 0 minutes
’F (538°C) ati5-minutes
PF (704°C) at 10 minutes

Pk (843°C) at 30 minutes

pr

nted by

struction has

that uses an

, observation

be equipped
posure of the

rve shown in

1700

1850

2000

2300

°F (927°C) at 1 hour
°F (1010°C) at 2 hours
°F (1093°C) at 4 hours

°F (1260°C) at 8 hours
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Figure 9.1
Time-temperature curve
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9.2.3 For a more precise definition of the temperature rise curve, see the Standard Time-Temperature
Curve for Control of Fire Tests, Appendix A.

9.2.4 The measured temperature to be compared with the standard time-temperature curve (Figure 9.1)
is to be the average temperature obtained from the readings of thermocouples symmetrically disposed
and distributed to indicate the temperature near all parts of the test specimen.

9.2.5 At least three thermocouples are to be used with no fewer than five thermocouples per 100 square
feet (9.3 m?) of floor area. The junctions of the thermocouples are to be placed 12 inches (305 mm) from
the exposed surface of the supporting construction.

9.2.6 Each furnace thermocouple is to be enclosed in a sealed protection tube. The exposed combined

length of profection tube and thermocouple In the furnace chamber IS to0 be not less than-1P inches (305
mm).
9.2.7 The tinpe constant of the protected thermocouple assembly is to be within the'range| of 5.0 to 7.2

minutes. A typical thermocouple assembly complying with this constant requirement is capfable of being

fabricated by
leads in por

(21.3-mm) ou
of the pipe tf
mm) from thg
9.2.8 The temperatures are to be read at intervals not exceeding 5 minutes throughout the

9.2.9 The td

time-tempera
within:

a) 1
tests

b) 7.
tests

c) 5
exce

9.2.10 The d

fusion-welding the twisted ends of 18 AWG (0.82 mm) chromel-alumel wires,
Celain insulators, and inserting the assembly into a standard weight 1/2-in
tside diameter] black wrought iron, black wrought steel or.Ineonel pipe, and s§g
at is inside the furnace. The thermocouple junction is t@_be inside the pipe,
sealed end.

mperature of the furnace is to be controlled so that the area under th
ture curve (Figure 9.1), obtained by averaging the results from the thermocoupl

percent of the corresponding.area under the standard time-temperature curv
of 1 hour or less duration,

5 percent of the correspanding area under the standard time-temperature cury
longer than 1 hour and-not longer than 2 hours, and

percent of the corresponding area under the standard time-temperature curve
pding 2 hourSsin duration.

mounting the
ch [0.84-inch
aling the end
/2 inch (12.7

fire test.

e measured

e readings, is

b for fire

e for fire

for fire tests

rnace is to be

fferential pressure between the laboratory ambient air and the interior of the fu

ace walls as

calculated bgsed ofi'measurements taken near the vertical centerline of two opposing fur
appropriate, and\pased on the linear pressure gradient of the furnace. The linear pressure gradient of the
furnace is to i i i sure sensors

separated by a vertical distance in the furnace. The pressure sensors are to be located where they are
not subjected to direct impingement of convection currents. Tubing connected to each pressure sensor is
to 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.


https://ulnorm.com/api/?name=UL 2221 2010.pdf

AUGUST 13, 2010

TESTS OF FIRE RESISTIVE GREASE DUCT ENCLOSURE ASSEMBLIES - UL 2221

25

9.2.11 The pressure sensors are to be either of the "T" type or the "tube” type as illustrated in Figure 9.2
and are to be manufactured from stainless steel or other material capable of being used.

Figure 9.2
Pressure sensors
STAINLESS STEEL TUBE

N B

5 TO 10 mm INSIDE DIAMETER—I

16

SM

9.2.12 The (
capable of re
0.005 inch H
"stack” effect
locations.

9.2.13 The d
fire test.

9.2.14 The

TYPE 1 — T-SHAPED SENSOR
NOITE: TeEeE BRANCHES SHALL bt HORIZONTALLY ORIENTED
A\
i [ — A \—— _
5 mm DIAMETER! A% J

EXTERNAL THREAD
SECTION B-B (along probe axis)

mm DIAMETERJ

655

construction

A =] 1.2 mm DIAMETER
1} A\
——\ \ T <)
A\ )
\\
A -
L, > 150 mm—==L, > 50 mm

TYPE (2=TUBE SENSOR

ifferential pressure is to he-measured by means of a manometer or equivale
ading pressure in increments of 0.01 inch H,O (2.5 Pa) with a measuremen
bO (1.25 Pa). The differential pressure measuring instrument is to be locate
s resulting from vertical runs of pressure tubing between the furnace probe a

pverage furnace pressure 12 inches (305 mm) below the surface of th
exposed to the fire shall not fall below a minimum of 0.01 inch H,O (2.

