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1. Scope*

1.1 This is a fire-test-response standard.

1.2 This test method is designed for the assessment of the
resistance of upholstered furniture mock-up assemblies to
combustion after exposure to smoldering cigarettes under
specified conditions.

1.3 Mock-up testing is useful in assessing the relative
resistance of combustion of materials used in upholstered
furniture such as cover materials, cushioning materials, welts,
etc., in representative combinations disregarding the geometric
arrangement of the seating surfaces, backs, and sides of
furniture items.

1.4 The values stated in inch-pound units are to be regarded
as standard. The values given in parentheses are mathematical
conversions to SI units that are provided for information only
and are not considered standard.

1.5 This standard is used to measure and describe the
response of materials, products, or assemblies to heat and
flame under controlled conditions, but does not by itself
incorporate all factors required for fire hazard or fire risk
assessment of the materials, products, or assemblies under
actual fire conditions.

1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. For specific hazard
statements, see Section 7.

2. Referenced Documents

2.1 ASTM Standards:*
E176 Terminology of Fire Standards

! This test method is under the jurisdiction of ASTM Committee EO5 on Fire
Standards and is the direct responsibility of Subcommittee E05.15 on Furnishings
and Contents.

Current edition approved Sept. 1, 2016. Published October 2016. Originally
approved in 1990. Last previous edition approved in 2008 as E1352 — 08a. DOI:
10.1520/E1352-16.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

E691 Practice for Conducting an Interlaboratory Study to
Determine the Precision of a Test Method

2.2 NFPA Standard:®

NFPA 261 Standard Method of Test for Determining Resis-
tance of Mock-up Upholstered Furniture Material Assem-
blies to Ignition by Smoldering Cigarettes

3. Terminology

3.1 Definitions—For definitions of terms used in this test
method, refer to Terminology E176.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 bolster—pillow or similarly shaped unit containing
upholstery material covered by upholstery cover material that
may or may not be attached to the upholstered furniture item
but is sold and delivered with it.

3.2.2 deck—the upholstered support under the seat cushion
in a loose-seat construction.

3.2.3 furniture mock-up or assembly—a representation of
production furniture that uses the same upholstery cover
material and upholstery material, constructed in the same
manner as in production furniture, but with straight, vertical
sides.

3.2.4 quilted—fused or stitched with thread through the
upholstery cover material and one or more layers of upholstery
material.

3.2.5 tufted—buttoned or laced through the upholstery cover
material and upholstery material.

3.2.6 upholstered furniture—for the purpose of this test
method, a unit of interior furnishing that (/) contains any
surface that is covered, in whole or in part, with a fabric or
related upholstery cover material, (2) contains upholstery
material, and (3) is intended or promoted for sitting or reclining
upon.

3.2.7 upholstery cover material—the outermost layer of
fabric or related material used to enclose the main support
system or upholstery materials, or both, used in the furniture
item.

3 Available from National Fire Protection Association (NFPA), 1 Batterymarch
Park, Quincy, MA 02169-7471, http://www.nfpa.org.

*A Summary of Changes section appears at the end of this standard

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. United States

1


http://dx.doi.org/10.1520/E0176
http://dx.doi.org/10.1520/E0691
http://dx.doi.org/10.1520/E0691
http://www.astm.org/COMMIT/COMMITTEE/E05.htm
http://www.astm.org/COMMIT/SUBCOMMIT/E0515.htm

Ay E1352 - 16

3.2.8 upholstery material—the padding, stuffing, or filling
material used in a furniture item, which may be either loose or
attached, enclosed by an upholstery cover material, or located
between the upholstery cover material and support system, if
present.

3.2.8.1 Discussion—This includes, but is not limited to,
material such as foams, cotton batting, polyester fiberfill,
bonded cellulose, or down.

3.2.9 welt—the piping effect produced when welt cord and
cover fabrics are sewn together for ornamental purposes to
finish the edges between intersecting surfaces of upholstered
furniture cushions, pillows, arms, or backs.

3.2.10 welt cord—the continuous small-diameter cylindrical
material that is wrapped in fabric and sewn as part of the cover
to make a welt edge on upholstered furniture.

4. Summary of Test Method

4.1 This test method is used to evaluate the cigarette
ignition resistance of upholstered furniture by exposing
mock-up upholstered furniture assemblies to lighted cigarettes
as an ignition source.

5. Significance and Use

5.1 This test method is intended to measure the performance
of upholstered furniture material assemblies under conditions
of exposure to smoldering cigarettes. This is accomplished by
testing furniture assemblies.

5.2 This test method is recommended for upholstered fur-
niture used in facilities such as hospitals, nursing homes,
residential-custodial care and supervisory facilities, or in the
public area of facilities such as educational, assembly, or
residential occupancies.

