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F288-07/08
3603.2, Chapter 45 (New)

Proponent: Cynthia A. Wilk, Department of Community Affairs-Division of Codes and Standards, State of NJ

1. Revise as follows:

3603.2 Quantities exceeding the maximum allowable quantity per control area. The storage and use of
flammable solids exceeding the maximum allowable quantity per control area as indicated in Section 2703.1 shall be in

accordance with Chapter 27 and this chapter.

Exception: Buildings storing mattresses containing polyurethane foam that have been tested and meet the
criteria of 16 CFR Part 1633 are not required to comply with this chapter and Chapter 27.

ICC PUBLIC HEARING ::: February 2008 F263



2_ Add standard to Chapter 45 as follows:

CPSC
16 CFR Part 1633-06 Standard for the Flammability of Mattress Sets

Reason: (IFC) Using the definitions set forth in the International Fire Code Section 3602.1 polyurethane foam has been identified to be a flammable
solid. Tests have documented that polyurethane foam meets both the “burns so vigorously and persistently when ignited...” and the "self sustained
flame rate of greater than 0.1 inch (2.5mm) per second...” benchmarks'. This creates a large impact applying the fire code to storage and
mercantile facilities that contain both upholstered furniture and mattresses. The proper application of the code with this new information would
require compliance with this chapter due to the presence of flammable solids. While this may not be widely known or understood by enforcers or the
regulated community, it is nevertheless substantiated by current code language and laboratory analysis.

The proposed exception will provide a remedy for all Group S and M occupancies that store, display, and sell mattresses. The CPSC Standard
16 CFR Part 1633 tests the mattress assembly as it is produced which more accurately represents the hazard as a whole. As per section 1633.3(b)
of the CPSC Standard, the mattress set is deemed to comply when the test specimen meets both of the following criteria: (1) The peak rate of heat
release does not exceed 200 Kilowatts at any time within the 30 minute test and (2) The total heat release does not exceed 15 megajoules for the
first ten minutes of the test. Without this exception, facilities that store, display or sell mattresses, like those facilities that store, display or sell
upholstered furniture containing polyurethane foam, would be required to comply with Chapter 36 and Chapter 27.

16 CFR1500.44 Testing For National Association of State Fire Marshals on Poly Foam/ Vtec #100-2519-2/Tested: November 2, 2006. VTEC
Laboratories Inc.

Cost Impact: The code change proposal will reduce the cost of construction.

Analysis: A review of the standard proposed for inclusion in the code, CPSC 16 CFR Part 1633-06, for compliance with ICC criteria for referenced
standards given in Section 3.6 of Council Policy #CP 28 will be posted on the ICC website on or before January 15, 2008.

Public Hearing: Committee: AS AM D
Assembly: ASF AMF DF
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Do open flame ignition resistance treatments for cellulosic and
cellulosic blend fabrics also reduce cigarette ignitions?

P. J. Wakelyn!*' P. K. Adair® and R. H. Barker®

Y National Cotton Council, 1521 New Hampshire Avenue, Washington, DC 20036, U.S.A4.
2 American Textile Manufacturers Institute, 1130 Connecticut Ave., Suite 1200, Washington, DC 20036, U.S.A.
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SUMMARY

Mattresses/bedding and upholstered furniture are subject to ignition by cigarettes (smoulder) and open
flames leading to injuries, fatalities and property damage. There are mandatory and voluntary cigarette
ignition standards in the USA for mattresses (16 CFR 1632) and upholstered furniture (UFAC voluntary
standards) as well as open flame ignition standards in California (TB 117) and the UK (BS 5852). Open
flame ignition standards are being considered/developed for these products. Some suggest that fire
retardant (FR) treatments to prevent/reduce open flame ignitions also reduce cigarette ignitions. Some
reports suggest that the smoulder ignition propensity of some cellulosic fabrics can be affected adversely by
open flame ignition resistance treatments. Ignitions caused by cigarettes and open flames result from
different types of combustion that are retarded by different mechanisms. Flaming combustion is a gas
phase reaction and occurs when heat causes degradation of the polymer releasing volatile products that
undergo rapid oxidation in the air, whereas smouldering combustion is a direct oxidation of either the
polymer or its char. The results of textile/fibre industry studies with FR treated upholstery fabrics and a
critical review of the available published literature indicate that cigarette ignition propensity of cellulose
fabrics is complicated and affected by many factors and that smoulder ignition resistance of these fabrics
can be affected adversely by open flame ignition resistance treatments. Copyright © 2004 John Wiley &
Sons, Ltd.

1. INTRODUCTION

Mattresses/bedding and upholstered furniture (‘soft furnishings’) can be ignited by cigarettes
and open flames (e.g. matches, cigarette lighters, candles) leading to injuries, fatalities and
property damage. The US Consumer Product Safety Commission (CPSC) and some US states
are considering/developing open flame ignition standards for these products [1-4]. There are
already mandatory and voluntary cigarette ignition standards in the USA for mattresses [5,6]
and upholstered furniture (UFAC voluntary standards; [7]) as well as open flame ignition
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16 P.J. WAKELYN, P. K. ADAIR AND R. H. BARKER

standards for furniture in California [8§—12] and the UK [13]. It is suggested by CPSC that fire
retardant (FR) treatments to prevent/reduce open flame ignitions also reduce cigarette ignitions
[2]. However, many reports suggest that the smoulder ignition propensity of some 100%
celiulosic and predominately cellulosic fabrics can be affected by some open flame ignition
resistance treatments.

Cotton is greater than 50% of the fibre used in the US upholstery and slip cover market
(871 600/1 513 500 217.7 kg (480 1b) bales] [14,15]. It is estimated that cotton and cotton blend
fabrics are more than 40% of the present US upholstered furniture fabric market [45]. Cotton is
also over 40% of the fibre used in the mattress/filled bedding market in the US (484 000/1 164
000 bales) [14-16]. This paper considers the effect of open flame ignition treatments for cellulosic
and cellulosic blend fabrics on smoulder ignition propensity. The results of an industry study are
presented and the available published literature is reviewed.

1.1. Combustion

Once ignited, virtually all common textile fabrics will burn. Textile fabrics burn by two distinctly
different processes. Since the fibres that make up the fabrics are composed of large, non-volatile
polymers, flaming combustion (e.g. that caused by an open flame source, such as a match)
requires that the polymer undergo decomposition to form the small, volatile organic compounds
that constitute the fuel for the flame. The combustion of polymers is a very complex, rapidly
changing system that is not yet fully understood [17,18]. For many common polymers, this
decomposition is primarily pyrolytic with little or no thermo-oxidative character. Smouldering
or glowing combusiion (e.g. that caused by a cigaretite) on the other hand involves direct
oxidation of the polymer and/or chars and other non-volatile decomposition products. The
general smouldering behavior of cotton fabric was approximately described by Krasny [19] and
Ohlemiller [20]. Gases and chars can be produced by two different paths (oxidation and
pyrolysis [in the absence of air]) and may differ in their chemical nature. Unfortunately,
smouldering is also subject to acceleration by common alkali metal ions such as sodium,
potassium or calcium [21-25], which occur in varying levels in USA and foreign cottons [26].
These metal ions catalyse the oxidation reaction, producing more rapid heat release and
promoting smouldering. Cotton in both the raw state and as dyed and finished fabric frequently
contains metal ions in sufficient quantity to cause smouldering when exposed to a cigarette or
similar ignition source. The source of the fibre, level of preparation and treatment water (water
hardness) can all be important to the level of alkali metal ions. Laundering, or even water
soaking, of cotton fabrics often reduces the metal ion content to such a level that the fabrics are
not ignited by cigarettes. Soiling of cotton or rayon fabrics can affect smouldering potential
[27,28].

Because the relevant chemistry is very different for flaming and smouldering combustion,
approaches to prevent the two combustion modes for fabrics/textiles are usually different.

1.2. Flame retardant treatments

Flame retardant chemical treatments are needed if most fabrics are to resist either flaming or
smouldering combustion. Fire retardants for textiles have been known since the mid-1600s when
theater curtains were treated with clay and plaster of paris to decrease fire hazards. By 1740,
alum was being used and ammonium phosphate was introduced for cotton fabrics in the later
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CIGARETTE IGNITION OF FABRICS 17

1700s. Since then, the science and technology of textile flame retardation has developed to allow
a variety of different approaches to fit different end uses and ignition exposure conditions.

Flame retardant chemicals, which are used to make textiles flame resistant (i.e. meet
established governmental conformance standards or specifications [29]), may affect ease of
ignition, combustion or both. In the case of textile fabrics of 100% thermoplastics, such as
nylon, polyester and olefin, flame retardants are generally not needed to prevent ignition by
small flames (e.g. in the vertical flame test required by the US children’s sleepwear standard [30];
bottom edge ignition for 3s). These fabrics melt and withdraw from flames and other heat
sources, which usually prevents their ignition. This is the reason that untreated polyester
garments are often used to comply with the US Consumer Product Safety Commission
children’s sleepwear federal standard [30]. However, if thermoplastic fabrics are used as
upholstery fabrics the withdrawal from the flame could allow the filling material to ignite even
though the fabric might not ignite. Also, thermoplastic fabrics after melting can ignite. Thus,
thermoplastics would have to be treated with chemical additives or backcoated for some end
uses (e.g. upholstery fabrics).

Cellulosics, such as cotton and rayon, as well as other non-thermoplastics that are char
formers, are not inherently ignition resistant and usually must be chemically treated to prevent
ignition by small flames [31,32]. Blends of non-thermoplastics and thermoplastics, such as
cotton/polyester fabrics, are also prone to ignition, since the non-thermoplastic component
prevents the withdrawal of the fabric from the heat source [32]. These types of blends are
difficult to make flame resistant.

1.2.1. FR control of flaming combustion of fabrics. There are five general approaches to reducing
the vulnerability of fabrics/textiles to ignition and flaming combustion: (1) Coatings may be
applied to shield fabrics from heat sources and prevent volatilization of flammable materials.
These may take the form of simple protective coatings or, more commonly, the treatment of
fabrics with inorganic salts that melt and form a glassy coating when exposed to ignition
sources. In more advanced forms, intumescent coatings are used which produce non-flammable
gases and a char that has sufficient plasticity to expand under the pressure of the gases to yield a
thick, insulating layer [33,34]. (2) Thermally unstable chemicals, usually inorganic carbonates or
hydrates, are incorporated in the material, often as a backcoating so as to preserve the surface
characteristics of the carpet or fabric. Upon exposure to an ignition source, these chemicals
release CO, and/or H,O, which dilute and cool the flame to the point that it is extinguished.
(3) Materials that are capable of dissipating significant amounts of heat are layered with the
fabric or otherwise incorporated in a composite structure. These may be as simple as metal foils
or other heat conductors or as complicated as a variety of phase-change materials that absorb
large quantities of heat as they decompose or volatilize. If sufficient heat is removed from the
point of exposure, the conditions for ignition are not reached. (4) Chemicals capable of releasing
free radical trapping agents, frequently organobromine or organochlorine compounds, may be
incorporated into the fabric. These release species such as HBr and HCI which can intervene in
the oxidation reaction of the flame and break the chain reaction necessary for continued flame
propagation. (5) Chemicals capable of modifying the pyrolysis of the polymer making up the
fibre may divert the pyrolysis to reduce the emission of the volatile degradation products that
constitute the fuel for the flame. This approach is most useful with cellulosic fabrics. In a slightly
different approach, chemical species can be incorporated in fabrics made from thermoplastic

Copyright © 2004 John Wiley & Sons, Ltd. Fire Mater. 2005, 29:15-26
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fibres to catalyse the degradation of the fibre polymer to reduce the melt viscosity of the polymer
and cause more rapid flow away from the ignition source.

Condensed-phase-active retardants that work on cellulosics such as cotton or rayon will have
little or no effect when applied to other fibres, such as polyester and nylon. On the other hand,
gas-phase-active retardants, which act primarily as flame poisons to prevent flaming
combustion, are effective on virtually all fibre types since the flame chemistry is similar for a
wide variety of fuel gases. Such retardants do not need to be in close contact with the polymer
and can be located in a separate phase, such as a backcoating, as long as they are close enough
to the heat source to be volatilized at the same time as the gaseous polymer decomposition
products. Some of the most effective flame poisons are chlorine and/or bromine compounds.
The aromatic halogen compounds, such as the brominated biphenyl ethers/oxides (e.g.
decabromodiphenyl ether/oxide, ‘DBDPE’), are usually preferred, as they are more resistant to
light and thermal processing. Other organobromine compounds, such as hexabromocyclodo-
decane (‘(HBCD’) are also used. These compounds are not effective flame poisons until they are
converted into species such as HBr, and particularly SbBr; or complex oxybromides when in the
presence of an antimony III oxide synergist [35]. What are needed are good sources of the
halogen free radicals that act as free radical traps and, thus, effective fire retardants.

Backcoatings of DBDPE or HBCD with Sb,03, which can be effective on virtually all fibre
types, are the main treatments being used in the UK to meet the open-flame ignition
requirements of BS 5852. An acrylic resin is needed to make them semi- to fully durable.

1.2.2. FR control of smouldering combustion. Inhibition of smouldering combustion generally
takes one of two forms [21,36,37]: (1) Physical barriers similar to those used for flaming
combustion may be effective. These barriers may be simple heat shields that prevent the polymer
from reaching ignition temperatures or they may function as gas barriers to prevent oxygen
from reaching the solid fuels. Barriers are usually either intumescent materials [33,34] or
compounds such as borates that form glasses on heating. (2) Chemical approaches are usually
based on inhibition of the polymer oxidation reaction. The general theory of such action is
similar to that of gas phase inhibition but the radical trapping agents must be significantly less
volatile or they escape the oxidation zone too rapidly. For effective smouldering suppression,
the chemical intervention is usually directed at the oxidation of CO to CO, which is the most
highly exothermic step in the oxidation sequence.

2. CIGARETTE SMOULDERING IGNITION

The results of open flame ignition tests and smoulder ignitions tests are test method dependent.
The open flame tests for furniture all have different pass/fail criteria [2,3,9,10,13], which helps
explain why a fabric will pass one test and fail another. Whether the cigarette is on a horizontal
surface (e.g. mattress test) or in the crevice/vertical surface (e.g. furniture test) can affect the
results of smoulder ignition tests [38]. The smouldering behavior of cigarettes on substrates is
different from that of cigarettes burning in air [19]. The type of cigarette and the burning rate of
the cigarette can also have an effect [39,40]. Light density fabrics (e.g. sailcloth) can have high
ignitions with fast smouldering cigarettes, while heavy density fabrics (e.g. cotton duck) can
have high ignitions with slow smouldering cigarettes [40,41]. Gann ez al. [42,43] showed that
cigarettes can be modified (some combination of reduced tobacco packing density, less porous
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CIGARETTE IGNITION OF FABRICS 19

paper, smaller cigarette circumference and no citrate [burn additive] in the paper) to have a
lower relative ignition propensity than conventional cigarettes. This has led to ‘fire safe’
cigarette legislation in New York state (passed in 2000), which requires less fire-prone cigarettes
that have a lower propensity to ignite soft furnishings (regulations issued Dec 2003, effective 28
June 2004) [44]. The US Congress is also considering fire safe cigarette legislation. If lower
ignition propensity cigarettes become mandatory, there could be a weakening of the ignition
strength of the standard commercial cigarette used to determine cigarette ignition resistance. A
substitute ignition source is being sought. Whether the upholstery fabric is soiled or used also
can affect smouldering potential and is most likely dependent on the type of soiling. Wanna and
co-workers reported that used or soiled fabrics became more resistant to smouldering ignition
compared with the unsoiled fabrics [27,28].

Published literature indicate that the flammability of cellulosic fabrics is very complicated and
that the smoulder ignition propensity of some cellulosic fabrics can be affected by open flame
ignition resistance treatments.

Dwyer et al. [22] and Hirschler [45] investigated the smouldering cigarette ignition pro-
pensity of upholstery fabrics typically available in the consumer marketplace. Of the 500
fabrics tested, only 145 fabrics were ignitable by cigarettes, all of them predominantly (or
completely) cellulosic. Hirschler [45] found a fabric density threshold [200-250 g m ™2 (5.9-7.4
oz/yd?)] above which the percentage of cellulosic fabrics that are ignitable, and flame
spread rate of fabrics in a flaming ignition test are all unaffected. Others have found that
lighter weight cotton fabrics [< 407 gm™2 (< 12 oz/yd?)] are usually less ignition prone
(Class I fabrics) than heavier weight cotton fabric in the UFAC fabric classification (smoulder)
test [46,47]. Dwyer et al. [22] report that the upholstery fabrics’ contents of sodium and
potassium salts, their concentrations of cellulosics, and their basis weights correlate with
ignitability.

The California Bureau of Home Furnishings (CA BHF) in reports/publications in the 1970s
[46,47] found that:

Treatments to reduce flammability are usually ineffective as smoulder inhibitors, and
sometimes only compound and intensify smouldering problems; cellulosic fabrics are the most
hazardous in terms of smouldering potential and the hazard increases as the fabric weight
increases; thermoplastic fabric systems perform well in cigarette tests; cellulosic/thermoplastic
blends >36% by weight of thermoplastic fibres pass the smouldering combustion tests and as
the % thermoplastic approaches 35% the tendency to smouldering is greatly diminished; barrier
systems are a valid approach to smouldering inhibition of furniture systems; effects of fabric
weaves and constructions upon smouldering were uncertain; fabric weight, nature of the
primary substrate and fabric fibre content appear to be the most critical to fabric/substrate
system smouldering in cigarette tests.

Additional flammability studies of 700 articles of upholstered furniture by the CA BHF
[48,49] found: cellulosic content of the upholstery fabric to be the most important factor in
cigarette ignition resistance; resistance was greater when cellulosic content was 0-29%, less
when cellulosic content was 30%-79% lowest when cellulosic content was 80%-100%:;
thermoplastic fibre in upholstery fabric appears to convey cigarette ignition resistance until the
cellulosic content exceeds about 80%; cellulosic fabrics of >12 oz/yd® were less cigarette
ignition resistant than fabrics <12 oz/yd?; cigarette ignition resistance is likely to be related to
style and shape of article, type and weight of fabric, amount of resin backcoating, and nature of
the underlying substrate and is most likely to occur in the crevice area of upholstered furniture
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which is 100% cellulosic fibre, with no resin backing, and a blended untreated cotton batting
substrate directly beneath the fabric.

Krasny [19] in his review for the National Bureau of Standards (now National Institute of
Standards and Technology) as part of the Cigarette Safety Act of 1984 (P.L. 98-567) found ‘that
some materials which have good cigarette ignition resistance do not necessarily have good small
flame ignition resistance and vice versa’; ‘that cigarettes induce smouldering in medium to heavy
weight cellulosic fabrics, with consequent heat transfer to the padding, but in contact with a
small flame cellulosic fabrics char and until the char breaks, protect the padding’; and that
thermoplastic fabrics tend to resist cigarette ignition but shrink, curl and melt upon contact with
open flame and can expose the padding.

The US Department of Agriculture, Agricultural Research Service (USDA, ARS) studied
smoulder resistance extensively in the late 1960s, 1970s and early 1980s and developed many
treatments for cotton and cotton blend fabrics [21,36,37]. They found that cellulosic fabrics are
very susceptible to cigarette-induced smouldering combustion, their smouldering characteristics
are complex, metal salts increase the smouldering of cotton fabrics, and adding synthetic fibre to
cotton lowers the smoulder rate.

In summary, cellulosic fabrics can smoulder, whereas, thermoplastic fabrics and cellulosic/
thermoplastic blend fabrics (>30%-35% thermoplastic fibre) do not smoulder. For cellulosic
fabrics, some have found lighter weight fabrics less smoulder ignition prone, some have found
heavier weight fabrics less smoulder ignition prone, and others have found no correlation with
fabric weight, type of treatment or percentage of treatment add-on and smoulder ignition
propensity. The behavior of cellulosic and cellulosic/thermoplastic blend fabrics in cigarette/
smouldering ignition tests is affected by many factors (e.g. fabric weight, air permeability, blend
composition in blend fabrics, substrate tested over, etc.).

2.1. UK standard (BS 5852)

In the UK testing (using BS 5852 test methods [13]) for the British Furniture and Furnishings
Regulation? is done over combustion modified high resilient (CMHR) foam, and so, it is
generally the case that all flame resistant FR textiles that pass over non-FR foam would pass
both tests. Also in the UK if a fabric is 75% or greater cellulosic it does not have to pass the
open flame test if a barrier is used. In the UK cellulosic fabrics, if they are FR treated, can be
backcoated with DBDPE and antimony oxide or pad-dry-cure treated with Proban® or
Pyrovatex®. Pyrovatex® and Proban® treated fabric also are used as barrier/interliner/fire-
blocker to meet BS 5852. Some data indicate that Proban® and Pyrovatex® work well to resist
open flame combustion but sometimes poorly and unpredictably to prevent cigarette ignitions
(H. Talley, UFAC, personal communication, 2002).

