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due to fires. Textile related fires accounted for 2,827 

injuries, or 32 percent of the total, and 579, or 47 percent 

of the deaths even though textile related fires accounted 

for only 21 percent of all fires (56, 62). In textile 

fires, mattresses, upholstered furniture, and bedding lead 

t h e list in textile items first to ignite. Nearly one half 

of all the fire related fatalities and one third of all 

fi r e r elated i n juries can be attributed to textile related 

fires . Fires involvi ng upholstered furniture accounted 

for 44 perc en t o f t h e deaths in textile related fires. The 

main s ourc e of i gni tion was smoking materials (36). 

The dollar va l ue o f l ife and of the pain of injury is 

difficult to as s ess , although Dardis and others (11, 34, 

47) have developed cost - be nef it analysis models to examine 

the value of implementing new flammability standards as 

well as the benefits evolved f rom the implementation of 

the Standard for Children ' s Sleepwear. The objective s of 

such models and analyses are 1 ) to a s sist in sele cting the 

most cost effective consumer prote c tion p rogra m and 2) to 

determine whether the implementation of t he progr am is 

justified . In general the cos t of a safe t y s t a ndard 

includes the cost of the resources necessary t o d eve lop 

and monitor the standard as well as the costs to the con -

sumer de to product regulation . Th e consumer costs 

invol e increases in price , reduction in items from which 
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to choose, and in some instances a reduction in the product 

wear life. The benefits provided by a safety standard are 

estimated by two major approaches: 

1) the reduction in accidents, including the direct 

a nd indirect costs accidents would have on live

lihood, and 

2) will i ngness of consumers to pay for the risk 

r educt i on. 

A n e cessa ry part o f t he d evelopment of a standard is a 

c ost- benefit a naly s e s to determine the dollar ratio 

involved i n the i mp l e men t a tion of a standa rd. The lower 

t he ratio , the h igher the benefi t d e rived, and at the level 

of 0 . 75 , the consume r i s getting $1.00 in p rote ction for 

every $0 . 75 in expe nditure . 

The most i mportan t conside rations i n a cost-bene f i t 

analysi s a r e t o e xamine the data conc erning burn incide n t s, 

costs r equired to i mpleme n t r e gulatory proce dure s, and 

alternative consumer programs in compariso n to the p roperty 

and personal inj u ry l osses t o the consume r. A c ost-benef it 

analysis can put a dollar valu e on life , but t he prob l e ms 

associated with pain and s u ffe ring a r e not something 

readily assessed with a mone t ary v a lue and are therefore 

excl uded from the analysis (4 7 ) . 

Data contributed by EISS and FFACTS s u bstant iated 

the need for an upholstered furniture f l ammab ili t y 
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regulation, and the notice of a need for regulation of the 

flammability of upholstered furniture was first published 

in November, 1972, in the Federal Register (61). The Pro

posed Standard for Flammability of Upholstered Furniture, 

PFF 6-76 as developed by the National Bureau of Standards 

under the direction of the CPSC, was divided into two 

parts . Fabrics were first classified by an NBS test or a 

prototype apparatus which is similar to a small chair, and 

second a mock-up test apparatus is used to test all the 

components being considered for use in a particular furni

ture piece . 

The fabric classification portion of this standard is 

based on the char leng th produced by a lighted cigarette 

placed on the upholstery fabric. The classification pro

cedures are as follows : 

1 . Class A: 

char length is < 1.5 inch on glass fiber board 
< 1.5 inch on cotton batt i ng 

2 . Class B: 

char length is < 1 . 5 inch on glass fiber board 
< 1 . 5 inch on cotton batting 

3 • Class C : 

char length is > 1 . 5 inch on glass fiber board 
-

inch glass fiber board < 3 . 0 on 

4 . Cl a ss D: 

cha r l e n g th is > 3 . 0 inch on glass fiber board 
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Three specimens for each fabric sample are cut and 

mounted on the fabric test assembly (prototype) over glass 

fiber board as shown in figure 1. A lighted cigarette is 

placed at the abutment of the horizontal (seat) and verti

cal (back) panels, covered with a square of cotton sheeting 

and secured wi t h one straight pin. If all three specimens 

produce a char length less than 1.5 inch, excluding the 

average ciga rette size (3.3 inches in the lengthwise direc

tion and 0.3 inch in the diame ter or crosswise direction), 

the fabric is again tested, but with cotton batting in the 

vertical panel and glas s fiber board in the horizontal 

panel . If the char produced on cotton batting is less than 

1 . 5 inches , excluding the cigarette size on all three 

samples , the fabric receives a Class A rating. The fabric 

receives a Cl ass B rating if one o f the char lengths is 

equal to 1.5 inches or greater, or if the batting exhibits 

combustion . When the char length is equal to or greater than 

1 . 5 inches and less than 3 inches on glass fiber board, the 

fabric receive s a Class Crating . If one o f the three t e st 

specimens ignites or the char length is 3.0 inches or 

greater on glass fiber board the fabric receives a 

Class D rating . 

Classification of the fabrics is made when the results 

of he cigarette burns are the same , that is , the cigar-

e es burn their en ire l ength , or all three cigarettes 



Glass Fiber Board 

Warp Direction 

Cover Fabric 

P l ywood 
Test Assembly 

Fig . 1. BS sample holder for upholstery fabric t e st 
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e x tinguish before burning their entire length. Class C and 

D fabrics are not barred from furniture production, but 

they would encounter difficulty in passing the second part 

of the test procedure, the mock-up test. 

The mock-u p test (figure 2) consists of using an 

a s semb l y of all components considered for use for a par

ticular p i ece of u pholste red furniture. The test procedure 

re quire s lighted c igare ttes to be placed over all surface 

construction component s such as cording, quilting, thread, 

et cetera . Sheeting squar es a r e the n placed over the se 

l ighte d cigarettes and the ch a r l e n g ths are again us e d for 

cl a ssification , exc e pt this time the criter i a i s p ass / fail. 

Any cha r l eng th o f g r eater than 3 inc hes i s considered to 

be a fa ilure . 

st dy . 

The mock - up test was no t included in this 

Th e Up ho l s t e r e d Furniture Action Co unc i l (UFAC) is a 

f ederation of fi v e o r more associations that represen t 

a pproximately 7 0 percent o f the upholstered f u rniture pro -

duce rs in the Unit e d State s . UFAC was formed , in 1972 , to 

r ep r esent the up holste r ed f urniture industry for the pur 

pose o f pres e nting alte rnati ves f or the mand a tory regula 

tion of u p hols te r e d f urniture f l a mma bility . The voluntary 

pl n he y deve l oped soug h t to e l imi n a t e the t e st i ng a nd 

~ ~ o r d kecpi n in ol e d with m ndato r y r e gul a ions ( 5 , 23) . 
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Fabric 

W lt Edge 

BS furniture mock -up test assembly 
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The UFAC voluntary plan (57) differed from the proposed 

CPSC mandatory regulation in a number of ways. First, 

upholstery fabric are divided into two classes as follows: 

Class I: Fabrics containing 50 percent or more 
thermoplastic fibers, plus any other 
fabrics that perform equally as well 
when measured by a laboratory test. 

Cl ass II: All other fabrics. 

Second , the UFAC plan indicated that fabric suppliers would 

c ertify the fabrics as either Class I or Class II. This 

method of fabric classification would eliminate classifica-

tion of fabrics by tests , a s p ropos e d by CPSC. Third, the 

voluntary plan of UFAC proposed the elimina tion of ignition 

p rone welt cords , and fourth , it proposed the elimination 

of untreated cotton batting as a substratum in immediate 

contact with the cove ring fabric (57). Fabric s composed of 

less than 50 ercent thermoplastic fiber would be elimi

nated , and th s cotton , linen , rayon , and many blends con

taining these fibers would be categorized as Class II 

fabrics . Under the UFAC plan many of the currently us e d 

upholstery fabrics could be eliminated from the market 

merely because of their lack of thermoplastic fiber 

con te t ( 2 3) . 