5.3 This test method is not intended to measure the perfor-
mance of upholstered furniture material assemblies under
conditions of open-flame exposure, and does not indicate
whether the assemblies will resist the propagation of flame
under severe fire exposure or when tested in a manner that
differs substantially from the test method.

5.4 The results obtained with a material assembly tested in
mock-up in accordance with this test method do not necessarily
indicate the performance of the same material assembly in
other geometric configurations, such as in production furniture.

6. Apparatus and Materials

6.1 Mock-up—Elements of the mock-up test jigs are illus-
trated in Figs. 1 and 2. Fig. 3 shows the completed mock-up
assemblies.

6.2 The ignition source shall consist of SRM 1196 cigarettes
without filter tips, made from natural tobacco 3.3 = 0.1 in.
(83 =2 mm) long with a tobacco packing density of
0.156 = 0.012 oz/in.* (0.270 + 0.020 g/m®) and a total
weight of 0.039 £ 0.004 oz (1.1 = 0.1 g). Standard Reference
Material SRM 1196 is obtained from the National Institute of
Standards and Technology.

6.3 Sheeting Material—The sheeting material to cover the
test cigarettes shall be 50 % cotton/50 % polyester or 100 %

Material: Nominal 1 in. Frame Stock
FIG. 1 Frame for Upholstered Furniture Mock-Up Test

12 by 20in.
(305 by 508 mm)
133 by 211in.

(343 by 533 mm)

(a) Seat Support System

133 by 19 in. (343 by 483 mm)

18 by 223 in. (457 by 572 mm)

Material: Nominal —;- in.- thick Plywood

(b) Panel for Seat Cushion, Side, and Back
FIG. 2 Panels for Upholstered Furniture Mock-Up Test

cotton bed sheeting material weighing 3.7 + 0.8 oz/yd*
(125 + 28 g/m?). The material shall be laundered in an
automatic home clothes washing machine and dried in a tumble
drier at least once before use. For testing, the sheeting material
shall be cut into pieces approximately 5 by 5 in. (12.5 by 12.5
cm).

6.4 Test Area, equipped with a suitable system for exhaust-
ing smoke and noxious gases produced during testing. The test
shall be carried out in a draft protected area. The maximum
airflow across the sample face shall be less than 50 ft (15.2
m)/min.

6.5 Extinguishing Equipment:

6.5.1 Pressurized-Water Fire Extinguisher, or other suitable
fire-extinguishing equipment, immediately available.

6.5.2 Water Botte, fitted with a spray nozzle to extinguish
any ignited portions of the mock-up.
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(b) Seat Cushion, Side, and Back

FIG. 3 Upholstered Furniture Mock-Up Test

6.5.3 Bucket of Water, for immersing smoldering or burning
materials removed from the mock-up.

6.5.4 Tongs, to handle smoldering materials prior to immer-
sion.

6.5.5 Gloves.

6.5.6 Breathing Apparatus.

6.6 Miscellaneous—Other apparatus required to carry out
the testing are:

6.6.1 Straight Pins.

6.6.2 Knife or Scissors.

6.6.3 Linear Scale, at least 6 in. (15 cm) long and graduated
in inches or millimeters in Y10 or Yie-in. divisions.

7. Hazards

7.1 Warning—Even under the most carefully observed
conditions, smoldering combustion can progress to a point
where it cannot be readily extinguished. It is imperative that a
test be discontinued as soon as continuing combustion has
definitely occurred. Immediately wet the exposed area with a
water spray from the water bottle, remove the charred or
burned material, and immerse the material in a bucket of water.
Ventilate the test area.

7.2 Products of combustion can be irritating and dangerous
to test personnel. Test personnel must avoid exposure to smoke
and gases produced during testing as much as possible. The use
of a large hood with a low air velocity during testing is
advisable, as a means to remove products of combustion.

8. Test Specimen

8.1 Specimen Conditioning—Condition test samples,
cigarettes, and sheeting material at a temperature of
73.4 = 9°F (23 = 5°C) and a relative humidity of 50 £ 5 %

for at least 24 h immediately prior to testing. If the test room
conditions do not meet the above specifications, then testing
shall be initiated within 10 min after the materials are removed
from the conditioned room. The mock-up assembly shall be
constructed in the conditioned area.

8.2 General—Produce furniture mock-up by arranging up-
holstery cover material and upholstery materials in the same
sequence as they were used in the production furniture.
Construct the various parts of the mock-up as described in 8.2
— 8.7. In all cases, the arrangement and thickness of upholstery
material in the mock-up shall reproduce the construction
details of the production furniture being evaluated.

8.3 Loose Seat Cushions—Make seat cushions in the same
size and manner and with the same material as production
furniture. The cushion thickness shall be a maximum of 5 in.
(13 cm).