2.2. Upholstered Furniture Action Council (UFAC) studies

Tests by UFAC have shown that cigarette ignition propensity of 100% cotton fabrics does not
correlate with the weight of the fabric [50]. In studies with fabrics backcoated in the USA and
the UK to pass BS 5852 and the 1997 CPSC test [52], most cotton fabrics that were UFAC
Class I became Class II. (If the vertical char of any of the three test specimens is =44 mm

¥The British Furniture and Furnishings Regulation became law in the UK in 1988. It is based on the 1988 version of
British Standard 5852 (BS 5852), which has a 20s ignition time.
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(1.75 in) or if there is an obvious ignition of the PUF substrate, this is a Class II fabric and is
considered a failure of the test. UFAC Class II fabrics require an approved barrier between the
fabric and conventional polyurethane foam in the horizontal seating surfaces; Class I fabrics can
be used directly over conventional polyurethane foam [7].) The authors concluded that the fire
performance of cellulosics is very complex and depends on many things, such as, method of yarn
preparation (e.g. open-end vs ring spun), yarn type, fabric construction, and dyeing and
finishing methods. The aesthetic of the 100% cotton fabrics were also altered by the
FR-backcoating. They concluded that pad-dry-cure (topical or immersion) fabric treatment and
backcoating were not the answer to the remainder of the cigarette ignition problem of 100%
cotton fabrics. More specifically:

Pad-dry-cure/precondensate-ammonia cured 100% cotton fabrics: 12 fabrics (open-end and
ring spun yarn fabrics; fabric weight range from 7.1 to 21 oz/yd?) were immersion treated
(8 Class I, 4 Class II before treatment); 2 of 6 Class I changed to Class II; 1 of 4 Class II was
unchanged (3 of 4 changed to Class I).

FR backcoated 100% cotron fabrics.: 11 fabrics were backcoated in the USA to pass BS 5852
(7 Class 1, 4 Class II before treatment); 1 of 7 Class I changed to Class II; 3 of 4 Class II stayed
Class II. 9 of the 11 fabrics were backcoated in the UK to pass BS 5852 (5 Class I, 4 Class 1I);
5 of 5 Class I changed to Class II; 4 of 4 Class II stayed Class II.

2.3. Study by the US textile/fibre industry

In 1998, the American Textile Manufacturers Institute/American Fiber Manufacturers
Association (ATMI/AFMA) had 31 upholstery fabrics (Ref. [52], Table E), selected to
represent the variety of fibre types, blends, weights, and constructions typical in the US
marketplace, FR-backcoated at a commercial backcoating operation in the UK to pass BS 5852
[52]. Each fabric was treated with a FR latex backcoating (DBDPE and Sb,05 and acrylic latex)
to comply with the British Furniture and Furnishings Regulation [13]. Two of the 31 ATMI/
AFMA fabrics (Ref. [52], fabrics N and P) could not be treated to meet the British test criteria.
The other 29 fabrics were found to meet the requirements of the British regulation by a
NAMAS? certified laboratory. All were returned to the USA for further testing.

Reimann [52] tested the 31 fabrics for open flame ignition using the 1997 CPSC draft standard
[51]. Reimann discusses the differences in the CPSC 1997 test for the seating area and the dust
cover [51], and BS 5852 for the seating area [13], which are similar (small butane flame (35 mm),
20s). Some of the differences are: the butane gas delivery system for the CPSC test is more
complex; the BS 5852 test is over CMHR foam and the CPSC test is over non-FR foam; the
fabric soaking procedure (BS 5852 30 min in specified hardness water; CPSC 24 h soak in tap
water); and the pass/fail criteria (in BS 5852 smouldering is allowed if it extinguishes in
< 15 min, flaming cannot extend to the sample sides or seat front although a flame can extend
up past the top of the seat back if it recedes and self extinguishes in < 120s; in CPSC test, failure
occurs when any smouldering occurs > 120s or when the sample burns or smoulders to any
edge, top, sides or seat front). (The CPSC 2001 test [2] differs from the CPSC 1997 test [51]. The
main differences are that the pass/fail criteria for post-ignition smouldering/glowing combustion

*National Accreditation of Measurement and Sampling, a service of the United Kingdom Accreditation Service
(UKAS). UK AS specifies criteria that laboratories must meet. Only a laboratory that has been accredited by UKAS can
issue a NAMAS report or certificate.
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time is extended from 120s to 15min and a seating barrier test, using BS 5852 Crib #5 as the
ignition source, is added as an alternative to the seating area test. BS 5852 test method [13] now
uses a 15s ignition time and the EU is considering adopting the current BS 5852 as a CEN
standard. Also, there is movement in the UK to change the British FFR officially to 15s.)

In 1999, 30 of the 31 fabrics (no fabric P was available) were tested for smoulder ignition
resistance before and again after FR-backcoating at the Grundy Textile Evaluation Laboratory,
Philadelphia University, using the UFAC fabric classification test [7]. In open-flame testing, 14
of the fabrics failed the CPSC 1997 test (Ref. [44], Table J). Five of the seven 100% cotton
fabrics and two of the six other predominately cellulosic (=70%) blend fabrics failed the test
(Table I). Some of the fabrics (e.g. G, Y and BB) that failed the 1997 CPSC test [51] would likely
pass the 2001 CPSC test [2] because of the change in the P/F criteria for smouldering (120 s vs
15min).

The smoulder ignition testing results obtained by the Grundy Textile Evaluation Laboratory,
Philadelphia University for ATMI/AFMA were as follows for back-coated versus non-back-
coated fabrics:

® | fabric improved in cigarette ignition resistance (UFAC Class II became UFAC Class I)
® 5 fabrics became less resistant to cigarette ignition (UFAC Class I became UFAC Class II)
® 24 fabrics did not change their UFAC Classification (all remained UFAC Class I).

A Class II fabric is considered a failure in the UFAC fabric classification test.

As discussed earlier as the percentage of thermoplastic fibre in a cellulosic blend fabric
approaches 30%-35%, the tendency of a fabric to smoulder is greatly diminished [46,47].
Because of this the test data for the 13 fabrics in the study that are predominately cellulosic
(=70% cotton, rayon, or linen) and for the two fabrics that are 66% cellulosic were evaluated
separately. These data show (see Table I; smoulder data from industry study; open flame data
from Reimann [52]:

1 fabric improved in resistance to cigarette ignition; .

5 fabrics got worse (failed the UFAC test) in resistance to cigarette ignition;

6 fabrics were unchanged in resistance to cigarette ignition;

The two fabrics that are 66% cellulosic (fabrics D, R) were unchanged in cigarette ignition
resistance and passed the open-flame test; and

® Whether a predominately cellulosic fabric changed from Class I to Class II or remained
Class I was not correlated with fabric weight or percentage add-on of the backcoating.

2.4. CPSC 2001 briefing package

Khanna [53] concludes from CPSC testing that the CPSC 2001 draft standard [2] contains
provisions to limit both flaming and smouldering combustion; that although the standard does
not utilize a smouldering ignition source, the provisions account for smouldering combustion.
This may be true for some upholstered furniture fabrics but CPSC’s own testing indicates that
‘Cellulosic flame resistant treated upholstery fabrics may not always resist both small open flame
and cigarette ignition’ [54]. In tests of 40 fabrics, conducted by CPSC, three FR backcoated
fabrics ignited when exposed to a cigarette [55]. All the fabrics that ignited were cellulosic
(cotton) fabrics. More specifically:

Copyright © 2004 John Wiley & Sons, Ltd. Fire Mater. 2005; 29:15-26



"PIT suog B AofLM uyof 4007 @ 1ySuAdoD

92-S16T 'S00T 210y 2410

Table I. Summary of UFAC fabric classification (smoulder) test results for FR-treated fabrics.

Fabric

wt oz/yd? Add-on UFAC fabric classification test results before and after
Code Fibre content (g/m?) % oz (g) FR-backcoating* (open flame test results® [failure mode®])
I 92% cotton, 8% rayon 20.2(684.8) 11 2.24(64) Class II to Class I (passed BS 5852; passed CPSC 1997)
T 100% cotton 7.5(254.3) 21 1.58(45) Class I to Class II (passed BS 5852; failed CPSC 1997 [F])
Z 59% linen, 41% cotton 7.6(257.6) 10 0.74(21) Class I to Class II (passed BS 5852; failed CPSC 1997 [F))
Y 100% cotton 10.7(362.7) 16 1.72(49) Class I to Class II (passed BS 5852; failed CPSC 1997 [S])
BB 100% cotton 6.9(233.9) 25 1.75(50) Class I to Class II (passed BS 5852; failed CPSC 1997 [F/S])
CC 100% cotton 6.6(223.7) 17 1.12(32) Class I to Class II (passed BS 5852; failed CPSC 1997 [F))
A 60% cotton, 12% rayon, 22.7(769.5) 9 2.14(61) Stayed Class I (passed BS 5852; failed CPSC 1997 [F])

28% nylon
C 96% rayon, 4% PET 18.7(633.9) 5 0.91(26) Stayed Class [ (passed BS 5852; passed CPSC 1997)
E 100% cotton 6.7(227.1) 15 0.98(28) Stayed Class [ (passed BS 5852; passed CPSC 1997)
F 62% rayon, 38% cotton 13.9(471.2) 7 0.95(27) Stayed Class I (passed BS 5852; passed CPSC 1997)
G 100% cotton 12.8(433.9) 22 2.77 (79) Stayed Class I (passed BS 5852; failed CPSC 1997 [S])
H 100% cotton 10.0(339.1) 17 1.68 (48) Stayed Class [ (passed BS 5852; passed CPSC 1997)
Q 69% cotton, 31% rayon 11.3(383.2) 13 1.47 (42) Stayed Class I (passed BS 5852; passed CPSC 1997)
D 66% cotton, 16% nylon, 16.4(556.1) 12 2.03 (58) Stayed Class [ (passed BS 5852; passed CPSC 1997)
2% PET, 16% wool

R 10% cotton, 56% rayon, 9.7(328.9) 27 2.63 (75) Stayed Class I (passed BS 5852; passed CPSC 1997)

34% PET

*Industry data determined by Philadelphia U. for ATMI/AFMA using Ref. [7].

"Ref. [52].
Failure mode: F, flame; S, smoulder.
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UK chair study [54]: 27 chairs with complying FR-fabrics (14 predominately cellulosic) were
tested using a mockup over non-FR-foam. Three of 14 cellulosic fabrics failed the cigarette
ignition test.

Additional fabrics [55): 40 fabrics (21 FR; 19 non-FR) were tested in the UFAC and CPSC
mock-up test. 34 of 40 resisted cigarette ignition; 6 cotton fabrics, including 3 FR-backcoated
fabrics, ignited.

3. CONCLUSION

Inhibition of smouldering combustion and flaming combustion require very different types of
chemical retardant action. Smoulder retardants can be either physical barriers or oxidation
inhibitors. Flaming combustion retardants cause inhibition by alteration of either the
decomposition or oxidation reactions.

Backcoatings utilize gas-phase-active retardants, which act as flame poisons to prevent
flaming combustion and can be effective on virtually all fibre types. However, backcoatings need
to be considered as systems, not individual compounds, since the halogenated compounds (e.g.
DBDPO) are not effective unless they are combined with antimony oxide to make them an
effective flame poison and an acrylic resin to make them semi- to fully durable. It has been
shown that some backcoating and pad-dry-cure (topical) treatments, which most likely would
be used to prevent open flame ignition of upholstered fabrics, can negatively affect smoulder
resistance of cellulosic fabrics.

The behavior of 100% cellulosic and cellulosic/thermoplastic blend upholstery fabrics (more
than 40% of the fabrics and over 50% of the fibre in the present US upholstered furniture
market) in flammability tests is complicated. It appears to be affected by many factors including
fabric weight, fabric construction, yarn preparation (open-end vs ring spun), alkali metal
content and dyeing and finishing methods as well as possibly other variables. Developers of
effective mandatory or voluntary standards for open flame ignition of upholstered furniture or
mattress/bedding need to consider the effect of open flame ignition resistance treatments on
smoulder ignition resistance of 100% cellulosic and predominately cellulosic fabrics.
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ABSTRACT

In 1881 the Burcau of Homsa FPurnishings and Thermal Insulation began a
study ta evaluate the potential for cigarette ignition of repidential upholstered
furniture and to determine the perceat of compliance with Californis's manda-
tory flammability regulstiona for materials used in upholstered furniture and
the State’s labeling requirements. This paper reports the results on 700 articles
of upholstered furniture The presenca of labels and compliance with Califor-
nid'a furniture flammalsility regulations is diseussed. A summary of cigaretie
ignitiona is given. The effact of cigaretts test location, cover fabric weight, fber
oontent, regin backeoating and type filling materia) on cigarette ignition is dis-
cunsed and \he wide variety of materip! choices B cigaretlte ignition resistant
residential upholstered furniture demonstrated.

Key words: Flammability, furniture, smoldering, cigarettes, Californis,
fabrics, substrates, resin backroating, Mbric weight, fabric content, up
holstering

INTRODUCTION

ALL NEW FURMITURE offered for sale in California must meet the
flammability regulations of the California Bureau of Home Furnish-
ings and Thermal Insulation, regardless ¢f the plase of manufacturs,
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Bureau inspectors have direct sccess to all manufacturing facilities
within the state, and therefore can make on-site inspections and phy-
sically obtain representative samples for Bureaun analysis. Bureau in-
spectors, however, do not inspect menufacturing plants outside Califor-
nia, so samples from ocut-ofistate manufacturers must either be ob-
tained from retailers or be sent by the manufacturer to the Bureau for
analysia.

California law permits the Bureau to take from retailers such
materials and articles as may be necessary for lahoratory evaluation,
wilhout having to reimburse the retailer. To avoid causing financial
hardship to furniture retailers within the state, the Californis legisla-
ture authorized the Bureau to budget for the purchase of upholstered
furnilure cach year so that an ongoing testing program could be estab-
lished.

Upholatered furniture acquired under this ongoing testing program
since 1981 includes more than 700 upholastered articles representing a
random cross section of style, price and retailer. The earlier phases of
this program [1-7] included 450 artieles most of which were manufac-
tured in the United States, More recently, imported furpiture from
Furope and Asin has become a significant percentage of the furniture
aold in Qalifornia. During the 1985-1986 fisca) year, imported furni-
ture was intentionally selected for sampling to determine complisnce
with California flammability and labeling regulations, The addition of
a significant number of imparted upholstered articles to the data base
provided an opportunity to compare the relative depree of compliance
of domestic and imported furniture with California fammahilily
regulations.

This ongeing testing program has significantly increased the number
of upholstered products in the data base, which now is probably the
Jargest in the world. This paper presents information on 700
upholatered articles, and disrusses the leval of compliance with Califor-
nia flammability regulations and the effect of design factors auch as
style, and technical factors such as cigareite test location, fabric com-
pogition, fabric weight, backeoating, and stuffing material, on the
cigarelte resistance of furniture, These technical factors are of par-
ticular interest to manufacturers and suppliers of component materiais
and to furniture manufacturers.

PROCEDURE

Bach piece of upholstered furnituve obtained by the Bureau, was
photographed and evaluated for complianse with the requirements of

Technical Bulletin 115, “Requirements, Test Proced dFig
for Testing the Flame Retardance of Upholstered
Although Technical Bulletin 5186 is a voluntary standerd in
it was of interest to deterralne what percentage of furniture was int
resistant Lo cigarette ignition. Edpliipiece was tested at multiple loca-
tions with cignrettes covered with? gquares of cotton sheet-
ing, Cigarettes were placed at each il likely to be the
resting place of a carelessly discarded Jocati i
cluded crevices formed by the abutment of t
and arms; welt cords; amooth furniture gurf
headrests, and backs of recliners; quilted and tu
arens; taps of arms; and tops of backs (Figure 1). -

In accordance with the requirements of Technical B
ciparetie ignition of a given location was considered to have
if & char developed more than twn inches in any direction from™4
cigarette, or open flaming occurred,

Following testing, the furniture was disarsembled into its component
parta and each tvpe of filling material was weighed and chemically
analyzed, and the Tocation within the furniture was noted.

After the furnjture was disassembled, the component filling
materials and outer fabrics were tested for compliance with the mands-
tory requirements of Technical Bulletin 117, “Requirements, Test Pro-
cedures and Apparatus for Testing the Flume Retardancu of Besilient
Filling Materials Used in Upholstered Furniture” [9L

TP OF  BACK
TUET
EAT/BACK CREVIGE
X seavsanm  cREsce

E\mr' or M‘m‘

QUL TG

Figure 1, Crass saction of chamgugarafio (6st jocatinng,
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When some of the components met the requirements and other come
ponents failed 10 meet the requirements, the Chief of the Bureau
reviewed the test results in the light of the article construction and
amount of substrate raterial present, and rendered a judgement as to
whether the article essentially complied or failed to comply with flam.
mability requirements.

At mppropriate steps during thia procedure, the furniture was
checked for compliance with labeling requirements. All furniture sold
in the United States must rarry a law label correctly describing the
contents. All furniture gold in California must also carry a flam-
mability iabel showing compliance with California flammability
regulations, Inaddition, some furnitore carries a label showing compli-
ance with the voluntary standard of the Upholstered Furniture Action
Council (UFAC..

UPHOLSTERED PRODUCTS IN THIS STUDY

More than 700 upholstered products have becn evaluated in this on-
going testing program asince 1981, This data base of commercial
upholstered products is probably the largest in the world. The number
of articles evaluated in each fiscul vear iz shown below.

Fiseal Yoar MNumber of Articles
1981-1982 17¢
1982-1983 143
1983-1984 99
1984-1985 T4
1985-1986 70
1986-1987 110
19871988 33
Total 700

Testing of articles in Fiscal Year 19871988 is not complete,

Most of the producta evaluated in Fiscal Years 1981-1956 and
19861938 wers manufactured in the United States, and no effort was
made at that time to analyze informatien about domestic and imporied
products separately. During the period prior to 1386, imports were nok
considered a significant perventage of the furniture sold in California.

Of the 70 articles evaluated in Fiscal Year 1985-1986, only two were
manufactured in the United States and 68 were imported: 45 from
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Italy, 15 from Thiwan, 3 from Denmark, 2 from Nerway, and 1 each
from Canada, Belgium, and Romania. This high percentage (37.1%) of
imported Furniture in this year's survey is the result of both increased
imports and increased concern ahout the compliance of imported furni-
ture with California flammsbility regulations. The percentage of im-
ported furniture is therefore a factor which is dependent on the {ime
period during which sampling occurred,

More detailed examination af the 70 articles evaluated in Piscal Year
1985-1986 indicated that style and material were dependent on place
of manufacture (Figure 2} Of the 46 articles imported from Italy, 40%
had leather upholstery and 40% were dinette, steno, and office chairs
and bar stools, styles with few crevices, Of the 15 articles imported
from Taiwan, 33.3% had leather upholstery, and 53.3% were dinette,
stena, and offics chairs and bar stools, styles with few crevices. These
imported products directed at specialized markets would not neces-
garily have the satne response to ignition sources as prodocts intended
for broader markets since their physical shape and cover fabrics were
different from the broad population of furniture. An apparent dif.
ference in the percentage of domestic and imported furniture which is
cigarette registant may really be a differenco betwean style or
materials,

Of Lthe 700 uphalstered products in this study, 698 uphalstered prod-
ucts were tested according to Thchnical Bulletin 117, Polyurethane
foam pads were contained in 695 products as stuffing material,
shredded polyurethane foam in 58 products, cotion batting in 183 prod-

Country 4 Style % Furn.
Tested with Jeather

Ttaly 45 Dinette/stenofoffice/ 40.0%
barstools - 40%

Taiwan 15 Dinette/steanofoffice/ 33.3%
barstools - 63.3%

Denmark 3 Swivel recliner/ 33.0%
armchair/chair

Norway 2 Steno/ottoman 100.0%

Canada 1 Rocker 0.0x

Belgium i Armchair 100.0%

Romanta 1 Dinette a.0%

Figura 2. Foraign manifactured aricles,
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Distribution of Substrates
700 Articles (1981/88)
% of Furn.
Type of Containing
Substrate Substrate
PU Foam Pads 99,31
Shredded FU foam 8.3%
Cotten Batting 26.1%
Cellulose Fiber Pads 3.3%
Hair/Veq. Fiber Pads G.1%
Syn. Fiber Bat./Pads 64.0%
Cotton/Syn. Pads 35 .4%

Figure 3. Subtistrate disinbuions,

Cigarette Test Locations
679 Articles (1981/88)

Locat lon # of Cig Tests (%)

Smooth surfaces 2096 {28.0%)
Deckings 1019 {13.6%)
Welts Cords 723 ( 9.6x}
Crevices 1613 (21.5%)
Quilted surfaces 96 ( 1.3%)
| Tufted surfaces 410 ( 5.6%)
Tops of backs 563 { 7.6%)
Tops of arms 974 {13.0%)
Total 7493 {100.0%})

Figure 4, Cuigaretie tast fooations.

Flammability Studies of 700 Articles

ucts, celluloge fiber pads in 23 products, hai :
1 product, synthetic fiber battinga and pads in 4.
blended cottonsynthetic battings and pads in 248 products (Figu
Nate that performance of an article when tested to Technical Builetln
117 iz not necessarily an accurate predictor of cigarette ignition resis-
tance.

Six hundred and seventy-nine of the 700 upholstered articles in this
study were tested for resistance to cigarette ignition according to Tech-
mical Bulletin 116. Of the 7,493 locations at which cigerette testa were
performed (Figure 4}, 2,096 were on smeoth surfaces, 1,019 on decking
areas, 723 on welt cords, 1,613 on crevices, 95 on quilted surfaces, 410
on tufted surfaces, 563 on tope of backs, and 974 on tops of arms. Of the
678 upholstered products for which cover fabrics were identified, 89
articles had 100% cellulosic fiber, 204 had celluloginthermoplastic
fiber blends of various compositions and 256 bad 100% thermaplastic
fiber Leather, an animal material which is neither cellulosic nor
thermaoplasiic, was the cover fabric in 23 articles.