Und r the F C voluntary plan , furniture manufacturers 

'-1'.'0 ld a ac, CFAC h ngta (label) to furniture , indicat-

i g he f r, i re • as prod uced under UFAC guidelines in 
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comp liance with the voluntary standards. The UFAC plan for 

u sing han gtag s was devised to combine the two concepts of 

fabr i c r a ting and of furniture construction criteria of the 

voluntary plan. The hang tag is proported to make the con-

sumer awa r e th a t the item of f u r n i ture is safer because of 

the UFAC re c ommended construction criteria and also to warn 

the c onsumer of t he d a n gers of ignition of upholstered 

f urniture from a burni ng c igarette r e gardless of the safety 

improvements of the UFAC Criteria . Th e h a ngtag s are avail-

able to the fu r nitur e manufacture rs from UFAC at a nom i nal 

cost (57) . 

In anticipation of the implementatio n o f an u pholstered 

furniture flammability standard in 1 9 7 6 , label s were at 

times p laced on the deck (the flat surface under the loose 

cushions) of some f urniture p iece s. The following statement 

is an example of a l abel attached to some of the furnitur e 

for sale in retail sto r es in 1976 (57) 

CAUTION SMOKERS 

Smoldering cigarettes can cause u p holstere d furni 
ture to catch fire . If you feel drowsey you are 
urged not to smoke while seated or reclining . The 
Upholster Furniture Action Council issues this 
warnin in the interest of publ i c safe ty . 

The original voluntary plan as proposed by UFAC wa s 

not entirely acceptable to the CPSC . Therefore , UFAC 

ormulated dditional assurances of compliance as requested 

b _/ h CPSC . To substan iate thut the UFAC construction 
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cri t eria were met and that furniture pieces bearing the 

UFAC h a ng tag were in compl iance with the construction 

crite ria as outlined b y UFAC, five tests were added to the 

volunta ry action p rog r a m. These tests were as follows: 

1 . A welt cord t e st. 
2 . A dec k ing ma ter i als test. 
3 . A f illing ma terials test. 
4 . A b a rr ier t e s t . 
5 • A fab r ic cl a ssificat i on test. 

The te s t a ppar a t u s u s ed fo r the UFAC te st is the same as 

the NBS p ro t oty p e t e s t a ppar atus excep t for the substrata, 

whi ch is a polyure thane foam i n both the vertical and hori-

zonta l pane ls o f the te sting ap p aratu s . Following the UFAC 

ne gotiations with CPSC , t he UFAC h a n g t ag wa s c ha n ged and 

the hangtags attached to comply ing fu r nitu r e in 1979 we r e 

as follows : 

The manufacturer of this u p hols tered f u rniture 
c e rt ifie s that with this c over fabr ic a nd 
filling mate r ial , the item is ma d e in ac c or 
dance with UFACc c onstr uction c riteri a 
tha t are engineered to reduc e , b u t not n e ces 
sarily e limi nate , ignition by a b u rnin g 
c igaret te by i nsu l a ting or modifyi n g c e rta in 
materials or co~binations of mate rials , tra 
d itionally us ed in upholste r ed fur n itu re 
manufacturing , that a r e most susceptib l e to 
igni tion . 

Keep ~our famil_' and furniture safe f r om fi r e s 
cased by c reless smoking . Ev n wit h moder n 

FACc. - recommended ma t e rials and me tho ds , 
smolde ring cigure tes and oth e r heat or fire 
sources can cause upholste ry furnit ure fires . 

For he ro e c ion o f yo r family , UFACc 
rc-O~~0nds that you have at 1 ast one 



smoke detector in your home. An early warn
ing of fire, starting from any cause, can 
help protect you and your family. (57) 
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One major change that occurred as a result of the UFAC 

voluntary proposal was the substitution of polyurethane 

foam for the untreated cotton batting in the deck and sides 

of upholstered furniture (59). Products made with poly-

urethane foam p ass existing flammability standards for 

carpe ts and mattresses (9), but polyurethane foam has some 

severe draw b acks f or use in r e sidentia l applications (63). 

Polyur ethane foam , when exposed to sufficient Lemperatures, 

will burn and produce potentially hazardous gases. The use 

of polyurethane foam ha s increa sed 220 percent (59) since 

the proposed standard for uphols t e red furniture was first 

published . Howe er , the CPSC staff and commission will 

need some time to collect and ana l yze the data to determine 

the problems associated with the toxicity of burning foam. 

In ovember 1979 , the CPSC voted unanimously to allow 

UFAC a one - year trial period for utilizing the voluntary 

prog r m to reduce furniture flammability (16, 58) . The 

staff of CPSC had not concluded its analysis of the volun 

tary program in January of 1981 ; therefore , the voluntary 

program will con inue to remain in effect until further 

ac ion is aken by the CPSC (7) . 

The Sate oc California a lways has been somewhat 

s er han the federal government in passing regulations 
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for textile flammability. The California State standard 

was in effect for children's sleepwear prior to the federal 

sleepwear standard (33) and the regulation of upholstered 

furniture flammability has existed in California since May 

of 1966 (28). 

The State of California established a plan for the 

testing of upholstery fabric and filling materials as indi

vidual components and not as an integral unit (50). 

Furniture which is p roduced or manu factured to be sold in 

California must meet the criteria as set forth by that 

sta te . The California testing proc edure plan was presented 

t o the CPSC for approval and incorporat hg into the proposed 

fede r a l standard , but the plan was r ejecte d by the CPSC 

( 5) • 

To gain an unde rstanding of the complexities of estab

lishing a f l ammability standard for upholstered f urniture, 

consideration o f many f a ctors is involved . Daman t and 

Youn (10) conduc t e d e x te ns ive research in 1977 on the 

classification o f fa b ric s used as u pholst e r e d furniture 

co··er ings . Res u lts of t h is study rev e ale d significant di f 

f ere ces betveen t he smolde r re si s tanc e of fabric/substrata 

cornb ina tions . 

Te nature of the s ubst r ata ( f u rnitur e filling mate 

rial) critically influences t h e flammabi lity c haracte r

is~ics of he finished furni ure pieces . Fur the r , f a br i c 
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weight, dyes, finishes, weaves, fibers, and backcoatings 

all may influence the way in which a particular fabric 

becomes involved in smoldering combustion (9). However, 

the choices available for filling materials on the other 

hand are rather limited. The most commonly used filling 

materials are 1) cotton batting, 2) several types of poly

urethane foam, and 3) polyester fiberfill (38). 

Knoepfler and Neumeye r (31) have indicated that cotton 

batting , while inexpensive , is capa ble of sustaining a 

smoldering combustion reaction even after the original 

source of ignition is removed , whether the source is an 

open flame or a burning cigarette . Large quantities o f 

smoke and toxic gase s result from the burning of mattresses 

as ind i cated by results of research conducted by Keating, 

Knoef l e r , cSherry and Wadsworth (29), and the burning 

characteri stics of mat tresses are similar to those exhibited 

b y upholstered furniture . Attempts have been made to flame 

retard cotton batting (30 , 46) , but such procedures are 

expensi ea d have not bee n entirely satisfactory . Cotton 

batting products , unless chemically modified , can be 

ex remely hazardous because of their tendency to readily 

support and ropa te smoldering combustion (9, 31) . 

u ber of studies (3 , 13) have been conducte d to 

examine and c alua e he ffec iven ss of adding 

backco tings o cotton , as w 11 as other fiber u pho lstery 
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fabrics in an effort to impart smolder resistance. Several 

compounds have been evaluated as possible smolder resistant 

additives to be incorporated into latex backcoatings. 

Upholstery fabric is typically backcoated to prevent seam 

slippage, provide dimensional stability, and improve wear

ability. The addition of a smolder resistant backcoating 

can be effective in reducing fire hazards when the back

coating material can withstand the heat of an ignition 

source and prevent ignition of the substrata. 

