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INTRODUCTION
1 Scope

1.1 These requirements apply to materials for the fabrication of air duct and air connector systems for
use in accordance with the International Mechanical Code (IMC), International Residential Code (IRC),
and Uniform Mechanical Code (UMC), Standards of the National Fire Protection Association for the
Installation of Air-Conditioning and Ventilating Systems, NFPA No. 90A, and the Installation of Warm Air
Heating and Air-Conditioning Systems, NFPA No. 90B.

1.2 The air ducts and air connectors covered by these requirements include preformed lengths of flexible
or rigid ducts, materials in the form of boards for field fabrication of lengths of rigid ducts, and preformed
flexible air copnectors.

1.3 For the purpose of these requirements, air ducts and air connectors are classified as fgllows:
Class P — Air ducts and air connectors having surface burning characteristies of zero,

Class [I — Air ducts and air connectors having a flame-spread index.of hot over 25 without evidence
of confinued progressive combustion and a smoke-developed index of not over 50.

2 Compongnts

2.1 Except s indicated in 2.2, a component of a product ‘covered by this standard shall cpmply with the
requirements[for that component.

2.2 A compgnent is not required to comply with a specific requirement that:

a) Invplves a feature or characteristicynot required in the application of the conjponent in the
produgt covered by this standard, or,

b) Is stiperseded by a requirement in this standard.

2.3 A compopnent shall be used\in accordance with its rating established for the intended conditions of
use.

2.4 Specific|] components are incomplete in construction features or restricted in[ performance
capabilities. $uch components are intended for use only under limited conditions, such as certain
temperatures|not.exceeding specified limits, and shall be used only under those specific conditions.

3 Units of Measurement

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

4 Undated References

4.1 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.
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CONSTRUCTION

5 Materials

5.1

Metals used in the assembly of air ducts and air connectors shall be resistant to atmospheric

corrosion and shall not be used in combinations that results in galvanic action which deteriorates any part
of the system formed from such material.

5.2 To comply with 5.1 with respect to resistance to atmospheric corrosion, metals which are not
inherently corrosion resistant, such as sheet steel, or steel wire, are to have a corrosion-resistant coating.

5.3 The corr

sion-resistant coating shall provide protection against atmaospheric corrosion

s determined

by Section 12|
less than 0.3 g

5.4 Materialg
manufacturing

PERFORMAN
6 General

6.1 Table 6.1
materials. Add
with the air du

Exception: Jo

Corrosion Resistance, at least equivalent to steel having a uniform coating
unce per square foot (91.6 g/m?) of surface area.

which have their protective coating damaged or the effectiveness reg
process are to be tested after being subjected to such process.

CE

| indicates the tests applicable to the specific farms of air ducts, air connector
itionally, joining materials intended for factory, installation are to be evaluated
ct and air connector tests when specified itithe individual sections of this Stang

hing materials which comply with therequirements in the Standard for Closur

of zinc of not

uced by the

s, and joining
n conjunction
ard.

e Systems for

Use With Rigid Air Ducts and Air Connectors, UL 181A or the Standard for Closure System$ for Use With
Flexible Air DYcts and Air Connectors, UL 181B are not required to be evaluated.
Table 6.1
Test program
Air ducts Air connectors Joining materials
Tests Rigid Flexible
Surface Burning|Characteristics X X X -
Flame Resistange - - - X
Flame Penetratipn X X — -
Burning X X X -
Corrosion® X X X X
Mold Growth and Humidity X X X X
Temperature X X X -
Puncture X X - -
Static Load X xP xP -
Impact X X — —
Erosion X X X -
Pressure X X X -
Collapse X X X -

Table 6.1 Continued on Next Page
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Table 6.1 Continued

Air ducts Air connectors Joining materials
Tests Rigid Flexible
Tension - X X _
Torsion - X X _
Bending - X X _
Leakage X X X -
NOTES

X Test applicable.

— Test not applicable.

@ Applicable to garts of metals not inherently corrosion resistant.

b Test applicablg: for flexible air ducts and air connectors that incorporate vapor barriers supported by grommets’or other means of
field support.

7 Tests for Burface Burning Characteristics

7.1 Represgntative samples of air ducts and air connectors shall be evaluated for sdirface burning
characteristics and classified according to the requirements in 7.2 and 7.3.

7.2 Class 0| material shall have surface burning characteristics of zero (flame spredd and smoke
developed).

7.3 Class 1| material shall have a flame-spread index of not over 25 without evidencg of continued
progressive cpmbustion and a smoke-developed indéx of not over 50.

