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INTRODUCT

1 Scope

ION

1.1 These requirements cover metallic and nonmetallic chimney liners intended for field-installation into
new or existing masonry chimneys that are used for the natural draft venting of Category | gas-fired, Type
L vented oil-fired, and solid-fuel-fired residential-type appliances in which the maximum continuous
flue-gas outlet temperatures do not exceed 1000°F (538°C).

1.2 Chimney liners are intended to be installed in existing masonry chimneys with or without a liner of
fire-clay tile, or to be used as a substitute for masonry fire-clay tile flue liners in new chimneys.

1.3 Chimneyj
Vents, and S
as the Intern
Residential d
1.4 Chimney
gas burning

result in cong
the chimney

1.5 Chimneyj
marked in ac|

2 Units of NV

2.1 Values s
approximate

3 Glossary
3.1 For the
3.2 APPLIA

3.3 CATEG

static pressufe and with’a vent gas temperature that avoids excessive condensate producti

vent.

3.4 CERTIF

liners are intended to be installed in accordance with the Standard for Chimney
blid Fuel Burning Appliances, NFPA 211; National Fuel Gas Code, NFPA 54 an
htional Building Code, International Gas Code, International MechanicatyCode
ode, and the Uniform Mechanical Code.

liners as covered by these requirements are not intended for use with Catego
bppliances as defined by the National Fuel Gas Code, NFRA 54, or other af
ensation of corrosive acids on the liner of the chimney, ar that create positive
system.

liners with cementitious or refractory flue gas conveying conduits shall be &
cordance with the solid-fuel-fired-appliance sectiens of these requirements.

jleasurement

tated without parentheses are the reguirement. Values in parentheses are ¢
nformation.

urpose of this standardjthe following definitions apply.

NCE, HEATING ~A-chimney-connected, fuel-burning device.

DRY | GAS-RIRED APPLIANCE — A gas appliance that operates with a non-p

IED,CHIMNEY SWEEP — A chimney sweep certified by a nationally endorsed

s, Fireplaces,
d codes such
International

ry 11, 1ll, or IV
pliances that
pressures in

valuated and

Xplanatory or

bsitive vent
bn in the

chimney

sweep organ

Zatiom.

3.5 CHIMNEY CONNECTOR - The flue pipe that connects a fuel-burning appliance to a chimney.

3.6 CHIMNEY, MASONRY - A field constructed chimney of solid masonry units, bricks, stones, or
reinforced-portland-cement concrete, lined with chimney flue liners built in accordance with applicable
building code requirements.

3.7 CHIMNEY, TEST — An assembly used to investigate chimney liners consisting of a single
thickness of brick or other equivalent minimum construction, as specified in this standard.
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3.8 DAMPER, FIREPLACE — A plate located at the top of a masonry fireplace, used to stop the flow of
air or restrict the flow of flue-gas air mixtures from inside the structure in which the fireplace is located

to the outside.

3.9 DIRECT CONNECTION SYSTEM — A means to route combustion products from the outlet of an

appliance through the damper area and to the chimney liner.

3.10 FIREPLACE, MASONRY - A field-constructed assembly constructed in accordance with the

Standard for Chimneys, Fireplaces, Vents, and Solid Fuel Burning Appliances, NFPA 211;
Gas Code, NFPA 54 and codes such as the International Building Code, International Gas

International Mechanical Code, International Residential Code, and the Uniform Mechanical

National Fuel
Code,
Code.

3.11 LINER
metallic or ng
form a compl

CHIMNEY — A system to be used in conjunction with a chimney thal is consf
nmetallic materials that are factory made or mixed, and that is assemblednin-t
ete, functional means for conveying products of combustion to the outside)

3.12 NATUE
pressure, as

RAL DRAFT — The draft created by an appliance that operates atneutral or ng
measured at the outlet of the appliance.

3.13 PROD
any part ther
specifically n

JCT — The term “product” as used in these requirementscrefers to all chimney
bof covered by these requirements, such as a wall penetration assembly, unle
pted otherwise.

3.14 QUALIFIED PERSON — A trained installer who has successfully completed a thoroug
sponsored training course and who is familiar with the use<of the product and the risks ass
improper instpllation procedures.

3.15 WALL PENETRATION ASSEMBLY — A devie€ used to provide a means for routing 4
connector through a combustible wall to a masonry chimney.

4 Components

4.1 Except afs indicated in 4.2, a component of a product covered by this standard shall co
requirements| for that component.

4.2 A compdnent is not required to comply with a specific requirement that:

a) Inpolves a feature or characteristic not required in the application of the compon
produict covered by this standard, or

b) Is|superseded by a requirement in this standard.

Fucted from
ne field to

gative

liners or
5S

h, company-
bciated with

. chimney

mply with the

ent in the

4.3 A component shall be used in accordance with its rating established for the intended
use.

4.4 Specific components are incomplete in construction features or restricted in performance

Such components are intended for use only under limited conditions, such as certain tem
exceeding specified limits, and shall be used only under those specific conditions.

conditions of

capabilities.
peratures not
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5 Undated References

5.1 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.

CONSTRUCTION
6 Materials
6.1 Parts used in a chimney lining system shall be of noncombustible, corrosion-resistant materials.

Metals shall not be used in combinations at any location within the assembly that results in galvanic
action.

6.2 The minimum thickness of materials, including any coatings, shall be as specified in Tgble 6.1.

Exception NQ. 1: The minimum thickness of materials employed as a protective covering over insulation,
not subject tq contact with flue gases, is not required to be as specified in Tablg'6.1. See Abrasion Test,
Section 28.

Exception Np. 2: The minimum thickness of materials determined ¢o~comply with the|Comparative
Corrosion Expposure Test For Aluminum Liners, Section 32, or the Cofiparative Corrosion Bxposure Test
For Stainlesq Steel Liners, Section 33, is not required to be as specified in Table 6.1.

Table 6.1
Thickness of materials
Minimum thickness

Description lnch (mm)
Aluminum allpys (1100, 3003) 0.012 (0.30)
Aluminum-cqgated steel, Type T1-40 0.018 (0.46)
(regular [0.4Q ounces per square foot
(0.12 kg/m?)]
Cast iron 0.125 (3.17)
Galvanized gteel (G90 Coating 0.018 (0.46)
designation)
Porcelain-enfimeled steel 0.032 (0.81)
Stainless stefl 0.012 (0.30)
Steel, uncoajed or painted 0.053 (1.35)
Cast or fired |refractory 0.40 (10.2)

6.3 A flue-gas\conveying conduit of a chimney liner intended for use with solid-fuel-firad or oil-fired
appliances shall be Type 304, 316, 430, or 446 stainless steel or stainless steel having at least equivalent
properties, porcelain-coated steel, or cast or fired refractory. Porcelain-coated steel and cast or fired
refractory shall comply with the requirements in Sections 34, Resistance to Action of Acids Test for
Nonmetallic Flue-Gas Conduits, and Section 35, Freezing and Thawing Test for Water Absorptive
Nonmetallic Materials, as applicable.
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6.4 A flue-gas conveying conduit of a chimney liner intended for use with Category | gas-fired appliances
shall be 1100 or 3003 aluminum, Type 304, 316, 430 or 446 stainless steel or stainless steel having at
least equivalent properties, porcelain-coated steel, or cast or fired refractory.

6.5 An unreinforced outer casing of a chimney liner shall be of galvanized steel, aluminum-coated steel,
Series 300 or 400 stainless steel, or equivalent material. The minimum thickness of these materials shall
be as specified in Table 6.1.