Ba c kcoating of fabrics restricts the amount of air 

penetration of the fabric and increases fabric weight. In 

the resea rch pe r formed by Donaldson (13) relative to 

examining air permeability of fabrics , results revealed 

that the ability of a fabri c to resist air pene tration also 

was an important factor in determining smolde r resistance, 

although backcoating was not the only factor influencing 

smolder resistance . High permeab ility is a llowable when 

the substrata is treated with a flame retardant substance . 

The addition of backcoating substances increases fabric 

weight and fabric weight also influences smo lder resistance 

in some fabrics (3) . 

Heavy syn hetic fabrics are more resistant to ignition 

than are hea y cellulosic fabrics , which are less resistant 

(13) . Fabric constr ction , including compactness of weave 

and finish s , influences the ability of a fabric to 
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withstand ignition. Heavier fabrics require backcoatings 

and an increase in flame retarding chemicals in order to 

inhibit smoldering ignition as compared to medium or light 

weight fabrics . Donaldson, also, found that as the fabric 

wei ght of cellulosics increased the char areas produced by 

lighted cigarettes also increases (12). 

The p roblem of imparting smolder resistance to up

holstered fu rniture is a composite of many factors includ-

ing both fabric s and substrata . Currently , there are a 

limited number of materials available for use as filling 

materials for upholstered furniture , but there are a 

variet of cover fabri c s . It is not uncommon for a manu-

facturer to offer as many as 400 cove r fabrics , and in some 

instance s swatch books provide as many a s 4000 cove r 

fabrics from which a consumer may make selections (20). 

As noted in the August 198 1 issue of a f urniture 

industry trade publication (45) , the upholstery fabrics 

most octen selected by consumers we r e : 1) velvets , 

2) cotton prints , and 3) jacquard weaves . The fibers 

utilized in these fabrics were cotton , nylon , olefin , a nd 

blends w ich included acrylic and rayon . A number of these 

fabrics were mainly cellulosic fiber fabrics which wo uld 

not ~ee he sp cifications of the UFAC plan of classifi 

a ·o~ according to thermoplastic fiber content . 
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Recognizing that fires involving upholstered furniture 

and b e dding are often related to smoking materials, several 

b i lls h ave been introduced in Congress to develop a stan

da r d to r educe to fi v e mi nute s the burn time of a cigarette 

placed o n a f lat sur f ace. However, cigaret t e makers find 

neither the p r e v i ous bills nor HR 6675, introduced in 1981, 

to be a c cep table to the m. To p roduce a cigarette that 

would s e lf - e x tinguish could possibly r e duce the incidents of 

fi r es r e su l tin g from cigar e tte i gni t ion, but to produce a 

c iga r e tt e with such a capacity would require the addition 

of chemi c al s to ciga r et t e s and would pos s i bly increase the 

haz a rds of c iga r ettes to s moke rs (4 ). 

Krasny (1 ) i ndicated tha t s c reening t e sts for textile 

flammability should be conduc ted i n the o r i entation a t 

which the textile is most l ike l y to be us e d . Conse que ntl y , 

the prototype test designed by NBS , s imulatin g a small 

upholstered furniture piece , f ul fi ll s this crite ria . The 

use of a cigarette as the ignition sour c e appe a rs to b e the 

most realistic method for evaluating t h e s molde r r e sista nc e 

of upholstered furniture , since smoking mater i a l s are t he 

most common ignition source for this type of text il e related 

fire . 

The use of unfiltered cigarettes , as specified by the 

ppr, 6 -7 8 tes proc dure for upholstered furniture 
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flammability, is the best method for assessing the smolder 

resistance of u pholstered furniture. Olsen and Bollinger 

(42) found that covered cigarettes produced higher tempera-

ture s than uncovered cigarettes to complete the burn, 

therefore, indicating the stringency of both the proposed 

test method and the us e of sheeting to cover the lighted 

cigarette . 

Based on the research reviewed, evidence exists that 

there i s a need f or a realistic test method to examine 

smolder resistance of upholstered furniture. Such a test 

method should incorpor ate fabric and substrata currently 

available for the manufacture of upholstered furniture. 



CHAPTER III 

PROCEDURE 

The p urposes of this research were to devise a flamma

bil ity t e st method and f a bric classification procedure and 

t o determi ne pe r fo r manc e diffe rences between certain 

fabrics / substrata s combina t i ons wh e n tested b y the devised 

t e st method. Some f abr ics which c a n perform in a smolder 

r e s i sta nt a nd sa f e manne r u nd e r c e rta in conditions will be 

e l imi n a t e d f rom the marke t b y eithe r t h e CPSC p ropos e d 

s tanda r d o r th e UFAC voluntary p lan f or u pholste r e d f urni

ture flammabil i ty (5 , 38) . An alt e rn a t ive p l a n f or t e sting 

fabric/substrata ma te r ia ls more r e alistic to e nd u s e could 

prevent the e l imination o f many of the cur r ent l y used 

fabrics from the marke t p l a c e . 

Fabr i cs Tested 

After preliminary flammab il ity t e sts we r e p e rformed o n 

27 typical upholstery fabrics , t h irteen f abrics , availabl e 

from commercial upholstery fa bric s uppli e r , we r e s e l e cted 

as the fabrics to be tested in t h is resear c h . The fa br i cs 

~ere selected as representative of upholstery f brics cur 

r ntly on them rket and were not limited to fabrics t hat 
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performed in a particular manner during the preliminary 

flammability tests. The sample fabrics contained natural 

and manmade fibers and a wide range of blends. The per

centag e fiber content is shown in table 2. 

Phy sical Properties of Fabrics Tested 

Yarn 

The number of y arns per inch were determined for all 

fabrics in accordance with the ASTM Test Method 

D 1910 - 70 (2) . An Alfred Suter pick counter was used to 

count the numbe r of yarns per inch in five locations in 
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both the wa rp and filling dire ctions. In any fabric where 

the individual yarn s were not r eadi ly distinguishable, the 

ravel yarn count method was pe r fo rmed as outlined in the 

above test method . An average of five counts was calcu

lated and recorded for both the warp and the filling 

directions . 

Fabric Weight 

The fabric weight was determined for all fabrics in 

accordance with AST Designation D 1910-70 (2). Fabric 

specimens ere cut 6 " x 6 " (15 cm x 15 cm) , conditioned 

and weighed on a ettler nalytical balance in a ccordance 

wit the specified procedure . 

Fabrics ere tested in r ece ived condition, meaning 

h o s ccial trc tment , such as washing or dry cleaning , 
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TABLE 2 

PERCENTAGE FIBER CONTENT OF FABRICS TESTED 

Generic Fiber 
Fabric 
Number 

Nylon Wool Rayon Cotton Olefin 

1 100 

2a 45 55 

3 100 

4 17 83 

5 100 

6 81 19 

7 76 24 

8b 42 54 

9 36 64 

10 100 

11 26 50 24 

12 100 

13 100 

a 
number 2 contained flame retardant finish . Sample a 

bsamplc number 8 contained 4 percent of a nonspecified 
classification . 



was performed prior to testing. Fabrics were conditioned 

for eac h test perfor me d as specified by the testing 

procedure. 

Oxygen Index 

The Oxygen Index (OI), formerly called the Limiting 

Oxygen I ndex test, was performed in accordance with the 

ASTM Test Method D 2863-76 "Sta nda r d Me thod f or Measuring 

the Minimum Oxygen Conc e ntra t i on to Support Candl e -Like 

Combustion o f P l a st i cs" (2). Fiv e s pecimens 1 1 / 2" x 
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5 1/ 2" ( 3 . 8 cm x 1 4 c m) were c ut from each s amp l e fabric 

and p laced in a specime n holder designed to suppor t s peci

men s vertically in the c e nter of a test column . Eac h 

specimen was ignited by methane gas delive red by means of a 

small glass tube with a small orifice (1 to 3 mm in 

diameter) . The ignition flame was from 6 to 25 mm long . A 

hand held stop watch was used to a s c erta in the burn t ime . 