7.4 Tests for surface burning characteristics are to be conducted as specified in the Standard for Test for
Surface Burning Characteristics of Building Materials, UL 723. For the purpose of establishing the flame
spread and smoke developed indices, typically a minimum of three tests are to be conducteq.

7.5 Sample$ are to be positionediin‘the 25 foot (7.62 m) long fire test chamber specified in the Standard
for Test for Surface Burning Characteristics of Building Materials, UL 723. When the conmposite duct is
rigid, no supplemental supports are to be used. When required, due to unusual chardcteristics of a
composite duft that affects\the conduct of the test, 1/4 inch (6.4 mm) diameter steel rods slall be used to
support the diict constructions. When supporting rods are used, they are to be spaced betwgen 2 feet and
4 feet (0.6 m and 1.2'm) apart as required for support of the samples.

7.6 When theuinside and outside surfaces of an air duct or air connector are of different composition,
tests for surface burning characteristics are to be conducted by exposing first one side and then the other
to the test conditions, using different samples for each exposure. A third test is then to be conducted on
the worse case condition using a different sample for the exposure.

7.7 Fabrics, tapes, or other joining materials field-applied to or forming part of a factory-made air duct, air
connector, or other parts identified as a component of the product are to be in place during the tests for
surface burning characteristics. When, however, the application of the fabric, tape, or other joining material
to the sample is likely to affect the various surface burning characteristic indices, samples are to be tested
with and without longitudinal seams or joints, and the higher indices taken.

8 Flame Resistance Test

8.1 Fabrics, tapes, or other joining materials shall be those classified for flammability when, as applied to
an air duct or air connector, the material is exposed to the internal air stream.
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8.2 Tests of fabrics, tapes, or other joining materials to determine compliance with 8.1 are to be made in
accordance with the method described in the Standard Methods of fire Tests for Flame Propagation of

Textiles and Fi

Ims, NFPA 701.

9 Bending Test

9.1

Sections of flexible air ducts and air connectors shall not be damaged when bent through a 180-

degree arc over a mandrel having a diameter equal to the inside diameter of the air duct or air connector
when tested in accordance with 9.3 — 9.5.

9.2 Sections of flexible air ducts shall maintain minimum insulation and scrim (when applicable) overlaps
when tested in accordance with 9.6 — 9.10.

Exception: A fl
is not required

9.3 Previous

specified) in accordance with 17.2. Sections of air ducts and air connectors are to bg

accordance w|
test sample i
retained in ple
sample is not
degree arc arg

9.4 The test
position.

9.5 Observa
rip, or separa
during the test
the sample wh

9.6 Tocomp
to be tested. A
accordance w|
adjacent to th
sampleistob

sample is to bg¢ bent-through a 180-degree arc around the test mandrel.

exible air duct whose inner core complies with the Flame Penetration Test with
fo be tested in accordance with 9.6 — 9.10.

th 17.3. Steel collars, when not part of the assembly, are to bé attached to eg
accordance with the manufacturer's instructions. One‘end of the test sa

located in the area to be subjected to bending. The”sample is to be bent th
und the test mandrel.

is to be repeated five times, and each:time the sample is to be returned

ions are to be made during and following the test. The sample shall not ruptur

- any joining material shall,remain intact; and there shall be no evidence of oth
ich results in it not beingrsuitable for further use.

y with the requirement of 9.2, additional samples of previously untested flexibl

th 17.2. One.end of the test sample is to be retained in place and the sam
b test mandrel such that the midpoint of the air duct is centered on the test
b positioned such that any insulation/scrim seam is at the outside of the bendir

out insulation

y untested samples are to be tested. Samples, at least 8 feet (2.43 m) logg, (are to be

prepared in
ch end of the
mple is to be

ce and the sample positioned adjacent to the test.mandrel so that the center joint of the

rough a 180-

to its original

e, break, tear,

e; any reduction in internal cross-sectional area shall not exceed 20 percent at any time

er damage to

b air ducts are

ackaged samples.of standard length duct, at least 8 feet (2.43 m) long, are to e specified in

ble positioned
mandrel. The
g radius. The

...... nda  th nad

N o+ a-rana firs

9.7 The ben

a o D n-hb. caranl ot a—rafie
U 1o 0 D TopPCatClU Ve umt S DCTWweCTT OCTIUS, a1~ SarTipic 15 (O oC1TCtarTicu

to its original

position. Upon completion of the final bend, the sample is to be maintained in the 180-degree bent
position.