RESULTS

Awmong the 700 upholstered products in this study, $2.4% had law
labels, 10.6% had Technical Bulletin 116 labels, 58.5% had Technical
Bulletin 117 labels, and 25.6% had UF.ALC. labels (Figure 5%

Articles evaluated in Fizcal Year 1985-1986 provided the largest
data base of imported articles. (O the 48 articles imported from Italy,
33 {73.3%} had law labelz but only 16 {35.5%) had correct law labels;
28 (62.2%) had flainmability labels, and none had UFAC labels, Of
the I5 articles imported from Tsiwan, 11 (73.3%) had law labels but
only T (46.6%) had correet law labels; 9 (60%) had flammability labels,
and none had LIFAC. labels

Six hundred ani seventy-nine upholatered articlas in this study were
tested for registance to cigaretie ignition according to Technical Bulle.
tin 116 and the compliance rate for all years was 70.7% based on strict
adherence te criteria. This number includes articles where only deck-
ings failed the cigarette standard. This was the average of a generally
riging trond in cigarette resistance, 57.3% in 1981-1982, 62.9% in
1982-1983, 69.7% in 1983-1984, Bl.1% in 1954-1985, 91.5% in
1985-1986, 79.4% in 1986-1987, and 30.3% in 1987-1988 {(Figure 6),
These percentages may not, however, represent the exact percentage of
furnilure sold in California which is cigarviic resistant, since they are
based on test data only

Thirty-ceven of the 45 articles imported from [taly were tested for
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—
Cigarette Testing of Upholstered
Furfiiture - 679 Articles (1881/88)

S

Total Ignitions Per Test Location

Test Ignitions! |% Ign | ¥ of

L_Lfiation Tatal Yests | Loc. Total
Smoobh surface 3%/2096 1.9 7.8
Deck ing 5871019 6.7 13.7
Welt 76t 122 10.5 16.3
Crevice 218/1613 13.% 41.3.
Quitt 0/ 95 0 0
Fuft 144 410 1.4 2.8
Top of back 28/ 663 6.0 5.8
Top of arm 57/ 974 5.9 11.%
Overalil Yotal 497!7493J S.GJ 100.0

Figure 7. Cigaratte igniton fiequency at fest kncasons,

compliance with Technical Bulletin 116, and B9.9% pussed, OFf the 15
articles imported from Thiwan, 14 weye lested for compliance with
Technical Bulletin 118, and 100% passed. It should be noted, however,
that more than BO% of the articles imported from Haly and Thiwan
either bad leather upholstery, which is generally resistant to cigarette
Ignition, of were styles with few crevices and therefore loss vulnerable
Lo cigarsite ignition. Domestic arlicles did not have the same material
and style digribution,

The different locations on which cigarette tosts were performed
according to Technical Bulletin 116 were studied for frequency of igni-
tion {Figure 7). Cigarette ignition ncourred moal, frequently on creviess
{13.3% of these locations), follawed by welt cords (10.5%), decking areas
(8.7%), tops of arma (5,9%), tops of backe (5.0%), tafted surfaces {3.4%),
smooth suraces (1.9%), and quilted suricces (0%), with an overall aver-
age frequency of 6.6%,

Of the 670 upholstered articlos tegted for resistance ko cigaretto igni-
tion according to ‘Technical Bulletin 116, 70.7% had uo ignition, 8.56%
had one ignition, 7.4% had two ignitions, 7.7% had three ignitions, and
5.7% had more than three ignitions {Figure &1, 12 4% had ignitions in
one type of test location, 10.2% in two types of test locations, 4.0% in
three types, and 2.9% in more than three types [Figure @,
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Fiber content of upholstery fabric has long been considered an impor-

tanl factor in resistance to cigarette ignition. Six hundred seventy-nine
Cigaratte Testing of 679 Upholstered upholstered articles tested aceording to Technical Bulletin 116 in this
Articles - 1B 116 (1981/1988) study were used in quantifying thia effeet (Figure 10), Articles with
. fabrics which were 100% thormoplastic were the most registant (B7.7%)
Article Parformance Per # of Ignitions to cigarette ignition. Articles with fabrica which were 100% cellulosic
¢ of f of Percent were the least resistant (32.6%) to lcigamtte ignition, with heavier
Ignitions Articles Acticies fabric weights (12 or wore 0z./6q. yd.) heing lesa resistant (15.6%} and
lighter fabric weights (less than 12 ozJsq. yd.) being more resistant
) 48D 70.7 _{42.1%). Lenther was the uphalstery fabric maost resistant 1o cigarette
1 58 8.5 ignition (94.9% for all fabric weighta), although 2 leather articles did
2 50 1.4 experience cigaretie failures due to surfaca burning in finger patterns
3 52 1.7 across the fabric. Thermoplastic fabrics included synthetic fibers much
>3 39 6.7 a8 nerylie, polyester, polyviny] chloride, nylon, polypropylene and ace-
tate and swolder registant naturnl protein fibers, ool and silk, Cellu-

679 100.0 fogic fabrics included cotton, raynn and linen.

Six bundred nnd seventy-eight upholstered articles tester] according
to Technical Bulletin:- 116 and analyzed for fabric composition were
divided into groups accordingta fiber cantent (0 to 29, 30 to 69, and 70
to 100 percent cellulosic) and fabric weight (less than 12 oz./&q, yd. and

Figure 8. Nurmber af igrfions oot amom.,

12 or more oz.5q. yd.} (Figure 11)
Cigarette Festing of 679 Upholstered
Articles - T8 116 (1981/1988) ‘
- % FPURNITURE CIGARETTE REBISTANT
Article Performance Per g R -
Type of Test Location | I i
¥ T
# of Types of Number and %’“ w
Test Loc. where Percent ) nl
tgn. eccurred of Articles AT ol
R
) 480 (70.7%) a} [
1 ad (12.4%) e
2 69 (10.1%) — ot
K| 27 (4.0%) oh
>3 19 (2.8%)
=t
673 (100.0%) wl

Figura 0 Niwmibee of types of cygarelie tas! kcadons wilh GIIONS 100% THERNOPLAITS

FBER CONTENT

Figure 10, Effect of fibar cantenl and weight o gniian (1003 thermoplashic/ 1G0%
celufonic)
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Fabrics with the lowest cellulosic content {0 to 29%) were the most
resistant (89.3%) to cigarette ignition. Cellulosicithermoplastic bland
fabrics in the range of 30 to 699 were less resiatant to cigarette igni-
tion (71.9%), with the lower resistance of heavier fabrics hecoming
more significant (65.0% compared to 83.3%). Predominantly (70% to
100%) cellulosic fabrics were the least resistant to cigarette ignition
(37.3%), with the lower resistance of heavier weight fabrics even more
gignificant 124.4% compared to 50.0%), 100% cellulosie fabrica had the
lowest resistance to cigaretie ignition (32.6%), with heavier weight
fabrics much lpss resistant (15.6%} than lighter weight fabries (42.1%).
Heavier weight cellulosic fabrics may be maore prone to develop the
¢har structure needed to support smoldering combustion, since they
contain more fuel par unit area. Alsg, since unacoured cellujosic fabrics
contain high concentrations of atkali metal ions which are known to
promate smoldering, the heavier cellulosics may be even more prone to
amolder than lighter fabrics due to the larger amounts of alkali ions
pregent |10). However, na actual research was conducted in this study
to corralate char formation or slkalf metal fon content to smoldering
performance.

The stroug effect of cellulosic fiber content in the upholatery fabrie
was 80 evident when the fabrics were divided into three groups aceord.

Flammobility Studics of 700 Articles of Upholstered Furmityre 133

ing to esllulosic content, that the fabrics were divided inte smaller
groups of 10% increruents of celtulosic content in order 1o study this
effect in greater detail (Figure 12). When cellulosic content is con-
sidered a3 the principal factar, there seemed to be three distinet ranges
of cellulosic content with regard Lo realstance bo cigarette ignition. 88.3
to 96.3% resistance was observed fram 0 to 299 celluloaie, 63.2 to 80.0%
resigtance from 30 to 79% cellulosic, and 15.6 to 31.5% resistance from
80 to 100% cellulosic The incarporation of thermoplastic fiber in the
upholstery fabric appears to impart good to moderate resistance to
cigaretis ignition until the cellulosic fiber content reaches and exceeds
80%. The mechanism involved may be interference of the thermo-
plastic with the formation of the char structure needed to support
smoldering, but this was not investigated in this study.

Six hundred and seventy-four of the upholstered articles tested for
resistance to cigarette ignition were analyzed for content of fabric resin
backeoating (Figure 13), The average fabric resin backeoating content
was 11.6% in 17B articles which were not smalder resistant. The aver
age fabric resin backenating content in the 496 articles which passad
was 18.1%. Articles which paased ineluded 20 articles with {ailures at
the decking location only, since no resin analysis was performed an the
decking fabrics. Articles with higher fabric resin backeoating content
tended to be more resistant to cigarette ignilion, However, this effect

- W FURNITURE CIARETTE RESISTANT
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Effect of Rasin Backcoating
674 Articles {1981/1988)
Rumber of Average Resin
Artticles Backeoating
436 Cigaretie
Resistant Articles i8.1%
178 Non-Cigarette
Resistant Articles 11.6%
674 Articles 16.4%

Figure 13. Elfact ¢of ream backooating on igribion,

may be partially the effect of fileer content. Some thermoplastic fabrics
which are more resistant to smoldering, such as polypropylens, tend to
require use of resin backcostings more than cotton fabrics, which are
Yess resistant to smoldering. The nature of the substrate beneath the
upholstery fahric is a factor in the reaistance of the upholstered -
niture to cigarette ignition (Figure 14). Among the 698 upholstered
articles in (his study for which the stuffing material was analyzed,
99.6% contained polyurethane foam pads, 8.3% contained shredded
polyurethane foam, 26.2% contained blended cotton batting, 3.3% con-
tained cellulpse fiber pads, 0.1% cantained hairfvegetable fiber pads,
64.0% contained synthetic fiber batting and pads, and 35.5% coutained
blended cottonfzynthiotic fiber pads. The Latal of these numbers exceeds
100% because most articles contained more than one type of stuffing
material.

Tt assess the effect of substrate type on smaldering performance, the
population of articles not resistant to cigarette ignition was compared
to the entire population of articles both resistant and nonresistaat,
with particular attention to the substrates present directly below
nphaelatery fabrics in each article population.

While 99.6% of all articles tested iu the study contained yoly-
urethane foam pads, only 82.4% of the smolder-prone articles contained
thiz substrate at a failure locgtion. Similarly, while 63.0% of all
articles contained synthetic fiber battings and pads, only 53.8% of
smnlder-prone articles contained thir substrate, at a fatlure location. OF
the small percentage of urticles containing shredded polyurethane
foam (8,3%) and cellulose fiber pads (3.3%), only 3.5% and 3.0% of the

amolder-prons  artjcles respectivaly  cont
failure locationg Thus the presence of
shrodded foams, or synthetic butt‘mgs at a"clin
tended to decrease the probability of smnidcr}ng, i
of any other factors, and cellulase fiber pads, in the :
itthe effect. T ,
m}?lir:ded baltings containing mixtures of cellulogic and g{i:‘ﬂ'lﬁ:;;
fiber were present in 35.4% of all articles ?ut warc prggentinnda‘; ¢
locations in 39.2% of the smolder-prane nmchz,s. Likewise, b ez%@nti‘})\ (;
ton battings were presenl in 26.1% of the artgles lk:ut :;:ciftimd for;}f
i i i un -
_prone articles at failure locmlonaﬁ ne d
:Z:erﬁ;:gﬂ%) of the 199 smolder-prone m‘tm\e@ ccmts}u)ed su_hat.::z:]s:;
containing cellulosic fbet, Thus, bletded cotton}synﬂ}uuc but.u.x;dgari
;;ure cotton battings tended to increasc the probability of smoldering,
hen uresent at cigarette locations. L .
M;xmc;};:purison of substrates at cigarette failure Jocations to suhst.mter:
at cigarette resigtant locations only might have produced an even mu:
‘ AL investi g
need effect, but was not oy &}ttgate ) ) _
pr;?f(t,:-tvm articles which were not cigarette n;sluatintli. ar;c: m;:):hﬁ?c
in ¢ i . fiker pads, or blended cottonssy
t cotton batting, cellulose ! . : i
hz;ing as underlying substrate at fa{lure locations, were ﬁ‘irtha:hgmr
vertigated to determine what additional factors contributed to the

tatipideration
fits tested, had
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propensity to smolder. Twenty-two of these articles (§2.:4%) contained
100% cellufosic fabric, 20 articles {38,5%) contained cover fabrics con
taining between 50 and 9% cellulosic fiber, § articles 115.4%) con-
tained fabries having 1 to 49% cellulosic fiber;, 2 articles (3.8%) con.
tained leather fabric only and none contained [00% thermoplastic
fabrics. In addition, 28 of these 52 articles conlained fshrice having
weights equatt to or greater than 12 cunces per square yard, and 34 had
fabrics with no resin backcoating Twenty articles contained 100%
cellulesic fabrica and no resin hackeoating with an aversge fabric
weight of 10.1 ounces per square yard. Thus, even in ihe absence of
cellulosic substrate, presence of a cellulosic fubric, especiaily heavier-
weight fabrivs, tended to be a causative (actor in smoldering,

CONCLUSIONS

Rexsults of this ongoing testing program show a general trend of in-
creasing resistance to cigarette ignition in commercial upholstiered fur-
niture products sold in California as a result of changes in fabrics,
zubstrates and consiruction styles by manufecturers. The samples
selected are representative of the broad spectrum of products available.

The large number of upholstered articles in this study, probahly the
largest data base of its kind in existence, provides the most authori-
tative basis for determining the relative importance of varinus factors
in the restatance to cigarstte igmition of coypmerrial uphoistered furnpi-
ture. This resistance to cigarette ignition is defined by tests according
to Technical Bulletin 116 for upholstered articles and Technica) Bulle-
tin 117 for their components

The cellulosic content of the upholstery fabric appears to be the gin-
gle most important factor in resigtance to cigarette ignition. Resistance
wns greatest when cellulbosic content was 0 to 29%, less when cellulosic
contend waa 30 to 7%, and lowest when cellulosic content wrs 80 to
100%, The incerporation of thermoplastic fiber in the upholstery fabric
appears lo impart resistance to cigarette ignition until the eellulesic
contenl exceeds approximately 80%.

For upholstery fabrics with high cellulosic content, fabric weiphls of
12 ar more oz./q. Yd. provided less resistance to cigarette ignition than
fabric weights less than 12 oz.5g. yd. The heavier weight cellulozic
fabrics appear to be more susceptible to cigarette ignition.

Higher rerin backeoating contents in the upholstery fabrics appeared
to be assoristed with greater registance to cigarette ignition, This ef-
fect may be partinlly the effeet of by content, beeause thermaplastie
fubrics tend to have more resin backcoating.

Flameability Studies of 700 Articles of Upholatered FurmiteZe 18T
The subsirate beneath the upholstery YSIi‘?]‘lc.gp[)ean t:) :jb:t :(?;‘
tributing factar in resistance m’ cigurette ignition. mm:l o
cotton batling snd blends comtaining mt.um ﬂbfem m;p“:l, e e Bber
the probability of ignition. and fmlyuret}}a_ne‘ O;F‘nitim‘: ?
batting sppeared to decreass the p‘mbablht% u.l w.: m]‘,’ i gomerally
Raesistence to cigarotie ignition for a particd AL mk; e iyle
indépendent of country of origin a_nd more ]lkfely Fnd eammmt ot
and shape of article, type an(l)wmght of fa!:rlc us;: '. m
backeaating and the nature of the n:nder!)'lng su H*Z::r in o cerevice
Smuoldering cigavetie ignition i3 rfao.st hikely 1 oc o i e which
ares of an upholstered grticle contoining R he_fw)' weigh e voktom
Lis i{)u% celiulasic fiber, with nu resin hachg;t;l)g und a blended
l;a{ting substrate divectly beneath the fabitie
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ABSTRACT

The thermal decomnpegition kinetics of severul nliphatic FK agonts comtain-
ing vicinal bremines were studied under lemperatury conditiony, ie.
200~226°C., commuonly found in extruders. The reactions were monitored by
the vate of HBr evolution and by the farmation of trene-silbene in dilute
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th g, ) wern found te lnclude a froe radical componant 4, ) and un Jonic com-
panent (ky, ) resulting from the homolytic cleavage of a earbon-bromine bond
and from an iron or zine induced reaction, reepectively.
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was found to decompore &t about Lhree times the rate of hexabromacyclodo
decone ot pny @iven temperalure,
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Comparison of the Propensity of Cigarettes
to Ignite Upholstered Furniture Fabrics
and Cotton Ducks (S00-Fabric Study)

Marcelo M. Hirschler
GBH International, 2 Friar's Lane, Mill Valley, CA 94941, USA

The present study investigates the validity of a test method for smoldering cigarette ignition propensity of upholstery
fabrics based on using ‘cotton duck’ fabrics, and proposed by NIST. A comparison was made between the ignition
propensity of cigarettes as assessed by (1) a set of 500 upholstery fabrics (chosen at random among typical upholstery
fabrics) and (2) a test method proposed by NIST (NIST 851), and based on ‘cotton duck’ fabrics. The set of 500
fabrics can be assumed to be a representative cross-section of the upholstery fabrics available in the early 1990s, while
the ‘cotton duck’ fabrics are not typical upholstery fabrics, and it was unclear whether they would behave similarity or
differently from upholstery fabrics. Of the 500 fabrics tested, only 145 fabrics were ignitable by cigarettes, all of them
predominantly (or completely) cellulosic. This study found that the overall results obtained from the S00-upholstery
fabric study correlate well with those of the ‘cotton duck’ study. Therefore, the ‘cotton ducks’ can be considered, as
a whole, to behave similarly to the majority (estimated at perhaps 80%) of the upholstery fabrics available at the time
of the study, and the test is valid. In this study it was also found that the ‘cotton duck’ test method correlated well with
an earlier cigarette ignition test method, shown to be a good predictor of full-scale upholstered furniture cigarette
ignition results, when using a set of five cigarettes. Finally, a fabric density threshold was found, above which the
percentage of ignitions of cellulosic fabrics, the percentage of cellulosic fabrics that are ignitable and the flame spread

rate of fabrics in a flaming ignition test are all unaffected. © 1997 by John Wiley & Sons, Ltd.

Fire and Materials, Vol. 21, 123-141 (1997)

WORK OBJECTIVE

The present work compares the complete results of two
experimental projects to investigate whether the NIST
851 test is a valid method for assessing cigarette ignition
propensity of upholstery fabrics. This is done by correlat-
ing the results of tests on the same five cigarettes with the
NIST test and with 500 fabrics, assumed to be a represen-
tative cross-section of the upholstery fabrics available in
the early 1990s.

BACKGROUND ON CIGARETTE
IGNITION TESTING

The problem of fire and furniture has been under
investigation for many years, and has been the subject of
much work.!™3 This is primarily because it has been
shown that upholstered furniture and bedding products
represent a disproportionate share of the items first ig-
nited which lead to fatalities in residential fires.*”” The
most common ignition source for these fires tends to be
classified as ‘smokers’ materials’, which can mean ciga-
rettes, matches or lighters. Thus, this category is further
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subdivided into smoldering ignition (cigarettes) and flam-
ing ignition (other sources).

In the 1970s a pair of fire test methods were developed
to address the issue. They dealt with ignition of fabrics by
smoldering cigarettes. These test methods eventually
were standardized as ASTM E15328 and ASTM E1353.°
The objective of the test methods mentioned was to
investigate whether fabrics and foams could be ignited by
cigarettes, and they used a ‘standard’ cigarette as the
smoldering ignition source.

More recently, a test method has been developed!®!?
to assess the propensity of cigarettes to ignite fabrics in
upholstered furniture composites. However, that test
method uses a set of three cellulosic fabrics (cotton ducks)
as surrogates for upholstered furniture fabrics. It has
been stated that these fabrics are significantly different in
several respects from the typical upholstery fabric.

In 1984 the United States Congress recognized that
there was a need to reduce the propensity of cigarettes to
ignite upholstered furniture composites, which would be
a more effective way of dealing with the problem than by
addressing the furniture items. Thus Congress passed the
Cigarette Safety Act of 1984,'2 and entrusted a Technical
Study Group (TSG), chaired by Dr Richard G. Gann, of
the National Institute of Standards and Technology
(NIST) (at that time, the National Bureau of Standards),
with the responsibility to ‘undertake such studies and
other activities as it considers necessary and appropriate
to determine the technical and commercial feasibility,
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economic impact, and other consequences of developing
cigarettes and little cigars that will have a minimum
propensity to ignite upholstered furniture or mattresses.
Such activities include identification of the different phys-
ical characteristics of cigarettes and little cigars which
have an impact on the ignition of upholstered furniture
and mattresses, an analysis of the feasibility of altering
any pertinent characteristics to reduce ignition propen-
sity, and an analysis of the possible costs and benefits,
both 1o the industry and the public, associated with any
such product modification.” The work was sponsored by
the Consumer Product Safety Commission (CPSC) at the
Center for Fire Research of NBS, and involved six parts:

(1) Testing of commercial cigarettes, in order to deter-
mine the extent to which available cigarette packings
vary in their propensity to ignite soft furnishings.

(2) Measurements of ignitability, in order to review the
state of the art of such measurements, to identify
those characteristics of cigarettes which affect igni-
tion propensity, to investigate patents for reducing
ignition propensity and to develop an understanding
of the thermal phenomena and a model of the igni-
tion process.

(3) Test method development, to generate a laboratory
bench-scale test method for measuring ignition pro-
pensity of cigarettes.

(4) Assessment of quality assurance of experimental ciga-
rettes, to investigate the composition and statistical
variation of experimental cigarettes obtained from
the tobacco industry.

(5) Assessment of effects of alkali ions in fabrics and
fillings, to investigate their potential effect on suscep-
tibility to ignition of the soft furnishings.

(6) Conduction of full-scale furniture tests, to validate
the bench-scale test method data using real furniture
items.