The a erage consume d oxyge n of each specimen was calculated 

and the oxygen consumed was recorded . The corrected conc en 

tration of oxygen and nitrogen was obtained prior to the 

ignition of the fabric as specified in the t est procedure . 

The entire top edge of the specimen was ignited prior to 

removal of the flame and before starting t he timer . 

Sections 8 . 6 through 8 . 9 of AST D 2863-76 , test method , 



which pertain to fabrics, were followed to obtain correct 

oxygen consumption of the burning fabrics. 

Air Pe rmeability 
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Ten s p ec i mens, cut from each fabric tested in the 

dimensi o n s o f 4" x 4" (10 cm x 10 cm) containing different 

yarns in eac h s p ecime n , we re ut i lized in testing by Federal 

Test Method Standard No. 191, Me thod 5452 (15), the per

meability of fabri c to air . The a ctual area of t he f a bric 

through which air was for c ed wa s 1 .10 s q u a r e inch. No 

special samp le conditioning was requ i r ed . The indiv idua l 

specimen s were mounted on a Gurley No . 44 18 Densome t e r a s 

indicated in the operating instructions o f t h e instrument. 

The inner cylinder was raised to its highest posit i on and a 

stop watch was us ed to determine t h e time necessary for the 

air to pass through the fabric speciman . The average air 

pe rmeabili ty of each sample fabric was calculated to t h e 

nea r est second on the results of the ten specimens and 

reported . 

Vertical Flammability Test 
Children ' s Sleepwear Standard FF 6-74 

The Children ' s Sleepwear test is a vertical t est of 

fabric flammability using a 1 1/2 inch (5 cm) methane gas 

flame applied for one half its length to the base of the 
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fabric specimen for three seconds. Initially, the test 

consisted of determining both the char length (seven inches 

maximum) and flaming melt drip (residual flame) on the 

floor of the test chamber (maximum ten seconds). Currently 

measurement of the residual flame has been discontinued. A 

total of ten specimens 3" x 10" per fabric sample were cut: 

five in the warp direction and five in the filling direc-

tion. The s pecimens were conditioned, as specified by the 

t e st method , in a for c e d draft oven for 30 minutes at 105° F 

(40° C) and then cooled in a d e ssicator for 30 minutes prior 

to testing . The flame impingement time was three seconds. 

An average of the char l engths of the ten specime ns was 

calculated . 

.. ushroom Apparel Flammabi lity Tes t, MAFT Test , 
Proposed Standard for the Flammability 

of General Wearing Appare l 

In the FT ignition test (4 4 , 48), the surface of the 

fabric is exposed to an open flame for 0.5 and 1.0 seconds. 

The ethane gas ignition source is supplied by a number 18 

h podermic needle . The flame is a bout 7/8 inch (2.2 cm) 

long . The ignition source was positioned so the fabric 

touched a hook extcndin 3/8 inch (0 . 9 cm) beyond the 

ori=i e of he hypo ermi needle . A solenoid controlled 

al ✓e a to a i ally reg lates the gas flow for the required 

i ni io!l ime . 
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The flame impingment is 4 inches (10 cm) above the 

bottom edge of the fabric, thereby allowing the flame to 

spread in all directions, not only upward as in other 

fabric edge ignition tests. Time of ignition for this heat 

transfer test are 3 seconds and 12 seconds. If the speci-

men does not ignite at the 3 second exposure time, ignition 

is again attempted in a different area for 12 seconds. 

The assumption is that fabrics which ignite in 3 seconds 

will also ignite in 12 seconds. Therefore only the first 

test need be pe rformed. Fabrics which fail to ignite in 

12 seconds are considered sufficiently safe to be placed 

in fabric Class I unless the critical test value is 

exceeded . At any time the value of 0.42 joules/cm:s is 

exceeded on the recorder , the fabri c is cl assed as a 

failure . In the case of ignition , the speciman shall be 

allowed to burn until e ither the fabric s elf -extinguishes 

2 
or the heat transfer rate of 0.42J/cm.s is exceeded as 

specified in the Test ethod Criteria . 

Classification o f fabrics usin g the MAFT test 

apparatus is as follows : 



Class of Fabric Length of Time to Ignite 

1 r e gardless of ignition 
time 

2 greater than one second 

3 1.0 second or less 

4 0.5 s e cond or less 
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Maximum Heat 
Transfer 

2 
0.42 J/cm.s 

2 
0.42 J/cm.s 

2 
0.42 J/cm.s 

2 
0.42 J/cm.s 

Fo u r s pecime ns 12.5" x 24.0" (30 cm x 60 cm), two warp 

and two f i lling , we r e c ut f o r each fabric and condi tione d 

at room temperatrue o f a t least 60° F (15° C) and a rela

t i ve h umidity of l e s s t han 67 pe r cen t . An igni tion test 

and h e at tran sfe r rate test were perfor med on t h e fabric 

surfac e . Flame i mpi n gement times for the ign i tion tes t 

we re 0 . 5 and 1 . 0 s e co nd s . The he a t trans fer t est f l ame 

imp ingeme nt time s were 3 . 0 a nd 12 . 0 s e conds . The r a t e o f 

hea t trans f e r was mea sur e d by 20 the rmocouple s conta i ne d in 

a coppe r c ylinder and t op p late o f the MAFT testi n g 

assemb ly . An e l e ctronic signal p r o c e s s or r e c e ive d the o ut 

puts o f t he the r mocoup l e s a nd converted the r ate of h e at 

. 2 
transfe r to Jo ul e s / c m. s . The r ate was p l o t ted a nd t h e 

highest rate wa s conside r e d a s the h e at transfe r mea sure 

me n t for t he s eciman . The i g n i tion t ime t ests were not 

indicati e of a c cep t a bl e u p ho lste ry fabric pe r f o rma nc e thu s 

pe rform nee of the specimen s d i d not warrant t e sting b e yond 

the 3 second heat transfer t es t . 



UFAC Classi f ication of Fabrics 

The fabri cs in the s amp le were classified (57) as 

e i ther Cla s s I, t h os e f abrics containing 50 percent or 

mo re thermo p lastic (s yn the tic) fib e r or performing as 
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well (57) , a nd a s Clas s I I fa br i cs, containing less than 

5 0 percent thermop l astic fi b e r. Fabrics with a flame 

retardan t f ini sh would be c on s idered as performing as well 

(57) regardle ss of fib e r content and therefore would be 

c onsidered to be Class I . 

Proposed Standard fo r the Flammab il ity 
of Uphols t ered Furni ture PFF 6 - 78 

Fabric Prototyp e Test 

The fabric prototype t es t , as desi gned by NBS, was 

used for testing the smolde r r e sista nce o f fabri c s , a nd 

char lengths obtained during thi s t e st we r e c ompared t o t he 

char l e n gths obtained during a modi f i e d p rototype t est . 

The Proposed Standard for the F l ammability of 

Upholstered Furniture (PFF 6- 7 8 ) consi s t e d of the fol l owing 

two tests o r the classification of u p ho lste ry fabrics . 

1 . Glass Fiber Board Test : Three fa br i c s pecime ns 

per sample ere placed on a pro t otype assemb l y . The spe ci -

mens were wrap ed over lass fiber board and placed i n the 

support system . A lighted cigarette was placed at the 

abutm nt of he horizontal and vertical panels and covered 
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with cotton sheeting. Char length measurements were taken 

and recorded. 