9.8 The vapor barrier is to be cut around the circumference of the duct at the center point of the duct. The
vapor barrier is to be separated at the cut to a distance of 1 inch (25.4 mm). The end point of the insulation
and scrim overlap is to be marked on the insulation and scrim. The vapor barrier is to be separated further
and the distance from the marks to the end of the insulation and scrim measured.

9.9 The sample is to be removed from the mandrel and overlap measurements are to be made at the
quarter points as specified in 9.8.

9.10 Sections of flexible air ducts that incorporate seamed insulation shall maintain a minimum 1 inch
(25.4 mm) insulation overlap at each of the points measured in 9.8 and 9.9. When scrim is used as an
individual component, it shall also maintain a 1 inch (25.4 mm) overlap.
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Exception: Lesser overlaps are capable of being used for constructions that comply with the Flame
Penetration Test when such overlaps are directly evaluated. In no case are gaps in the insulation or scrim
allowed.

10 Flame Penetration Test
10.1 General

10.1.1 Materials for the fabrication of Class 0 and Class 1 air ducts shall not permit the passage of flame,
as described in 10.1.2, for a period of at least 30 minutes when tested in accordance with the method
specified in 10.2.1 — 10.5.2.

10.1.2 The pample shall withstand the flame-penetration test without through opening, evidence of
perforation tolan extent which allows the direct passage of flame or gases, and withoult igrfition occurring
on the surfacg of the sample exterior to the combustion zone of the test furnace.

10.1.3 The test series shall consist of a set of three samples.
10.2 Test equipment

10.2.1 Flame-penetration tests are to be conducted using .a. refractory-lined gas-firgd combustion
chamber opep at the top. The sample to be tested is to form the top of the chamber, thus|forming a test
furnace as shpwn in Figure 10.1.
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Figure 10.1

Flame penetration test
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10.2.2 The furnace is to be equipped with a dual-outlet gas burner composed of pipe fittings as shown in
Figure 10.1. The gas burner is not to have any means for premixing of gas and combustion air. The gas
burner is to be leveled in both the horizontal and vertical planes.

10.2.3 The furnace is to be vented directly into the room space in which it is located by means of the four
vent openings shown. No dampers or regulators are to be employed in openings provided for inlet of
combustion air or for venting. The furnace is to be lined as shown with high-duty regular type fireclay brick
having a density of 125 — 135 pounds per cubic foot (2002 — 2162 kg/m®), Standard for Classification of
Fireclay and High-Alumina Refractory Brick, ANSI/ASTM C27. (For example, A. P. Green, "Empire DP.")
The brick lining is not to incorporate mortar to hold the brick in place.

10.2.4 The furnace is to be equipped with a gas burner as detailed in Figure 10.1. A flanged union

incorporating
burner piping
be installed n

10.2.5 The

ventilated to
movement in
room tempers
Normal cyclin

10.2.6 Meth
gas fuel is to
gas from a cq
fuel at a cons

10.2.7 The §
2 pound-mas
The bearing
radius. The w|
and a height
inches high (1

10.3 Sampl
10.3.1 Sam

be cut from d
prepared in 2

a thin plate orifice sized to be one third of the pipe inside diameter is to be
located no more than 5 feet (1.5 m) from the gas burner. An adjustable fine t
b more than 2 feet (0.6 m) upstream of the thin plate orifice for the regulation of

oom in which the test furnace is to be located is to be large in irelation to th
rovide adequate air for combustion. Ventilation is to be accomplished without

the vicinity of the furnace. Controlled ventilation is to be accomplished to ma
ture and pressure conditions without appreciable air moyement around the f
g of Heating, Air Conditioning systems may disrupt furnace conditions).

ane gas or natural gas is to be used for the pre-heat. During stabilization and t
have a heating value of 1000 — 1050 Btu per<cubic foot (37,259 — 39,122 KJ
mpressed gas cylinder is to be commercialgrade or purer and is to be regul
ant pressure from the cylinder.

tatic load as referenced in 10.5.1 is\to be steel (Grade ASTM A36). The static
b per square inch (0.14 kg/cm?).through a bearing surface of 1 by 4 inches (25
urface is to be 3/16 inch (4.75-mm) thickness and is to have ends with a 5/16
pight is to be configured as'shown by Figure 10.3 with an open area with a wi
of 4-3/16 inches (102 by-106 mm). The upper solid mass is to be 5 3/4 inc
46 by 102 mm) with @.3/8 inch (9.5 mm) diameter guide rod extending upward