6.6 Other parts of a chimney liner subject to contact by flue gases or flue-gas air mixtures at or beyond
the terminus of the flue-gas conveying conduit (such as caps) shall be of material equivalent to the

flue-gas conveying conduit as specified in 6.3 and 6.4.

6.7 An oute
stainless sted

a) D
liner

b)

t

Galvanized s
be in accorda

Exception Ng

Exception Nd
mixtures at o

6.8 Galvaniz
have a zinc (
the Weight

Zinc-Coated
with not less
A653. The w
Weight [Mas
Aluminum-co|

6.9 Compon
conduits or o

casing or other struciural part exclusive of the flue-gas conveying condu
I, galvanized steel, or aluminum-coated steel when:

bterioration or corrosion of the casing or part would result in the collaps€ of th
br otherwise increase the risk of injury to persons; or

is subject to condensation.

eel or aluminum-coated steel shall comply with the requiféments in 6.8. Stainlg
nce with Table 6.1.

. 1: This requirement does not apply to the fluesgas conveying conduit. See 6

. 2: This requirement does not apply to patts subject to contact by flue-gas d
" beyond the terminus of the flue-gas cohveying conduit. See 6.6.

cd steel used for outer casings, structural parts, or other components or subass
oating complying with the coating designation G90 (former coating class 1.25
Mass) of Coating Requirements table in the Standard Specification for

Galvanized) or Zinc-Iron Alley-Coated (Galvannealed) by the Hot-Dip Process,
than 40 percent of the 'zinc on any side, based on the minimum single spot

bight of zinc coatingwshall be established in accordance with the Standard Te
5] of Coating on~lron and Steel Articles with Zinc or Zinc-Alloy Coatings,
bted steel shall’be of Type T1-40 (regular) [0.40 ounce per square foot (0.12 |

bnts of adehimney liner, or subassemblies, not covered by the requirements

6.10 The co

rosion resistance of a painted part made of steel not less than 0.053 inch (1.
or of cast irolrnm-tﬁsmﬁmm-ﬂrumﬂrhﬁm—m

t shall be of

e chimney

ss steel shall

3 and 6.4.

r flue-gas air

emblies shall

commercial)
Steel Sheet,
ASTM A653,
test in ASTM
5t Method for
ASTM A90.
g/m?)].

5 for flue-gas

Lter casings shall be of materials and thicknesses as specified in Table 6.1, or thhe equivalent.

B5 mm) thick,

equivalent to that required by 6.8. Paint coatings shall remain intact at the maximum

obtained on t

6.11 Except

he part during the tests specified in these requirements.

for binder materials, thermal insulation material shall be noncombustible.

f buildings, is
temperatures
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6.12 Thermal insulation shall not come into contact with the products of combustion.

6.13 Thermal insulation located within the living space shall not be exposed.

6.14 Thermal insulation that is not self-supporting shall be applied to solid surfaces so that the insulation
does not sag. An adhesive or cement that is depended upon to adhere insulation to chimney liner parts
shall retain its adhesive qualities at any temperature the adhesive is capable of attaining when tested in
accordance with these requirements and at 0°F (minus 18°C).

6.15 A water-absorbing insulating material shall not be subject to wetting by condensation or rain when
installed as intended.

6.16 Thermd
otherwise for|

6.17 Aluminy

[ insulafion shall incorporate a binder, or be consfructed of material that
Mmed to retain its shape upon removal of a portion of the chimney or chimney-

m alloys containing more than 1.0 percent magnesium shall not be used When

of the materigl is utilized to reduce the risk of fire.

7 Assembly|

7.1 A chimng
complete chi
one to the ot
or similar tas

Exception Ng
shall not be
assembly. A

manufacturet,

Exception Nd
a) T

b) Tl
locat

7.2 Two or 1

e

by liner shall consist of all the parts and materials requifed for the intended 3
ney lining system. Each part of the assembly shall-b€ constructed for ready
r without requiring alteration by the installer, such)as’by cutting, threading, dri
KS.

. 1: An assembly or component part intendédito be cut to length or to be fitted b
provided unless means are furnished for:joining any altered part to a comp

fasteners required to complete thes;assembly shall be provided with the p
. 2: Drilling shall not occur unless:

ne drilling operation does_not weaken the assembly; and

ne size of the required drill bit is specified and the instructions clearly describe
on(s) to be drilled,”such as by the use of drawings, descriptions, or templates.

nore parts or subassemblies that bear a definite relationship to each other in

all:

is woven or
ner.

he reflectivity

ssembly of a
httachment of
ling, welding,

y the installer
anion part or
foduct by the

the

the intended

b) Be assembled and shipped from the factory as one unit.

e assembly
h other; or

7.3 Each part, such as a chimney liner section, tee section, cleanout door assembly, and chimney top
closure cap shall be completely assembled by the manufacturer at the factory.

Exception: A cementitious chimney liner, or one incorporating other material requiring field mixing, is not
required to be completely assembled by the manufacturer at the factory.
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7.4 A chimney liner shall be capable of attachment to chimney connectors having diameters of integral
inches.

7.5 A chimney liner shall be sized such that standard sized chimney brushes are capable of being used
to clean the lining system.

Exception: Nonstandard sizes and shapes of chimney liners shall not be used unless the manufacturer
supplies a brush sized to clean the lining system, or the specific size is readily available, and the
maintenance instructions specify the method of ordering the brush.

7.6 A chimney liner shall not incorporate loose-fill type insulation between the masonry chimney and liner

material unless the insulation binder keeps the fibers or particles together within the assembly.

7.7 When a
the clearance

as the parts fequired to install the liner in the offset chimney.

7.8 A chimngy liner shall incorporate spacers as a permanent part of the assembly to locg

the liner cent
Exception Nd
a) T

b) T

process; and

c) Ti
insta

Exception Ng
in which, whj
installed and

Exception Ng
is centrally Id
chimney.

chimney liner is intended for installation in an offset chimney, parts required g
between the liner and the masonry chimney shall be provided by the manufac

rally within the masonry chimney.

. 1: Spacers are not required to be a permanent part of the assembly when:
ne installation process includes a poured-in placerpumped-in place insulatin
ne liner is temporarily spaced centrally withinsthe masonry chimney during the
he installation instructions or training /manual specify the methods to be used g
lation to centrally locate the liner assembly.
. 2: Spacers are not required to be incorporated when performance is demonst
en the test chimney is as.close to a corner as construction allows, the ch

demonstrates direct contact with two sides of the test chimney.

. 3: Spacers are pofrequired to be supplied with a rigid chimney liner when the
cated within theé chimney by means of the supports provided at the top and

r maintaining
turer, as well

te and retain

g material;

installation

uring

rated by tests
mney liner is

chimney liner
bottom of the

7.9 A rigid metallic_chimney liner shall incorporate means to provide for expansion of theg parts in the

system so ag
sections from

not t@ Create stress on parts within the assembly. Means shall be provided to
telescoping into one another.

prevent liner
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8 Chimney Caps

8.1 A cap shall be provided to resist the entrance of debris and rain into the flue-gas conveying conduit
of the chimney liner, and into any space where exposed thermal insulation is located. See Rain Test,

Section 36.

Exception: A cap is not required to be provided, when a cap is commercially available that:

a) Has been found to comply with the Rain Test, Section 36, and with the requirements for the

mate

rial from which the cap is formed, see 7.5; and

b) The use of such cap is specified in the installation instructions or training manual.

8.2 A cap sh
obstruct flue-
that obstructs

8.3 A cap sh
pliers) to allg
without bend

9 Chimney

9.1 A metalli
liner shall be

Exception:
manual clea
assembly.