The work of the TSG resulted in an overall summary?*?
and a series of publications, the most relevant of
which, to the present work, analysed the technical prob-
lem to be solved, and recommended the steps to be
taken.'* !5 One of the most important issues analysed by
the TSG were the factors most crucially affecting the
ignition propensity of cigarettes towards upholstery fab-
rics. The factors considered were physical or chemical
parameters that can be controlled during the manufac-
ture of commercial cigarettes. For that purpose 32 ciga-
rettes were manufactured (‘100 Series’), and characterised
well, wherein a number of parameters were varied broad-
ly, including: type of tobacco, packing density of the
tobacco in the cigarette column (or use of expanded
tobacco), permeability of the cigarette paper, use of ci-
trate additives in the paper, and circumference of the
cigarette. The work done concluded that paper permeab-
ility, tobacco packing density, cigarette circumference
and presence of citrate all affected the ignition propensity
of cigarettes, when varied with all other properties re-
maining equal.

Following the publication of this work, Congress
passed the Fire Safe Cigarette Act of 1990,'¢ and a
Technical Advisory Group (TAG) was formed, again
under the chair of Dr Gann. At the request of the
TAG, CPSC sponsored NIST to conduct research with
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three goals:

(1) Development of a viable standard test method to
assess cigarette ignition propensity.

(2) Compilation of performance data for cigarettes using
that test method.

(3) Conducting laboratory studies and computer
modeling to develop predictive capabilities.

At the same time, the CPSC was charged with:

(1) Conducting a study to collect data about character-
istics of cigarettes, products ignited and smokers in-
volved in fires.

(2) Development of information on societal costs of ciga-
rette-initiated fires.

(3) Development of information, together with the De-
partment of Health and Human Services, on changes
in toxicity of smoke and other health effects of new
cigarette prototypes with reduced ignition propen-
sity.

The TAG also issued a final report,!” and one of its
parts presented a proposed test method,'! later pub-
lished in a peer-reviewed journal'® (this method will be
referred to in this work as the NIST 851 test, reflecting
the number of the NIST publication, since NIST does
not number its methods). In fact, after investigations of
several surrogate methods, NIST developed both a sur-
rogate test method (the Cigarette Extinction Test)
and a test method involving the use of upholstered
furniture composites (or mock-ups) and of cigarettes,
which is the one addressed further in this work.
Cigarettes were used to attempt ignition of three cellu-
losic fabrics (known as ‘cotton ducks’, representing
a range of capabilities of being ignited, one of which was
modified by adding a strip of plastic, to further broaden
the ignitability range) all wrapped around the same type
of foam.

The TAG chose a set of three cotton fabrics, known as
‘cotton ducks’, as the substrates for their mock-up ciga-
rette ignition propensity test. The fabrics were chosen
because of two advantages: (1) they are 100% cellulosic
(which makes them more likely to be ignited by ciga-
rettes, even with plastic substrates), and (2) they have
long-term availability at a consistent level of quality
(because they are used by the armed forces for tents and
other applications), while traditional upholstery fabrics
are replaced approximately every 6 months (because of
fashion concerns). The disadvantages are that they are
not traditional upholstery fabrics, in that they tend to
have high weight per unit area, low porosity and high
content of ions (principally alkali cations). The real issue,
however, is to determine whether the ‘cotton ducks’
would predict similar ignition propensity for cigarettes as
a random sampling of upholstery fabrics, and that is
what is being done in this work.

Experience with this type of test method has long
shown that smoldering ignition of fabrics is highly
variable, and requires replication to obtain satisfactory
results. A comparison between the repeatability and re-
producibility of test methods for smoldering ignition
of upholstery has also been conducted and is the subject
of separate work.!®
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EXPERIMENTAL

Four tests were used as the basis for this work: (1) TSG
fabric test,!*!5 (2) TAG cotton duck fabric test,1%1! (3)
Cigarette Ignition Propensity Joint Venture fabric test,!®
and (4) a surrogate extinction method proposed by the
TAG.!!

In the TSG test, a piece of fabric is laid on a 25 mm
thick layer of polyurethane foam (Olympic foam #2715,
24kgm™* {1.51b ft™3} density) inside a chamber, in a
quiescent atmosphere (60% relative humidity, 24°C), and
held in place with a metal frame. A cigarette is lit, allowed
to smolder until 15 mm of rod has burned, and then
placed on the fabric. The fabric is deemed to ignite if its
charring extends at least 10 mm beyond the normal dis-
coloration caused by the smoldering cigarette. Six repli-
cates were run for each cigarette and each fabric.

In the NIST 851/TAG test, each cigarette is assessed
with three cotton duck fabrics: #10, #6 and #4 (see
Table 1, for fabric properties). The fabrics are placed on
a polyether polyol polyurethane foam (32kgm 3
{2.01bft~*} density). The resistance to ignition resistance
of the substrates used increases from cotton duck # 10
through cotton duck #6 to cotton duck #4. A thin
polyethylene film (0.13mm thick, 0.15gcm™?
{44 0zyd ™ ?} density) is added as a heat sink to cotton
duck #4, to make the mock-up more ignition resistant.
Results of all three fabrics are averaged. A large number
of replicates (at least 24) are run for each cigarette.

The method proposed by the Cigarette Ignition Pro-
pensity Joint Venture, used on all 500 fabrics, differs from
the TSG test mainly in that a plastic box with four
compartments is used, allowing six cigarettes each to be
tested on four fabrics simultaneously.

The five cigarettes used are designated by arbitrary
numbers (519, 506, 508, 525 and 528), which indicate that

they are part of the ‘500 series’ of 32 cigarettes made to
represent a wide variation in variables. The main ciga-
rette properties are described in Table 2,

DATA ANALYSIS

Representatives of the Cigarette Ignition Propensity
Joint Venture, representing the tobacco manufacturing
industry (Joint Venture), bought 500 upholstery fabrics,
apparently at random, in the High Point, NC, area
{(which is the center of the upholstery industry).*®?° They
then proceeded to test the fabrics for ignitability by
cigarettes. Interestingly, the fabrics can be subdivided
into categories, based on the three properties described
above, for example as proposed by A.W. Spears?!
(Table 3).

Appendix A contains all the physical information on
the 500 fabrics chosen. On this basis, the fabrics can be
classified into four categories: NIST Like-1, NIST Like-2
(excluding NIST Like-1 ones), NIST Unlike and Others,
as shown in Table 4. Table 4. Table 4 does not contain
the fabrics that are neither NIST Like nor NIST Unlike,
which are the majority (384 out of the 500). The table
contains 21 fabrics classified as NIST Like-1, 15 fabrics
classified as NIST Like-2 and 82 classified as NIST
Unlike. It must be noted, however, that three fabrics are
classified as both NIST Like-2 and NIST Unlike: fabrics
# 107, 264 and 363.

The Joint Venture continued its investigation by using
one cigarette, designated # 519, and attempting the igni-
tion of all fabrics, by means of a mock-up unpholstered
furniture procedure,'® similar to the TSG test.!**5 The
cigarette was chosen because it contains all four charac-
teristics known to be crucial in increasing ignition pro-
pensity of cigarettes:'*!%22 non-expanded tobacco, high

Table 1.
Density
kgm -2 {ozyd ~?)
Cotton duck # 10 0.50 (14.7)
Cotton duck #6 0.72 (21.2)
Cotton duck #4 0.83 (24.5)
Polyethylene 1.50 (44)

Foam 32kgm~?(2.01bft—?)

Properties of cotton duck fabrics, polyethylene film and polyurethane foam

Porosity Potassium

m®s~"m -2 (Coresta units) ppm
10.2-20.4 x 102 {500-1,000) ca. 4300
5.1-10.2 x 102 (250-500) ca. 5300
5.1-10.2 x 10 -3 (250-500) ca. 4500

Note: porosity was measured in metric units, using Federal Method 5450, at a pressure drop of 1.27 cm of
water, and the conversion to Coresta units assumes that the results vary proportionally with pressure drop,

which is uncertain.

Table 2. Description of experimental cigarettes used

Cigarette # Cigarette Tobacco
designation type
519 BNHC25 Burley
506 BELN21 Burley
508 BEHN21 Burley
525 FNLC25 Flue-cured
528 FNHN25 Fiue-cured

Expanded Paper Cigarette Citrate
tobacco? porosity circumference {mm) in paper?
No High 25 Yes
Yes Low 21 No
Yes High 21 No
No Low 25 Yes
No High 25 No

© 1997 by John Wiley & Sons, Ltd.
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Table 3. Classification of fabrics by physical characteristics

Characteristic Sodium + potassium Density Porosity
Units ppm ozyd~? Coresta Units
Cotton duck fabrics® 4327-5293 15-24 425-650
NIST Like-1 fabrics > 1800 > 15.5 <7000
NIST Like-2 fabrics® > 1600 > 14 < 7000
NIST unlike fabrics 800~1800 9.5-15.5 -

2Data as reported by Spears.?!

PNIST Like-2 Fabrics exclude those classified as NIST Like-1 Fabrics.

Table 4. Classification of all fabrics by properties, not by Ignitability

Fabric numbers

NIST Like-1 NIST Like-2 NIST Unlike
15 _ 1 4
40 14 6
42 37 23
46 78 25
66 107 27
67 108 30
68 146 31
70 147 32
74 148 36
81 151 39
86 155 43
87 262 48
120 264 49
122 302 53
129 363 54
131 69
140 77

245 89
256 98
283 101
419 102

NIST Unlike NIST Unlike NIST Unlike
107 254 407
111 255 411
112 259 412
116 263 413
123 264 415
126 265 423
128 268 427
134 279 430
135 282 431
139 285 437
142 287 447
143 289 448
149 290 458
152 293 459
159 314 460
164 363 465
166 380 467
234 390 468
237 399 499
248 401
251 406

cigarette circumference, high paper porosity and citrate
in the paper. A total of 145 fabrics had at least one
ignition with cigarette 519, while the other 355 fabrics
had no ignitions and were discarded. All remaining fab-
rics (i.e. the 145 that had ignitions) were then subjected to
ignition using four additional cigarettes, designated num-
bers 506, 508, 525, and 528. Appendix B illustrates the
percentage of ignitions obtained with each fabric, on each
cigarette. The overall ranking of the five cigarettes used,
by the use of the 500 fabrics is as follows, in order of
increasing ignition propensity:

506 < 508 < 528 < 525 < 519

These fabrics can now be classified into the categories
described above: 21 of the ignitable fabrics are NIST
Like-1(14%), 14 of the fabrics are NIST Like-2 (10%), 24
are NIST Unlike (17%) and 88 fabrics are neither NIST
Like nor NIST Unlike (61%). It must be noted that two
of the ignitable fabrics (# 107 and # 264) are both NIST
Like-2 and NIST Unlike. The third fabric that was both
NIST Like-2 and NIST Unlike (# 363) was not ignited
by cigarette # 519, and was not used further.

Spears2*-23 also tested the same five cigarettes using
the cotton ducks, with the NIST 851 test method.*%11 As
a consequence, it is now possible to analyse the results
obtained when testing for ignition propensity using the
various fabrics, and compare them with the results ob-
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tained using the cotton ducks. The results, shown in
Table 5, indicate that NIST Like-1 and NIST Like-2
fabrics give similar results and rankings to the ones by
the cotton ducks, and that NIST Unlike fabrics give
somewhat different results. However, in spite of the dif-
ferences, all sets of fabrics classify cigarette 519 as the
worst (or equal worst) and cigarette 506 as the best (or
equal best). Similarly, the overall ranking resulting from
all 500 fabrics also agrees with the ranking of the cotton
ducks. Table 6 includes additional detail, by showing that
60% of the fabrics classify cigarette 506 as the best (least
ignition-prone) and cigarettes 519, 525 and 528 as the
three worst, and almost 70% classify cigarette 506 as one
of the two best. On the other hand, only 5% classify
cigarette 506 as the worst (most ignition-prone), 9% as
one of the two worst and 6% classify cigarettes 506 and
508 as the worst 2. The comments made here are illus-
trated in Fig. 1. The ‘cotton ducks’ rank the five cigarettes
used as follows, in order of increasing ignition propen-
sity:

506 < 508 < 528 = 525 =519

The analysis indicates that only 13 of the 145 fabrics
are severely misrepresented by the ‘cotton ducks’ (i.e.
approximately 8% of the total) when they classify ciga-
rettes # 506 and # 508 as significantly better than the
other three cigarettes. Moreover, an analysis that were to
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Table 5. Ignition propensity results for the various cigarettes (Results in

% Ignitions)

Cigarette # 519 506
Cotton ducks 100 14
NIST Like-1 87 24
NIST Like-2 90 21
NIST Unlike 65 38
Others 74 53
Overall 76 43
Ranking for ducks 3 1
Ranking for 3-4 1
NIST Like-1

Ranking for 5 1
NIST Like-2

Ranking for 5 1-2
NIST Unlike

Ranking for others 5 1
Ranking overall 5 1

508 525 528 Avg
35 100 100 70
46 87 83 66
56 76 71 64
60 49 37 50
60 64 62 63
57 67 63 61

2 3 3

2 3-4 3-4

2 4 3

4 3 1-2

2 3-4 3-4

2 4 3

Table 6. How the 500 fabrics classify cigarettes (results in # of fabrics)

NIST NIST
Like-1 Like-2
All 100% igniton 0 1
506 best 20 12
506 among best 2 21 13
506 worst 0 0
506 among worst 2 0 4]
519, 525, 528 20 12
worst 3
506, 508 worst 2 0 0
None of the above 1 0

NIST
Unlike Others All % of All
1 28 30 21
11 46 88 61
16 51 99 68
1 6 7 5
6 7 13 9
9 43 84 58
4 4 8 6
1 2 4 3

€0

Ignition by Fabrics (%)

All 100% 2; best 2. bast 2 2: worsl

2:wpormI 1,468 worsl 2,3 worst None shove

Figure 1. Ignition propensity test results of the 145 ignitable fabrics, within the 500 fabric
study: % of fabrics for which: all ignite 100%; cigarette 2 (506) is one of the best two;
cigarette 2 {(506) is the best; cigarette 2 (506) is the worst; cigarette 2 (506} is one of the
worst two; cigarettes 1, 4,5 (519, 525, 528) are the worst three; cigarettes 2, 3 (506, 508) are

the worst two; and ‘none of the above’'.

classify the other cigarettes as the better one would mis-
represent 99 of the 145 fabrics (68% of the total) which
classify cigarettes # 528, # 525 and # 519 as having the
most propensity to ignite fabrics (or at least not better
than cigarettes # 506 and # 508).

© 1997 by John Wiley & Sons, Ltd.

However, it must be remembered that there are many
fabrics that are not ignitable by any cigarette (parti-
cularly those with low cellulosic content, or even non-
fully cellulosic) and there are a number of fabrics for
which there is little difference in ignitability of many
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Figure 2. Comparison of ignition propensity test results with the cotton ducks (NIST 851 test)

and with the 500 upholstery fabrics.
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Figure 3. Correlation between bench-scale test results and full-scale test results for five
cigarettes (TSG work): A is a commercial cigarette and the others are experimental.

cigarettes. However, when those fabrics are considered
for which the characteristics of the cigarette can affect
their ignitability, the NIST 851 test predicts the probabil-
ity of ignition for the majority of them. This is exempli-
fied in Fig. 2. This figure displays the ignition propensity
of the five cigarettes tested using the cotton ducks (NIST
851 test) and using the overall summary of the 500
fabrics. The consistency of the pattern is clearly very
adequate.

In summary, this study indicates that, as was to be
expected, not all fabrics behave alike in terms of their
ignitability when confronted by cigarettes, but that, on
balance, the 500 fabrics give results consistent with those
given by the cotton ducks chosen for the NIST 851

© 1997 by John Wiley & Sons, Ltd.

mock-up test, with only less than 10% of fabrics produ-
cing very different results. This validates the choice of the
cotton ducks as substrates, and shows that the NIST 851
‘cotton duck’ test can be validly used to assess ignition
propensity of cigarettes.

ADDITIONAL ANALYSIS

Figure 3 shows a comparison between the results of
the original NIST/TSG test for cigarette ignition!4
with those of full-scale tests for smoldering ignition of
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upholstered furniture, in two ways. It contains a com-
parison of overall results per cigarette: a commercial
cigarette (A) and four experimental cigarettes (B, C,
D and E) were tested, and a correlation coefficient of
0.991 was obtained. It is also clear from the figure that
the commercial cigarette has an ignition propensity of
approximately 70%, while the experimental cigarettes
have ignition propensities of less than 30%.

Figure 4 includes a somewhat different analysis of the
difference in ignition propensity of the various cigarettes.
In the testing 18 fabric/foam combinations were used in

the full-scale tests and 15 combinations in the small-scale
test: a total of 33 fabric combinations. The analysis shows
that almost all fabric systems correctly predict that ciga-
rette Bis the best or one of the two or three best, and that
the commercial cigarette is the worst or one of the two
worst. On the other hand, no system predicts that ciga-
rettes B, D and E are the three worst, and only five of 33
systems predict that cigarette B is the worst.

As an added note, Fig. 5 includes a comparison of the
results on cigarette ignition propensity of five cigarettes
using: (a} the TSG test described above [14], (b) the

15+

# Fabrics

BBesl BEest2 BWarst  Noign

AWorat AC Woret B.D,E Bed BDEWorst

Cigarettes: A, Commercial; Others, Not

Figure 4. Discrimination between cigarettes by the TSG small-scale and full-scale stud-
ies, with 33 fabric systems: 18 full-scale and 15 bench-scale ones. # of fabrics for which:
altignite 100%; cigarette B is the best; cigarette B is one of the best two; cigarette B is the
worst; none of the cigarettes cause ignitions; cigarette A is the worst; cigarettes A and
C are the worst two; cigarettes B, D, E are the worst three; cigarettes B, D, E are the best
three; and cigarettes B, D, E are the worst three.
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Figure 5. Comparison of four test methods on cigarette ignition propensity: {a) the TSG
test described; (b) the ‘cotton duck’ test, as described in NIST 851, and tested by NIST; (c)
a surrogate extinction test as conducted by NiST and (d) the ‘cotton duck’ test, as
described in NIST 851, and conducted by Spears, using newer versions of the same

types of cigarettes.

© 1997 by John Wiley & Sons, Ltd.

Fire and Materials, Vol. 21, 123-141 (1997)



130 M. M. HIRSCHLER

‘cotton duck’ test as used by NIST,'® (c) a surrogate
extinction test, proposed by the TAG and as conducted
by NIST!® and (d) the ‘cotton duck’ test as conducted
by Spears,21'2% using newer versions of the same types
of cigarettes. The similarity of results is very interest-
ing. A caveat is needed: the TSG test results were
conducted with the ‘100 series’ cigarettes, which are not
identical to the ‘500 series’ cigarettes, but show similar
trends.

COMPARISON OF FLAMING AND
SMOLDERING IGNITION

There were 320 purely cellulosic fabrics in this study, of
which 121 were ignitable. Figure 6 shows (a) the average
percentage of ignitions recorded for the cellulosic fabrics
for various density ranges and (b) the percentage of
fabrics that are ignitable in the corresponding density
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2
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S Unaffected by Density ” L2
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5 *] ] 3
® = g
20 30 2
] f L@
10 15
| /é/E/ -
O-J;—& —

50° 100 150 200 250

L] T T T o
300 350 400 450 500

Fabric Density Range (Mid) (g/m "~ 2)

| O % Ignitions

X % Ignitable Fabrics

Figure 6. Percentage of ignitions obtained with purely cellulosic fabrics and percentage of
purely cellulosic fabrics which are ignitable, as a function of the fabric density range {(data
represent the middle of the range in each case).
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Figure 7. Comparison of the thresholds for constant probability of cellulosic smoldering
ignition and charring flame spread rate, based on fabric density.
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range, where each density range covers 2 ozyd 2 (or
almost 50 gm™32). It appears from the figure that the
density of the cellulosic fabric actually has little effect on
the ignitability of the fabric if the density exceeds a value
of 200-250 gm ™2 (8-10 0z yd~2). On the other hand,
both the probability of ignition and the fraction of ignit-
able fabrics increases with density if the fabric density is
less than that threshold. Since all the cotton duck fabrics
and most upholstery fabrics tend to have densities above
the threshold (58% of all purely cellulosic fabrics and
64% of all fabrics in this study have densities over
200 gm ™2 (or 8 oz yd~2)), this suggests that the weight of
the cotton ducks has little effect on the ignitability of the
fabric by cigarettes. It is also worth noting that the
threshold obtained for smoldering ignition of cellulosic
fabrics in this study is almost the same as the threshold
found for flame spread rate following flaming ignition of
charring fabrics in a different study.>* However, the
flame spread rate of the charring fabrics, which was also
unaffected by fabric density above approximately
200 gm 2 (8-9 oz yd ~ %), decreased with increasing fabric
density below that value (Fig. 7). This (1) indicates the
divergent effects that can be found for different types of

ignition sources and (2) suggests that fabric density is
most important in terms of flammability at low fabric
densities.

CONCLUSIONS

The results of two studies of cigarette ignition propensity
were compared: (1) using a selection of 500 upholstery
fabrics, representative of those available in the US mar-
ket in the early 1990s and (2) using three ‘cotton ducks’,
which have very different properties from traditional
upholstery fabrics. The results of the analysis indicate
that the ‘cotton ducks’ are an adequate overall repres-
entation of the relative ignition propensity of the cigaret-
ters, as assessed by typical upholstery fabrics. Moreover,
the test method that uses the ‘cotton ducks’ appears to
give results which correlate well with those of full-scale
upholstered furniture smoldering ignition fire tests. Thus,
the test method using ‘cotton ducks’ is an adequate
representation of the ignition propensity of cigarettes on
the vast majority of commercial upholstery fabrics.