2. Cotton Batting Test: When char lengths of less 

than 1.5 inch on glass fiber board resulted, the second 

part of the prototype test was performed. Three specimens 

pe r sample were cut in the required dimensions outlined in 

PFF 6-78. The fabric was attached to the prototype by 

staples ove r the cotton batting in the vertical panel in a 

taut manne r to prevent folds or the in f lue nce of air enter

ing and creating a draft or tunnel effect. Fabric was 

wrappe d over the glass fiber board in a horizontal position 

as described in the first portion of the test. Again, a 

lighted cigarette was placed at the abutment of the hori

zontal and vertical panel following the same requirements 

for the cigarette , sheeting , and measuring techniques as 

used for the glass fibe r b oard test . 

The fabric specimens , cotton sheeting , cotton batting, 

and glass fiber board were conditioned fo r 48 hours prior 

to testing in an atmosphere of less than 55 perc e nt rela

tive humidity and a temperature greater tha n 65° F (18 ° C). 

Fabric specimens were susp nded to allow the circulation o f 

air on all sides . The fabric test assembly is shown i n 

figure 3 . 



/ 

/ 

Glass Fiber Board 

Cover Fabric 

--------Cigarette 

P l ywood Tes t 
Assemb ly 

Fig . 3 . NBS sampl e holder for upholstery fabri c 
test with cigarette and sheeting . 
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A summary of the fabri c prototype test procedure recom

mende d by the DOC draft of the Proposed Stand ard for the 

Flammability of Upholstered Furniture (PFF 6-7 8 ) follows. 

1 . Fabric specimens for the glass fibe r b o a rd test: 

Three specimens per sample are cu t 8 11 x 8" (20 x 20 cm) for 

the vert ica l panel across the width of t he fabr i c a nd 

8 11 x 12 11 (20 x 30 cm) for the horiz ontal panel s a c r oss the 

width of the fabric . 

2 . Fabric specimens f or the cotton batting t es t: 

Three specimens per sample are cut 8 11 x 8 11 
( 2 0 c m x 2 O c m) 

for the vertical pane ls and 12" x 12" (30 cm x 3 0 c m) fo r 

the horizontal panels a cross the width of the fabric . 

3 . Ignition Source : The cigaret tes (Pall Mall ) mus t 

be ithout filter tip and made from natural tobacco 

3 . + 0 . 1 inch ( 8 5 + 2 mm) long , with a diameter of 
- -

0 . 3 + 0 . 1 inch ( 8 5 cm) with a packing density of 0 .2 7 0 + --

0 . 020 g/cm3 and a total weight of 1.1 + 0 . 1 g . The cigar-

ette ma not burn longer than 0 . 16 inch (4 mm ) b efore 

placement . 

Cover fabric : The sheeting cover fa bric is un 

treated cotton sheeting , which has been lQundered and 

tu bled dried at least once . Squares 5 " x 5 " ( 12 cm x 

12 cm) are cut after the fabric has been washed a nd dri e d . 
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5. Cotton batting: The cotton used must be approxi

mately 2.0 inches (5 cm) thick and shall not be treated 

with any substance that imparts fire retardency. The 

batting shall be a blend of cotton stap le and linters, all 

new (unus e d ) material, and shall contain a minimum of 

25 p e r cent cotton staple. Cotton batting is cut in 12" x 

12 " s q uares (30 x 30 cm). 

6 . Glass f iber board: The glass fiber board pieces 

for t h e vertic al (back ) panel and the horizontal (sea t) 

panels a r e cut in 6" x 8" (1 5 cm x 20 cm) and 12" x 12 11 

( 3 0 c m x 30 cm) piec e s wi th t h e s malle r o f the pi e c e s b e ing 

used in the horizontal posit ion . The glas s fi ber board 

p i ece s a r e no t b e b e us e d fo r more than five t ests . 

At least three c igarette s must either burn the ir 

entire length or s e l f - extinguish b e for e burn ing t he i r 

entire length . Then the t e s t a ss e mb l y is t aken apar t , the 

cigarette ashes are r emoved , and char l e n g ths of bo t h t he 

horizontal and verti c al panels are measure d . Both the 

length and width of the c h ar produc e d are me as ur e d on e a ch 

fabric piece , a total of four measurements . The tota l 

length of the char minus 3 . 3 inches , t h e a v e rage l e n g th of 

a cigarette , eq aled one considered char l engt h , a nd the 

total depth (width) minus 0 . 3 inch , the average diameter of 

a cig re e , equaled the oth r considered char length . 
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Only the longest of the four measurements per specimen is 

recorded. If the char length of each of the three speci

mens is less than 1.5 inch on the glass fiber board test, 

the test was continued with the second portion of the test, 

the cotton batting test. 

Modified Prototype Test 

Before divising a modification of the CPSC testing 

procedure and classification of fabrics,an attempt was 

made to a pply a flame retardant to selected areas of up

holstery fabrics . The flame retardant was composed of 

borax , boric acid and diammonium phosphate in various 

ratios . The flame r e t ardant wa s not permanent , but allowed 

the testing of flame retarded fabric over untreated cotton 

batting . The results were not indicative of further 

re search . Th e r e was a limited commercial availability of 

bora x , boric acid , and diarnmonium phosphate. 

An a ttempt wa s also mad e to flame retard certain 

areas of f a br i cs prior to pl a c e ment on t h e NBS test 

assembly , f or example , six inches above and below the 

abutment of the back a nd sea t , and in a variabl e pattern on 

the fabric . ei t her o f t hese me thods warranted furt her 

research and we r e a lso a b andoned . This localized applica -

tion was performed to red uc e che mi c a l costs . 
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The NBS prototype test was modified by the substitution 

of polyester fiberfill for cotton in the vertical panel of 

the test assembly. Results of preliminary tests indicated 

that polyester fiberfill reduced the smoldering time of the 

lig hted cigarette s and also reduced the char lengths pro

duced b y the smoldering cigarettes. 

Th e second step in the modification of the NBS proto

t ype t e st ass embl y wa s t o wr ap polyester fiberfill around 

the co t ton batt ing us ed in t h e vertical panel. This method 

p roved mode r a t e l y effective i n p rotecting the co t t on batting 

from s mo l de ring , but the gl a ss fib e r board in the horizontal 

po si tion a l lowe d t he f a bric to smolder , causing char 

len g ths which lowe r e d the fabr ic cl a ssific a tion. Further 

prob lems e ncou nte r ed were 1) f i nd ing the p ro pe r thickne ss 

of fi b e r f ill to us e a nd 2 ) a sce rtain ing t hat the f ibe rfill 

woul d r emain in the p r ope r position d uring the life of the 

finished f urn i ture piece . 

Consequently , in the fina l modi f ic a t i o n of t h e NBS 

prototype , the cotton batting i n t h e ba c k position wa s 

replaced entirely with fiberfi ll and the g lass f i ber board 

in the seat position Nas also r e place d with polyeste r 

fiberfill . Since the polyester f ibe r fi ll d i d not have t h e 

rigid. y of glass fiber board and c ould not be us e d with

o t some method o stabilization , the addition of a s ol id 
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material was necessary to stabilize the fiberfill. 

Masonite™ (8), a tough, dense,moisture-resistant fiber

board made from wood fibers exploded under high steam pres

sure (21), was cut in the dimensions of 5" x 6" (12 cm x 

1 5 cm) , slightly narrower than the 6" x 6" ( 15 cm x 15 cm) 

g lass f iber board. A pie ce of polyester fiberfill was cut 

6 " x 6 " x 2" ( 15 cm x 15 cm x 5 cm) from a grade one poly

es t e r f ibe r f ill batt and wrapped over the Masonite™, then 

placed i n the s e at portion of the NBS test assembly. 

Figure 4 shows the comp l e t e modi fi cation of the test 

assembly . This modified p r otot ype r e t a ins the severity of 

the covered cigarette plac ed on the fabric whil e incor

porating the components availab le for actual furnitur e 

construction . 