9.2 A chimn
chimney and

10 Joints

10.1 Parts o
accordance \

10.2 Screws
manner as to
(see 14.2 ang

the flue-gas or cooling-air passages.

all be removable and replaceable by the use of simple hand tools*(screwdrive
w for chimney cleaning in accordance with the installation®and maintenanc
ng or deforming the chimney liner, or parts thereof.

[op Covers

C or nonmetallic cover to close off the top of the:chimney space not occupied by
provided by the manufacturer.

\ field constructed assembly shall not be\used unless the installation instructio
ly specify the materials to be used-and methods of fabrication and insta

by top cover/cap assembly shall resist the entrance of debris and rain into
lining system. See Rain Test, Section 36.

a chimney lingr shall be joined and secured so that they do not disengage W
yith these requirements.

rivets, (on similar fasteners used to join chimney liner parts together shall be u
not imMpose stresses on the assembly, when tested in accordance with these
1443). Screws shall not be used to secure chimney liner flue passage sections

all be constructed so that leaves and debris fallen or blown onto it are notiéts
gas or cooling-air passages. A cap shall be constructed to resist the accumu

ined so as to
lation of soot

r, wrench, or

b instructions

the chimney

ns or training
lation of the

the masonry

hen tested in

sed in such a
requirements
together. The

following cor
together:

sigerations apply whernm Tivets—are used 10 Secure cHimmey tiner flue pass

a) At least three rivets shall be employed at each joint between liner sections.

age sections

b) The rivets shall have corrosion resistance at least equivalent to that of the chimney liner

mate

rial.

c) The proper type and number of rivets shall be supplied with the chimney liner.
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d) Holes for the rivets shall be prepunched or predrilled in at least the outer portion of each
chimney liner section. Holes in chimney liner sections that are predrilled or prepunched at the
factory to accept rivets in field installation shall be sized to accept the specified rivet size
(allowing standard rivet hole tolerances). Chimney liner sections that are predrilled or
prepunched in both inner and outer sections shall be aligned at the factory to provide for correct

field

installation.

e) The chimney liner sections shall have inherent means to prevent telescoping that rely on
other than the fastening means.

f) The chimney liner shall incorporate means to permit expansion (pipe length growth).

10.3 When

provide for u

employed for

shall be furni

10.4 A joint s
of the flue-ga

10.5 A joint
instructions,

10.6 A joint

that it interfeffes with venting.

10.7 A chimmey liner joint that is exposed to the outside shall be provided with means to ¢

of rain or mo

11 Wall Pen

11.1 A wall
temperature
the framed s
training man

horizontal din

into the room

11.1. Separajte parts shall be supplied to accommodate thicker walls. The construction s

firestopping
installation in

Crews are employed 1o join assemblies during installation, the assemblies 10.D
be of screws without being punched or drilled, except as referenced in 7.1~\Wh
this purpose, the cement shall be a quick-setting type. Cement, screws) an
shed. A screw shall not extend into a flue-gas passage.

bhall not retain condensation nor permit condensation to flow from, the interior 1
s conveying conduit.

between sections of flue-gas conduit, fabricated in ,accordance with the m
shall not permit passage of a 1/32 inch (0.81 mm) diameter rod.

br section of a chimney liner shall not reduce the.capacity of the chimney liner

sture to the exterior of chimney liner-sections.
letration Assemblies

penetration assembly shdll\be provided with the chimney liner to comply W
imits specified in these ‘requirements. The assembly shall be constructed so &
d opening around the entrance to the chimney as specified in the installation i
al, and be provided*with means to retain the assembly in contact with the

nension of the installed assembly, referenced to the masonry chimney surface
not less thar\12 inches (305 mm), as measured from the innermost wall surfac

brovided for a concealed space when installed in accordance with the m
structions or training manual.

e joined shall
en cement is
0 instructions

o the exterior

anufacturer’s

to the extent

irect the flow

ith maximum
s to fit within
hstructions or
chimney. The
shall project
e. See Figure
shall not void
anufacturer’'s

Exception No—t—Awaltpernetratiorr assermbly 15 ot required WHerT theinstatiatiorninstractions or training
manual and maintenance instructions require the use of an assembly and illustrate the minimum
clearances required for wall penetration assemblies specified in the Standard for Chimneys, Fireplaces,
Vents and Solid Fuel Burning Appliances, NFPA 211.

Exception No. 2: A wall penetration assembly is not required to be provided by the manufacturer when
the installation instructions or training manual and maintenance instructions require the use of a wall
penetration assembly that is in accordance with the construction, material, and test requirements for the
assembly specified in these requirements.
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12 Radiation Shields

12.1 A radiafion shield provided as part of a ‘wall penetration assembly to comply with {

temperature
a) B

b) P

masqgnry chimney, of.not less than 12 inches (305 mm).

The assemb
manual.

Figure 11.1
Wall penetration assembly
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imits for wall penetration assemblies specified in these requirements shall:
b an integral part of the teesection or wall penetration assembly; and

ovide a continuous-barrier for a horizontal distance, referenced to the surface

he maximum

of the

y shall fit.into' a framed stud opening specified in the installation instructionps or training
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13 Tee Sections and Support Assemblies for Metallic Chimney Liners

13.1 A tee section or support assembly shall be constructed to have the strength, rigidity and durability
to resist damage during installation and use. See Vertical Support Test for Metallic Chimney Liners,
Section 24.

PERFORMANCE

14 General

14.1 When a chimney liner is tested in accordance with these requirements, temperatures on the chimney
liner parts (including on a wall penetration assembly), on combustible construction enclosing the masonry

chimney, and on combustible construction adjacent to the chimney connecior shall be maihtained within
the limits specified.

14.2 After bging subjected to the tests specified in Sections 17 — 22, as applicable,”a prdduct shall be
capable of bging further used. The chimney and chimney liner shall be free of cracks, distottion, or other
damage. Thelchimney and chimney liner are to be visually inspected (including\the use of a yideo camera,
if necessary)|to determine that damage has not occurred.

14.3 Test results indicating compliance with the requirements in 14.2(include the following:

a) Np part of the product has become damaged or permanently distorted to an extent that it or
the masonry chimney will not continue to function aslintended.

b) Jagints in liner sections, and between adjacent’liner sections that are intended to[be joined
together, have not opened.

c) The effectiveness of any required protective coating or finish on metal parts has|not been
reduged.

d) A|cementitious or ceramic_matérial has not cracked in a manner allowing portiofs of the liner
to become dislodged by poking the liner with a sharp instrument or by the process pf cleaning
the chimney to the extentithat the serviceability of the chimney liner is impaired. (Spe Torsion
Test for Flexible Metal-kiners, Section 30, and Sweep Test, Section 27.)

e) Cfacks are nofiobservable in porcelain enamel used as a required protective copting when
the sprface is €xamined under a microscope of 60 magnification.

f) THe reflectivity of a surface has not been impaired if the reflectivity is utilized to feduce the
risk qf-fire"

g) Burning or scaling of metal parts is not evident upon visual observation.

Exception: Scaling of the chimney liner flue material that does not impair the function of the
chimney liner is acceptable after exposure to the Temperature Tests, Sections 19 — 22.

h) The effectiveness of insulating material has not been reduced.

i) Bricks used in the test assembly shall not have loosened due to expansion of the test
assembly to a degree that diminishes the overall structural integrity of the chimney.
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14.4 Therma

| insulation shall comply with the following:

a) Insulating material shall remain in its intended position prior to, during, and following tests on
the chimney liner.

b) Products resulting from the loosening, combustion or volatilization of any combustible binder

shall

Exception:

not be discharged inside the building.

the terminus outside the building.