APPENDIX A: PHYSICAL PROPERTIES OF 500 FABRICS CHOSEN

Fabric # Potassium Sodium Sodium + potassium

ppm . ppm ppm

1 136.0 1603.0 1739
2 245 464.5 489
3 105.6 3045 410
4 16.0 1715.0 1731
5 18.2 3735 392
6 106.4 1407.0 1513
7 85.0 974.0 1059
8 203.3 401.0 604
9 2051.0 450.0 2501
10 44.8 538.2 583
1 219.0 1143.0 1362
12 226.0 1816.0 2042
13 1658.0 692.0 2250
14 1130.0 898.0 2028
15 248.0 2523.0 2771
16 90.3 466.0 556
17 259 359.0 385
18 471.2 311.5 783
19 59.0 1637.0 1696
20 37.6 617.2 565
21 43.1 619.3 662
22 302.8 1013.0 1316
23 548 774.0 829
24 43.0 1790.0 1833
25 434.9 954.2 1389
26 190.2 2308.0 2498
27 84.1 1288.0 1372
28 39.7 730.9 771
29 97.3 952.6 1050
30 196.7 979.5 1176
31 47.0 1147.0 1194
32 45.0 1661.0 1706
33 93.4 11512.0 11605
34 554.0 482.0 1036
35 43.7 750.7 794
36 244.6 1100.0 1345
37 26.0 1697.0 1723
38 36.3 3127.0 3163
39 78.4 1182.0 1260
40 125.0 1750.0 1875
41 39.3 437.2 477
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Porosity Density Cotton Cellulose
Coresta units ozyd~? % %
3825 17.87 91 100
11229 8.92 100 100
8598 12.73 37 37
5000 11.81 100 100
6404 13.84 33 100
10959 13.56 100 100
4 688 16.87 91 100
2008 16.91 71 71
3170 11.45 24 100
11470 13.25 100 100
9171 16.46 81 81
9692 15.97 100 100
9205 10.03 100 100
5418 14.46 90 90
6454 19.43 94 94
2980 7.49 0 46
3314 19.68 100 100
12511 11.73 40 100
9391 15.64 100 100
9340 9.80 100 100
6926 13.43 78 78
11204 17.52 24 100
5145 11.90 68 100
9633 18.12 100 100
11308 14.26 61 61
6986 13.80 100 100
12480 12.71 72 72
3615 16.00 81 100
6697 17.48 75 75
7114 14.33 69 69
7327 10.41 100 100
8423 14.96 39 100
6711 11.24 100 100
2657 16.70 84 100
8187 15.76 63 63
8634 14.79 64 64
2815 15.55 100 100
7204 14.14 100 100
5022 10.82 100 100
4649 16.46 100 100
6048 9.33 57 57
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Fabric # Potassium Sodium Sodium + potassium Porosity Density Cotton Cellulose
ppm ppm ppm Coresta units ozyd-? % %
42 999.0 1197.0 2196 1208 16.95 100 100
43 543.0 929.7 1473 ' 6573 13.25 76 76
44 28.0 736.0 764 6844 12.43 100 100
45 1103.0 1567.0 2670 6651 10.17 100 100
46 1408.0 1600.0 3008 4849 16.26 100 100
47 1175.0 834.0 2009 4647 9.46 100 100
48 439.2 919.5 1359 571 14.02 62 62
49 43.0 1168.0 1211 8010 12.52 100 100
50 161.9 434.0 596 6058 14.77 31 100
51 104.0 1726.0 1830 6895 12.14 85 85
52 58.0 811.0 869 13618 15.93 81 81
53 29.7 1004.0 1034 13800 11.03 100 100
54 69.0 1426.0 1495 5872 11.83 100 100
55 2044.0 1200.0 3244 3360 9.30 100 100
56 142.0 2148.0 2290 15002 9.22 100 100
57 470.4 1026.0 1496 8974 18.96 100 100
58 16.9 2304.0 2321 6798 13.00 100 100
59 1877.0 654.8 2532 4262 10.13 100 100
60 43.2 1847.0 1890 6308 " 13.02 100 100
61 249.0 2498.0 2747 10682 7.40 100 100
62 1403.0 739.0 2142 10692 10.74 100 100
63 329 1039.0 1072 4017 15.72 70 70
64 47.9 1900.0 1948 9937 10.50 100 100
65 475.0 1619.0 2094 8397 14.29 80 100
66 89.0 3123.0 3212 5036 16.78 29 100
67 158.0 1800.0 1958 5016 16.48 100 100
68 17.0 1857.0 1874 5316 15.67 100 100
69 54.6 1032.0 1087 8852 16.94 59 59
70 32.0 1938.0 1970 5346 18.07 100 100
71 1512.0 1151.0 2663 11515 11.63 100 100
72 3598.0 775.0 4373 5282 8.95 100 100
73 640.1 1407.0 2047 9261 12.56 40 100
74 738.0 1143.0 1881 6704 17.62 100 100
75 104.1 1328.0 1432 11199 17.35 100 100
76 1400.0 1138.0 2538 2756 11.98 100 100
77 500.0 366.0 866 12638 12.20 38 100
78 1368.0 902.0 2270 6082 14.86 100 100
79 2515.0 982.0 3497 4930 10.61 100 100
80 30.8 647.5 678 5681 17.21 100 100
81 455 2419.0 2465 4968 15.74 72 72
82 58.2 403.8 462 6074 8.81 100 100
83 2091.0 880.0 2971 3474 11.90 100 100
84 1991.0 828.0 2819 5851 10.46 100 100
85 1781.0 782.0 2563 7299 10.62 100 100
86 946.0 1221.0 2167 5128 15.60 50 100
87 1221.0 2217.0 3438 2019 15.89 65 100
88 2737.0 884.0 3621 7420 10.27 100 100
89 85.7 1272.0 1358 10505 12.97 46 200
90 2865.0 782.0 3647 6604 10.49 100 100
91 1717.0 1096.0 2813 4971 10.91 100 100
92 794.9 939.8 1735 7361 16.04 78 78
93 385 411.2 450 6200 8.33 39 39
94 425 304.2 347 5660 9.96 0 0
95 715 157.3 229 2944 11.68 40 100
96 63.7 569.6 633 1049 8.04 0 75
97 1545.0 925.6 2471 4496 10.56 100 100
98 42.0 940.7 983 6120 9.86 100 100
99 32.3 122.4 155 10761 10.91 100 100
100 2903.0 467.0 3370 7804 9.90 100 100
101 78.1 1510.0 1588 8851 9.75 61 100
102 72.5 1122.0 1195 7182 15.07 15 100
103 29.0 2821.0 2850 12972 14.63 100 100
104 26.2 1363.0 1389 8076 8.28 77 77
105 1534.0 957.0 2491 5745 6.67 100 100
106 1671.0 977.0 2648 7745 10.17 100 100
107 64.0 1689.0 1653 6571 15.49 100 100
108 48.0 2958.0 3006 5800 15.29 100 100
109 44.8 836.0 881 11970 6.90 100 100
110 106.0 1975.0 2081 4059 4.56 100 100
11 45.2 812.9 858 14902 13.26 71 7
112 127 1751.0 1764 11130 14.26 71 VA
113 1371.0 1295.0 2666 1859 13.38 100 100
114 341.0 219.6 561 4577 9.84 93 93

© 1997 by John Wiley & Sons, Ltd, Fire and Materials, Vol. 21, 123-141 (1997)



PROPENSITY OF CIGARETTES TO IGNITE UPHOLSTERED FURNITURE FABRICS AND COTTON DUCKS 133

APPENDIX A. CONTINUED

Fabric # Potassium Sodium Sodium + potassium Porasity Density Cotton Cellulose
ppm ppm ppm Coresta units ozyd-? % %
115 37.7 1264.0 1302 2915 15.57 100 100
116 78.3 1177.0 1255 2966 13.63 100 100
117 45.1 280.5 326 10290 9.26 50 50
118 41.7 4197.0 4239 2451 12.53 100 100
119 45.0 3290.0 3335 8957 12.23 76 100
120 49.0 3468.0 3517 4011 16.00 100 100
121 75.0 2769.0 2844 7 641 16.40 85 85
122 582.0 3238.0 3238 3232 19.46 100 100
123 12.2 1223.0 1235 6041 15.48 43 100
124 38.3 722.6 761 4 11.63 100 100
125 291.8 340.3 632 7178 7.06 70 100
126 166.6 700.6 867 2557 12.33 100 100
127 1547.0 657.0 2204 10146 12.99 100 100
128 6.7 1045.0 1052 3878 15.31 82 82
129 0.0 3107.0 3107 2739 16.47 100 100
130 49.3 1205.0 1254 10410 16.60 29 65
131 136.0 1867.0 2003 3948 15.54 100 100
132 114.5 499.7 614 5676 11.15 100 100
133 135 294.1 308 6391 13.83 51 69
134 5.2 1129.0 1134 6793 9.53 100 100
135 1043.0 611.0 1654 3944 13.52 5 100
136 23.6 2759.0 2783 7605 10.66 100 100
137 84.6 449.7 534 4860 8.21 100 100
138 33.7 1917.0 1951 9413 19.92 85 85
139 3.1 1423.0 1426 8821 15.34 29 65
140 54.0 2496.0 2550 2727 19.34 91 100
141 71.0 2570.0 2641 8950 23.98 76 76
142 39.8 892.0 932 7473 13.74 100 100
143 17.3 1619.0 1636 7528 11.00 100 100
144 116.1 575.8 692 4353 7.75 0 0
145 2183.0 1430.0 3613 6746 10.63 100 100
146 86.0 1707.0 1793 6761 16.48 100 100
147 3.0 1736.0 1739 5584 19.08 100 100
148 1643.0 1272.0 2915 4638 14.45 100 100
149 8.5 1393.0 1402 8800 11.67 0 77
150 22.0 22720 2294 8739 14.67 39 100
151 21.0 2091.0 2112 1875 15.06 100 100
152 26.8 1224.0 1251 6734 10.62 0 100
153 43.1 1254.0 1297 4541 8.72 0 100
154 21.0 608.0 629 3338 9.36 51 100
155 665.0 2137.0 2802 5082 14.73 49 100
156 31.0 1557.0 1588 6208 8.27 57 57
157 25.5 1041.0 1066.5 6661 17.35 100 100
158 27.8 843.2 871 13190 7.87 100 100
159 21.0 1165.0 1186 8946 14.93 64 64
160 35.1 1172.0 1207 12614 8.14 64 64
161 37.7 1322.0 1360 9306 7.14 100 100
162 2795.0 617.0 3412 7038 9.96 100 100
163 238.8 355.6 594 4848 6.51 7 71
164 1019.0 764.0 1783 7077 15.17 96 96
165 1057.0 847.3 1904 6186 10.35 10 10
166 87.5 1110.0 1198 5665 11.10 ~ 100 100
167 19.6 606.0 626 12717 5.77 100 100
168 20.4 1299.0 1319 4872 7.52 100 100
169 102.0 2005.0 2107 3007 12.83 0 100
170 57.6 279.8 337 6082 3.46 50 50
171 17.8 194.0 212 2907 6.60 100 100
172 34.5 254.2 289 7726 4.18 100 100
173 36.8 195.0 232 3408 6.73 100 100
174 37.6 1579 196 14914 5.67 100 100
175 205.9 480.4 686 3874 6.33 100 100
176 32.2 148.6 181 4762 6.42 35 35
177 26.8 183.2 210 11828 5.56 100 100
178 659.0 600.0 1259 5912 6.30 100 100
179 30.2 354.6 385 4085 6.80 100 100
180 105.0 262.3 367 13966 6.10 100 100
181 60.4 331.6 392 10525 5.91 100 100
182 57.7 460.6 518 8970 6.16 100 100
183 431.7 532.5 964 6987 6.35 100 100
184 130.7 410.2 541 6238 6.78 100 100
185 276.7 486.2 763 7940 6.13 100 100
186 80.8 303.2 384 14108 3.15 100 100
187 323 57.5 90 3253 6.23 100 100
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Fabric # Potassium Sodium Sodium + potassium Porosity Density Cotton Cellulose
ppm ppm ppm Coresta units ozyd ~2 % %
188 415 | 258.9 300 4347 6.29 0 65
189 18.4 361.9 380 8351 6.03 100 100
190 8.0 106.5 115 7612 3.44 100 100
191 27.4 79.6 107 1115 4.82 100 100
192 52.5 462.6 515 4654 3.61 50 50
193 49.1 222.6 272 4524 4.02 100 100
194 45 701 75 4480 6.49 100 100
195 29.9 55.5 85 11534 7.9 49.4 49.4
196 31.9 346.8 379 2052 475 100 100
197 22.4 381.4 404 4588 6.12 100 100
198 10.4 222.3 233 6211 6.68 100 100
199 10.0 146.0 156 5421 4.63 100 100
200 31.4 132.2 164 12780 3.95 100 100
201 13.9 409.0 423 4392 7.81 100 100
202 24.8 23.2 48 3993 5.71 100 100
203 156.8 492.0 649 2406 4.51 100 100
204 38.0 120.8 159 2750 4.40 100 100
205 39.0 329.4 368 3793 4.54 100 100
206 6.9 359.9 367 4601 6.29 100 100
207 117.5 411.3 529 7202 6.75 100 100
208 3.4 554.0 557 3522 6.61 100 100
209 15.3 400.2 416 4798 5.27 100 100
210 27.4 261.1 289 1349 5.06 100 100
21 93.8 2471 341 14118 4.94 100 100
212 32.8 85.2 118 5291 5.02 100 100
213 36.8 565.3 92 3015 6.11 100 100
214 51.1 167.8 ° 219 1746 5.09 100 100
215 222.8 968.3 1191 9573 6.40 100 100
216 14.0 336.7 351 3284 6.09 100 100
217 43.0 127.8 171 2335 6.06 100 100
218 77.3 432.6 510 7079 3.47 50 50
219 69.2 387.9 457 1517 6.19 100 100
220 32.9 989.1 1022 2648 7.25 100 100
221 147.3 413.9 561 2692 7.44 70 70
222 448 230.1 275 3179 4.10 100 100
223 25.3 226.4 252 4569 5.97 100 100
224 37.0 209.9 247 © 3293 5.77 100 100
225 98.2 771.6 ’ 870 9501 6.40 100 100
226 20.1 387.7 408 2104 6.82 100 100
227 43.7 1032.0 1076 20993 4.90 56 56
228 31.5 228.4 260 2774 6.35 100 100
229 72.4 549.4 622 2955 4.86 100 100
230 23.4 178.8 202 5714 4.75 100 100
231 1784.0 1209.0 2993 7956 4.02 100 100
232 22.0 474.0 496 4196 8.16 100 100
233 56.8 858.4 915 11163 8.29 100 100
234 32.0 1161.0 1193 6329 15.02 100 100
235 28.2 835.6 864 7420 8.02 49 51
236 15.4 985.0 1000 3873 8.94 0 100
237 54.1 1036.0 1090 2092 10.36 0 69
238 24.0 4404.0 4428 3535 8.78 100 100
239 66.0 86.7 153 7239 9.39 54 46
240 94.5 641.4 736 6994 9.83 60 60
241 34.9 669.6 705 4372 6.84 0 75
242 12.3 607.0 619 8477 8.1 100 100
243 29.9 412.0 442 5391 10.30 40 100
244 85.3 772.3 858 11490 7.54 55 55
245 735.8 2777.0 3513 6 655 17.07 48 87
246 88.0 3662.0 3750 9486 13.82 75 75
247 43.0 2347.0 2390 8202 - 8.29 0 100
248 29.1 1127.0 1156 11514 10.05 2 66
249 71.0 309.5 381 11866 12.72 73 73
250 15.0 2154.0 2169 11393 13.25 10 96
251 17.0 1078.0 1095 9128 13.24 0 76
252 976.0 959.0 1935 11748 9.94 30 30
253 60.2 339.8 400 7 846 11.95 10 96
254 19.7 988.8 1009 12604 12.94 0 76
255 21.9 1008.0 1030 3855 1411 30 30
256 96.0 3290.0 3386 5408 16.50 96 96
257 84.1 869.4 954 5521 15.70 0 72
258 390.8 323.4 714 6270 11.30 100 100
259 181.5 1053.0 1235 7860 11.88 26 100
260 26.0 1155.0 1181 3989 9.40 33 33
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Fabric # Potassium Sodium Sodium + potassium Porosity Density Cotton Cellulose
ppm ppm ppm Coresta units ozyd-? % %
261 23.4 . 166.1 190 9227 16.89 100 100
262 92.0 2099.0 2191 3314 15.01 46 100
263 . 671.4 934.5 1606 3447 13.97 17 75
264 28.0 1688.0 1716 4178 15.06 36 100
265 67.2 999.2 1066 7254 9.85 100 100
266 29.7 1008.0 1038 5819 9.41 0 100
267 19.1 209.9 229 0 12,55 100 100
268 29.1 779.2 808 5332 12.73 41 80
269 23.2 382.1 405 3646 8.47 100 100
270 10.5 423.8 434 10042 8.93 100 100
271 20.3 970.6 991 7644 7.49 100 100
272 15.8 199.3 215 2182 9.36 60 60
273 31.1 987.7 1019 11226 8.56 100 100
274 5.8 168.5 174 4373 7.84 100 100
275 113.0 163.4 276 6910 6.75 51 51
276 58.0 2193.0 2251 5007 10.04 49 49
277 38.2 287.0 325 10318 8.48 100 100
278 23.3 460.6 484 4879 12.39 0 0
279 10.1 1140.0 1150 10972 12.77 0 73
280 11.5 217.5 229 7183 19.19 45 45
281 0.0 269.0 269 1573 4.53 100 100
282 316.4 1175.0 1491 3618 10.99 74 74
283 259 3399.0 3425 2601 15.76 55 100
284 18.7 466.7 485 3535 10.49 100 100
285 651.7 404.7 1056 11732 14.53 0 0
286 81.0 1732.0 1813 4384 11.14 0 100
287 42.0 1260.0 1302 6586 12.72 0 100
288 10.1 889.1 899 10458 6.78 49 49
289 41.0 1755.0 1796 4341 10.01 77 100
290 32.6 1074.0 1107 6085 9.94 46 100
291 32.2 223.2 255 3991 6.49 0 0
292 27.4 664.7 692 13242 6.78 50 50
293 9.8 1761.0 1771 6655 11.89 100 100
294 7.2 932.6 940 9335 5.57 35 100
295 4989.0 325.0 5314 8936 13.30 65 100
296 19.8 263.4 283 7438 9.87 42 100
297 30.1 711 101 13058 14.05 80 80
298 60.9 106.0 167 8437 10.75 78 78
299 2944.0 467.0 341 5517 12.37 66 66
300 88.0 24900 2578 9761 6.94 100 100
301 1700.0 1213.0 2913 6851 10.62 100 100
302 114.0 1564.0 1678 4576 17.38 31 100
303 56.3 1173.0 1229 4766 9.27 25 60
304 2836.0 597.0 3433 4571 10.33 59 100
305 32.3 727.6 760 9421 9.22 100 100
306 15.6 153.4 169 1768 11.72 100 100
307 61.5 227.6 289 3771 4.73 100 100
308 27.6 3902.0 3930 2535 6.62 100 100
309 211 422.4 444 8394 16.37 28 64
310 55.6 1073.0 1129 2404 6.30 100 100
311 85.5 226.0 312 5050 4,53 100 100
312 42.2 246.1 288 3243 4,58 100 100
313 43.7 277.6 321 2531 6.54 100 100
314 101.7 1565.0 1667 9439 11.94 100 100
315 17.3 148.8 166 7996 6.86 100 100
3186 49.0 265.4 314 2032 4.70 100 100
317 55.8 116.7 173 8947 7.1 100 100
318 269 122.8 150 12295 4.88 100 100
319 42.9 994.0 1037 9728 7.28 100 100
320 14.3 209.2 224 5927 6.89 100 100
321 27.6 204.8 232 1481 4.95 100 100
322 59.6 143.0 203 6312 7.02 100 100
323 455 114.8 160 9832 7.03 100 100
324 14.7 507.8 523 2585 4.91 100 100
325 27.5 374.4 402 3810 5.55 100 100
326 9.9 91.0 101 5348 7.65 100 100
327 18.3 142.1 160 4665 4.86 100 100
328 - 14.6 128.0 143 5845 6.35 100 100
329 44.1 98.9 143 9685 6.52 100 100
330 764.2 2353.0 3117 2093 5.36 100 100
331 25.4 46.3 72 6780 4.50 100 100
332 36.5 434.9 471 1959 4.34 100 100
333 13.8 232.9 247 10010 6.97 100 100
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Fabric # Potassium Sodium Sadium + potassium Porosity Density Cotton Cellulose
ppm ppm ppm Coresta units oryd~? % %
334 17.9 116.7 135 2369 4.62 100 100
335 44.0 178.6 223 7592 7.08 100 100
336 26.0 157.3 183 6380 4.58 100 100
337 46.9 220.7 268 5270 7.64 100 100
338 29.8 217.6 247 3356 5.93 100 100
339 16.3 59.8 76 9326 6.36 100 100
340 56.0 106.4 162 11552 6.91 100 100
341 2359.0 171.0 2530 8815 7.10 100 100
342 17.5 735 : 91 1702 6.32 100 100
343 13.8 76.5 90 1324 2.78 0 0
344 35.3 61.4 97 5592 6.56 33 33
345 29.3 4545 484 1632 4.87 100 100
346 51.9 427.9 480 17763 5.73 100 100
347 32.2 410.1 442 6647 7.52 100 100
348 41.3 139.4 181 11144 4.48 58 58
349 70.4 3888.0 3958 4139 8.86 100 100
350 0.0 207.0 207 925 4.89 100 100
351 62.9 398.0 461 2424 7.24 100 100
352 61.7 361.2 423 8134 12.04 0 0
353 61.5 432.0 494 6385 6.01 100 100
354 42.4 147.2 190 15883 3.34 100 100
355 60.0 101.1 161 10035 7.72 100 100
356 43.6 593.0 637 4847 8.70 100 100
357 75.7 355.3 431 6894 4.72 100 100
358 26.4 397.1 424 2498 8.09 100 100
359 18.1 2935 312 5575 8.16 100 100
360 18.7 99.7 118 9215 6.74 100 100
361 18.6 467.9 487 4623 3.96 0 18
362 40.1 457.0 497 4746 4.10 0 21
363 1340.0 416.1 1756 1827 15.27 100 100
364 16.0 322.3 338 13566 12.69 19 19
365 18.7 381.1 400 5681 9.22 66 66
366 39.0 410.0 449 5454 16.59 100 100
367 25.7 384.4 410 5604 10.63 100 100
368 123 388.6 401 5713 7.36 100 100
369 41.7 372.4 414 9410 8.90 60 60
370 239 380.6 405 6762 10.47 100 100
371 12.8 390.6 403 8463 10.16 100 100
372 13.7 388.1 402 2708 7.14 70 70
373 135 380.4 394 12100 10.51 68 68
374 17.5 409.5 427 3908 9.15 100 100
375 14.3 396.8 411 3866 9.95 100 100
376 17.4 329.2 347 16 580 9.58 50 50
377 87.2 292.7 380 8407 3.29 4] 0
378 31.5 166.9 198 10544 5.40 100 100
379 21.0 861.9 883 944 4.73 100 100
380 551.0 956.6 1508 6645 13.12 72 72
381 241 384.4 409 5315 7.39 100 100
382 290.8 2715 562 9523 6.47 100 100
383 32.1 3745 407 1232 5.13 100 100
384 31.0 157.4 188 4172 5.70 100 100
385 13.1 220.7 234 6556 9.58 100 100
386 8.6 125.6 134 2900 477 100 100
387 14.1 934.6 949 7 409 7.40 100 100
388 21.7 319.6 341 15866 12.42 19 19
389 . 17.7 1943.0 1961 4728 11.19 100 100
390 43.9 849.3 893 3269 13.72 100 100
391 80.0 1106.0 1186 7668 7.42 100 100
392 15.4 3301 346 9344 7.70 100 100
393 17.0 681.8 699 13444 8.84 100 100
394 1080.0 793.0 1873 7765 10.45 100 100
395 32.8 796.8 830 7484 9.48 100 100
396 15.4 64.9 80 10957 13.62 0 0
397 67.8 261.9 330 4314 9.06 100 100
398 60.8 7338 795 10478 12.06 60 60
399 31.0 1176.0 1207 4068 10.10 100 100
400 69.4 998.5 1068 3994 5.06 54 54
401 25.1 1333.0 1358 7786 12.33 100 100
402 1269.0 207.8 1477 9061 9.13 50 50
403 45.2 995.2 1040 4800 9.29 100 100
404 162.5 11810 1344 23238 5.72 0 0
405 616.9 776.0 1393 8460 17.31 62 62
406 123.8 717.4 841 5233 9.68 0 0
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Fabric # Potassium Sodium Sodium + potassium Porosity Density Cotton Cellulose
ppm ppm ppm Coresta units ozyd ? % %
407 © 604.0 643.0 1247 17790 9.90 100 100
408 51.6 787.5 839 10222 17.09 0 0
409 171.3 837.1 1008 11523 6.43 0 57
410 28.0 743 102 0 19.84 0 0
411 261.4 1030.0 1291 10789 9.68 0 13
412 131.4 687.7 819 3076 10.56 65 b5
413 543.4 1034.0 1577 983 14.33 25 25
414 54.8 656.0 711 4613 10.81 100 100
415 123.1 891.4 1015 2968 12.33 7 7
416 105.4 51.0 156 3828 6.77 0 0
417 71.7 183.1 255 10432 15.89 0 0
418 103.5 1005.5 1109 9262 9.47 100 100
419 3130 765.0 3895 5416 20.23 67 67
420 4220.0 397.8 4618 3705 12.91 100 100
421 95.2 813.6 908 12060 6.78 26 26
422 2557.0 494.7 3052 5340 9.90 83 83
423 62.1 9455 1008 4068 10.30 64 64
424 116.3 463.6 580 11191 14.57 96 96
425 201.1 1143.0 1344 11820 6.64 0 0
426 22.4 3798.0 3820 5903 5.42 100 100
427 363.1 600.7 964 2160 10.64 79 79
428 65.0 477.5 543 9134 9.17 62 62
429 2826.0 1035.0 3861 7069 11.95 100 100
430 2211 809.7 1031 6853 11.95 83 83
431 240.9 778.7 1020 14178 11.57 0 0
432 146.0 589.0 735 7280 5.87 100 100
433 88.9 52440 5333 2524 6.92 50 50
434 116.6 548.6 665 5051 5.90 100 100
435 104.1 1006.0 1110 7157 7.17 53 53
436 124.6 936.6 1061 7839 9.21 100 100
437 899.1 233.0 1132 8804 11.02 55 b5
438 115.6 411.8 527 10689 13.58 67 67
439 33.8 301.0 335 6967 16.30 100 100
440 51.1 404.2 455 7593 12.18 43 43
441 97.9 399.0 497 8650 6.47 45 45
442 50.1 438.4 489 8027 9.72 60 60
443 57.1 51.5 109 916 4.55 100 100
444 64.3 432.4 497 8783 15.37 63 63
445 1668.0 371.0 2039 3374 13.77 100 100
446 42.8 472.2 515 2281 10.57 21 21
447 62.8 1513.0 1576 6642 9.93 100 100
448 1194.0 397.0 1591 12202 9.97 66 66
449 68.0 418.9 487 5854 9.90 62 62
450 212.4 420.5 633 4804 8.08 67 67
451 44.6 450.7 495 2711 5.09 100 100
452 28.8 175.4 204 10353 11.37 100 100
453 156.8 435.3 592 11034 8.05 54 54
454 415 255.5 297 6168 5.97 100 100
455 54.0 408.1 462 9753 5.89 100 100
456 141.4 436.8 578 8457 10.99 65 65
457 132.6 583.1 716 12928 12.23 64 64
458 192.6 999.7 1192 6009 14.76 87 87
459 771.6 6348 1406 12384 10.10 36 54
460 253.4 677.6 931 7411 14.77 87 87
461 203.5 300.3 504 10332 14.48 80 80
462 1836.0 2459 2082 10295 11.35 59 55
463 3760.0 376.0 4136 8431 9.79 100 100
464 12940 820.6 2115 9775 10.68 70 70
465 160.4 916.1 1077 3881 12.06 52 100
466 200.4 970.7 1171 24002 6.55 3 3
467 131.1 990.0 1121 10180 10.44 79 79
468 223.0 644.5 868 6133 13.19 69 69
469 4241.0 289.3 4530 10748 9.85 100 100
470 84.7 1062.0 1147 8296 7.50 57 57
471 32.5 149.0 182 1491 7.96 0 0
472 69.5 109.7 179 5334 7.37 100 100
473 38.6 230.5 269 3314 7.97 100 100
474 193.4 430.0 623 10764 7.68 49 49
475 52.7 351.8 405 8935 6.33 60 60
476 150.0 1036.0 1186 3798 5.62 54 b4
477 177.8 92.7 271 6736 5.51 22 100
478 161.5 1083.0 1245 7180 6.85 49 49
479 108.2 337.0 445 7681 10.82 17 38
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APPENDIX A. CONTINUED