P preparation

bles are-to‘be prepared from previously untested materials. Samples of flexib
icts having an inside diameter of at least 12 inches (305 mm). Rigid duct sani
L inch (610 mm) flat squares.

nstalled in the
Line valve is to
gas flow.

e furnace and
hppreciable air
ntain constant
urnace. (Note:

bst periods the
m®). Methane
ated to deliver

load is to be a
4 by 102 mm).
inch (7.9 mm)
jth of 4 inches
hes wide by 4

e ducts are to
ples are to be

Exception: When a duct at least 12 inches (305 mm) in diameter is not produced, then the largest diameter
duct that is produced is to be used for the test.

10.3.2 Materials used in the construction of the sample ducts are to be representative of those used in
regular finished production. The air duct components of flexible ducts shall be mounted in the metal frame
assembly in the order and orientation that they exist in the duct construction. The material surface
identified to be the outside surface of the air duct is to be the surface exposed to the flame during the test.
Test samples are to be mounted in a frame fabricated as shown in Figure 10.2. Core wires are to be
placed so that they run in the direction from one of the sides of the steel frame assembly (see Figure 10.2)
containing hold down nuts to the other side of the steel frame assembly containing hold down nuts. The
steel plate is to be tightened against the upper frame by tightening the hold down nuts to 30 %5 ft-Ibs, so
that all of the components of the sample are held firmly in place throughout the test duration.
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Figure 10.2

Sample holding frame assembly
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yd Steel Frame Assembly

Steel Plate Assembly

Threaded Rod, 1/2" (13 mm)

Dia., 2" (50 mm) Long, 3 Ea, 2 x 2 x 1/4" (50 x 50.@6/4nm) Thick Angle
Reies 15 o) 1" <2 % 2 x 1/47 (50 x 50, & 64ngm) Thick Ang

l 4 (1‘02 mm) ~
@ gogooN { ®+—- - - -—®

}
6-1/2" (165 mm)
|

21" (533 mm) |@ P

13" (330 mm)

@ gonogi * (@__ - - - -—1®

1" (25 mm) -] | e —olle1/8" (3.2 min)

Clearance Hole for 1/2" (13 mm)
Dia. Threaded Rod, 6 Ea.

STEEL PLATE ASSEMBLY STEEL FRAME ASSEMBLY

52454



https://ulnorm.com/api/?name=UL 181 2021.pdf

DECEMBER 29, 2021 UL 181 13

Figure 10.3

Typical support configuration

D)
Rod Support Arm
's e

Swivel Stop
’/— Weight

|
P\Beoring

Q Surface
\f Support Plate

$ 13-1/241/4" (3436.4mm)

Inside Furnace Dimension

/— Side sof, Furnace

Se455

10.3.3 When the sample is a flexible air duct'that incorporates a seam in the insulation, tHe sample is to
be prepared With the seam at the center.of.the test frame.

Exception: Flexible air ducts which_maintain insulation and seam overlaps of not less than 1-inch (25.4
mm) after bging subjected torthe Bending Test, Section 9, shall have the sample cut|from an area
containing nolseam.

10.4 Pre-heat and stabilization

10.4.1 At th¢ beginning of the test series, the furnace is to be fired for a minimum 2 hour pfeheat with the
gas pressure maintained at 3.5 +0.05 inch water gauge as measured upstream of the fine tyine valve. The
top of the furnace combustion chamber shall be covered by a 1 inch (25.4 mm) thick calcium silicate board
that is 18 pounds per cubic feet (288 kg/m®). The calcium silicate board shall incorporate nine
thermocouples of the following type for the measurement of the furnace temperatures: type K, exposed tip,
grounded, inconel 600 sheath, with magnesium oxide hard packing (i.e., Omega Part No. KMQIN-125E-6
or equivalent). One of the thermocouples shall be centered over the furnace center point and the
remaining eight thermocouples shall be equally spaced to form an 8 +1/16 inch (20.3 £0.16 cm) diameter
ring concentric with the center point. (See Figure 10.4). The thermocouple tips shall extend 1 +1/16 inch
(2.54 £0.16 cm) below the bottom of the board surface. The holes for the penetration of the thermocouples
shall maintain a tight clearance. The thermocouples shall be connected to an automatic recording device
which records the furnace temperature readings every 10 seconds and additionally averages these
readings each minute. The averaged temperatures recorded at each minute are processed to develop the
individual center temperature, eight individual temperatures for the ring, the average ring temperature, and
each average quadrant temperature. (Quadrant temperatures consist of three ring temperatures and the
center temperature).
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Figure 10.4