¢) The thermal conductivity of the insulating material shall not be increased.

d) TI|1e thermal insulation shall not show evidence of softening, melting, disintegrat

bindq

15 Test Inst

15.1 The foll

b) Minimum distance (filled or unfilled) between chimngyiner and masonry chimne

15.2 A chim
insulating m
of the ingred
installation of

15.3 A chimn

after the chimney liner is_installed, prior to conducting the temperature tests.

15.4 The chi
liner and mas

r, or other malfunction or deterioration.
pllation
pwing factors are to form the basis of the performance tests.of a product:

ze and type (rigid, flexible metallic, nonmetallic) of chimniey liner.

bight in feet (m) of chimney to be lined.
e of offsets in the lining.

e of air movement to cool the assembly.
erials used in production.Fer these purposes, the particle size, densities, mixin
ients, and chemical and_physical properties of the ingredients are to be ve
the insulating material into the test assembly.

ey liner incorporating water in a cementitious mixture is to be cured for not less

mney liner is to be installed in a test chimney at the minimum clearance spacs
onry‘chimney as specified in the installation instructions or training manual.

Wall penetration assembly insulating materials are not required to be discharged to

ng, losing

ey liner incorporating insulating"material is to be tested with representative s@amples of the

g proportions
rified prior to

than 20 days

between the

15.5 The testcThimmeyisto be constructedof momimat2-174 by -3-172 by 8- nches {57 by 89 by 203 mm)
solid clay brick, arranged in a square shape (for round and square-shaped liners) or a rectangular shape
(for oval or rectangular liners). The inside dimensions of the test chimney are to be those required to
obtain the minimum clearances specified in the installation instructions between the chimney liner and the
chimney. The chimney mortar is to be made of portland cement and sand, with vertical and horizontal
joints 3/8 +1/8 inch (9.5 £3.2 mm) thick. Mortar lines are to be flush with the inside and outside surfaces
of the brick. The height of the chimney is to be at least 15 feet (4.6 m). When the design indicates that in
one or more tests higher temperatures are developed with an increased height, tests are to be conducted
with the height producing the highest temperature condition, and not employing a height greater than the
maximum specified by the manufacturer. See Figures 15.1 and 15.2.
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Figure 15.1

Test chimney without wall penetration assembly
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Figure 15.2
Test chimney with wall penetration assembly
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15.6 When the chimney liner is not provided with spacers or insulation to locate the liner centrally within
the chimney (see 6.8), temperature tests are to be additionally conducted with the chimney liner offset in
one corner of the masonry chimney such that the flue liner is tangential to two of the inside walls of the
test chimney.

15.7 Chimney liners are to be tested using an 8 inch (203 mm) diameter size. When smaller sizes are
produced and utilize less clearance space between the liner and masonry than the 8 inch (203 mm)
diameter liner, tests are to be conducted on as many sizes as required to determine compliance with these
requirements. If sizes larger than 8 inch (203 mm) diameters are produced, tests are to be conducted
using the size and clearance space expected to produce the highest temperature rise. If an 8 inch (203
mm) diameter size chimney liner is not produced, tests are to be conducted on the size produced that is
closest to 8 inches (203 mm), and with additional tests for smaller and larger sizes conducted on the basis

described ab

15.8 The teq
buildup of ca
is to be free
space freely
that during a
room temper

15.9 When 4
outside of a
provide such
during the te

15.10 A test
materials ang
instructions g
A chimney ca

15.11 A wall
installation in

DVe.

bon monoxide to less than 50 parts per million throughout the period’of any te

ommunicating with the space from which the combustion air is takeh. The roon
Ny one test the room temperature does not increase by mote_than 20°F (11°
hture recorded at the beginning of the test.

chimney liner provides for taking air from an occupjed{space and exhausting
puilding to cool the chimney liner, all the openings‘in the parts as assemble
air flow and which would be within an occupied $pace of the building are to be
btS.

chimney liner is to consist of an assembly composed of standard chimney lin
other required parts to complete the.installations specified in the manufacture
r training manual. When joining parts are used, the test assembly is to includ
p is to be used, even when not(provided by the manufacturer.

penetration assembly, if supplied with the product, is to be installed in accord
structions. If a wall penetration assembly is not provided with the product

assembly sp

assembly is jnot available, fop-test purposes only, tests are to be conducted using the

combustible

Burning Appljances, NFPA211.

15.12 A gas{fired flue-gas generator as illustrated in Figure 15.3 is to be used to supply flue
chimney linell being tested. The generator is to produce the flue gases at the specified test
when fired af the, test input specified in Table 15.1 for solid-fuel-fired appliances, Table 15

cified in the installation-instructions or training manual is to be installed. If a w3

all framing specified in the Standard for Chimneys, Fireplaces, Vents arn

t structure is to be erected within a room having ventilation capable,'of maintaining the

5ts. The room

bf extraneous drafts and the chimney and liner are to exhaust into\the same space or into a

is to be such
C) above the

uch air to the
0 intended to
sealed closed

pr sections or
’s installation
e such parts.

ance with the

the type of
Il penetration
tlearances to
d Solid Fuel

gases to the
temperatures
2 for oil-fired

appliances, and-Tabte 15-3for gas-fired—apptiances:
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Figure 15.3
Flue-gas generator
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Table 15.1

Flue-gas generator inputs((for solid-fuel-fired appliances)

AIR SHUTTER OR

CONTROL FOR
SECONDARY AIR

Equivalent nogminal diameter Minimum input to flue-gas generator, Btu per hour (kW
of chimpey liner
Colomn 1 Column 2 Clolumn 3
Inches (mm) Temperature test for solid- Temperature test for solid- Temperatyire test for solid-
fuel-fired appliances — 1000°F | fuel-fired appliances — 1400°F | fuel-fired appliances — 2100°F
(538°C) flue gases, Section (760°C) flue gases, Section | (1149°C) fllie gases, Section
17 18 19
6 (150) 48,500 (14.2) 59,200 (17.4) 175,000 (51.2)
7 (180) 65,800 (19.3) 80,500 (23.6) 237,000 (69.4)
8 (200) 86,200 (25.3) 106,000 (31.1) 310,000 (91.0)
9 (230) 109,000 (31.9) 133,000 (39.0) 392,000 (115.0)
10 (250) 135,000 (39.6) 165,000 (48.4) 486,000 (142.4)
12 (300) 195,000 (57.2) 238,000 (69.8) 699,000 (205.0)
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Table 15.2
Flue-gas generator inputs (for oil-fired appliances)
Equivalent nominal diameter of Minimum input to flue-gas generator
chimney liner
Column 1 Column 2
Inches (mm) btu/hr (kw) btu/hr (kw)
Temperature test for oil-fired Temperature test for oil-fired
appliances — 570°F (299°C) flue gases, appliances — 1700°F (927°C) flue
Section 20 gases, Section 21
3 (75) 15,400 (4.51) 28,500 (8.35)
4 (100) 27,500 (8.06) 43,100 (12.63)
5 (125) 43,000 (12.60) 67,500 (19.78)
6 (150) 61,600 (18.05) 97,000 (28.42)
7 (180) 84,000 (24.60) 132,500 (38.80)
8 (200) 109,600 (32.10) 172,800 (50.60)
Table 15.3
Flue-gas generator inputs (for Category | gas-fired ‘appliances)
Equivdlent nominal diameter of chimney liner Inputto flue-gas generator
Inphes (mm) Btu peér hour (kW)
Temperature test for category | gas-fired appliances —
470°F (243°C) flue gases, Section p2
3 (75) 6,350 (1.8f)
4 (100) 11,300 (3.3])
5 (125) 17,600 (5.1p)
6 (150) 25,300 (7.41)
7 (180) 34,500 (10.11)
8 (200) 45,200 (13.34)
9 (230) 57,100 (16.73)
10 (250) 70,500 (20.46)
12 (300) 101,000 (29.59)
15.13 A premix type burner assembly?@, capable of supplying an air-gas mixture, with not{less than 70
percent primgry combustion(air (70 percent of premixed theoretical air), to a flame retention burner nozzle
tip is to be psed. Combustion is to be complete within the horizontal straight length of| the flue-gas

generator co

bustion €hamber. The insulation flue-gas generator outlet is to be connected [to the inlet of

the test chimpey by.means of a stainless steel pipe having a diameter equivalent to that of the chimney
inlet. The connection is to be made so as to provide an uninsulated flue-gas passage length|equivalent to
three chimnejyliner diameters along the pipe centerline from the generator outlet to the point of entry into

the chimney.