8.3.1 Exception—Use cushions sized 25 by 22 in. (68 by 55
cm) if actual cushion dimensions exceed these values.

8.4 Decks—Prepare decks (if they are part of the furniture
item) by attaching to the horizontal panel (Fig. 2(a)) of the test
apparatus the same materials in the same thickness as used in
the actual furniture construction. Stretch decking or upholstery
cover material over the upholstery materials and securely
fasten to the underside of the wood panel.

8.5 Tight Seat—If the type of furniture item is constructed
with only tight seats, duplicate the seat for test in mock-up.
Tight seat cushions shall be 18 = 2 by 22 = 2 in. (45 £ 5 by
55 %5 cm) and made of the same fabric and the same
thickness used in production furniture. Attach the cushion
assembly to the horizontal panel of the test apparatus (see Fig.
2(b)) by extending the upholstery cover material around the
panel edges and fastening the cover material to the underside of
the wood panel.

8.6 Side and Back Panels—Furniture sides and backs shall
be mocked-up if, in the type of furniture to be represented by
the mock-up, they are within 1 in. (2.5 cm) of a seat cushion.
Make the mock-ups by upholstering one surface of the vertical
test panel (see Fig. 2(b)) with the same upholstery material and
upholstery cover material used in production furniture. Stretch
the upholstery cover material over the upholstery material and
fasten to the back side of the framework. Cover all edges of the
panels with cover material. If the side and back construction of
the furniture item are the same, only one vertical panel need be
assembled and tested.

8.7 Bolsters—Bolsters resting on the seat cushion or sus-
pended above it tend to confine the heat from the cigarette and
often present a spatial arrangement different from the crevice.
In such cases, prepare a mock-up bolster with dimensions to fit
into the mock-up arrangement and which presents to the
cigarette the same spatial arrangement as in production furni-
ture.

8.8 Armrests and Tops of Backs—Test tops of armrests and
back if (/) they present a surface large enough and so oriented
as to support a cigarette and (2) if the construction differs in
any way from the side-panel and back-panel constructions.
Make tops of armrests and backs by upholstering a piece of
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0.5-in. (1.3-cm) thick plywood, approximately 12 by 20 in. (30
by 50 cm) with the same materials used in the furniture item.
The mock-up shall reproduce significant details of the con-
struction of production furniture.

9. Procedure

9.1 Assemble a mock-up test sample by attaching the side or
back panels, or both, to the mock-up frame and placing a seat
cushion (either loose or tight seat construction) against the
panels, as shown in Fig. 3(). Place the assembly on a table or
platform in the test area under an exhaust hood or other suitable
means for exhausting the products of combustion from testing.
Test separately the decks for loose cushion items, top of
armrests, and backs. In some cases, the test to evaluate
upholstered furniture material assemblies for cigarette ignition
resistance will require two vertical panels, one seat cushion
(loose or tight), one bolster, one deck, one top of armrest, and
one top of back.

9.2 Burn at least three cigarettes on each surface location
(see Fig. 3(a) and (b)). These locations include crevice(s)
where seat cushion and vertical panels meet, seat cushion
surfaces (including welt and smooth, quilted or tufted areas),
top of upholstered arm rest, tops of upholstered back, and deck.

9.3 For crevice locations, place the two cigarettes next to the
center cigarette in the crevice so that their butt ends burn out at
least 3 in. (7.5 cm) from the outermost edge of the side of the
back panel. Place the cigarettes horizontally. Place two of the
three cigarettes so that their entire length burns out against the
welt cord and the vertical panel surface. Place the third
cigarette so that its entire length burns out against the welt cord
and a horizontal surface of the seat cushion.

9.4 Each test cigarette shall be well-lighted and burned not
more than 0.16 in. (4 mm) when placed on a specific test
location. After placement, cover each cigarette with a piece of
sheeting material. For crevice tests, pin one end of the sheeting
material to the vertical panels (approximately 2 in. (5 cm)
above the cigarette) and drop the remaining material to
completely cover the test cigarette. For all tests, ensure that a
good sheeting material-to-cigarette contact is made by running
one’s finger across the full length of the covered cigarette.

9.5 To test a seat cushion (either loose or tight), burn three
covered cigarettes on each different surface location encoun-
tered.

9.5.1 For the purposes of this test, consider smooth surfaces,
welt edges, fused or threaded portions of quilts, and tuft
depressions as different surface locations on a seat cushion.
Arrange test cigarettes so that the butt ends burn out on the
threads of a quilt or in tuft depressions. The smooth surface of
a quilted or tufted cushion is not required to be tested. For
smooth surface cushions, burn the test cigarettes in the center
of the cushion.

9.6 Burn three test cigarettes on each horizontal mock-up
test panel duplicating armrests, tops of backs, and seat cushion
support systems. Burn one cigarette at the center of the panel
and the other two at least 3 in. (7.5 cm) from the edges of the
test panel. See Fig. 3(a) for the location of the cigarettes on the
test panels.