Thermocouple placement

Calcium Silicate board —*

Note: Q4534 = Quadrants, consisting

of 3 ring TC's plus the “ceénter
T, + TpoF T+ T
(ie. Q1 = 1 24 37 9y

S4116

10.4.2 The gas flow shall be adjusted using the fine tune valve to maintain the center temperature in the
range of 1425(+70°F (774 +39°C) after 45/minutes of the 2 hour preheat period. The gas prgssure is to be
maintained at[3.5 inch water gauge. After 1-3/4 hours of the pre-heat, the center, individual|ring, average
ring, and quadrant temperatures are measured until all the following conditions are met forja continuous
15 minute peripd before the addition of the test sample:

a) Furnace center temperature shall be 1425 £+35°F (774 +20°C);

b) The| average-fing temperature and the individual quadrant temperatures shall he at least 90
percent of, but.not greater than, the center temperature; and

¢) No individual ring temperature shall exceed 100°F (56°C) less than or greater thap the average
ring temperature.

Adjustments in the gas flow, followed by adjustments in gas pressure, are made during this and any
subsequent stabilization period to obtain the required pretest conditions. Any adjustments to gas flow will
require a restarting of the 15 minute stabilization period prior to conducting a test. For each succeeding
test, the thermocouple grid is to be replaced on the furnace until the stabilization conditions are met for the
15 minute stabilization period.

10.5 Test method

10.5.1 At the end of the pre-heat and stabilization period, the calcium silicate board is to be removed and
the air duct test sample substituted in its place within 10 seconds with the sample oriented such that the
core wires are parallel to the burners. The test sample is to be subjected during the test to a static load
located at the geometric center and rotated to any position determined to be most critical for penetration
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on the upper surface of that part of the sample exposed to the flame. See Figure 10.3. The static load is to
be gently lowered onto the test sample 3 to 5 seconds after the test sample is in place.

10.5.2 The gas input to the furnace is not to be disturbed during this changeover and any subsequent

test period.

10.5.3 The test is to be continued for a period of 30 minutes. The test period is to be measured from the
time the static load is applied to the test sample.

11 Burning
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Figure 11.1

Burning test stand
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Figure 11.2
Horizontal:burning test interior exposure
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Figure 11.3

Horizontal burning test exterior exposure
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Figure 11.4

Vertical burning test
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Figure 11.5

45-Degree burning test interior exposure
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Figure 11.6

45-Degree burning test exterior exposure

SAMPLE

BUNSEN BURNER

UNFREATED
SURGICAL
COTTON

(1"=25.4mm)

$3581

11.5 The six|samples are to be mounted asfollows: one in the Interior Horizontal position (see Figure
11.2), one in the Exterior Horizontal position (see Figure 11.3), two in the Vertical position (see Figure
11.4), one in the Interior 45-degree position (see Figure 11.5), and one in the Exterior 45-d¢gree position
(see Figure 1].6). Prior to the application of the burner to the sample, the burner is to be adjusted to
produce a flame 2-1/2 inches (63.5:-mm) high. The air and fuel input are to be adjusted such fthat the flame
has equal par{s of blue and yellow. The valve then is to be turned off and the burner positioned such that
1-1/4 inches ($1.75 mm) of the test flame impinges the test sample 3 inches (76.2 mm) from the end of the
sample. See Higure 11.2°x Figure 11.6. The valve then is to be turned on and the flame ignitefl.

11.6 The oufside surface of three samples oriented in the three positions is to be exposedl to the flame
for 1 minute gnd then the flame is to be withdrawn. When flaming or glowing combustion pf the sample
ceases 60 seconds or Iess after removal of the test flame, the test flame is to be reapplied at the same
place for 1 minute immediately after flaming or glowing combustion of the sample stops. The test flame
again is to be withdrawn and the duration of flaming or glowing combustion of the sample noted. During
the test of an individual sample, the original size and characteristic of the test flame is not to be changed.

11.7 When particles drop from the sample that is oriented horizontally and 45-degrees from the
horizontal during the exterior exposure tests, these particles are to be allowed to fall onto a horizontal
plane 1 foot (305 mm) below the nearest part of the test sample. The plane is to be covered with a layer of
untreated surgical cotton except for that portion of the area directly below the burner extending for a
distance of 6 inches (152.4 mm) measured horizontally in all directions from a vertical axis through the tip
of the burner flame.