Exception: A burner assembly other than a premix type shall not be used unless the assembly is
designed for and operated to supply the gas and air in a stoichiometric mixture to the flue gas generator.

aAn Eclipse brand is capable of being used for this purpose.
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15.14 The chimney into which the chimney liner is inserted is to be fully enclosed on all sides for its full
height from the floor of the test structure to the ceiling, and from the attic floor to the bottom of the roof
structure with 3/8 inch (9.5 mm) thick plywood and is to be closed at the attic level by a firestop, and at
the roof level by a roof flashing. The chimney enclosure material is to be placed around the chimney on
the basis of clearance from the enclosure of 0 or 1 inch (0 or 25 mm) as specified by the manufacturer’s
installation instructions, as measured between the outer surface of the masonry chimney wall and the
interior surfaces of the enclosing material. These clearances are designated by the dimensions ”X” in
Figures 15.4 and 15.5. The dimension “X” is to be 1 inch (25 mm) on all four sides, or 0 inch on all four
sides.

Figure 15.4
Test chimney ceiling firestop

T>FIRESTOP

X = 0 ¢r K'inch (0 or 25.4 mm),
as specified in installation instructions

S3230B
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Figure 15.5
Test chimney roof flashing
[ ]
FLASHING
yd
—_— X
X = 0 or 1 inch (O or 25.4mm),
as specified in installation instructions
S3231A
15.15 The tgst enclosure material at the ceiling joist level is to be of trade size 2 by 10 or 8 inches
[nominal 1-1/R by 9-1/4 or 7-1/4 inches (38.1 by 285 or 184 mm)] lumber, forming a box at 1|inch (25 mm)
clearance to [the chimney. The test enclosure_at the roof-joist level is to be of trade size 2 by 6 inches
[nominal 1-1/R by 5-1/2 inches (38.1 by 140.\mm)] lumber forming a box at 1 inch (25 mm) clearance to
the chimney.| See Figures 15.4 and 15.5.jAll ceiling, floor, and roof material is to be cut flush with the
inside of all ffamed joist openings.

15.16 The cgiling is to consist ef ' One thickness of 3/4 inch (19.1 mm) thick plywood. Plywg

of the attic jo
(19.1 mm) th
extend arour
chimney encl

15.17 All wa

st is to consist ofitwo layers of plywood, each 3/4 inch (19.1 mm) thick. One lay
ck plywood is te-be placed on either side of the roof joist. The plywood at thes
d the chininey enclosure at least 2 feet (0.61 m) in each direction, measy
osure surface. See Figures 15.1 and 15.2.

| and ceiling surfaces at the inlet to the chimney, all studs, joists, and headers

plywood surf@ces are to be painted flat black on the side facing the test assembly.

od at the top
er of 3/4 inch
be levels is to
red from the

used, and all

15.18 All joints and openings between spacers or supports and the test enclosure, all joints in a test
enclosure, and all joints intended to be sealed for field installation are to be sealed with plastic-coated or
film-faced pressure-sensitive tape lapping the joint by a minimum of 1 inch (25 mm) on each side. The
peel adhesion characteristics of the tape on fibrous (wood) combustible enclosure materials shall comply
with the Test Method for Adhesion of Pressure-Sensitive Tape to Fiberboard at 90 Degree Angle and
Constant Stress, ANSI/ASTM D2860, at elevated temperatures of 150°F (66°C).
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16 Temperature Measurement

16.1 Flue-gas temperatures are to be determined for the tests in Sections 17 — 19 by a thermocouple,
such as illustrated by Figure 16.1. The thermocouple is to be located within the insulated outlet of the
flue-gas generator as illustrated in Figure 15.3. The thermocouple is to be Type K (chromel-alumel) of 18
- 24 AWG (0.82 — 0.21 mm?) wire with an untwisted welded bare bead junction not more than 0.050 inch
(1.27 mm) diameter.

Figure 16.1
Flue-gas thermocouple and support bracket
4
“
“
Chromel—Alumel \jire , ;
18-24 AWG (0.82-0.21mm*) ¢ 0.05 in. (1,27mm)
Two-Hole Porcelain in 9 Mox. Diam.\Bead
Stainless Steel Tube /| 7
/ %
3T I —
9 L_
; %in.-—»
\\; (12.7mm)
"
1
/1 1p°
“ 2
“

clID = Internal Diometer of Flue Pipe

S2255

-gas thermocouple is to be inserted at the center of the insulated generator oytlet using the
entry tube parallel to thetleng generator axis.

16.3 The ga$ burnerthen is to be operated as specified in the Temperature Tests, Sectiong 17 — 22, and
the dilution pirlis,to be regulated so that the temperature indicated by the center-point flue-gas
thermocouplg described in 16.2 is as specified for the individual tests by using the flue-gas génerator input
specified in Tables 15.1, 15.2, or 15.3 for the size of the liner being tested.

16.4 Temperatures, other than those of flue-gases and metal surfaces, are to be measured using either
Type K (chromel-alumel) or Type J (iron-constantan) thermocouples not larger than 24 AWG (0.21 mm?).
Thermocouples are to be:

a) Attached to test enclosure elements having a surface adjacent to the chimney and onto roof
areas adjacent to the chimney so as to have 1/2 inch (12.7 mm) of wire exposed; and
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b) Secured to 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 and held in thermal contact with the
surface at that point by the use of flat black pressure-sensitive paper tape. See Figure 16.2.

Staple

Figure 16.2
Thermocouple installation methods on wood surfaces
1/2inch
/2 0.05 inch (1.3mm) Max. Diameter Bead.
(12.7mm)

Pressure Sensitive Paper Tape

2 Twists,
oxlmum

Pressure Sensitive Paper Tape

1/2inch

=

Sp256

0,05 iaeh (1 3mm

‘ ) Staple
axc~Diameter Bead.
Two-Twists, Maximum
Staple Over Tape SECTION A-A

gleod in Contact

1/4 inch (6.3mm)

ith Wood Surfage

16.5 Tempefatures attained by«surfaces of parts of the chimney liner are to be obtained|by means of
thermocouplgs applied to the parts. Thermocouples are to be attached to metal surfaces by gcrews, rivets,
silver soldering, brazing, or welding of the tip to the metal surface. See Figure 16.3. Thermofouples to be
attached to surfaces of-fiesnmetallic or nonwood parts are to have junctions and at least 1 jnch (25 mm)
of the lead wires imbedded flush with the surface of the material. Furnace cement is to be smoothed over
such indentagions fo.maintain thermal contact. Such thermocouples are to be located at pgints attaining
maximum temperatures. Additional thermocouples are to be placed at other locations that are in contact
with or subjett to radiation from surfaces of the chimney.
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Figure 16.3
Thermocouple installation methods on metal surfaces
1/2 inch
‘ (12.7 mm) \ 1/8 inch (3.2 mm) to 1/4 inch (6.4 mm)
Separation When Welded to Metal
L
THERMOCOUPLE WELDED TO METAL SURFACES
1/2 inch
‘ (12.7 mm) \ Solder
¢ } 7 1
AR
¢ - I NN N \N

THERMOCOUPLE SOLDERED TO METAL SURFACES

1/2 inch
6/16 inch (7.9 mm) head by 3/8 inth (9.5 mm)
(12'7 mm) long, moximum rivet or screw.