9.7 A test on any location is considered complete when any
of the following occurs:

9.7.1 Three cigarettes in a given location have burned their
full lengths without sustained ignition,

9.7.2 Three cigarettes in a given location have extinguished
before burning their full lengths, or

9.7.3 Three cigarettes in a given location sustained ignition.

9.8 If continuing ignition occurs (that is, fabric and filling
materials are ignited and are smoldering and generating smoke
at a rapid rate), there is no need to wait until a cigarette has
burned its full length; stop the test and extinguish the burning
material. Ventilate the test room and record an ignition for the
cigarette test location.

9.9 Char Length Measurement:

9.9.1 If the cigarette burns to completion in a test location,
measure the maximum char length in any direction of any
material from the nearest point of the original location of the
cigarette.

9.9.2 Record the char length measurement for each
cigarette, except when the cigarette has extinguished without
burning to completion or where continuing combustion occurs.
If the char from one cigarette runs into that from another, the
results of the test are invalid and the test shall be repeated
running one cigarette at a time. Disassemble all mock-ups.

9.9.3 If, when disassembling the apparatus, it is shown that
smoldering is still in progress, then the test is invalid and must
be repeated.

10. Report

10.1 Record the maximum char distance, measured to the
nearest 0.1 in. (0.2 cm) from the nearest point of the original
location of the test cigarette, for each cigarette location, except
when a continuing combustion occurs. In this case, record an
ignition for the test location. Measurements exceeding 2 in.
(5.1 cm) shall be reported as follows: >2 in.

11. Precision and Bias*

11.1 Precision:

11.1.1 An interlaboratory evaluation was performed to pro-
vide an estimate of the precision of the test method, wherein 5
laboratories tested 12 systems, each with 8 different fabrics.
The individual fabrics in each class are identified as Sample 1
through 8 on Tables 1-5. The systems tested, in triplicate, are
as shown in 11.1.1.1 — 11.1.1.12.

11.1.1.1 Fabric class fiberglass.

11.1.1.2 Fabric class untreated cotton.

11.1.1.3 Cover fabric FR cotton.

11.1.1.4 Back seat FR cotton.

11.1.1.5 Back seat foam.

11.1.1.6 Back seat PE/FR cotton.

11.1.1.7 Side seat FR cotton.

11.1.1.8 Side seat foam.

11.1.1.9 Side seat 1 in. PE/FR cotton.

11.1.1.10 Cushion foam.

+ Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report: RR:E01-1009.
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TABLE 1 Interlaboratory Study for ASTM E1352 (Results in in.)

Class of Test Material Average STD Repeat STD Repro r R
Fabric Class Fiberglass Sample 1 0.647 0.089 0.136 0.25 0.38
Sample 2 1.927 0.128 0.195 0.36 0.54
Sample 3 0.573 0.070 0.106 0.20 0.30
Sample 4 0.620 0.056 0.083 0.16 0.23
Sample 5 1.800 0.256 0.352 0.72 0.98
Sample 6 1.053 0.277 0.608 0.78 1.70
Sample 7 0.753 0.191 0.259 0.53 0.72
Sample 8 0.567 0.037 0.061 0.10 0.17
Fabric Class Untreated Cotton Sample 1 1.100 0.278 0.700 0.78 1.96
Sample 2 1.467 0.299 0.563 0.84 1.58
Sample 3 0.493 0.060 0.137 0.17 0.38
Sample 4 0.793 0.174 0.551 0.49 1.54
Sample 5 1.660 0.393 0.565 1.10 1.58
Sample 6 1.440 0.405 0.614 1.13 1.72
Sample 7 1.680 0.280 0.558 0.78 1.56
Sample 8 1.180 0.411 0.687 1.15 1.92
Cover Fabric FR Cotton Sample 1 0.853 0.303 0.310 0.85 0.87
Sample 2 1.087 0.224 0.534 0.63 1.50
Sample 3 0.573 0.042 0.152 0.12 0.43
Sample 4 0.693 0.084 0.141 0.24 0.40
Sample 5 1.273 0.280 0.740 0.79 2.07
Sample 6 0.900 0.420 0.512 1.18 1.43
Sample 7 1.133 0.307 0.498 0.86 1.39
Sample 8 0.733 0.084 0.124 0.24 0.35
Back Seat FR Cotton Sample 1 0.467 0.060 0.170 0.17 0.48
Sample 2 0.567 0.037 0.246 0.10 0.69
Sample 3 0.493 0.047 0.156 0.13 0.44
Sample 4 0.520 0.063 0.172 0.18 0.48
Sample 5 0.607 0.149 0.452 0.42 1.27
Sample 6 0.533 0.073 0.324 0.20 0.91
Sample 7 0.533 0.056 0.237 0.16 0.66
Sample 8 0.407 0.089 0.162 0.25 0.45
Back Seat Foam Sample 1 0.547 0.079 0.181 0.22 0.51
Sample 2 1.920 0.253 0.273 0.71 0.77
Sample 3 0.487 0.047 0.228 0.13 0.64
Sample 4 0.573 0.070 0.162 0.20 0.45
Sample 5 1.713 0.042 0.642 0.12 1.80
Sample 6 0.700 0.101 0.345 0.28 0.97
Sample 7 1.133 0.335 0.601 0.94 1.68
Sample 8 0.620 0.076 0.228 0.21 0.64
Back Seat PE/FR Cotton Sample 1 0.413 0.042 0.124 0.12 0.35
Sample 2 0.607 0.267 0.413 0.75 1.16
Sample 3 0.600 0.052 0.187 0.14 0.52
Sample 4 0.533 0.070 0.212 0.20 0.59
Sample 5 0.573 0.042 0.223 0.12 0.62
Sample 6 0.580 0.067 0.257 0.19 0.72
Sample 7 0.527 0.052 0.226 0.14 0.63
Sample 8 0.500 0.047 0.159 0.13 0.45