The modified prototype test uti l i ze d the s ame testing 

apparatus , cotton sheeting , c igare t te s pecif i c a tions, and 

the same fabric dimensions as did the c ot t o n b a tt i ng por

tion of the Proposed Standard for the Fl ammabi l i ty of 

Upholste r ed Furniture (PFF 6- 78 ). The ma in diffe r e nc e 

between the two test methods was the substitut i o n of poly 

ester fiberfill in place of the cotton batting in t h e 

vertical (back) panel and the addition of a stabilizing 

board and polyester fiberfill in the horizontal (s ea t) 

position to replace the glass fiber board . 



Fig . 4 . 

Warp Direction 

Cove r Fabric 

Plywood Tes t 
Assembly 

odified upholstery fabric test assemb ly 
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Statistical Treatment of the Data (41) 

The char lengths of each fabric that resulted from the 

NBS p rototype test were compared with the char lengths that 

resul t e d f rom the modifie d prototype test by using a 

Student's t-test. The t -te st was applied as a significant 

test o f d i fferen c e betwee n c har lengths. A total of thir

teen t - test s we r e conducted t o make the char length 

compari s o n s. 

Five variables (fabric weight, permeability , fabric 

construct i on [backc oating] , oxygen index , and fiber content 

by thermop l a stic classific a tion) were u til i zed in the 

statistical analyses . ulti p l e regression a nd co r r e l a tion 

analysis were perfor med to dete rmine which o f the five 

ariables exerted the g r eatest effect on the char l e n g ths 

produced by a s mo lder ing c igarette . A s tepwise r egression 

analysis was ut i liz ed to s elect the best s ubset of char 

acteristics that i n f luence cha r lengths . 

The five selected variables were compared t o the c har 

lengths produced by lighted cigarettes placed o n t he CPSC 

prototype and compa r ed to those produce d by a lighte d 

cigarette placed on the modified pro totype . All s t atisti 

cal tests were bas e d upon c = 0 . 05 level of significance 

( 3 9) . 



CHAPTER IV 

RESULTS 

This research was attempted to devise an alternative 

test method for examining the smolder resistance of up

holstered furniture fabrics containing synthetic, natural 

fibers and blends, using a substrata similar to that used 

in actual furnitu r e construction . Correl a tions between 

open flame and smolder resistance tests were made to 

evaluate any relationships wh i ch migh t exi st betwee n these 

to types o f tests . 

Physical Propertie s of Fabrics Tested 

Yarn Count 

The numbe r of yarn pe r inch was determined for all 

fab r i cs in accordance with th e ASTM Test Method D 1910-70. 

Se eral fabrics in the sample required the use of the 

ra el yarn count method . An average of five counts in both 

the warp and filling direc tions was calculate d and the 

res lts are recorded in table 3 . 

Fabric Weight 

Fabric weight was determined for al l fabrics in 

accordance vith ;ST.· D 1910 -70 . Fabric weights for the 

46 
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TABLE 3 

PHYSICAL PROPERT IE S OF THE FABRICS TESTED 

Fabr ic 
Numb e r 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0 

1 1 

1 2 

13 

al\STM D 

bASTM D 

Mean 
. h a We i g t 2 

o z / yd 
( gm/m 2 ) 

12 . 75 (432 . 30) 

11 . 75 (398 . 39) 

19 . 95 (67 6 . 42) 

12 . 42 (42 1 . 11) 

18 . 36 (622 . 51) 

23 . 01 (7 8 0 . 1 8) 

1 6 . 3 8 (555 . 38) 

16 . 7 6 (5 68 . 36) 

10 . 93 ( 37 0 . 59) 

22 . 35 (757 . 80) 

23 . 3 2 ( 7 90 . 68 ) 

9 . 30 (315 . 32) 

14 . 36 (486 . 89) 

1910 - 7 0 . 

1910 - 7 0 . 

Mean 
Yarn 

Countb 
y arns / in 

6 X 7 

1 5 X 15 

14 X 8 

1 4 4 X 53 

39 X 3 9 

83 X 36 

43 X 27 

80 X 14 

63 X 63 

9 X 8 

10 X 13 

54 X 44 

12 X 13 

We ave 
Type 

Plain 

Pl a in 

Ba s ke t 

Dobby 

Plain 

J a c q u ard 

Pl a i n (ri b) 

Pl ain ( r ib) 

J acqua rd 

Pl a in 

Pl ain 

Ve lve t 

Pl a i n 
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sample fabrics ranged from 9.3 oz/yd 2 to 23.35 oz/yd 2 , the 

average weight of the fabrics tested was 16.26 oz/yd 2 , and 

the median weight was 16.38 oz/yd 2 • Fabrics with backcoat

ings were noted and no attemp t was made to classify back-

coating materials. (Backcoating was used as a part of the 

analysis of data, under the fabric construction variable 

and will be discussed unde r the Oxygen Index Test.) 

Researchers (10, 24) have indicated that there is a 

significant relationship between the fabric weight, as well 

as the compactne ss of yarns in f a bric construcLion , to the 

burning characterist ics. Very l ight fabrics and very heavy 

fabrics do not perform as well as medium weight fabrics, 

depending upon the fiber content o f the fabri c being 

tested . The assessment and eva luation of cause and effect 

are difficult to evaluate for the sample in this study 

because of the interrelationships which exist among the 

variety of fabric contents examined . Weights of fabrics 

tested are recorded in table 3. 

Oxygen Index 

The Oxyge n Index test (OI) was performed i n accordance 

with AST D 28 63-76 . The OI test provides a means of 

quality control and provides the researcher with data for 

examinin flame retardants and flammability characteristics 



of blended fiber fabrics, but it is in itself not a flam

mability standard. 
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Upholstery fabrics with backcoatings performed in a 

mo r e fl ame resis t ant manner than did the non-backcoated 

fabrics wh e n tested b y the OI method. There was no sig

nific an t corre l a tion between fabric weight and oxygen con-

s umption index . However, fabrics without backcoatings 

were below an OI o f 17. 4 wh ile fabrics with backcoatings 

were consistently above a n I O of 17.4 burn time. Average 

OI result s for the i nd ividual fabr i cs are listed in 

table 4 . 

Air Permeab il ity 

Ten fabri c specimen s were cu t and tested on a 

Gurley o . 4418 Densome t e r u sing the Federa l Te st Me thod 

Standard o . 191 , ethod 5452 procedure . For the pu rpose 

of statistical analysis , the resul t s were not ave r aged. 

The permeability of fabrics measured t h e abi li ty o f 

air to pass through a fab r i c e ithe r b e cause of the weave 

compactness or due to the add ition of a backcoating . 

Donaldson (12 , 13) found that air permeability may be 

affected by a number of facto rs such as : 

1 . Construction or finishing techniques can effect 

air permeability by causing a change in air flow paths 

throu ha fabric ; 
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TABLE 4 

RESULTS OF THREE FLAMMABILITY TESTS 

Fabric 

Oxygena 
Index 

(Average 
Oxygen 

Cons umed) 

FF 6-74b 
(inches) 

MAFTc 
(3 2e c) 

(J/cm . s e c) 

l 18.9 BELd 0.05 

2 20 . 4 2 . 25 0.04 

3 21. 0 BEL 0. 4 0 

4 17 . 3 BEL EXTe 

5 17 . 5 BEL 0.08 

6 17 . l BEL EXT 

7 1 7 . l BEL 0 . 04 

8 16 . 9 BEL EXT 

9 17 . 0 BEL EXT 

1 0 1 9 . 3 BE L 0.02 

11 1 8 . 9 BEL 0.04 

1 2 16 . 8 BEL EXT 

13 18 . 5 BEL 0.04 

a = ASTM D 2863 - 76 . 

b = Vertical Flammability Test Ch ildren ' s Sleepwea r 
Standard . 

c = ushroom l\pparcl Flammability Test , Proposed 
Standard for he Flammability of G neral Wear ing Apparel . 

d =BEL= b rnc d en tire length . 

e = Es inguish (test terminated) . 
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2. Yarn twist affects air flow since as the twist 

increases, the diamete r decreases and density of yarn in

crea s e s, t hus reducing the cover factor and increasing air 

pe r meab i l i t y ; 

3 . Yarn cr imp and weave influence the shape and area 

of the inter s tic e s between yarns. 