11.8 Following exposure of the exterior surface of the first three samples, similar tests are also to be
conducted on the remaining three samples of the set by applying flame to the inside surface. When
required based on size and orientation of the sample, it shall be necessary, in some cases, to cut away
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part of the sample in order to apply the test flame to the interior surface. These samples are to be
observed for flaming or glowing combustion only and surgical cotton is not to be placed beneath the
samples during this test.

11.9 The duration of flaming or glowing of any sample after withdrawal of the test flame is not to exceed
60 seconds; flaming or glowing is not to travel to the end of the sample farthest from the point of
application of the test flame; and particles dropped from the exterior surface of the sample during the
vertical and 45-degree exterior exposures are not to ignite the surgical cotton.

12 Corrosion Resistance

12.1 Test for zinc-coated steel

12.1.1 To dptermine compliance with 5.3, the amount of zinc coating shall becdeteqmined by the
Standard Test Method for Weight [Mass] of Coating on Iron and Steel Articles with~Zing or Zinc-Alloy
Coatings, ANBI/ASTM A90.

med section is
il and does not

12.1.2 When flaking or cracking of the zinc coating at the outside radius\of-a bent or fori
visible at 25 power magnification, or when the coating is scored, the zincicoating is damage
comply.

12.2 Tests for coated steel (other than zinc-coated steel)

12.2.1 Geng¢ral

conducted on
ormed for use

12.2.1.1 To |[determine compliance with 5.3, the tests in 12.2.2.1 — 12.2.4.1 are to be
uncoated mefals or coated metals other than galvanized steel after the material has been

in the finishe
coated steel
demonstrated
coated samp
terminated an
corrosion sog
discoloration
and also afte

j product. The tests are to be conducted on samples of the coated materia
having the minimum coating, of-zinc specified in 5.3, and continued until

es demonstrate signs of ¢orrosion sooner than the candidate samples. Th
d equivalency is not established when any of the candidate samples demon
ner than the contrel-zinc coated samples. Signs of corrosion are pitting, cra
bf the metal. Samples having organic coatings are to be tested in the as rece
having been.exposed to temperature as encountered in the high-temperatur

| and on zinc-
bquivalency is

. The test is to be terminated- and equivalency is established when any of the control zinc

e test is to be
strate signs of
cking, and red
ived condition
e phase of the

temperature test, 14.3.1+14.3.4.

12.2.2 Salt-ppray-test

12.2.2.1 Theapparatusforsalt-spray (fog) testingisto consist of @ fog chamber, the-nside of which
measures 48 by 30 by 36 inches (1219.2 by 762 by 914.4 mm), salt-solution reservoir, a supply of
conditioned compressed air, one dispersion tower constructed in accordance with Standard Practice for
Operating Salt Spray (Fog) Apparatus, ASTM B117, for producing a salt fog, specimen supports, provision
for heating the chamber, and required means of control.

12.2.2.2 The dispersion tower for producing the salt fog is to be located in the center of the chamber and
is to be supplied with humidified air at a pressure of 17 to 19 psig (117.2 — 131 kPa) so that the salt
solution is aspirated as a fine mist or fog into the interior of the chamber.

12.2.2.3 The salt solution is to consist of 20 percent by weight of common salt (sodium chloride) and
distilled water, and the pH value of the collected solution is to be between 6.7 and 7.2 with a specific
gravity of 1.126 to 1.157 at 35°C (95°F). The temperature of the chamber is to be maintained at 35 plus 1
or minus 2°C (95 plus 2 or minus 3°F) throughout the test.
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12.2.2.4 Drops of solution that accumulate on the ceiling or cover of the chamber are not to be permitted
to drop on the specimens, and drops of solution that fall from the specimens are not to be recirculated and
are to be removed by drains located at the bottom of the apparatus.