11.1.1.11 Cushion FR cotton.

11.1.1.12 Cushion 1 in. PE/FR cotton.

11.1.2 The statistical analyses for repeatability and repro-
ducibility were conducted in two ways: based on actual
measurements of char length (as the standard requires; see
11.1.3) and based on pass/fail (see 11.1.4). This test, in
practical use, is a pass/fail test.

11.1.3 The results of the statistical analysis for repeatability
and reproducibility of the individual systems in the interlabo-
ratory study, determined in accordance with Practice E691
(although the number of laboratories is lower than recom-
mended by Practice E691), are shown in Tables 1 and 2. This
is the analysis involving actual numerical results. Results of
over 2 in. were not reported by the laboratories. Therefore, any

result greater than 2 in. was considered to be 2 in., because
testing was discontinued at this point, the maximum char
length usually permitted by users. The precision calculated by
assuming that the maximum char length measurement is 2.0 in.
does not address the precision of the measurement over the
entire possible range, but includes all values up to the point of
failure, which are the measurements of concern. Figs. 4 and 5
present the plot of reproducibility vs. repeatability and repro-
ducibility variance vs. repeatability variance, for this analysis,
respectively, as part of the information derived from Practice
E691. The abbreviations used are: STD Repeat: standard
deviation of the repeatability; STD Repro: standard deviation
of the reproducibility; r: system repeatability; and R: system
reproducibility.
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TABLE 2 Interlaboratory Study for ASTM E1352 (Results in in.) (Table 1 continued)

Class of Test Material Average STD Repeat STD Repro r R
Side Seat FR Cotton Sample 1 0.467 0.067 0.224 0.19 0.63
Sample 2 0.533 0.105 0.251 0.30 0.70
Sample 3 0.407 0.037 0.129 0.10 0.36
Sample 4 0.527 0.047 0.240 0.13 0.67
Sample 5 0.513 0.092 0.264 0.26 0.74
Sample 6 0.427 0.056 0.149 0.16 0.42
Sample 7 0.467 0.042 0.183 0.12 0.51
Sample 8 0.460 0.030 0.225 0.08 0.63
Side Seat Foam Sample 1 0.527 0.067 0.178 0.19 0.50
Sample 2 1.920 0.132 0.209 0.37 0.58
Sample 3 0.513 0.047 0.200 0.13 0.56
Sample 4 0.560 0.063 0.214 0.18 0.60
Sample 5 1.360 0.389 0.710 1.09 1.99
Sample 6 0.713 0.084 0.281 0.24 0.79
Sample 7 0.920 0.094 0.649 0.26 1.82
Sample 8 0.587 0.067 0.197 0.19 0.55
Side Seat 1 in. PE/FR Cotton Sample 1 0.407 0.056 0.165 0.16 0.46
Sample 2 0.553 0.037 0.206 0.10 0.58
Sample 3 0.560 0.056 0.219 0.16 0.61
Sample 4 0.540 0.042 0.212 0.12 0.59
Sample 5 0.527 0.056 0.202 0.16 0.56
Sample 6 0.573 0.052 0.122 0.14 0.34
Sample 7 0.507 0.030 0.232 0.08 0.65
Sample 8 0.480 0.037 0.199 0.10 0.56
Cushion Foam Sample 1 0.320 0.037 0.114 0.10 0.32
Sample 2 0.427 0.052 0.198 0.14 0.55
Sample 3 0.360 0.047 0.173 0.13 0.49
Sample 4 0.380 0.030 0.163 0.08 0.46
Sample 5 0.393 0.030 0.164 0.08 0.46
Sample 6 0.413 0.030 0.145 0.08 0.41
Sample 7 0.373 0.047 0.162 0.13 0.45
Sample 8 0.347 0.021 0.195 0.06 0.54
Cushion FR Cotton Sample 1 0.353 0.042 0.131 0.12 0.37
Sample 2 0.807 0.276 0.796 0.77 2.23
Sample 3 0.393 0.021 0.188 0.06 0.53
Sample 4 0.420 0.037 0.181 0.10 0.51
Sample 5 1.027 0.021 0.899 0.06 2.52
Sample 6 0.360 0.047 0.163 0.13 0.46
Sample 7 0.447 0.030 0.226 0.08 0.63
Sample 8 0.373 0.047 0.156 0.13 0.44
Cushion 1 in. PE/FR Cotton Sample 1 0.313 0.042 0.179 0.12 0.50
Sample 2 0.400 0.037 0.210 0.10 0.59
Sample 3 0.433 0.047 0.264 0.13 0.74
Sample 4 0.387 0.037 0.266 0.10 0.74
Sample 5 0.413 0.030 0.257 0.08 0.72
Sample 6 0.440 0.030 0.284 0.08 0.80
Sample 7 0.420 0.047 0.243 0.13 0.68
Sample 8 0.400 0.030 0.176 0.08 0.49