N\

1/32 inch (0)8 mm) thick by 1/2 inch (12,7 mm)
diameter «washer may be used.

THERMOCOQUPLE SECURED TO METAL SURFACES

S2257
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16.6 Ambient temperatures of a zone are to be determined by a shielded thermocouple located centrally
within a vertically oriented 6 inch (152 mm) length of aluminum-painted 2 inch steel pipe open at both
ends. Ambient temperatures are to be determined by shielded thermocouples located with reference to
the various parts of the chimney, test structure, and flue-gas generator; and by placing the shield in a
manner to avoid direct radiation to the thermocouple.

16.7 The ambient temperature in Zone A illustrated in Figure 16.4 is to be determined by a thermocouple
located 4 feet (1.2 m) above the floor and 6 inches (152 mm) away from the plywood enclosure that is
opposite the flue-gas generator.

16.8 The ambient temperature in Zone B illustrated in Figure 16.4 is to be determined by a thermocouple
located 2 feet (610 mm) away from the back centerline of the test enclosure and 1 foot (305 mm) above
the attic floor

16.9 The ampient temperature in Zone C illustrated in Figure 16.4 is to be determined\by a thermocouple
located 2 fegt (610 mm) away from the back centerline of the chimney and 1 fodt (305 mm) above the
roof.
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Figure 16.4

Typical thermocouple locations — test chimney
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16.10 For purposes of determining temperature rises on chimney liner parts, on an enclosure, and on the
test structure, the temperatures are to be referenced to ambient temperatures as determined in 16.1 —
16.9. Temperatures of joists and rafters are to be referenced to the average of the ambient temperatures
above and below the joist or rafter area. Temperatures of floor or roof material are to be referenced to the
ambient temperatures above the floor or roof. Temperatures of ceiling material are to be referenced to the
ambient temperature below the ceiling.

16.11 During the Temperature Tests, Sections 17 — 22, the temperature rises are to be based on the
ambient or room temperature recorded at the end of the firing period prescribed for the test.

16.12 For a chimney liner designed to take air from the outside of a building to cool the chimney liner, the
ambient temperature of the space into which the chimney exhausts is to be measured by a thermocouple
located on th{ same horizonial plane as the opening provided for the admission of outside_gir, 3 feet (0.9

m) from the qpening. The temperature is to be maintained between 70 and 90°F (21 and 34°C) during all
tests for temperature.

16.13 A mirlimum number of typical thermocouple locations on wood surfaces and ghimney liner
materials is shown in Figures 16.4 and 16.5. Additional thermocouples are"to' be used when required
because of the construction and method of installation.

Figure 16.5
Typical thermocouple locations — wall\pénetration assembly

~

2~

~.

S3233A

16.14 During all temperature tests, maximum temperatures are attained when three successive readings
taken at 30 minute intervals show no change or show a decrease.
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17 Temperature Test for Solid-Fuel-Fired Appliances — 1000°F (538°C) Flue Gases

17.1 The maximum temperatures on surfaces of the test structure, such as ceilings, enclosures, floors,
and joists, and on surfaces of chimney liner parts, including wall penetration parts, at points of zero
clearance to the test structure, shall not be more than 90°F (50°C) above ambient temperature during the
period ending 4-1/2 hours after the start of the test and not more than 117°F (65°C) above room
temperature for any subsequent period when the flue-gas temperature is maintained as described in 17.3.
The temperature on any part shall not exceed the maximum temperature specified for the materials used.
See Column 1 of Table 17.1.

Table 17.1
Maximum temperature rises
Material Maximum rise above room temperature
Column 1 Column 2
°F () R ()

1. Aluminum alloys —

1100 (2S) 330 (183) 430 (239)

3003 (3S) 430 (239) 530 (294)

2014, 2017, 2024, 5052 530 (294) 630 (350)
2. Aluminum-coated steel, heat-resistant 1030 (572) 1275 (708)

typg?
3. Catbon steel-coated with Type A19 1030 (572) 1130 (628)
cerpmic

4. Galvanized steel’ 480 (267) 630 (350)
5. Low-carbon steel, cast iron® 830 (461) 930 (517)
6. Stajnless steel —

Types 302, 303, 304, 321, 347 1235 (686) 1380 (767)

Type 316 1200 (667) 1345 (748)

Type 309S 1560 (867) 1705 (950)

Types 310, 310B 1610 (894) 1755 (975)

Type 430 1310 (728) 1455 (808)

Type 446 1730 (961) 1875 (1042)

a If the refldctivity of aluminum-coated, steel is utilized to reduce the risk of fire, the maximum temperature ris¢ shall not
be more thgn 830°F (461°C).
b The specified maximum tempefature rise shall apply if the galvanizing is required as a protective coating or|if the
reflectivity df the surface is.utilized to reduce the risk of fire.
¢ The specified maximumi temperature rises apply to parts whose malfunction may cause the product to be upacceptable
for use.

17.2 The temperature of the flue gases entering the test chimney is to be regulated by varying the
quantity of primaryandsecondary air induced inmtothe generator whemn the ftue-gasgenerator is fired at
the specified input. Combustion is to be complete within the combustion chamber of the flue-gas
generator.

17.3 The test is to be started with the test chimney liner (including the wall penetration assembly),
chimney, and the test structure at room temperature. The flue-gas generator then is to be fired at the input
specified in Column 1 of Table 15.1, and regulated to produce flue gases at a temperature of 1000°F
(555°C) at the thermocouple location designated in Figure 15.3. Temperatures at all points of
measurement are to be recorded at intervals not exceeding 30 minutes until it is apparent that maximum
temperatures have been attained, or for 8 hours, whichever occurs first.
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18 Temperature Test for Solid-Fuel-Fired Appliances — 1400°F (760°C) Flue Gases

18.1 The maximum temperature attained on surfaces of the test structure, such as ceilings, enclosures,
floors, and joists, and on surfaces of the chimney liner assembly (including the wall penetration assembly)
at points of zero clearance to the test structure, shall be not more than 140°F (78°C) above ambient
temperature when the flue-gas temperature is maintained for 1 hour as described in 18.2. The
temperature on any part of the chimney liner (including the wall penetration assembly) shall not exceed
the maximum temperature specified for the materials used. See Column 2 of Table 17.1.

18.2 After maximum temperatures are attained under the test conditions described in 17.3, the flue-gas
generator is to be fired at the input specified in Column 2 of Table 15.1, and regulated to produce flue
gases at a temperature of 1400°F (760°C) at the thermocouple location designated in Figure 15.3. The
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19.6 The test specified in 19.5 is to be conducted three times on chimney liners and once on wall
penetration assemblies. The first test is to be conducted with the entire connector pipe uninsulated. The
two remaining tests are to be conducted with the full length of the connector pipe insulated with a 3 inch
(75 mm) thick layer of ceramic blanket insulation or equivalent insulation having a K factor of 1.7 at 2000°F
(1093°C). The insulation is to be applied to the chimney connector prior to increasing the input to the
flue-gas generator to produce the flue gas temperature rise of 2030°F (1128°C) above room temperature.
The second and third flue gas temperature test exposures are to be conducted after a 60 minute cooling
period following the end of the previous exposure.
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20 Temperature Test for Oil-Fired Appliances — 570°F (299°C) Flue Gases

20.1 The maximum temperatures on surfaces of the test structure, such as ceilings, enclosures, floors,
and joists, and on surfaces of chimney liner parts, including wall penetration parts, at points of zero
clearance to the test structure, shall not be more than 90°F (50°C) above ambient temperature during the
period ending 4-1/2 hours after the start of the test and not more than 117°F (65°C) above room
temperature for any subsequent period when the flue-gas temperature is maintained as described in 20.3.
The temperature on any part shall not exceed the maximum temperature specified for the materials used.
See Column 1 of Table 17.1.