Nt

s

SECTION A-A
(across probe a

xis)

nt transducer
t precision of
1 to minimize
nd instrument

ifferential pressures are to be read at intervals not exceeding 2-1/2 minutes throughout the

e supporting

65 Pa) above

atmospheric pressure after the initial 10 minutes of fire exposure. The furnace pressure shall not fall below
a minimum of 0.01 inch H,O (2.5 Pa) for any period longer than 5 minutes after the initial 10 minutes of
fire exposure. The neutral pressure plane is to be below the test specimen.
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9.3 Temperature measurements on test specimen

9.3.1 Temperatures on the unexposed surfaces are to be measured with Type K (chromel-alumel)
thermocouples of 24 AWG (0.21 mm) wire. The wires are to be electrically insulated with heat- and
moisture-resistant coverings capable of withstanding a minimum single point temperature of 600°F
(315°C). The thermocouples are to be placed under flexible, dry, felted pads. The properties of these pads
are to comply with the requirements specified in Requirements for Thermocouple Pads, Appendix B.

9.3.2 Roving thermocouples are to be as shown in Figure 8.6. The measuring junction of the
thermocouple is to consist of 1.0-mm diameter Type K thermocouple wire soldered or welded to a 12-mm
diameter, 0.5-mm thick copper disc. The thermocouple assembly is to be provided with a handle so it can

be applied over any point on the unexposed surface of the test specimen.

9.3.3 Tempeyature readings are to be taken at intervals not exceeding 5 minutes throughou

9.4 Protection of test assembly and test equipment

9.4.1 The test equipment and the test assembly are to be protected from anycordition of wi
that influencds the test results. The test assembly at the beginning of the {est is to be withir
50 to 90°F (10 to 32°C).
9.5 Integrity

9.5.1 The in
flame and ho

egrity of the test specimen is to be checked onxthe unexposed surface for th
gases using a cotton waste pad in a wire frame provided with a handle.

9.5.2 The ngminal 4- by 4- by 3/4-inch (100- by 100- by 19-mm) cotton waste pads are to ¢
undyed, and [soft cotton fibers, without any admixture of artificial fibers, and each pad is to
grams. The pads are to be conditioned prior to\use by drying in an oven at 212 +9°F (10(
least 30 mindtes. After drying, the pads are.toybe stored in a desiccator for up to 24 hours.

9.5.3 The frgme used to hold the cottoh:waste pad is to be formed of 16 AWG (1.31 mm) {
is to be provided with a handle long enobugh to reach all points of the test assembly.

9.5.4 The cofton waste pad is-t0-be held directly over an observed crack or hole in the tes
+1/4 inch (254 +6 mm) froni the breached surface, for a period of 30 seconds. Small adjus
position of the cotton waste pad are not prohibited from being made when required to
maximum effect from the-hot gases.

9.5.5 When |noighition (defined as glowing or flaming) of the cotton waste pad occu
30-second apl|cat|on "screening tests” |nvoIV|ng short duration applications of the cotton

t the fire test.

hd or weather
the range of

e passage of

bnsist of new,
weigh 3 to 4
+5°C) for at

teel wire and

specimen, 1
tments in the
achieve the

s during the
waste pad to

areas of pote
made. Charring of the pad prowdes an indication of imminent failure, and a prewously u

*as are to be
nused cotton

waste pad is to be employed in the prescribed manner for an integrity failure to be confirmed.
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9.6 Observations during and after the test

9.6.1 Observations of the exposed and unexposed surfaces of the test assembly are to be made
throughout the fire test. All significant observations, such as deformation, spalling, cracking, burning of the
test assembly, and production of smoke, are to be recorded at maximum 15-minute time intervals.

10 External Fire Test, Fire Engulfment
10.1 Sample

10.1.1 The grease duct assembly is to be a minimum of 10 feet (3.05 m) long including an elbow and all
required supports in accordance with the requirements of the International Mechanical Code, or comply
with the requlrements of the Standard for Grease Ducts, UL 1978. The grease duct assembly is to include
at least two jgints inside the furnace and at least one joint outside the furnace. The grease-duct assembly
is to be cappgd at the end inside the furnace and the end outside the furnace is to he‘conngcted to a fan
assembly.

10.1.2 The grease duct is to be representative of the largest cross-sectiohal”area and fhe maximum
width-to-height ratio. Insulation systems are to be installed in accordanee with the manufacturer’s
installation instructions. Supports are to be stressed to represent the¢maximum load antidipated based
upon the manufacturer’s installation instructions and provisions in the(nternational Mechanjcal Code.

10.1.3 The grease duct assembly is to be as shown in Figure 0 or 10.2.

Figure*10.1
Location of test\assembly in furnace
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Figure 10.2
Location of test assembly in furnace
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10.1.4 There is to be a clearance of 20 +2 inches (508 +50 mm) between the top of the test specimen
and the supporting construction. There is to be a minimum clearance of 20 inches (508 mm) between the
bottom of the test specimen and the floor of the furnace and a minimum clearance of 20 inches (508 mm)
between the sides of the test specimen and the furnace walls and between adjacent test specimens.