11.1.4 The results of the statistical analysis for repeatability
and reproducibility of the individual systems, for the interlabo-
ratory study, with the data analyzed as if they produce pass/fail
results (fail was taken to be a value of over 2.0 in.) are shown
in Tables 3 and 4. Test results greater than 2.0 in. were assigned
a “Fail” value of 0 and test results less than 2.0 were assigned
a “Pass” value of 1. This analysis was conducted assuming that
there can be two possible outcomes: Pass or Fail. Figs. 6 and
7 present the plot of reproducibility vs. repeatability and

reproducibility variance vs. repeatability variance, for this
analysis, respectively. Abbreviations are as in Tables 1 and 2.°

11.1.5 Table 5 contains the overall repeatability and repro-
ducibility of the test, analyzed both ways. The precision of the

S For additional information, see Ohlemiller, T.J., Villa, K.M., Braun, E.,
Eberhardt, K.R., Harris, R.H., Lawson, J.R., and Gann, R.G., “Test Methods for
Quantifying the Propensity of Cigarettes to Ignite Soft Furnishings,” NIST Special
Publication 851, National Institute of Standards Technology, Gaithersburg, MD,
1993.
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TABLE 3 Interlaboratory Study for ASTM E1352 (Results as Pass/Fail)

Class of Test Material Average STD Repeat STD Repro r R
Fabric Class Fiberglass Sample 1 1.00 0.00 0.00 0.00 0.00
Sample 2 0.13 0.20 0.30 0.55 0.83
Sample 3 1.00 0.00 0.00 0.00 0.00
Sample 4 1.00 0.00 0.00 0.00 0.00
Sample 5 0.27 0.26 0.43 0.71 1.22
Sample 6 0.73 0.26 0.43 0.71 1.22
Sample 7 1.00 0.00 0.00 0.00 0.00
Sample 8 1.00 0.00 0.00 0.00 0.00
Fabric Class Untreated Cotton Sample 1 0.67 0.27 0.47 0.76 1.32
Sample 2 0.53 0.29 0.51 0.81 1.42
Sample 3 1.00 0.00 0.00 0.00 0.00
Sample 4 0.87 0.20 0.30 0.55 0.83
Sample 5 0.27 0.26 0.37 0.71 1.02
Sample 6 0.47 0.29 0.45 0.81 1.25
Sample 7 0.27 0.26 0.43 0.71 1.22
Sample 8 0.60 0.28 0.43 0.79 1.22
Cover Fabric FR Cotton Sample 1 0.93 0.14 0.15 0.40 0.42
Sample 2 0.93 0.14 0.15 0.40 0.42
Sample 3 1.00 0.00 0.00 0.00 0.00
Sample 4 1.00 0.00 0.00 0.00 0.00
Sample 5 0.53 0.29 0.51 0.81 1.42
Sample 6 0.87 0.20 0.18 0.55 0.51
Sample 7 0.87 0.20 0.30 0.55 0.83
Sample 8 1.00 0.00 0.00 0.00 0.00
Back Seat FR Cotton Sample 1 1.00 0.00 0.00 0.00 0.00
Sample 2 1.00 0.00 0.00 0.00 0.00
Sample 3 1.00 0.00 0.00 0.00 0.00
Sample 4 1.00 0.00 0.00 0.00 0.00
Sample 5 1.00 0.00 0.00 0.00 0.00
Sample 6 1.00 0.00 0.00 0.00 0.00
Sample 7 1.00 0.00 0.00 0.00 0.00
Sample 8 1.00 0.00 0.00 0.00 0.00
Back Seat Foam Sample 1 1.00 0.00 0.00 0.00 0.00
Sample 2 0.07 0.00 0.00 0.00 0.00
Sample 3 1.00 0.00 0.00 0.00 0.00
Sample 4 1.00 0.00 0.00 0.00 0.00
Sample 5 0.20 0.00 0.00 0.00 0.00
Sample 6 1.00 0.00 0.00 0.00 0.00
Sample 7 0.73 0.00 0.00 0.00 0.00
Sample 8 1.00 0.00 0.00 0.00 0.00
Back Seat PE/FR Cotton Sample 1 1.00 0.00 0.00 0.00 0.00
Sample 2 0.93 0.14 0.15 0.40 0.42
Sample 3 1.00 0.00 0.00 0.00 0.00
Sample 4 1.00 0.00 0.00 0.00 0.00
Sample 5 1.00 0.00 0.00 0.00 0.00
Sample 6 1.00 0.00 0.00 0.00 0.00
Sample 7 1.00 0.00 0.00 0.00 0.00
Sample 8 1.00 0.00 0.00 0.00 0.00