20.2 The temperature of the flue gases entering the test chimney is to be regulated by varying the
quantity of primary and secondary air induced into the generator when the flue-gas generator is fired at

the specified input. Combustion is 10 be compleie within the combusfion chamber of] the flue-gas
generator.
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22 Temperature Test for Category | Gas-Fired Appliances — 470°F (243°C) Flue Gases

22.1 The maximum temperatures on surfaces of the test structure, such as ceilings, enclosures, floors,
and joists, and on surfaces of chimney liner parts, including wall penetration parts, at points of zero
clearance to the test structure, shall not be more than 90°F (50°C) above ambient temperature during the
period ending 1-1/2 hours after the start of the test and not more than 117°F (65°C) above room
temperature for any subsequent period when the flue-gas temperature is maintained as described in 22.3.
The temperature on any part shall not exceed the maximum temperature specified for the materials used.
See Column 1 of Table 17.1.

22.2 The temperature of the flue gases entering the test chimney liner is to be regulated by varying the
quantity of primary and secondary air induced into the generator when the flue-gas generator is fired at
the specified input. Combustion is 10 be compleie within the combusfion chamber of] the flue-gas
generator.

22.3 The tegt is to be started with the test chimney liner (including the wall penétration assembly),
chimney, and the test structure at room temperature. The flue-gas generator then is to be firgd at the input
specified in Table 15.3, and regulated to produce flue gases at a temperature‘of 470°F (243°C) above
room ambient at the thermocouple location designated in Figure 15.3..Temperatures at| all points of
measurement are to be recorded at intervals not exceeding 30 minutes, until it is apparent that maximum

temperatures| have been attained, or for 8 hours, whichever occurs first.
23 Loading [Test for Metallic Chimney Liners

23.1 A metallic chimney liner section shall not be damagéd-when tested as described in 23.2 and 23.3.
See 24.1 for additional loading requirements for metallict¢himney liners.

Exception: A non-rigid metallic chimney liner that;is*intended only for top mounted support (24.3) is not
required to cpmply with 23.2 and 23.3.

23.2 Two segctions of the chimney liner_afe to be assembled as described in the manufacturer’s
instructions gxcept that fasteners, if used-in the construction, are to be left out of the assenbly.

23.3 The asgembly is to be subjected to a load of 200 pounds-mass (91 kg) by means of & weight. See
Figure 23.1. The load is to besapplied for a minimum of 5 minutes.
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Figure 23.1
Loading test

200 LB-MASS (91kq)
OR

i 200 LB-FORCE (890N)
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S3234

Bupport Test for Metallic Chimney Liners

brt assembly for a metallic chimney: liner shall not be damaged, nor shall the
the chimney structure be impaired, when tested as described in 24.2 — 24.4
Imney liner section shall notelescope into an adjoining section or be damaged
in 24.2 — 24 .4,

bport assembly is to\be installed as described in the manufacturer’s instruct
manner that simulates the installation that produces the greatest loading o
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security of its
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as illustrated

innFigure 24.1. The load is to be applied for a minimum of 5 minutes.
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Figure 24.1
Tensile load test

TEST FRAMEWORK \

X 7 K

—]

4

200 LB—MASS (91 kg)
OR
200 LB—FORCE (890 N)

S3235

24.4 A supp¢rt assembly that is subjected to comprgssive loading while in use, such as a fee section, is
to be loaded by means of a weight or tensilefcompression machine, whichever is corjvenient. The
assembly algng with a section of the supported chimney liner is to be subjected to a| load of 200
pounds-masg (91 kg) or 200 pounds-force (890 N) as illustrated in Figure 24.2. The load is|to be applied
for a minimum of 5 minutes.
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Figure 24.2
Compressive load test
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S3236

Test for Metallic Chimney Liners

25.1 A chimney liner or its parts shall not break; split at a seam, disassemble, unlock, change shape, or
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and 25.3.
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Figure 25.1
Strength test — single chimney liner section

SUPPORT

8 MIN.
| (2.44m)

200 LB—MASS (91 kg)
OR
200 LB—FORCE (890 N

S3237

25.3 Two segtions of chimney liner sections are to be joined as specified in the installation instructions or
training mandal, with at least 8 feet (2.44 m) of:liner suspended from the support. A weight specified in
Table 25.1 is|to be suspended from the bottom™of the liner, as illustrated in Figure 25.2. Theg load is to be

applied for aminimum of 5 minutes.

Table 25.1
Strength test load

Liner| type Marking (See 39.7) Mass (pounds) Masg (Kg)
Gas fired applignce only When marked with 39.7(a) 100 (416)
only
All liners excep} those forgas | When marking includes 39.7 200 (D)
fired applianceq (b) or (c) or any combination
of (a), (b) and (c)
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Figure 25.2
Strength test — joined chimney liner sections

SUPPORT

CONNECTOR

8" MIN.
(2.44m)

al

¥
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OR
200 LB-FORCE (BION)

S3238

26 Strength|Test for Nonmetallic Chimney Liners

26.1 The comnpressive strength of a nonmetallic*chimney liner, when tested in accordance
Method for Compressive Strength of Lightweight Insulating Concrete, ASTM C495, shall:

a) Bg at least 500 psig (3.45mPa); and

b) Npt crack or break at.500 psig.

Four specimgns are to be used to make the determinations required in (a) and (b).

with the Test
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27 Sweep Test

27.1 A metallic chimney liner shall not bend, break, split at a seam or joint, puncture, or experience a loss
in mass of more than 0.1 percent, and a nonmetallic chimney liner shall not crack, dislodge, or experience
a loss in mass of more than 1.0 percent, when tested as described in 27.2.

Exception: A metallic chimney liner that does not include the markings specified in 39.7 (b) or (c) is not
required to comply with the Sweep Test, Section 27.

27.2 Following the temperature tests described in Sections 17 — 19, a chimney liner is to be swept by
means of a metal chimney cleaning brush as illustrated in Figure 27.1, having not less than 100 steel
spines with each spine 0.024 to 0.051 inch (0.61 to 1.30 mm) thick, and a diameter equal to the diameter
of the chimngy Tiner. The brush is 1o be pulled through the Tiner from the cleanout door 1o _the outlet and
back down tq the cleanout door 100 times. Other cleaning brushes that meet the intent of tA¢ requirement
are to be usqd with chimney liners having shapes other than round.

Figure 27.1
Chimney cleaning brush

D = CHIMNEY LINING DIAMETER,
+ 1/4 70 1/2" (6.4 TO 12.7mm),-0

S$3239

28 Abrasion Test

28.1 A chimney liner incorporating insulation fully or partially exposed to the interior of the chimney, or
incorporating a protective covering of a material less than the minimum thicknesses specified in Table 6.1,
shall comply with the requirements specified in 28.2 and 28.3 when tested described in 28.4.
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28.2 The insulation and protective covering, when employed, shall not split, break open, or otherwise
become damaged to the extent that they do not continue to function as intended when tested as described
in 28.4.