Fabric #

480
481
482
483
484
485
486
487
488
489
480
491
492
493
494
495
496
497
498
499
500

Potassium Sodium Sodium + potassium Porosity Density Cotton Cellulose
ppm ppm ppm Coresta units ozyd—? % %
194.6 8453 1040 5661 7.66 0 52
88.9 705.6 795 5652 10.60 0 65
185.5 566.3 752 6403 7.36 44 44
77.8 391.3 469 10242 8.40 0 59
70.7 520.1 591 11406 7.70 0 0
26.3 482.0 508 6844 8.90 3 61
56.1 4113 467 3608 12.61 - 28 40

1807.0 317.9 2125 10845 12.17 62 62
475 342.8 390 13828 12.61 48 48
371 396.0 433 11386 12.84 0 72
67.5 411.5 479 6716 8.66 0 100
94.1 436.5 531 3427 12.01 28 40
33.0 307.4 340 12027 13.43 25 49
145.1 1750.0 1895 4098 7.65 0 75
146.3 406.3 553 18484 6.60 12 26
168.3 4258 594 7815 7.50 0 52
52.1 315.0 367 7354 9.63 12 47
85.1 364.0 449 10552 13.22 33 100
157.1 428.7 586 10313 7.34 0 45

1285.0 315.0 1600 7769 15.01 53 100
515 2745 326 14412 7.43 0 0

APPENDIX B: IGNITION PROPENSITY RESULTS BY ALL FABRICS,
BY CIGARETEE (RESULTS IN % IGNITION)

Fabric # Cig. type BNHC25 BELN21 BEHN21 FNLC25 FNHN25
Cig. desig #5189 #506 #508 #52% #528

162 100 100 100 100 100
299 100 100 100 100 100
54 100 100 100 100 100
119 100 100 100 100 100
79 100 100 100 100 100
61 100 100 100 100 100
88 100 100 100 100 100
308 100 100 100 100 100
45 100 100 100 100 100
14 100 100 100 100 100
165 100 100 100 100 100
62 100 100 100 100 100
12 100 100 100 100 100
394 100 100 100 100 100
304 100 100 100 100 100
100 100 100 100 100 100
47 100 100 100 100 100
469 100 100 100 100 100
76 100 100 100 100 100
72 100 100 100 100 100
301 100 100 100 100 100
13 100 100 100 100 100
97 100 100 100 100 100
59 100 100 100 100 100
91 1ce 100 100 100 100
106 100 100 100 100 100
55 100 100 100 100 100
429 100 100 100 100 100
84 100 100 100 100 100
231 100 100 100 100 100
463 100 83 100 100 100
83 100 83 100 100 100
90 100 83 100 100 100
420 100 83 100 100 100
295 100 a3 100 100 100
238 100 83 100 100 100
129 100 83 100 100 100
85 100 a3 100 100 100
71 100 83 100 100 100
127 100 83 100 100 100
9 100 a3 100 100 100
341 100 a3 100 100 100
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APPENDIX B. CONTINUED

Fabric # Cig. type BNHC25 BELN21
Cig. desig #519 #506
262 100 67
445 100 67
136 100 67
46 100 50
107 100 50
87 100 50
19 100 33
314 100 17
86 100 67
499 100 50
66 100 17
148 100 0
245 100 50
78 100 17
1 100 17
155 100 0
283 100 0
419 100 50
105 100 33
70 100 17
34 100 0
42 100 0
164 100 0
74 100 33
37 100 17
68 100 0
15 100 17
147 100 0
140 100 0
252 100 67
67 100 33
293 100 67
7 100 17
26 100 100
276 100 0
108 100 17
246 100 0
57 100 0
121 100 0
407 100 100
448 100 0
447 100 83
264 100 17
239 a3 33
38 83 17
110 83 33
49 83 17
287 83 33
118 83 0
135 67 50
24 67 0
40 67 0
256 67 0
247 67 100
289 67 83
151 67 0
65 67 17
122 67 0
146 67 0
77 67 33
120 50 17
150 50 0
349 50 17
159 50 0
138 50 0
141 50 0
81 50 0
103 50 0
391 50 0
64 50 33
131 33 17
302 33 0
169 33 17

© 1997 by John Wiley & Sons, Ltd.

BEHN21
#508
100
100
100
100
100
100
100
100
83
83
83
83
67

[N oNeoleoNeoNalo)

17
100

17
17

FNLC25
#525
100
100
100
100
100
100

100

100
100
83
83
17

100
100

FNHN25
#528
100
100
100
100
100
100
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APPENDIX B. CONTINUED

Fabric # Cig. type BNHC25 BELN21 BEHN21 FNLC25 FNHN25
Cig. desig #5189 #506 #508 #525 #528
399 33 33 83 0 17
414 33 67 0 0 0
" 33 0 0 0 0
366 33 0 0 0 0
60 33 0 0 0 0
156 33 0 0 0 0
439 33 0 0 0 0
4 17 50 67 67 50
234 17 33 100 67 33
389 17 17 50 50 67
56 17 50 100 33 67
44 17 17 50 33 17
139 17 0 0 33 0
51 17 33 67 17 17
401 17 17 67 17 0
426 17 0 0 17 0
356 17 33 0 0 33
6 17 83 100 0 17
50 17 17 17 0 17
260 17 0 17 0 0
286 17 33 0 0 0
145 17 0 0 0 0
232 17 0 0 0 0
250 17 0 0 0 0
143 17 0 0 0 0
154 17 0 0 0 0
32 17 0 0 0 0
300 17 0 0 0 0
243 17 0 0 0 0
432 17 0 0 0 0
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Forensic Evaluations of Fabric Flammability
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ABSTRACT

Seventeen commercial garments were purchased, analyzed as to their fabric composition
and fire tested. Three fire exposures were used: (a) a simile of 16CFR1610, (b) a small
vertical candle on a small swatch of fabric and (c) a candle applied to a full garment,
placed on a mannequin. Comparisons were made between the results of the various tests
and of the various fabrics tested. A general correlation was observed whereby increased
fabric areal density [weight/unit fabric area] resulted in improved fire performance.
Where outliers to this generalization were observed the improved fire performance was
due to the superior inherent fire performance of specific fabric types such as silk.
Overall, the quantitative behavior with regard to flame spread rate observed after ignition
of cellulosic, thermoplastic and blended fabrics, was more heavily dependent on fabric
areal density than on their chemical composition. It is also observed that very
lightweight fabrics constitute a potential danger and that the regulatory value of 2.6
oz/yd’ represents an essentially arbitrary cut-off in this regard.

INTRODUCTION

Clothing wormn by people rarely ignites. There were an average of 520 fires ignited on
clothing worn by a person, causing 120 fire fatalities and 149 fire insjuries per year over
the period 1999-2002, and such fires have been decreasing in recent years [1]. However,
when fires do occur while clothing is worn by an individual, the results can be
catastrophic!

As the preceding data illustrate, the ratio of fires to fire fatalities in worn apparel is 4.3.
This ratio is much worse than the ratio for other textile consumer products frequently
involved in fires such as upholstered furniture (17.7), mattresses (42.3), floor coverings
(69.7), curtains and drapes (153.5) or clothing not on a person (161.5) [1]. The items
discussed in this paragraph are, in fact, far more likely to be involved in fires than
clothing fabrics.

When apparel fires do occur, an effort is often made by the victims in such incidents to
evaluate the clothing involved to determine whether the clothing item or items involved
were at fault and/or those items behaved in an unexpected or unreasonably dangerous
manner. Given the low frequency of such events, when such retrospective evaluations
are made, they frequently are part of a forensic or product liability evaluation. Such
analyses are, by their nature, different from those which are a part of a controlled,



experimentally designed series of activities consistent with prospective research. In
contrast then, these forensic evaluations are driven by retrospective events and frequently
lack controls which are often key to conducting comprehensive scientific research.

The authors were recently involved in a forensic evaluation of clothing fabrics. As a
result, they have developed further evaluations of certain generalizations about fabric
flammability made frequently in regard to fabrics used in clothing. These included
assessing whether or not certain classes of fabrics were inherently more safe than others
and assessing whether the underlying applicable Federal Regulations in place in the
United States provide adequate minimum standards for the safety of apparel or clothing
sold in the US. This is of particular interest given the age of the regulations and their
simple nature. It is the objective of this article to consider and review some of these
points for interested readers.

BACKGROUND

Regulation on apparel flammability:

Since the 1950’s clothing sold in the United States has been evaluated for flammability
performance in accordance with 16CFR1610 (Standard for The Flammability of Clothing
Textiles [2]. This standard, also known as CS-191-53, was enacted by Congress in 1953
and is currently administered by the US Consumer Product Safety Commission [CPSC].
In this test, samples tested are placed in a sample holder at a 45 degree angle, and the
igniter flame is imposed on the upper surface of the sample. The test method requires
that replicate, pre-conditioned samples of fabrics used in clothing apparel comply with
one of the following criteria:

(a) no ignition when subjected to a small gas diffusion flame emitted from a

burner based on a hypodermic needle during an exposure of 1.0 s, or

(b) if the fabric sample ignites, the flames shall not spread 5 inches in less than

3.5 seconds.

The regulation addresses the sensitivity of this test method to fabric weight (or areal
density) by providing that fabrics with areal densities in excess of 2.6 oz/yd* (roughly 60
g/m?) be excluded from testing. These are considered too heavy to ignite under the test
conditions.’

Many opinions — both pro and con - have been written about the 16CFR1610 regulation
and the CS 191-53 test method. Such statements come both from within the fire safety
community and from others more peripherally involved in fire safety practice. There is a
diversity of opinions as to the adequacy of the regulations in place.

Opposition to the 16CFR1610 test:

' 16CFR1610 states: 1610.62 (4) Note 2 - Some textiles never exhibit unusual burning characteristics and
need not be tested. 16CFR 1610.37(d). Such textiles include plain surface fabrics, regardless of fiber
content, weighing 2.6 oz. or more per sq. yd., and plain and raised surface fabrics made of acrylic,
modacrylic, nylon, olefin, polyester, wool, or any combination of these fibers, regardless of weight.



A favorite criticism of this test method, for example, is that ordinary newsprint, and even
tissue paper, will meet its requirements (see Figure 1 with a photograph of a test with
paper after 2 s).

Figure 1: Paper Tested in Simulated 16 CFR 1610 Test after 2 s

One issue where there does seem to be general agreement upon, however, is that, in spite
of its lack of sophistication, this test method has been successful in screening out the
“worst actors” from the general population of fabrics in use for apparel. Thus, fabric
types such as the fibrous “torch” sweaters with raised surface fibers that ignite readily
and spread flame quickly are no longer legally sold in the United States due to the test
requirements. The test has also been able to screen out very sheer fabrics, including ones
used for scarves and frequently imported, ultra-light cotton garments, or other garments
that are not made of acrylic, modacrylic, nylon, olefin, polyester, wool, or any
combination of these fibers.

Much of past and current state of the art is encapsulated in the following comment by the
late Howard Needles, a frequent consulting expert in fabric flammability, personal injury
actions. He stated [3]:

“Although the flammability standard for general wearing apparel designated 16CFR1610
has effectively removed extremely flammable fabrics from the market place, significant
numbers of children and older adults are burned when their lightweight, loose fitting
clothing made from 100% cellulosic or polyester cellulosic blend fabrics catches fire.”

As such, Dr. Needles has made a case that the the 16CFR1610 standard is generally
adequate, but that, based on his observations of the issues, a case can be made that certain
segments of the population - principally the very young and the very old - are put at
particular risk by the standard. Dr. Needles’ comments are also typical of the position
consistently taken by some forensic experts critical of the use of the 16CFR1610
regulation.  Similar comments also are often made addressing the adequacy of
lightweight fabrics such as cotton, thermoplastics and cotton-polyester blends since the



1970s. A particular subset of the contentious apparel flammability issue relates to
children’s sleepwear and the specific governing Federal standard for that class of
clothing, which is addressed later in this article.

Support of the 16CFR1610 requirements:

At the other end of the spectrum to the holders of the opinions described above are
forensic experts who completely ignore the added frequency of fire injuries or fire
fatalities in the age classes above. Such experts suggest that regulations and/or
requirements additional to those already mandated in the general apparel and children’s
sleepwear standards are unnecessary. These sort of comments are included in
proceedings of symposia addressing textile flammability [4], as well as several other
articles which discuss state of the art in fabric flammability testing as well as the
importance of fabric labeling issues [5-9].

Scientific Approach to Apparel Requirements and 16CFR1610:

Irrespective of opinions regarding fabric flammability issues, four key factors tend to be
of importance when considering the possible severity of a fire when a fabric in a garment
becomes ignited. These are:

(a) the weight/unit area of the fabric [its “areal” density],
(b) the composition of the fabric,

(c) the design of the item of clothing and

(d) the type of wearer of the garment.

(a) It is generally well-known that the higher the areal density of the fabric (usually
referred to as the “weight”) the lower its flame spread potential. This is consistent with
what.is known for all flammability issues: denser materials are more difficult to ignite
and burn less vigorously. The effect of fabric fabric areal density will be discussed in
greater detail in the remainder of this work.

(b) Similarly, it is also generally well known that some materials have better flammability
properties than others (see for example, Cullis and Hirschler [10]). “Better flammability
properties” can be represented by a lower ease of ignition (for example, a longer time to
ignition with the same ignition source), a lower tendency to spread flame or a lower heat
release rate. Another characteristic that is inherent in the composition of the fabric is the
difference between charring fabrics and thermoplastic fabrics. Thus, for example,
charring fabrics (such as those based on cellulose) burn very differently from
thermoplastic fabrics (such as those based on polyester or nylon) since the latter class
tend to melt and drip rather than burn in place leaving a residue. The effect of fabric
chemical composition will also be discussed in greater detail in the remainder of this
work.



(c) In terms of garment design, a key difference affecting fire performance is whether a
garment is designed to be worn in tight-fitting or loose-fitting modes. Garments that
cling to the skin (i.e. that are tight-fitting) will burn, and spread flame, quite differently
from those that hang loosely from a wearer’s body. This is because loose-fitting
garments will readily experience flame spread on both sides of the fabric more or less
simultaneously, while tight-fitting garments will spread flame primarily on a single side,
namely the side away from the wearer. The ways in which the combination of physical
and chemical properties of a given fabric used in the design of a similar garment is
illustrated in the following example: when a loose-fitting cotton (charring) garment is
ignited, it can burn on both sides and spread flame vertically. On the other hand, when
the equivalent loose-fitting polyester garment is ignited it may melt into a victim’s skin,
potentially resulting in contact burns.

These garment properties have been applied in the promulgation of the Children’s
Sleepwear Regulations [11]: whereby garments must be made of

i. a thermoplastic fiber or
ii. a flame retarded cotton fiber or
iii. be tight fitting.