pass/fail data is significantly better than that of the numerical
data. The abbreviations used are as follows: Avg: average; 1:
overall repeatability; R: overall reproducibility; Coeff STD fit:
multiplicative coefficient of the linear regression analysis of
reproducibility vs. repeatability; Coeff Variance fit: multiplica-
tive coefficient of the linear regression analysis of reproduc-
ibility variance vs. repeatability variance; RSQ STD fit: linear
least squares correlation coefficient of the fit between repro-
ducibility and repeatability; RSQ Variance fit: linear least
squares correlation coefficient of the fit between reproducibility
variance and repeatability variance. The lack of fit indicates
simply that r and R are not correlated, which is not required for
adequate precision.

11.2 Bias—The true value of cigarette ignition resistance of
upholstered furniture composites can only be defined in terms
of a test method. Within this limitation, this test method has no
known bias and is generally accepted as a referee method.

12. Keywords

12.1 cigarette; furniture; ignition; mock-up; resistance;
upholstered
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TABLE 4 Interlaboratory Study for ASTM E1352 (Results as Pass/Fail) (Table 3 continued)

Class of Test Material Average STD Repeat STD Repro r R
Side Seat FR Cotton Sample 1 1.00 0.00 0.00 0.00 0.00
Sample 2 1.00 0.00 0.00 0.00 0.00
Sample 3 1.00 0.00 0.00 0.00 0.00
Sample 4 1.00 0.00 0.00 0.00 0.00
Sample 5 1.00 0.00 0.00 0.00 0.00
Sample 6 1.00 0.00 0.00 0.00 0.00
Sample 7 1.00 0.00 0.00 0.00 0.00
Sample 8 1.00 0.00 0.00 0.00 0.00
Side Seat Foam Sample 1 1.00 0.00 0.00 0.00 0.00
Sample 2 0.13 0.20 0.30 0.55 0.83
Sample 3 1.00 0.00 0.00 0.00 0.00
Sample 4 1.00 0.00 0.00 0.00 0.00
Sample 5 0.47 0.29 0.45 0.81 1.25
Sample 6 1.00 0.00 0.00 0.00 0.00
Sample 7 0.80 0.23 0.45 0.65 1.25
Sample 8 1.00 0.00 0.00 0.00 0.00
Side Seat 1 in. PE/FR cotton Sample 1 1.00 0.00 0.00 0.00 0.00
Sample 2 1.00 0.00 0.00 0.00 0.00
Sample 3 1.00 0.00 0.00 0.00 0.00
Sample 4 1.00 0.00 0.00 0.00 0.00
Sample 5 1.00 0.00 0.00 0.00 0.00
Sample 6 1.00 0.00 0.00 0.00 0.00
Sample 7 1.00 0.00 0.00 0.00 0.00
Sample 8 1.00 0.00 0.00 0.00 0.00
Cushion Foam Sample 1 1.00 0.00 0.00 0.00 0.00
Sample 2 0.92 0.00 0.00 0.00 0.00
Sample 3 1.00 0.00 0.00 0.00 0.00
Sample 4 1.00 0.00 0.00 0.00 0.00
Sample 5 0.75 0.00 0.00 0.00 0.00
Sample 6 1.00 0.00 0.00 0.00 0.00
Sample 7 1.00 0.00 0.00 0.00 0.00
Sample 8 1.00 0.00 0.00 0.00 0.00
Cushion FR cotton Sample 1 1.00 0.00 0.00 0.00 0.00
Sample 2 1.00 0.16 0.17 0.45 0.47
Sample 3 1.00 0.00 0.00 0.00 0.00
Sample 4 1.00 0.00 0.00 0.00 0.00
Sample 5 1.00 0.25 0.50 0.70 1.40
Sample 6 1.00 0.00 0.00 0.00 0.00
Sample 7 1.00 0.00 0.00 0.00 0.00
Sample 8 1.00 0.00 0.00 0.00 0.00
Cushion 1 in. PE/FR Cotton Sample 1 1.00 0.00 0.00 0.00 0.00
Sample 2 1.00 0.00 0.00 0.00 0.00
Sample 3 1.00 0.00 0.00 0.00 0.00
Sample 4 1.00 0.00 0.00 0.00 0.00
Sample 5 1.00 0.00 0.00 0.00 0.00
Sample 6 1.00 0.00 0.00 0.00 0.00
Sample 7 1.00 0.00 0.00 0.00 0.00
Sample 8 1.00 0.00 0.00 0.00 0.00