Ver t i c al Fl ammabil ity Test 
Children ' s Sleepwear Standa r d FF 6-74 

A total of t e n fab ric specime ns per sample fabric were 

c ut , fi v e in the wa r p a nd five in t he fi llin g direction. 

The fabrics were tested by apply i ng a n o pen f l a me to the 

b ase of the fabric specime n as ou t l ined i n the t es t pro-

cedure . Twelve of the thirteen fab r i c s tes t ed b urned the 

entire length (B . E . L . ) o f the fabric speciman . On l y one 

fabric the flame retardan t trea ted fabric h ad a measura ble 

char length . Apparel fabrics burning i n t h e same ma nner a s 

exhibited by these upholste ry fabrics would be exc l uded 

from use in apparel constructions . The vertica l f l amma-

bility test results are reported in table 4 . 

. ushroom Apparel Flammability Test , MAFT Tes t , 
Proposed Standard fo r the Flammability 

of Genera l Wearing Appare l 

The shroom Ap arel Flammability Te st (MAF T) , a pro 

posed test for flammability of general wearing appare l , was 

conducted Llccording to the procedure outlined in the 
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proposed standard using only the 3 second heat transfer 

test. The MAFT test results for the fabric samples are 

presented in table 4. By definition, fabrics fail the MAFT 

test when a reading greater than 0.42 J/cm:s was obtained. 

Some of the fabrics tested did not exhibit the 0.42 J/cm:s 

failure criteria temperature. The first sample fabric 

which did not reach the critical temperature was allowed to 

smolder for 30 minutes before the test was stopped and the 

smolder extinguished . After this initial experience, other 

fabrics exhibiting the same smolder pattern anu lacking the 

critical temperature were extinguished a fte r 5 minutes 

smoldering time . Samples that were terminated were con-

sidered as a failure . In view o f this the MAFT test data 

were not entered in the statistical analysis. 

In view of the data obtained on the above tests (s ee 

table 4) there appears to be no significant co r relation 

between the results of the open f l ame and smolder resis-

tance tests for the sample fabrics . This indicated that 

the smolder resistance to cigarette ignition is the best 

procedure for classifying the upholstery fabrics . The 

findings in the comparison concur with other published 

research (10 , 24) , which also indicated there was little 

correlation between test methods . 



UFAC Classification of Fabrics 

The fabrics in the sample were classified as either 

Class I, those fabrics containing 50 percent or more 

s yntheti c fibe r or performing as well (57), and Class II 

fabric s containing less than 50 percent synthetic fiber. 

Only two of the fabrics tested were 100 percent 
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s~ntnetic fiber in composition. Se ven of the fabrics were 

blenas of natural and synthetic. These seven fabrics would 

be Class II under the USAC classification method. Also the 

two 100 percent cotton and one 100 percent rayon fabrics 

wold be Class II . The 100 percent woo l fabric could 

_ossibly be a Class I in the UFAC classification method, 

b t =o~ the purpose of this study , it was left in the 

Class I category . One fabri c, composed of 55 percent wool 

a"d .5 percent nylon , had a flame retardant finis h and 

ere:ore was placed in the Class I category . If this 

faor·c did not have a flame retardant finis h the percen tage 

of s~·- t. etic fiber (45 percent nylon) would not q u a li fy the 

£~bric for the Class I category . Upholstery fabrics con-

ai in 65 percent wool and 45 percent nylon , wi thout a 

:laDe re ardant finish , perform well while reverse bl e nds 

(65 percent nylon and 45 percent wool) obtained lower CPSC 

c ass· =ications (52) . The UFAC classification of fabrics 

a~~~ea~s n able 5 , alon with the fabric classification 

b:· :-:e CPSC an ,odified test methods. 
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TABLE 5 

CLASSIFICATI ON OF UPHOLSTERY FABRICS TESTED 

Fabric UFAC CPSC Mod ified Test 
Fabric Class Fabric Class Fabric Class 

1 I B B 

2 I A A 

3 II A A 

4 II C B 

5 II D B 

6 II D B 

7 II D D 

8 II D B 

9 II D D 

10 II D D 

11 II C B 

12 II D B 

13 I B B 



Proposed Standard for the Flammability 
of Upholstered Furniture PFF 6-78 

Fabric Prototype Test 
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Fabrics were conditioned, and were tested on both the 

glass fiber board and cotton batting substrata as outlined 

in the procedure for fabric classification under the 

Proposed Standard for the Flammability of Upholstered 

Furniture PFF 6-78. The char lengths produced by the sample 

fabri cs were used to classify fabrics according to the test 

procedure outlined in the above proposal. Figure 5 shows 

this fabric classification procedure. 

The averaged char length for each of the fabric samples 

was compared with the char lengths obtained b y the modified 

prototype test using like fabric samples . Each test was 

performed on fabric specimens cut from the same p i ece o f 

fabric . 

Modified Pro totype 

Results of previous research in the Texas Woman 's 

University flammability laboratory and by othe r researchers , 

as indicated in the Review of Literature , have implied that 

a modified test method could be of value in defining the 

performance of a particular fabric/batting system in a 

simulation more realistic o he end use of the product . 

The real purpose of any stand ard of this type is to assure 
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fir e safety in the e nd p roduct. The objective of this 

re s earch was to d e vise a test method and a scheme which 

would assure fire s afe t y and at the same time act as a 

qua Jif ier o f fa b ri c / batt i n g s y stems rather than an elimi

nator o f fabrics . 

The test apparatus and s peci f ications for cigarettes 

are the same i n both t e s t schemes. The apparatus which 

allows a simulation of a seat a nd b a c k of an upholstered 

cha i r (NBS p ro totype t e st apparatus) wa s us e d, and a 

lighted cigarette wa s plac e d in t h e crevice at the abutment 

of the seat and bacK of the simulated c hair . The most 

obvious modification in the modif ied test proc e dure wa s the 

substitution of polyester fi b e rfi l l as t h e s ubs t rata and 

the resulting test scheme . 

test scheme . 

Figure 6 shows the modif i e d 

Results of the CPSC , UFAC , and the mo d i f i e d t es ts ar e 

summarized in table 5 . . any similarities existed b e tween 

results of the CPSC tests and t he modified tests . Fa b ric 

samples number 1 , 2 and 3 performed the same i n both t est 

classifications , and were conside r e d safe fabrics . 

Fabrics 7 , 9 , and 10 failed both classification methods and 

were Class D fabrics . Fabrics 4 , 5 , 6 , 8 , 11 , and 12 pe r

formed much bette r :he n tested by the modified test method 

and received hi her cl ssification than obtained under 
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the CPSC testing p rocedure. Fabric 13, a 100 percent 

s ynthetic fiber f a bric with a b a c kcoating dropped from a 

Cl as s A under the CPSC fab r ic classi f ication to a Class B 

under t he modified method o f classi f ication. The fabric 

classification unde r t he CPS C and mo d i f i e d test proc e dure is 

s hown in figure 7. 

Several fabri cs r e t a ined t he same classifications 

under both test me t hods , but seve r a l f ab r ics changed 

classifications , as noted above . It is see n that fabrics 

which are not safe are stil l excluded , a s indicated by a 

D classification . The two cotton f~b r i cs composed o f 

100 percent cotton were both classed as D fabri cs unde r the 

CPSC proposal , but the cotton velvet (number 1 2) wa s a bl e 

to perform as a Class B fabric under the modified test pro

posal . The 100 percent cotton fabric that remained a 

Class D smoldered extensively , gave off c opious amount s o f 

smoke and fumes , and would not be recommended as a fire 

safe upholstery fabric . However , the 100 pe r cent cotton 

elvet showed greatly reduced evolution of smoke and 

fumes during the tests , and performed well under the modi -

fied test procedure . This fabric would perform as a fire 

safe fabric when used in construe ions containing polyester 

fiberfill . One major difference also noticeable in corn-

pari g hese wo cotton fabrics was he fact that the 
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fabric which was classified as a D fabric was heavily back

coated and did not have the same y arn construction as the 

ve l ve t fabric. 