28.3 The effectiveness of the insulation of the chimney liner shall not be reduced when tested as
described in 28.4.

28.4 The entire length of the chimney liner assembly is to be inserted into a test chimney using the
methods described in the manufacturer’'s installation instructions, and subsequently removed. The
process of inserting and removing the liner assembly is to be conducted ten times.

29 Flexibility Test for Flexible Metal Liners

29.1 A flexible chimney liner shall not break open, split, change shape, crease, or otherwjse be deformed
after being bent and then straightened. The bending is to be performed by bending.the chimney liner
around a form of radius equal to four times the diameter of the chimney liner diaméter’or to the maximum
bend that is @chieved without kinking the assembly. See Figure 29.1. The chimney liner is|to be rotated
120 degrees|after each bending/straightening operation. The chimney liner dsed for this tgst is to be at
least 6 feet (1.8 m) long and is to contain no joints.

Figure 29.1
Flexibility test

o

FLEXIBLE CHIMNEY LINER J
S3178A
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30 Torsion Test for Flexible Metal Liners

30.1 A flexible metal chimney liner shall not break open, split, change shape, crease or otherwise be
deformed when tested as described in 30.2.

30.2 An 8 foot (2.44 m) long section of the liner is to be suspended from a test structure. One end of the
chimney liner is to be attached to the test structure in a manner that prevents rotation at the point of
attachment. The other end is to be rotated 180 degrees clockwise, or be subjected to a clockwise torque
of 25.8 foot-pounds (35 N-m), whichever occurs first, and then returned to its original position. The liner
is then to be rotated counterclockwise 180 degrees, or be subjected to a counterclockwise torque of 25.8
foot-pounds and returned to its original position. This procedure is to be conducted five times. See Figure
30.1.

Figure 30.1
Torsion test
T
TEST(FIXTURE
8" MIN.
(2.44mm)
180° ROTATION OR
25.8 FT-LBS (35N-m)
TORSION, BOTH
CLOCKWISE AND
COUNTERCLOCKWISE
S3240

31 Corrosion Resistance Test

31.1 When tested as described in 31.2 — 31.4, a metallic chimney liner, other than one constructed of
Type 304, 316, 430, or 446 stainless steel, shall:

a) Not experience a loss in weight of more than 10 percent; and

b) Not experience a loss in integrity, such loss being indicated by the appearance of holes, or
loosening of joints.
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31.2 Two specimens, each 4 by 2-1/2 inches (100 by 65 mm) in size and free from dirt and surface
defects such as scratches or dents, are to be exposed to the corrosive effects of sulfur dioxide at 100°F
(38°C) and 100 percent relative humidity for a length of time required for the control specimen of Type
G90 galvanized steel to become covered with red rust over 100 percent of its surface.

31.3 The exposure specified in 31.2 is to be accomplished by suspending the test specimens from a flat
nonmetallic disc, 10 inches (250 mm) in diameter, that is fastened to a shaft and rotated at a speed of 6
revolutions per hour and enclosed in a container. The cover of the container is to be secured to the
container so as to provide a gas-tight seal between the cover and the container. Distilled water is to be
added to the container to maintain the required 100 percent relative humidity condition for the duration of
the test. A continuous stream of sulfur-dioxide gas (SO,) is to be fed into the container that contains the
test sample (see 31.4).

31.4 The genperator used to produce the gas is to consist of a 50 milliliter burette containiig 200 grams
of sodium metabisulfite (Na,S->Os) per liter of distilled water connected to a 2 literflask cpntaining 300
milliliters of 1:1 H>,SO, solution. The solution of Na,S,Og/distilled water is to be/drip fed fo the H,SO,
solution at a fate of 1.5 milliliters per hour. The container is to be connected to the, container|{that contains
the test sample. See Figure 31.1.

Figure 31.1
Condensing SO, apparatus
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32 Comparative Corrosion Exposure Test for Aluminum Liners

32.1 When tested as described in 32.2 — 32.4, an aluminum metal liner with a minimum thickness less
than 0.012 inch (0.3 mm) shall:
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a) Not exceed the calculated corrosion rate of the control material, aluminum Type 3003 with a
thickness of 0.012 inch, by more than 20 percent; and

b) Not experience a loss of integrity, such loss being indicated by the appearance of holes, or
loosening of joints.

32.2 Fifteen specimens, each 4 by 2-1/2 inches (100 by 65 mm) in size and free from dirt and surface
defects such as scratches or dents, are to be exposed to the corrosive effects as specified in 32.4.

32.3 Before exposure, each specimen is to be weighed. Periodically during the exposure each specimen
is to be visually examined and, at selected intervals, representative specimens are to be removed from
the exposure, cleaned of corrosion products and reweighed. This procedure is to be continued until
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33.4 The specimens are to be placed in an exposure cabinet, with a spray dispersion tower as described
in the Standard Practice for Operating Salt Spray (Fog) Apparatus, ASTM B117, and exposed to a finely
dispersed fog for 10,000 cycles of operation. A cycle consists of 5 minutes of solution spray and 15
minutes of air dry in an air stream maintained at 150°F (66°C). The solution that produces the fog is to
have a pH of 2.5 and is to be composed of deionized water with 25 ppm CL™!, 10 ppm SO,?2, 0.9 ppm
NO3*, and 70 ppm NO,™!. The exposure cabinet is to be maintained at 95°F (35°C) for the duration of the
exposure.

34 Resistance to Action of Acids Test for Nonmetallic Flue-Gas Conduit

34.1 The percentage of acid-soluble matter in each sample of nonmetallic flue-gas conduit material shall
not exceed 3.0 percent by weight when tested as described in 34.2 and 34.3.
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g, or spilling,
freezing and

samples are
ntative of the

212 — 221°F
of 64 — 75°F
berature for 5
then is to be
er absorption
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35.4 Representative samples of complete parts, free of observable cracks or shattered edges, are to be
identified. The samples are not free from containing laminations and fissures, only to the extent that they
are representative of the material from which the samples are take.
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35.5 The samples are to be dried to constant weight in a ventilated oven at a temperature between 212
and 221°F (100 and 105°C) and the weights recorded. The samples then are to be immersed for 72 hours
in water at a temperature of 64 — 75°F (18 — 24°C), and then removed from the water and allowed to drain
for not more than 1 minute. The superficial moisture is to be removed with a towel or blotting paper and
the samples immediately subjected to three conditioning cycles. Each conditioning cycle is to consist of
exposure to a temperature of 32°F (0°C) for 16 hours, followed by exposure to a temperature of 212°F
(100°C) for 7 hours, and then followed by immersion in water for 1 hour. At the end of the test period, the
samples are to be dried to constant weight, and the weight recorded.

36 Rain Test
36.1 The quantity of water entering the flue-gas conduit or any other individual passageway shall not

exceed 2 perent of that which enters the conduit or passageway It unprotecied by a cap, of other means
when tested ps described in 36.2 — 36.6.

36.2 Representative sizes and styles of caps are to be subjected to the tests described in 36.3 — 36.6.
Each cap is fo be installed on a chimney section in a manner that sheds the water spray gway from the
underside of the cap. The arrangement is to permit any water entering the test*assembly from above to
be observed jat the underside of the chimney assembly and collected.

36.3 The rain test apparatus is to consist of three spray heads mdunted in a water-supply pipe rack
illustrated in Figure 36.1. Spray heads are to be constructed in acgordance with the detailg illustrated in
Figure 36.2. The water pressure for all tests is to be maintained)at’ psig (34.5 kPa) at each spray head.
The spray is [to be directed toward the top and side of the cap. The cap is to be centrally focated within
the spray paftern and the top of the cap under test is to belat least 3 feet (0.9 m) below thg plane of the
lower spray head outlet.
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