12.2.3 Industrial-atmosphere test

12.2.3.1 The test specimens are to be supported vertically in a closed chamber having openings for gas
inlet and outlet.

12.2.3.2 Sulfur dioxide and carbon dioxide are to be supplied to the test chamber from commercial
cylinders containing these gases under pressure. An amount of sulfur dioxide equivalent to 1 percent of
the volume of the test chamber, and an equal volume of carbon dioxide are to be introduced into the

chamber each
12.2.4 High-

12.241 The
temperature o

13 Mold Grg

13.1 Materia

working day. A small amount of water is to be maintained at the bottom of the
temperature and humidity test

s

[«

test specimens are to be supported vertically in a closed“chamber
40°C (104°F) and 100 percent relative humidity.

wth and Humidity Test
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wattstrocture; exterior casing, inmer timing, tapes, and fabrics:

14 Temperature Test

141

14.11

General

Materials for air ducts and air connectors, including any tapes, fabrics, cements, or other

materials intended to be used in assembly during installation, shall be resistant to the effects of the
temperatures to which they are exposed in the following tests.
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14.2 Low temperature

14.2.1 Structural material shall not become deformed or show delamination; tapes, casings, and lining
shall remain securely in place; and joints shall not open or show evidence of separation when a sample is
subjected to the test described in 14.2.2 — 14.2.4.

14.2.2 Three samples representing typical wall areas of the assembled product are to be prepared. Each
sample is to be 8 by 8 inches (203 by 203 mm) square and is to include joining material, when such is
employed in the installation of duct systems.

14.2.3 The samples are to be placed in a closed vessel in which an atmosphere saturated with water
vapor is maintained at room temperature for a period of 48 hours. The samples then are to be removed
and immediately placed in a refrigerated compartment and maintained at a temperature)off minus 17.8°C
(O°F) for a petfliod of 24 hours.

14.2.4 The [samples shall then be removed from the refrigerated compartment and pllowed to be
conditioned af 23 +2°C (73 +4°F) and 50 15 percent relative humidity for at least'24 hours| The samples
then are to bg examined visually for indications of deterioration in wall structure, exterior cajsing or interior
linings, tapes| fabrics, and cements.

14.3 High temperature

14.3.1 To cdmply with the requirements of 14.1.1, the exterierand interior surfaces of samples of air duct
sections and fair connectors are to be simultaneously exposed to air maintained at not leds than 51.7°C
(125°F) on the exterior and not less than 129.4°C (265%F) on the interior. Any arrangement using samples
of air duct sections or air connectors shall be employed. The test arrangement is to proviide means for
maintaining gir at the specified test temperatures’in moving contact with the two surfades of the test
samples. As g result of the test described in 14.3:2 - 14.3.4, structural material shall not becbme deformed
or show delamination; tapes, casings, and lining shall remain securely in place; and joints shall not open or
show evidence of separation.

14.3.2 At lepst two representative samples are to be specified and prepared for this tgest. When the
product is of iniform grade, thickngss, and cross section, such as square or round, the samples are to be
chosen from the smaller sizesi_Square or round sections, varying in grade and thickness with size, may
also require spmples in other.size ranges. Rectangular sections are to be specified on the Ipasis of grade,
thickness, anfl size. Shapes' of air duct sections or air connectors which are vulnerable to damage under
the conditiong of the puncture test are to be tested. See 15.1.

14.3.3 Each sample is to be 3 feet (0.91 m) long and is to be assembled from two sections of air duct or
air connector,lproviding for a joint hetween sections located 2 feet (0.60 m) from one end oda single piece
of material. At least one end of each sample is to be attached to a metal collar in accordance with the
manufacturer's instructions.

14.3.4 The conditions of test are to be maintained for a period of 60 days. The samples shall then be
removed and conditioned at 23 +2°C (73 +4°F) and 50 15 percent relative humidity for at least 24 hours.
The samples then are to be examined visually for indications of deterioration in wall structure, exterior
casings or interior linings, tapes, fabrics, and cements.

15 Puncture Test
15.1 An air duct shall not be punctured when tested in accordance with these requirements.

15.2 Test apparatus providing for a free fall of a plunger onto the surface of the sample is to be used for
this test. The apparatus is to be as illustrated by Figure 15.1.
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15.3 The plu
(14.3 mm) dig

pound (0.90 kg) weight. The surfaces af the rod and head are to be smooth. The impact end
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Figure 15.1

Puncture test
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nger is to consist of 3/8-inch (9:52 mm) diameter steel rod having a steel hg
meter, attached to the impact end. The length of the plunger assembily is tg

hown in Figure 15.1,

arranged to altow for frictionless fall of the plunger are to be provided.
height of fall'is {o be provided.

15.5 Pieces,
temperature t
The samples

three areas of each sample are to receive the impact O

2 feet\(0.60 m) long, are to be taken from duct sections previously suf
st,.and identical samples prepared from untested product are to be subjectg
re t0"be provided with a firm support below and throughout their length and

€ plunger at the approximate cen

ad, 9/16-inch
provide a 2-
pf the rod is to

A means for

jected to the
d to this test.
vidth. At least
ter of the test

sample along its length and at the impact points around its perimeter as shown in Figure 15.1.