10.2 Duct pressure

10.2.1 Prior to the start of the fire test, the pressure inside the grease duct assembly is to be 1.2 +0.04
inch H,O (300 £10 Pa) below the ambient (laboratory) pressure. The fan setting required to obtain this

pressure is not to be altered during the fire test.

10.3 Conduct of fire test

10.3.1 The f

re test is to be conducted in accordance with External Fire Tests, General,, St

time period aft least equal to the rating period.

10.3.2 The f
30-minute pe

10.4 Acceptd

10.4.1 Stabil
of 25% of thg
duct falls fror

10.4.2 Integr
results in the
surface.

11 External
11.1 Sample

11.1.1 The't
11.1.5. The f
accordance

Through-Pen
Firestops, A

11.1.2 The ¢
width-to-heid

an is to be stopped for a 5-minute period 10 minutes before~the comple
riod of the test.

iInce criteria

ty failure shall be deemed to have occurred when the duct collapses at any pl
b cross-sectional area of that place, an opening dévelops in the grease duct,
N the supporting construction.

ty failure shall be deemed to have occurféd when conditions on the unexp
ignition of the cotton waste or when, flames are observed emitting from th

Fire Test, Firestop

bst sample shall comply with the requirements of Figure 10.1 or 11.1.2, 11.1.3
restop test is to be conducted either at the same time as the fire engulfment t
vith 11.1.2 through 11.1.5, or by test in accordance with the Standard for
ptration Firestops, UL 1479 (Standard Test Method for Fire Tests of Throug
TM E814),

ht ‘ratio to be used. Insulation systems are to be installed in accorda

ction 9, for a

tion of every

hce in excess
br the grease

osed surface
e unexposed

,11.1.4, and
bst, by test in
Fire Tests of
h-Penetration

rease.duct is to be representative of the largest cross-sectional area and the maximum

hce with the

manufacturer

STStattatiom nmstructions:

11.1.3 The grease duct is to extend 12 +1 inches (300 £25 mm) from the exposed side of the supporting
construction and 36 £1 inches (910 +25 mm) from the unexposed side of the supporting construction. The
extended portions of the grease duct assembly on the unexposed side are to be supported by methods
intended to be employed in the field installation.
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11.1.4 The end of the grease duct in the furnace chamber is to be sealed and covered with the grease
duct enclosure materials. The end of the grease duct outside of the furnace chamber is to be connected
to a fan assembly.

11.1.5 The periphery of the test specimen is to be not closer than 1-1/2 times the thickness of the
supporting construction or a minimum of 12 inches (300 mm) to the furnace edge, whichever is greater.
The distance between the test specimen periphery and the furnace edge is capable of being reduced
when it is demonstrated that the edge effects do not affect the tests results.

11.2 Duct pressure
11.2.1 Prior to the start of the fire test, the pressure inside the grease duct assembly is to be 1.2 +0.04

inch H,O (340 +10 Pa) below the ambient (laboraiory) pressure. The fan setting required [to obtain this
pressure is npt to be altered during the fire test.

11.3 Tempelature measurements on test assembly

11.3.1 The {emperatures on the unexposed surface of the test assembly, 'Shall be mpasured with
thermocouplgs located as shown in Figure 11.1.

a) Af points on the surface of the firestop, 1 inch (25.4 mm) ftom each side of the fest
specimen,

b) At the periphery of the opening on each side of the test specimen,

c) Af points on the surface of the firestop, equjdistant from each side of the test specimen and
the periphery of the opening,

d) Af a point on any frame installed around the periphery of the opening,

e) Af a point on the unexposed surface of the supporting construction at least 12 inches (300
mm) [from the periphery of the-dpening, and

f) At|points on each sidetof the grease duct, 1 inch (25.4 mm) from the unexposed surface of
the sppporting construetien. The thermocouples are to be located on the exterior syrface of the
insulation. When theTifisulation does not extend the full length of the grease duct agsembly on
the uhexposed side,-additional thermocouples are to be installed on the grease dugt 1 inch
(25.4 mm) beyond the termination of the insulation.
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Figure 11.1
Temperature measurement locations
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See 11.3.1 for aldescription of the lettered symbols.
11.3.2 Temperature measurements are to be madelat locations in addition to those descriped in 11.3.1
when it is defermined they are required for the purpose of evaluating the performance of the firestop.
11.4 Condugt of fire test
11.4.1 The fire test is to be conducted in accordance with External Fire Tests, General, Section 9, for a
time period aft least equal to the rating period.
11.5 Acceptdnce criteria
11.5.1 Insuldtion failureofithe firestop system shall be deemed to have occurred when the temperature
rise recorded by any-thermocouple on the unexposed surface exceeds 325°F (181°C) abpve the initial
starting tempgrature;
11.5.2 Integrity~failure of the firestop system shall be deemed to have occurred when conditions on the

unexposed surface results in the ignition of the cotton waste or when flames are observed emitting from
the unexposed surface.
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