The use of tight-fitting thermoplastic-based children’s pajamas is a good example of
effective design for fire safety, as discussed above. Moreover, loose-fitting designs, such
as nightgowns or long tee-shirts, which may even have buttoned collars and/or sleeves,
are hard to remove in an emergency.

(d) A final key factor affecting fire hazard is the age of the wearer (as well as his/her
physical and mental capability). It has long been known that the elderly and the very
young are at higher risk than the general population in terms of fire incidence and
incidence of injuries or fatalities [See for example 12-17]. Figure 2 illustrates this [17].

Fabric Flammability - Additional Issues:

It is important to note that simply lumping fabrics into categories associated with
charring versus melting behavior is not enough. There are fabrics, such as thermosetting
fabrics, that do not easily fall into either category. Moreover, blends of fabrics based on
a charring material (such as a cellulosic) and a thermoplastic (such as a polyester) are
very commonly used, and their fire performance will be neither that of a charring or of a
melting fabric. Rather the observed performance of the fabric will be some function of
the composition of each type of fabric in the blend combined.



Fig. 2 - US Fire Fatalities 1999-2002
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Figure 1: Fire fatalities in the United States - 1999-2002 [17]

A final note of introduction to fabric flammability regulation: With the exception of the
enactment of the Children’s Sleepwear Standard (in 1972 and 1975), and its revisions,
neither Congress nor the CPSC have made any significant changes in terms of the
required standards for apparel flammability. One reason for this lack of activity appears
to be a concern that increased regulations for fire safety of wearing apparel - without
careful consideration of the consequences - will result in a reduction of consumer choices
in comfort, without perhaps ensuring a higher degree of safety. However, there may still
be the need for some changes that would improve the ease of elimination of “bad actors”.

ANALYSES CONDUCTED

In the case leading to our conducting the research reported here, an adult woman was
injured when the skirt she was wearing ignited and burned causing life threatening
injuries. No exemplar or identifiable residue of the incident skirt was available, which is
reasonably common in fabric flammability evaluations in forensic situations. In the
absence such materials, tests were conducted by experts for both plaintiff and defendant
in the hope of finding correlations from among different possible types and combinations
of fabrics and of test methods. Properties of these textile fabrics (density, composition)
and associated combustion related characteristics (such as time to sustained flaming and
burning rates observed) were studied in order to address issues of likely real scale



performance if the fabric were to be able to be identified with specificity. In addition real
scale testing of skirts fabricated from these fabrics was conducted and the results were
compared with findings based on 16CFR1610 style testing.

EXPERIMENTAL

Three different types of flammability tests were conducted: (a) hypodermic burner
ignition tests similar to 16CFR1610, (b) vertical burn tests of free hanging fabric
swatches ignited by a candle, and (c) full scale burn tests with clothing on a mannequin.
All fabrics tested came from garments purchased from local department stores.

The first set of garments evaluated (set A) contained 9 pieces of clothing covering a
broad range of fabric areal densities. The second set (set B) contained 8 garments, all of

which were manufactured from fabric blends. In total, 17 garments were evaluated.

Table 1 provides a breakdown of the clothing tested and identification used.

16CFR1610 simulation:

The 16CFR1610 simulation_involved utilizing the major components of the 16CFR1610
test equipment:

time of exposure,

placement of fabric specimen (45 degree angle),

exposure gas type [butane gas]

exposure intensity [gas issued from a 26 gauge hypodermic needle burner].

¥ K ¥ ¥

However, the equipment used for the testing lacked the specific automatic features of
commercially available testing equipment normally used to conduct 16CFR1610 testing.
Each fabric tested was evaluated using duplicate 2 in. X 6 in. specimens. Prior to cutting
the test specimens, weight and area of the fabric in each garment was evaluated, by
obtaining a planar swatch, to assess areal density.

For testing the hypodermic needle and polymeric tubing were routed through a 0.25 in.,
90 degree metal tube and were installed through the bottom of the testing platform. This
enabled the needle to be fixed parallel to the platform, while retaining an ability to rotate
in that plane. The rotational ability allowed the ignition of the flame prior to fabric
testing so that the flame length could be adjusted to the requisite 5/8 in. prior to exposing
the fabric to the igniter flame. The fabric holder-mounting surface was comprised of two
thin aluminum plates (1/16 in. in thickness) each having a length of 7 in. and a width of
0.5 in.. The plates were connected together so that the separation width was 1.5 in.; the
bottom section had no cross member, while the top did. The plates were designed to
make a 45-degree angle with respect to the horizontal surface. Figure 3 shows a
specimen with relatively good fire performance burning in the apparatus.



The fabric length was equal to the length of the holder, so that the fabric laid flush from
the bottom edge to the top. The butane-fueled flame was set at a height of 1.0 in. above
the bottom edge of the fabric (1.41 in. vertical height). The placement of the flame above
the leading edge of the fabric allowed for a more uniform flame impingement, reducing
effects due to fabric orientation from cutting, material composition, and thickness. The
flame growth rate was timed between the height of flame impingement (1.0 in.) to the 6.0
in. length of the fabric, which left 1.0 in. of fabric on the top side. This allowed for a total
burn time to be measured with the flame spreading a total of 5.0 in. The width of the
fabric was designed so that the middle portion, which is consumed in the flaming
combustion, has a width of 1.5 in.. The fabric sample has a total width of 2.0 in., which
leaves 0.25 in. overlap on each side of the fabric holder.

Once the fabric had been mounted and flame length adjusted, the hypodermic needle was
rotated to point directly at the fabric for 1.0 seconds consistent with the requirements of
16CFR1610. If the fabric ignited and self sustained flaming resulted, the fire was
allowed to spread until it either self-extinguished or consumed the sample. If the fabric
did not ignite after 1 second, the butane flame was reapplied until ignition occurred [a
condition designated here as “forced ignition”]. In all cases, time to ignition and elapsed
time for the flame to spread 5 in. were recorded.

In Figure 3, the hypodermic needle has been rotated away form the fabric and flaming
combustion is self-sustaining, after a 3 s forced ignition. In the photo, it is possible to see
the markings on the frame after each inch; 2 white horizontal lines were also marked on
the fabric at the lengths of 1.0 in. and 6.0 in.

Vertical burn test:

The vertical burn test used assessed the fire performance of the fabrics hanging freely,
using a 2.0 in. wide metal clip from an adjustable height rod. This exposure utilized an
“All Purpose Emergency Candle [19 mm x 127 mm]” made by Candle-lite, model
number 3745 as an ignition source. During testing, the candle was initially held under the
free hanging fabric for a period of 1.0 s. Similarly to the 16CFR1610 simulation (or 45
degree angle test), if sustained flaming did not occur, the candle flame was reapplied until
ignition of the textile occurred. The time required to bring the fabric to flaming
combustion and for the first 5.0” in. to be consumed were then recorded. (See Figures 4
and S for photos of test set-up).

It is worth noting, as illustrated in Figure 6, that the intensity of the candle is less
consistent than that of the 16CFR1610 hypodermic needle flame, but is in the same
range.



Table 1 - List of apparel purchased, with composition, price and areal density

Type of Price Densi}y_
Item # | Garment Color Fiber 1 Fiber 2 | Fiber3 | Fiber4 $) | (g/m")
A-1 Scarf Black 100% Silk 16.00 33
100%
A-2 Scarf | Multicolored | Polyester 28.00 46
White Pink
A-3 Blouse striped 100% Cotton 20.00 106
Navy blue & 100%
A-4 Dress white Polyester 34.65 215
90% 10% "
A-5 Blouse |Brown & gold| Polyester Spandex 12.60 235
A-6 | Trousers Black 100% Rayon 39.50 256
Top/Tee | Blue stripes
A-7 Shirt dark/light 77% Silk | 20% Nylon (3% Spandex 27.65 258
A-§ Skirt Red 97% Cotton |3% Spandex 31.15 302
A-9 Jeans Blue 100% Cotton - 50.00 466
23%
Bl | SunDress| Blue/white | 65% Rayon | Polyester | 12% Linen 11.99 81
(Dress is
Dress | White & Pink 65% 100%
B-2 Lining flowers Polyester |35% Cotton cotton) 7.99 116
Sleeved 68%'
B-3 Dress Grey Polyester |32% Rayon 8.00 141
35%
B-4 |Nightgown Pink 65% Modal | Polyester 76.00 169
3%
B-5 |Party Dress Beige 51% Rayon | 39% Nylon |7% Spandex| Polyester | 9.99 176
Sleeveless
B-6 Dress Grey 50% Poly |50% Cotton 12.00 247
62%
B-7 Skirt Black Polyester | 34% Rayon |4% Spandex 42.00 324
B-8 Dress Black 65% Rayon | 35% Nylon 14.99 419




Mannequin test:

For this set of trials, a female styled mannequin was clothed using the 8 items of apparel
composing set B %, In each trial, a garment was ignited at a lower rear portion of the item
using the same candle ignition source as was utilized in the vertical burn test. Testing
was done indoors, in a location sheltered from the wind and other adverse environmental
conditions.

Figure 3. 16CFR1610 Test on Fabric A-5, after flame removal

Z Prior to this, 4 in. by 7 in. swatches had been cut, from an edge of each garment for evaluation by the two
previously-described test methods.
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Figure 4: Test on fabric B8 (2 s candle) Figure 5: Test on fabric B8; candle removed
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Flame Intensity (in Watts):
16 CFR 1610 Test Method vs. Candles
100

50

Low End of
Candle 16CFR1610

Flame Apparel Test High End of

) Flame Candle
Intensity Intensity Flame
Intensity

Figure 6: Flame Intensity of 16 CFR 1610 Test and Candles

In some cases, items self-extinguished, and were reignited using the candle. This set of
trials was observed to be the least quantitative of the three testing scenarios/evaluation
schemes. However, it was still possible to obtain a variety of critical times and other fire
performance observations, which were noted (see Tables 2 and 3) during each trial.
Figures 7 and 8 illustrate the range of performance observed in two different garments,
one with fairly poor fire behavior (B1) and one with reasonable fire behavior (B8).

The data collected from the three series of tests are summarized in Tables 2 and 3.
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Figure 7: Mannequin test on B1 dress after 41 s.

Figure 8: Mannequin test on B8 dress after 4 min 17 s.
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TABLE 2 - Major Fire Test Results
(The Garments are Listed in Order of Increasing Fabric Areal Density)

16CFR1610 Simulation |Candle Vertical Ignition Mannequin test
Areal | Timeto| Time for Forced | Time for flame | Time for| Time for
Type of |Density|Ignition| Flameto |Ignition| to spread Sin | Flameto| Flame to
Item #| Garment gg/mzl (s) |spread Sin(s)] forxs (s) waist (s) | shoulder (s)
A-1 Scarf 33 2 9 2 15 N/A N/A
A-2 Scarf 46 2 9 1 7 N/A N/A
Melt drip &
B-1 [SunDress| 81 1 14 1 extinguish @ 4 s 43 60
A-3 Blouse 106 3 16 1 8 N/A N/A
Dress ’

B-2 Lining 116 2 20 1 12 33 72
Sleeved

B-3 Dress 141 2 9 1 12 14 47

B-4 |Nightgown| 169 4 16 1 19 38 47

B-5 |Party Dress| 176 3 18 1 18 33 36

A-4 Dress 215 2 27 4 30 N/A N/A

A-5 Blouse 235 4 32 3 35 N/A N/A

Sleeveless Does not

B-6 Dress 247 4 Does not occur 4 42 occur |Does not occur

A-6 | Trousers 256 5 40 1 17 N/A N/A
Top/Tee

A-7 Shirt 258 5 Does not occur 2 32 N/A N/A

A-8 Skirt 302 5 109 1 27 N/A N/A

B-7 Skirt 324 6 34 1 30 65 95

B-8 Dress 419 9 123 2 46 43 Does not occur|

A-9 Jeans 466 7 205 3 40 N/A N/A
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TABLE 3 - Additional Fire Test Results, Mannequin Tests

Flaming |Self extinction Fraction of
Areal Flaming | Large or Manual | Charring | Garment
Type of |Density| Smoke @ | Drips @ |Debris @ | extinction @ |Evidence @ Remaining
Item # Garment (g/mzl (s)/Color (s) (s) (s) (s) (%)
B-1 | Sun Dress 81 13 grey 23 70 M 95 None 0
Dress
B-2 Lining 116 12 black 51 58 M 180 120 0
Sleeved l
B-3 Dress 141 22 grey 20 40 M 100 None 0
B-4 [Nightgown| 169 25 grey 55 70 M 145 None 0
B-5 |Party Dress| 176 60 black 65 65 M 180 None 20
Sleeveless
B-6 Dress 247 | No smoke 64 None S 75 None 95
B-7 Skirt 324 41 grey 120 None M 240 100 30
Does not
B-8 Dress 419 23 white occur None M 500 145 70
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DISCUSSION

The information collected provided data inputs for an analysis which compared exposure
regime with type of fabric testing. The data also allowed the authors to prepare
correlations between textile properties and their ignition and flame spread characteristics.
Figure 9 illustrates a comparison between the times for the flame to spread 5 in. in the
simulated 16CFR1610 trials versus the areal density of each fabric evaluated. That data

shows a fairly reasonable correlation to exist between the data for these two properties,
but the relationship is not linear.

Time to Spread Flame 5 in in 16CFR1610 Test vs Fabric Areal Density

210

180

150

-
N
(=]

o
(-]

Time to 5 in (s)

60

30

0 60 120 180 240 300 360 420 480
Areal Density (g/m*2)

Figure 9: Relation between the time for the flame to spread 5 in. in 16CFR1610 test and
areal density (2 specimens did not display spread flame the full 5 in. and were excluded
from the graph)

Table 4 presents rankings for fabrics tested based on the following properties observed:
(1.) areal density (weight per unit area) as tested, (2.) time for the flame to spread 5 in. in
the 16CFR1610 simulation, (3) time needed to obtain forced ignition in the 16CFR1610
simulation, and rankings based on fire performance in the (4) vertical candle small scale
test and (5) the mannequin test.

Figure 10 compares the three first-named sets of these rankings graphically, and shows
that they are well correlated.
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Comparison of Rankings: CFR versus Areal Density

Flame Spread Ranking
Forced Ignition Rating

0 2 4 6 8 10 12 14 16 18
Areal Density Ranking

‘ B Flame Spread (L) Forced Ignition (R) |

Figure 10: Comparison of rankings on the time for the flame to spread 5 in. and forced
time to ignition, both in 16CFR1610 test with rankings on areal density

The information above is not entirely surprising, as similar analyses [see Figures 11 thru
15] of earlier data reported by Howard Needles [18], J.W. Weaver [6] and Marcelo
Hirschler [19], after analysis by the present authors for this work, showed similar trends.
Specifically, Howard Needles generated forced ignition data using the 16CFR1610 test,
with a variety of all-cellulosic fabrics, and measured the time for the flame to spread to 5
in. (Figure 11). Weaver did the same for a variety of cotton and non-cotton fabrics using
the same test method, which he referred to as the CS 191-53 test. These are shown in
Figure 12, for the cotton fabrics, and Figure 13, for all fabrics. A combination of the
Needles and Weaver data is shown in Figure 14. Marcelo Hirschler tested a series of
fabrics using the small scale version of the NFPA 701 vertical fabric test [20] and Figure
15 shows the time to spread flame all the way to the top (6 in.) plotted against fabric areal
density.

The data presented indicate clearly that there is a general trend, for all textiles, such that
as areal density increases, times to ignition and times for flame to spread to a certain
location (in this case the top of a sample) also increase. It is important to note that the
fabric areal density (or fabric weight) data used for the plot in Figure 10 included all
fabrics, irrespective of their fabric composition (independent also, thus, of the fuel value
of the fabrics). This means that clear correlations were found between fire performance
of the fabrics and fabric areal density data alone, irrespective of the fuel value of the
fabrics studied. Consequently, the correlation is the same, independent of the nature of
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the types of polymer the fabrics are made of. However, fabric fuel value does play a key
role in understanding the fire performance of certain fabrics. Thus, for example, some
fabrics performed much better than their areal density would suggest (like the silk scarf)
because of the inherent excellent flammability performance of the polymer, namely silk.

Time to Spread Flame in 16CFR1610 (Needles Data)

16.0

14.0

6.0

Time to spread flame (s)

4.0

2.0

0.0 0.5 1.0 15 2.0 25 3.0 35 4.0 45
Fabric weight (oz/yd*2)

Figure 11: Howard Needles [18] time to flame spread data plotted against fabric weight.
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Time to Flame Spread in C$191-53 Forced Cotton (Weaver Data)

80.0

70.0

60.0

50.0

40.0

30.0

Time to Spread Flame (s)

20.0

10.0

0.0

0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 16.0

Fabric Weight (oz/lyd*2)

Figure 12: Weaver [6] time to flame spread data for cotton fabrics plotted against fabric
weight.

19



Time to Spread Flame Forced Weaver All

80.0

70.0

60.0

50.0

40.0

30.0

Time to Spread Flame (s)

20.0

10.0

0.0
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0
Fabric Weight (oz/yd”*2)

{ & Cotton Non Cotton \

Figure 13: Weaver [6] time to flame spread data for cotton and non cotton fabrics plotted
against fabric weight.

Time to Spread Flame All Weaver & Needles Data
80.0
70.0
60.0
50.0
40.0

30.0

Time to Spread Flame (s)

20.0

10.0

0.0
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0
Fabric Weight (oz/yd*2)

‘ K Cotton Weaver Non Cotton Weaver Cotton Needles

Figure 14: Data from Figures 11 and 13 plotted together
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Time to Spread Flame in NFPA 701 Old Small Scale

25.0

20.0

15.0

Time to spread flame (s)

5.0

0.0 T —
0.0 2.0 4.0 6.0 8.0 10.0 12.0

Fabric weight (0z/yd*2)

Figure 15: Hirschler [19] time to flame spread data for a small scale NFPA 701-1989
vertical test plotted against fabric weight.

The analysis presented of the 3 different tests conducted provided a ‘real scale check’ of
the test results based on the 16CFR1610 test and the ad-hoc candle vertical burn test
compared to the mannequin test. Tables 2 and 4 show that it appears that all 3 tests
provided similar flame spread data within a reasonable amount of deviation.
Furthermore, times required for forced ignition also appear to be fairly consistent.

There does not appear to be an easy way to illustrate a single direct correlation that

addresses all the fabrics used. This is, in particular due to the inherent effects of fabric
composition whereby the tested materials included thermoplastics, cellulosics and blends.
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TABLE 4 - Ranking of Garments Based on Five Different Criteria:
Four Types of Fire Test Results and Fabric Areal Density

Areal Vertical | Mannequin
Density 16CFR1610 Ignition test *
Time for | Time Needed
Type of [Density| flame to | for Forced
Item #| Garment | (g/m°) spread 5 in Ignition Overall Overall |
A-1 Scarf 33 17 15 12 7 N/A
A-2 Scarf 46 16 15 12 17 N/A
B-1 | SunDress | 81 15 14 17 15 5
A-3 | Blouse 106 14 12 9 16 N/A
Dress 12

B-2 Lining 116 13 10 13 4

Sleeved 12 .
B-3 Dress 141 12 15 13 8
B-4 |Nightgown| 169 11 12 7 10 6
B-5 |Party Dress| 176 10 11 10 11 7
A-4 Dress 215 9 9 12 2 N/A
A-5 | Blouse 235 8 7 7 4 N/A

Sleeveless

B-6 Dress 247 5 1 7 1 1
A-6 | Trousers 256 5 6 4 12 N/A

Top/Tee 4
A-7 Shirt 258 5 1 6 NA/
A-8 Skirt 302 4 5 4 9 N/A
B-7 Skirt 324 3 7 3 8 3
B-8 Dress 419 2 4 1 5 2
A-9 Jeans 466 1 3 2 3 N/A

* Note that only B series garments were tested on the Mannequin
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CONCLUSIONS

The testing was planned to search for possible correlations between fabric test modes,
fabric composition and fire related properties. From the empirical data recorded, it
appears that the three test exposures utilized were reasonably consistent in providing
indications regarding the fire performance of the fabrics tested. As such, the general
trend shown demonstrated that, as areal density (weight) of fabrics increase, their times to
forced ignition and their times to spread flame across their surface to the top of a vertical
sample both also increase, leading to improved fire performance. The most important
consequence of this observation is that better fire performance in heavier fabrics is
largely, but not completely, independent of fabric composition.

In view of the results observed for the variety of fabrics evaluated here, the hazard to an
individual wearing a garment composed of a specific fabric type is far more complex an
issue than can be simply assessed based on whether fabric composition is of a
thermoplastic material, a charring material or a blend.