15.6 The samples shall prevent the complete penetration through the wall of the sample of the plunger
head falling through a distance of 20 inches (508 mm) as measured to the top surface of the sample.

16 Static Lo
16.1 Genera

16.1.1

ad Test

Sections of rigid air ducts assembled in accordance with the manufacturer's instructions shall not

sag, permanently deform, or be damaged as the result of static loading applied according to the
requirements of 16.2.1 — 16.2.7. Sections of flexible air ducts and air connectors that incorporate vapor
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barriers with integrated mechanical methods of field support shall not be damaged as the result of static
loading applied according to 16.3.1 — 16.3.4.

16.2 Tests for rigid air ducts

16.2.1 Following the test, the inner and outer surfaces of the sample shall not be ruptured, broken, torn,
ripped, or separated; joints and seams shall remain intact and not be fractured; and there shall be no
evidence of other damage to the samples which result in the sample to be unusable.

16.2.2 Previously untested representative samples are to be specified or prepared. When sections are of
uniform grade, thickness, and cross section, such as square or round, the samples from the largest and
smallest sizes are to be tested. Square or round sections varying in grade and thickness with size also

require samp
grade thickne
Samples of s
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supports spe
less than 8 fg
center of the
manufacturer
shall be morg
joint are to be
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et (2.43 m) long. Samples are to be assembled to provide fer a circumferen
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Figure 16.1
Static load test

(LSS
B A

Section A=A

B Section B—B
S2457

16.2.6 With 8 sample supported as described above, means are to be provided for measuring to the
nearest 1/16 ipch (1.6 mm) the vertical deflection at the center of the horizontal length. This measurement
is to be that taken between the bottom(ofjthe sample at the center and the floor or other datum point below
the sample. Any deflection due to stretching of the hangers is to be deducted.

16.2.7 A stalic load is to berapplied at the longitudinal center of the sample by suspending two 5-pound
(2.26-kg) weights on a 1-inch (25.4-mm) wide pipe strap material as illustrated in Figure 16.1. The
maximum vertjcal deflection measured at the bottom of the test sample, expressed as a per¢entage of the
distance betwgen supports, is not to exceed:

a) 0.7 percent at the end of 5 minutes.

b) 0.8 percent at the end of 1 hour.
c) 1.0 percent at the end of 24 hours.

d) 0.8 percent at the end of 5 minutes after removal of the load.
16.3 Tests for flexible air ducts and air connectors.

16.3.1 After supporting the load for 24 hours, the sample shall not be ruptured, broken, torn, ripped,
collapsed, or separated; and there shall be no evidence of other damage to the sample which results in it
being unusable.
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16.3.2 Previously untested representative samples are to be specified or prepared. Samples of duct
sizes that result in the maximum weight intended to be supported by any given grommet size or spacing
are to be specified for this test. Samples, 8 feet (2.43 m) long, are to be used.

16.3.3 Any adhesives or cements are to be allowed to cure for a period of at least 24 hours. Samples are
not to be exposed to relative humidity greater than 70 percent during the 24-hour period prior to the test.

16.3.4 Samples are to be supported in accordance with the methods and spacings specified by the
manufacturer. A load of 2-1/2 times the total weight of the sample is to be uniformly applied to the duct so
that it is supported by the support system. When possible, the load is to be applied by laying rods on the

inside of the d

uct. The load shall remain for 24 hours.
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Figure 17.1

Sand bag for the impact test

\He
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a~bottom 12 oz. caonvas duck

by side 12 oz. canvas duck

¢ top S oz. canvas duck

d strap nylon 1 in. wide

a DNerina 1172 v 1/4 in

STETY Y Y SRS

f nylon zipper 1-5/8 in. wide x 10-1/2 in. long

Cut piece a, b, and ¢ from canvas material.

Sew piece b end—to-end with 1/2 inch seam allowance each piece.
Sew piece a to piece b as shown with 1/2 inch seam allowance
each piece.

C#t piece ¢ centerline, fold 3/16 inch each half and sew zipper as
shown.

Sew nylon straps to piece ¢, 120° apart as shown in Step 2.

With all pieces inside—out sew piece ¢ to piece b opposite piece a.
(Note: Insure zipper is unzipped.)

Turn bag inside—out to obtain end construction shown in Step 1.
Sew 3 strap ends to D-ring leaving 8 inch length from top of
D-ring to top of bog measured perpendicularly.
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