TABLE 5 Repeatability and Reproducibility of Test Method

Numerical data Pass/Fail
Avg 0.69 0.90
r 0.30 0.16
R 0.80 0.24
Coeff STD fit 1.95 1.59
Coeff Variance fit 3.01 2.70
RSQ STD fit 0.18 0.97
RSQ Variance fit 0.31 0.93
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APPENDIXES

(Nonmandatory Information)

X1. COMMENTARY

X1.1 Introduction—The test for determining the smolder-
ing cigarette ignition resistance of mock-up furniture material
assemblies was developed by the National Institute of Stan-
dards and Technology for the Consumer Product Safety
Commission, with the cooperation of various industry groups
and individuals. The work was done in response to data
indicating that cigarette ignition of upholstered furniture is a
major cause of life loss due to fire in the United States.

X1.2 Equivalent Standard—NFPA 261 is technically
equivalent to this test method.

X1.3  Nature of Test

X1.3.1 Upholstered furniture consists of upholstery cover
fabric and interior components (filling/padding), such as foam,
polyester fibers, or cotton batting. Often a welt cord is attached
to the pillow and other edges of the upholstery. These materials
are arranged in complex geometrical forms, including flat,
tufted, convex, concave, and horizontal and vertical surfaces.
Both the combination of fabric and filling/padding materials,
and their geometrical arrangement, affect their propensity to
ignite when exposed to burning cigarettes.

X1.3.2 During original development, it was attempted to
develop separate tests for each of the component materials:
fabric, filling/padding, and welt cord. It soon became obvious
that there was considerable interaction among these

10

components, and it was decided that they would have to be
tested in the combination in which they would be used in the
actual furniture. However, to avoid the cost and effort required
to build prototype furniture for each combination of materials,
the test is limited to a simple mock-up of the seating-surface
and vertical members, with the fabric, filling/padding, and welt
cord arranged as in the proposed construction of the furniture.

X1.4 Experimental Studies—In the only controlled study,
the relationship of the mock-up test to the performance of
actual furniture was shown to be good.

X1.4.1 Thirty-eight chair locations in both mock-up and
full-size were tested by three laboratories for a total of 114
tests. Fourteen test locations out of 114 gave different results
for the mock-up than for the actual item of furniture. There was
87 % agreement.

X1.5 Agreement Between Laboratories—In the only con-
trolled study,® the agreement between laboratories was good.

X1.5.1 More than 2200 total tests were conducted on
mock-ups in 38 laboratories. One hundred twenty-six test
results differed from the majority. There was 94 % agreement.

© Loftus, J., Back-Up Report for the Proposed Standard for the Flammability
(Cigarette Ignition Resistance) of Upholstered Furniture (PFF6), NBSIR 78-1438,
National Bureau of Standards, PFF6-76, June 1978.
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X2. CIGARETTE IGNITION SOURCE

X2.1 In previous editions of this test method, the ignition
source was a commercially available cigarette identified by
certain characteristics which corresponded to an unfiltered Pall
Mall cigarette. Based on regulations for reduced ignition
propensity cigarettes, these particular cigarettes are no longer
available in the United States. That cigarette has been replaced
by the manufacturer with a banded cigarette that meets the
regulations for reduced ignition propensity. Banded cigarettes
very frequently go out when placed on a test substrate. Since
the test requires that a test cigarette burn its full length, the new

version of the old test cigarette is not usable. NIST had samples
of the old cigarettes and was able to characterize their ignition
propensity. They commissioned cigarettes to be manufactured
to those specifications. Then they verified that the new ciga-
rettes met the physical and performance requirements of the
previously used cigarettes. These cigarettes are now available
from NIST as SRM 1196, one of over 2000 Standard Reference
Materials that they produce for various uses. In view of this,
the test method has been changed to reflect the use of the SRM
1196 cigarette in 6.2.

SUMMARY OF CHANGES

Committee EO5 has identified the location of selected changes to this standard since the last issue (08a) that
may impact the use of this standard. (Approved Oct. 1, 2016.)

(1) 6.2 was revised.

(2) X2.1 was added.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.
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