In terms of the regulatory implications it appears that the regulation of very light weight

fabrics should be an important consideration for most chemical compositions (with a few
exceptions) and that the cut off value of 2.6 0z/yd may be relatively arbitrary.
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Albert Hugo Assoc. Inc., Jacksonville, FL
Alexvale/Kincaid, Taylorsville, NC
American Furniture, Pontotoc, MS
American Leather Inc., Dallas, TX
American of Martinsville, Martinsville, VA
Ashley Furniture, Arcadia, WI

AW Manufacturing, Shannon, MS

Baker, Knapp & Tubbs, High Point, NC
Barcalounger Company, Rocky Mount, NC
Barn Door Furniture, Henderson, NC
Bassett Upholstery Co., Newton, NC
Bauhaus USA, Inc., Saltillo, MS

Beachley Furniture Co. Inc., Hagerstown, MD
Bench Craft, Blue Mountain, MS

Berkline Corporation, Morristown, TN
Bernhardt Industries, Lenoir, NC

Best Chairs Inc., Ferdinand, IN

Bradington Young, Cherryville, NC

Broyhill Furniture Industries, Lenoir, NC
C.R. Laine Furniture Company, Hickory, NC
Calialtalia, SPA, Matera, Italy

Capris Furniture, Ocala, FL

Carlton Manufacturing Inc., Elkhart, IN
Carlton Manufacturing Inc., Ocala, F1
Carlton Manufacturing Inc., Mount Vernon, TX
Carolina Business Furniture, Archdale, NC
Carson’s Inc., Archdale, NC

Caye Upholstery, New Albany, MS

Century Furniture, Hickory, NC

Chromcraft Corporation, Senatobia, MS
Classic Gallery, High Point, NC

Clayton Marcus Company, Inc., Hickory, NC
Cleveland Chair Co, Cleveland, TN
Cochrane Furniture Co., Lincolnton, NC
Council Companies, Denton, NC

Craftmaster Furniture, Taylorsville, NC
DeCheng Furmiture, China
Drexel Heritage, Hickory, NC

Elite Leather Co., Chino, CA

Furniture Manufacturers Complying with UFAC - April 2008

England, New Tazewell, TN

Ethan Allen, Danbury, CT

Fairfield Chair Co., Lenoir, NC

Flexsteel Industries, Inc., Dubuque, [A
Flexsteel Industries, Inc., Riverside, CA
Franklin Corporation, Houston, MS
Futuristic Inc., Bean Station, TN

Golden Chair, Houlka, MS

Greene Bros. Furniture Co., N. Wilkesboro, NC
H.M. Richards, Baldwyn, MS

HTL Furniture, China

Haining Mengnu Group, China

Haining Nice Harvest Furniture, China
Harden Furniture Co., McConnellsville, NY
Henredon Upholstery, High Point, NC
Hickory Chair Company, Hickory, NC
Hickory Hill Furniture Company, Fulton, MS
Homecrest Industries, Wadena, MS

Hua Tong Industries, China

ItalSofa, Salvador, Brazil

ItalSofa, Shanghai, China

Jackson Mfg. Co., Cleveland, TN

Karges Furniture Co. Inc., Evansville, IN
Kevin Charles, Tamarac, FL

Key City Furniture Co., Wilkesboro, NC
King Hickory Furniture Co., Hickory, NC
Kisabeth Co. Inc., Ft. Worth, TX

Klaussner Corp., Milford, IA

Klaussner Furniture Ind., Inc., Asheboro, NC
Klote International Corp., Maryville, TN
Kroehler Furniture Inds., Conover, NC

L. Powell Company, Culver City, CA
La-Z-Boy Inc., Monroe, M1

Lancer, Inc., Star, NC

Lane Furniture, Tupelo, MS

Laneventure, Conover, NC
Leathercratit, Inc., Conover, NC
Leather I'rend, San Diego, CA

Lexington Home Brands, Hildebran, NC

Max Home, Fulton, MS

Mayo Manufacturing Corp., Texarkana, TX
Meadowbrook Furniture, Hickory Flat, MS
Med-Lift & Mobility, Inc., Calhoun City, MS
Modern Of Marshfield, Inc., Marshfield, W1
Natuzzi, Santeramo, Italy

New Generations Furniture, McKenzie, TN
Norwalk Furniture Corp., Norwalk, OH
OFS/Styline Industries, Huntingburg, IN
Overnight Sofa Corporation, Hickory, NC
Pearson Furniture Co., High Point, NC
Peoploungers, Inc., Nettleton, MS
Providence House Furniture, Maiden, NC
Riverrside Furniture, Ft.. Smith, AR

Rowe Furniture Corp., Elliston, VA

Sam Moore Fumniture Inds., Inc Bedford, VA
Schnadig Corporation, Belmont, MS
Sherrill Furniture Company, Hickory, NC
Skyline Furniture, Thornton, IL

Smith Bros. Of Berne, Inc., Berne, IN
Southern Furniture Company, Conover, NC
Southern Motion, Inc., Pontotoc, MS
Southwood Furniture Corp., Hickory, NC
St. Timothy Chair, Hickory, NC

Stanford Furniture Corporation, Claremont, NC
Style Upholstering Inc., Hickory, NC
Superb Creation, Hong Kong

T.L. Bayne Co., Inc., Harlan, KY

TRS Furniture Co., Thomasville, NC
Thayer Coggin, Inc., High Point, NC
Thomasville Furniture, Thomasville, NC
Thomasville Upholstery, Hickory, NC
Tomlinson Furniture, Thomasville, NC
True Seating Concepts, Irvine, CA
University Loft, Morristown, TN

Vanguard Furniture Co., Inc. Hickory, NC
Wanvog Furniture, China
Woodmark Originals, Inc., High Point

Yu-Wei Company, China
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Alabama

La-Z-Boy Furniture Galieries, Birmingham
La-Z-Boy Furniture Galleries, Dothan
La-Z-Boy Furniture Galleries, Huntsville
La-Z-Boy Furniture Galleries, Irondale
La-Z-Boy Furniture Galleries, Mobile
La-Z-Boy Furniture Galleries, Montgomery
Spiller Furniture, Tuscaloosa

Wood Lane, Northport

Alaska

La-Z-Boy Furniture Galleries, Anchorage
Sadler’s Home Furnishings, Anchorage

Arizona

Breuners Arizona, Scottsdale

La-Z-Boy Furniture Galleries, Glendale
La-Z-Boy Furniture Galleries, Glendale
La-Z-Boy Furniture Galleries, Mesa
La-Z-Boy Furniture Galleries, Mesa
La-Z-Boy Furniture Galleries, Phoenix
La-Z-Boy Furniture Galleries, Scottsdale
La-Z-Boy Furniture Galleries, Tempe
La-Z-Boy Furniture Galleries, Tucson
La-Z-Boy Furniture Galleries, Tucson

Arkansas

Brandon House Furniture, Little Rock
La-Z-Boy Furniture Galleries, Little Rock

California

Fedde Furniture, Pasadena

Hanford Furniture, Hanford

Jerome’s Furniture, San Diego
Lawrance Contemporary, San Diego
La-Z-Boy Furniture Galleries, Anaheim

Minnesota

Gabbert’s Furniture, Minneapolis
Slumberland, Little Canada

Mississippi

Aycock-Roberts Furniture, Hittiesburg
La-Z-Boy Furniture Galleries, Gulfport erkins
Furniture, Brookhaven

Missouri

La-Z-Boy Furniture Galleries, Hazelwood
La-Z-Boy Furniture Galleries, Independence
La-Z-Boy Furniture Galleries, Manchester
La-Z-Boy Furniture Galleries, Springfield
La-Z-Boy Furniture Galleries, St. Louis

Rust & Martin, Cape Girardeau

Montana

La-Z-Boy Furniture Galleries, Billings
Nebraska

Nebraska Furniture Mart, Omaha

Nevada

Carson Furniture, Carson City
Garrett’s Fine Furniture, Las Vegas

New Hampshire
La-Z-Boy Furniture Galleries, Manchester
New Jersey

Huffmann Koos, River Edge
La-Z-Boy Furniture Galleries, Cedar Grove
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La-Z-Boy Furniture Galleries, Cerritos
La-Z-Boy Furniture Galleries, Chico
La-Z-Boy Furniture Galleries, Chula Vista
La-Z-Boy Furniture Galleries, Corte Madera
La-Z-Boy Furniture Galleries, Costa Mesa
La-Z-Boy Furniture Galleries, El Cajon
La-Z-Boy Furniture Galleries, Fresno
La-Z-Boy Furniture Galleries, Hemet
La-Z-Boy Furniture Galleries, Irvine
La-Z-Boy Furniture Galleries, Lake Forest
La-Z-Boy Furniture Galleries, Northridge
La-Z-Boy Furniture Galleries, Oxnard
La-Z-Boy Furniture Galleries, Pleasant Hill
La-Z-Boy Furniture Galleries, Pleasanton
La-Z-Boy Furniture Galleries, Ranch, Cordova
La-Z-Boy Furniture Galleries, Redding
La-Z-Boy Furniture Galleries, Riverside
La-Z-Boy Furniture Galleries, Roseville
La-Z-Boy Furniture Galleries, Sacramento
La-Z-Boy Furniture Galleries, Sacramento
La-Z-Boy Furniture Galleries, Salinas
La-Z-Boy Furniture Galleries, San Bernardino
La-Z-Boy Furniture Galleries, San Diego
La-Z-Boy Furniture Galleries, S. San Francsico
La-Z-Boy Furniture Galleries, San Jose
La-Z-Boy Furniture Galleries, San Marcos
La-Z-Boy Furniture Galleries, Santa Clara
La-Z-Boy Furniture Galleries, Santa Rosa
La-Z-Boy Furniture Galleries, Torrance
La-Z-Boy Furniture Galleries, Ukiah
La-Z-Boy Furniture Galleries, Victor Ville
Russell’s Furniture, San Jose

Silverado Furniture, Napa

The Rose Collection, Los Gatos

Valley Manor Furniture, Northridge

Colorado

Kacey Fine Furniture, Denver

La-Z-Boy Furniture Galleries, Colarado Springs
La-Z-Boy Furniture Galleries, Denver
La-Z-Boy Furniture Galleries, Englewood
La-Z-Boy Furniture Galleries, Fort Collins
La-Z-Boy Furniture Galleries, Littleton
La-Z-Boy Furniture Galleries, Westminster

Connecticut

La-Z-Boy Furniture Galleries, Brookfield
La-Z-Boy Furniture Galleries, Clinton
La-Z-Boy Furniture Galleries, Orange
La-Z-Boy Furniture Galleries, Waterbury
Wayside Furniture, Milford

Wilson Furniture, Wallingford

Delaware

La-Z-Boy Furniture Galleries, Newark
La-Z-Boy Furniture Galleries, Wiimington

Florida

Baer’s Furniture, Pompano Beach
El Dorado Furniture, Miami Gardens
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La-Z-Boy Furniture Galleries, Maple Shade
La-Z-Boy Furniture Galleries, Metuchen
La-Z-Boy Furniture Galleries, Springfield
Llyod’s Furniture, Somerville

Mart Furniture Galleries, Middletown
Whippany Manor’s Ethan Allen, Whippany

New Mexico

La-Z-Boy Furniture Galleries, Albuquerque
La-Z-Boy Furniture Galleries, Albuquerque

New York

Bayles Furniture, Inc., Rochester
La-Z-Boy Furniture Galleries, Amherst
La-Z-Boy Furniture Galleries, Carle Place
La-Z-Boy Furniture Galleries, Clay
La-Z-Boy Furniture Galleries, Farmingdale
La-Z-Boy Furniture Galleries, Latham
La-Z-Boy Furniture Galleries, Orchard Park
La-Z-Boy Furniture Galleries, Rochester
La-Z-Boy Furniture Galleries, Rockville Center
Loomis Barn, Rushville

Raymour & Flanigan, Liverpool

Seaman Furniture, Uniondale

La-Z-Boy Furniture Galleries, Henderson
La-Z-Boy Furniture Galleries, Las Vegas
La-Z-Boy Furniture Galleries, Las Vegas
La-Z-Boy Furniture Galleries, Reno

Winans Furniture, Inc., Carson City

North Carolina

Expressions Custom Furniture, Hickory
La-Z-Boy Furniture Galleries, Chariotte
La-Z-Boy Furniture Galleries, Greensboro
La-Z-Boy Furniture Galleries, Pineville
La-Z-Boy Furniture Galleries, Raleigh
La-Z-Boy Furniture Galleries, Winston-Salem
Rose Furniture, High Point

Sutton Council Furniture, Wiimington

Utility Craft, High Point

Wood-Armfield, High Point

Ohio

La-Z-Boy Furniture Galleries, Akron
La-Z-Boy Furniture Galleries, Akron
La-Z-Boy Furniture Galleries, Boardman
La-Z-Boy Furniture Galleries, Cincinnati
La-Z-Boy Furniture Galleries, Cincinnati
La-Z-Boy Furniture Galleries, Columbus
La-Z-Boy Furniture Galleries, Columbus
La-Z-Boy Furniture Galleries, Dayton
La-Z-Boy Furniture Galleries, Hilliard
La-Z-Boy Furniture Galleries, Huber Heights
La-Z-Boy Furniture Galleries, Lima
La-Z-Boy Furniture Galleries, Loveland
La-Z-Boy Furniture Galleries, Lyndhurst
La-Z-Boy Furniture Galleries, Maumee
La-Z-Boy Furniture Galleries, Middleburgh
Heights

La-Z-Boy Furniture Galleries, Niles
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Halpern’s Ethan Allen, Miami

Harrison Furniture CO, Clearwater

La-Z-Boy Furniture Galleries, Boca Raton
La-Z-Boy Furniture Galleries, Bradenton
La-Z-Boy Furniture Galleries, Ft. Meyers
La-Z-Boy Furniture Galleries, Ft. Lauderdale
La-Z-Boy Furniture Galleries, Gainesville
La-Z-Boy Furniture Galleries, Jacksonville
La-Z-Boy Furniture Galleries, Lake Worth
La-Z-Boy Furniture Galleries, Largo

La-Z-Boy Furniture Galleries, Maitland
La-Z-Boy Furniture Galleries, Melbourne
La-Z-Boy Furniture Galleries, Naples
La-Z-Boy Furniture Galleries, New Port Richey
La-Z-Boy Furniture Galleries, Orange Park
La-Z-Boy Furniture Galleries, Orlando
La-Z-Boy Furniture Galleries, Orlando
La-Z-Boy Furniture Galleries, Palm Harbor
La-Z-Boy Furniture Galleries, Panama City
La-Z-Boy Furniture Galleries, Pembroke Pines
La-Z-Boy Furniture Galleries, Pensacola
La-Z-Boy Furniture Galleries, Sarasota
La-Z-Boy Furniture Galleries, Sunrise
La-Z-Boy Furniture Galleries, Tampa
La-Z-Boy Furniture Galleries, Tampa
La-Z-Boy Furniture Galleries, West Palm Beach
Robb & Stucky, Ft. Myers

Thomasville Home Furnishings, Altamonte
Springs

Georgia

Beverly Hall Furniture Galleries, Atlanta
La-Z-Boy Furniture Galleries, Atlanta
La-Z-Boy Furniture Galleries, Augusta
La-Z-Boy Furniture Galleries, Douglasville
La-Z-Boy Furniture Galleries, Kennesaw
La-Z-Boy Furniture Galleries, Lawrenceville
La-Z-Boy Furniture Galleries, Macon
La-Z-Boy Furniture Galleries, Morrow
La-Z-Boy Furniture Galleries, Roswell
La-Z-Boy Furniture Galleries, Savannah

Hawaii
La-Z-Boy Furniture Galleries, Aiea
Idaho

Ennis Furniture, Boise
La-Z-Boy Furniture Galleries, Boise

Illinois

ATI Carriage House, Lombard

Cohen Furniture, Peoria

Hufford Furniture, Chicago

La-Z-Boy Furniture Galleries, Arlington Heights
La-Z-Boy Furniture Galleries, Aurora

La-Z-Boy Furniture Galleries, Berwyn
La-Z-Boy Furniture Galleries, Champaign
La-Z-Boy Furniture Galleries, Chicago
La-Z-Boy Furniture Galleries, Elmhurst
La-Z-Boy Furniture Galleries, Fairview Heights
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La-Z-Boy Furniture Galleries, North Olmstead
La-Z-Boy Furniture Galleries, Northwood
La-Z-Boy Furniture Galleries, Toledo
La-Z-Boy Furniture Galleries, Zanesville
White’s Fine Furniture, Columbus

Oregon

Blackledge Furniture, Corvallis
La-Z-Boy Furniture Galleries, Beaverton
La-Z-Boy Furniture Galleries, Bend
La-Z-Boy Furniture Galleries, Eugene
La-Z-Boy Furniture Galleries, Portland
La-Z-Boy Furniture Galleries, Portland
La-Z-Boy Furniture Galleries, Salem
La-Z-Boy Furniture Galleries, Tualatin

Pennsylvania

Arnold’s, Lancaster

Chertok’s Furniture, Coatesville

D & D Home Furnishings, Whitehall
Galbraith’s R & D Furniture, Brookville
Good’s Furniture, Lancaster

Interiors 2000, Lancaster

Izzy Miller Furniture, Carnegie

John V. Schultz, Erie

Kweller's Georgetown Manor, Allentown
La-Z-Boy Furniture Galleries, Lancaster
La-Z-Boy Furniture Galleries, McMurray
La-Z-Boy Furniture Galleries, Monroeville
La-Z-Boy Furniture Galleries, Montgomery Ville
La-Z-Boy Furniture Galleries, Pittsburgh
La-Z-Boy Furniture Galleries, Scranton
La-Z-Boy Furniture Galleries, Shillington
La-Z-Boy Furniture Galleries, Springfield
La-Z-Boy Furniture Galleries, Whitehall
La-Z-Boy Furniture Galleries, Wilkes Barre
Lush Brothers, State College

Mared Ethan Allen, Pittsburgh

Nathan’s, Hazelton

Oskar Huber Furniture & Design, Southampton
Silver Furniture, Lansford

Today’s Home, Pittsburgh

Wolf Furniture Enterprises, Altoona

Your Living Room, Lemoyne

Rhode Island
La-Z-Boy Furniture Galleries, Warwick
South Carolina

La-Z-Boy Furniture Galleries, Columbia
La-Z-Boy Furniture Galleries, Greenville
La-Z-Boy Furniture Galleries, N. Charleston
La-Z-Boy Furniture Galleries, Spartanburg
Maynard’s of Belton, Belton

Prosperity Furniture Company, Prosperity
Southeastern Galleries, Charleston

Tennessee
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La-Z-Boy Furniture Galleries, Joliet
La-Z-Boy Furniture Galleries, Lisle
La-Z-Boy Furniture Galleries, Morton Grove
La-Z-Boy Furniture Galleries, Oaklown
La-Z-Boy Furniture Galleries, Orland Park
La-Z-Boy Furniture Galleries, Rockford
La-Z-Boy Furniture Galleries, Schaumburg
La-Z-Boy Furniture Galleries, Springfield
La-Z-Boy Furniture Galleries, Vernon Hills
La-Z-Boy Furniture Galleries, Waukegan
Plunkett Furniture, Skokie

Wickes, Wheeling

Indiana

Kittle's, Indianapolis

La-Z-Boy Furniture Galleries, Evansviile
La-Z-Boy Furniture Galleries, Fort Wayne
La-Z-Boy Furniture Galleries, Indianapolis
La-Z-Boy Furniture Galleries, Indianapolis
La-Z-Boy Furniture Galleries, Indianapolis
La-Z-Boy Furniture Galleries, Merrillville
La-Z-Boy Furniture Galleries, South Bend
La-Z-Boy Furniture Galleries, Terre Haute
Ries Furniture Company, South Bend
Tilles Interiors, Monster

Kansas

La-Z-Boy Furniture Galleries, Florence
La-Z-Boy Furniture Galleries, Lexington
La-Z-Boy Furniture Galleries, Louisville
Keller Furniture Galleries, Hays

Lousiana

Compass Furniture, Jefferson

La-Z-Boy Furniture Galleries, Baton Rouge
La-Z-Boy Furniture Galleries, Harvey
La-Z-Boy Furniture Galleries, Lafayette
La-Z-Boy Furniture Galleries, Metairie

Maine

La-Z-Boy Furniture Galleries, Scarborough
Young’s Furniture, Portland

Maryland

Garon’s Ethan Allen, Baltimore

La-Z-Boy Furniture Galleries, Annapolis
La-Z-Boy Furniture Galleries, Bel-Air
La-Z-Boy Furniture Galleries, Essex
La-Z-Boy Furniture Galleries, Glen Burnie
La-Z-Boy Furniture Galleries, Laurel
La-Z-Boy Furniture Galleries, Rockville
La-Z-Boy Furniture Galleries, Towson
Mastercraft Interiors, Beltsviile

Massachusetts

Alpert’s Seekonk
Bradford Furniture, Littleton
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La-Z-Boy Furniture Galleries, Antioch
La-Z-Boy Furniture Galleries, Chattanooga
La-Z-Boy Furniture Galleries, Knoxville
La-Z-Boy Furniture Galleries, Memphis
Sprintz Furniture, Nashville

Texas

Adele Hunt Furniture, Dallas

Finger Furniture, Houston

Lack’s Stores, Victoria

La-Z-Boy Furniture Galleries, Amarillo
La-Z-Boy Furniture Galleries, Arlington
La-Z-Boy Furniture Galleries, Austin
La-Z-Boy Furniture Galleries, Dallas
La-Z-Boy Furniture Galleries, El Paso
La-Z-Boy Furniture Galleries, Houston
La-Z-Boy Furniture Galleries, Houston
La-Z-Boy Furniture Galleries, Lewisville
La-Z-Boy Furniture Galleries, Lubbock
La-Z-Boy Furniture Galleries, Mesquite
La-Z-Boy Furniture Galleries, N. Richland Hills
La-Z-Boy Furniture Galleries, Plano
La-Z-Boy Furniture Galleries, San Antonio
La-Z-Boy Furniture Galleries, San Antonio
La-Z-Boy Furniture Galleries, Webster
Louis Shanks of Texas, Austin

Spears, Lubbock

Star Furniture, Houston

Utah

R.C. Willey, Salt Lake City
Vermont

Rutland House, Rutland
Virginia

Grand Piano & Furniture, Roanoke
La-Z-Boy Furniture Galleries, Chesapeake
La-Z-Boy Furniture Galleries, Fairfax
La-Z-Boy Furniture Galleries, Fredericksburg
La-Z-Boy Furniture Galleries, Hampton
La-Z-Boy Furniture Galleries, Richmond
La-Z-Boy Furniture Galleries, Richmond
La-Z-Boy Furniture Galleries, Springfield
La-Z-Boy Furniture Galleries, Virginia Beach
La-Z-Boy Furniture Galleries, Woodbridge
Schewels Furniture, Lynchburg

Williams Wayside Furniture, Springfield
Willis Fur