The one f abric (number 13) that obtained a lower 

c la s sific a ti o n on the modi f ied test a s o pposed to the CPSC 

fab r i c c lassi fi c a t i on was a 100 perce nt olefin fiber fabric 

backc oated wi t h o lef i n . This f a bric in other substrata 

combinations c o uld poss i b ly per f o r m we ll. 

The modified te st scheme i nd icates that a test can be 

des igned to define s ystems o f fabric / b a tting combinations 

that can function in a fire safe man ner , a nd which will not 

necessarily exc lude curre ntly u s e d u pholstery f abri cs fr om 

use , particular ly the natural f iber fabrics . A Clas s A 

fabric would be recommended for use with polyester o r 

cotton batting , a Class B fabri c would be recomme nded f o r 

use with polyester fiberfill b a tting and with cot t o n 

batting with a c aution noted . Cl ass C fabric would be 

recommended for use with polyester fiberfill batting on l y 

and a Class D fabric would not b e re comme nde d for u se . 

Statistical qesult~ of Data 

Char l e ngths produced on the NBS prototype we re com

pared to char lengths produced on t h e modified test 

assembly . A series of thirteen individual t - tests were 

c0n uc ed to com arc these char lengths . 
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In general, all test results within fabric and test 

procedures were identical, resulting in small, if any, 

experimental variation in char length for the purpose of 

the t-tests. This indicates that the mechanical techniques 

of the testing procedure were highly replicable and that 

a n y differences in mean char lengths were clear cut dis

t i nct i ons between the test procedures being evaluated. The 

significant dif fere nc e s b e twee n char lengths based on 

re s ult s o f t he CPSC and modif i e d tests are reported in 

t ab le 6 . Pr obabilitie s on the t-te sts we re all well beyond 

the 0 . 01 level . 

ultiple r egr e ssion was us e d to analy ze the relation

shi p s between t he se l e cted v a riabl e s: t e st (CPSC vs. 

odified) , char length , fi b e r content, p e rme ability , fabric 

weight , cons t ruction , and Oxygen I n d ex . A stepwi se regre s

sion to select the best subset o f chara c teristic s which 

influence char lengths was obtain e d. 

Table 7 shows t he mean value s and standar d d e via t ions 

of the selected variabl e s to be include d in t he mul t i p l e 

regression . The multiple regression correla t ion c oeff i

cients are shown in table 8 . Char l e ngth is related t o t h e 

ty e of test indicating that the chars produced on the 

modified t est fabrics were smalle r than those produced on 

similar fabrics tested by the CPSC proc e dur e . Fiber 
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TABLE 6 

SI GNIFICANT DIFFERENCES BETWEEN CHAR LENGTHS 
BASED ON TES T METHOD 

Mean Fabric Te st Number of ta 
Number Method Replications Char Length Value Probability 

Inches 

1 CPSC 3 6 . 0 (VL)a ob 
MOD 3 0. 6 0.00 

2 
CPSC 3 0. 4 
MOD 3 0. 4+ -1. 00 0.37 NS 

3 CPSC 3 0 . 4 (VL) 1.00 NS 
MOD 3 0. 4 -0.0 

4 CPSC 3 6 . 0 (VL) 0 
MOD 3 0.5 0. 0 

5 CPSC 3 6 . 0 (VL) 0 
MOD 3 0 . 6 0.0 

6 CPSC 3 6 . 0 (VL) 0 . 00 
MOD 3 0 . 6 163 . 0 

7 CPSC 3 6 . 0 (VL) 0 
MOD 3 0 . 6 0. 0 

8 CPSC 3 6 . 0 
MOD 3 0 . 8 16 . 48 0.00 

9 CPSC 3 6 . 0 
OD 3 6 . 0 0 . 0 1.00 

10 CPSC 3 6 . 0 
MOD 3 6 . 0 0. 0 1.00 

11 CPSC 3 6 . 0 (VL) 
OD 3 0 . 4 169 . 0 0 

12 
CPSC 3 6 . 0 (VL) 
MOD 3 0 . 6 93 . 53 

13 
CPSC 3 6 . 0 (VL) 
i' OD 3 0 . 9 152 . 00 0 

a(VL) = Lack of variability resulting in artificially 
large t-valu es . 

b 0 indicates that a ca lculation of probability was 
no possible due o the lack of variability , but differences 
are obvio s . 
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TABLE 7 

MEAN VALUE S AND STANDARD DEVIATIONS OF VARI ABLES 
(n = 7 8 ) 

Variable Me an 

Te sta 1 . 50 

Cha r Le ng t h b 3 . 28 

Fiber Contentc 1. 7 6 

Perme ability d 1 1 . 08 

Fabr i c We i ghte 16 . 2 8 

Construction£ 0 . 54 

Oxygen I nd exg 1 8 . 1 5 

a = CPSC ( 1) / Modified ( 2) . 

b = CPSC Pff 6 - 7 8 Ch a r l e n g th in inches . 

C = UFAC c l ass i f i cation Class 1 or 2 . 

d = Federal Test Standard No . 1 91 , Meth od 

e = ASTM D 1910 -7 0 oz/yd 2 . 

f = Backcoated ( 1) t Non - huckcoated ( 0) . 

g = ASTM D 2863 - 76 . 

545 2 

Standard 
Devia t ion 

-

0 . 5 0 

2.75 

0 . 43 

34 . 6 7h 

4. 6 6 

0.5 0 

1 . 37 

s e conds . 

h = There were extreme h igh a nd l ow r ead i ngs amo ng the 
fabrics i n the sample . 



Sourc e o f 
Var i a tion 

Te st 

Char 
Le ngth 

Fibe r 
Con t e nt 

Pe rme a -
b ili ty 

Fabr ic 
We i ght 

Constru e -
tio n 

Oxyge n 
Inde x 

Cha r 

Tes t 

1. 00 

TABLE 8 

CORRELATI ONS FOR DI FFERENCES BETWEEN TEST 
TYPES AND SELECTED VARIABLES 

Ch a r 
Le n g th 

- 0 . 68 2 

1. 00 

(N = 78 ) 

Fib e r Pe rme a 
Co nte nt b i l i ty 

0 . 204 0 . 269 

1. 00 0 . 174 

1. 00 

Fabric 
We i ght 

0 . 0 20 

0 . 4 31 

0 . 37 8 

1. 00 

Constructio n 

- 0 . 1 62 

- 0 . 465 

0 . 213 

0 . 296 

1. 00 

df - 76 for a s ing l e pa irwi s e co rre l a tion 

l C' ngth is r e la e d to he type o f t e st (CPSC - Modi fi e d ) . 

Fibe r co n e nt no corre l a tio n o r r e l ationsh i p t o cha r l e ngth . 

Pe rm~abi li · y s l i gh inf l u e nce o n c ha r l c ng h s . 
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Oxygen 
Index 

- 0 . 307 

- 0 . 336 

0 .1 94 

0 . 269 

0 . 786 

1. 00 

Fa b r ic we i <Jh and co n s truc tio n h ad no c orre l at i on with c 1.:1r l e ngths 

r od uce d . 

Oxygr, n I ndr• x vr> r y s l igh (h i ghe r he OI h e s hor t e r h e ch r ) 
in f lu r·•nce on i1ur 1 , g hs . 

F i be r con ,,n ~ - const r 1c i on - f abri c •,-.•e i gh a r mil d l y r e la c d to 

cha r 1 ,ng t h . 
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contents, thermoplastic or nonthermoplastic, have no rela

tion to the char lengths produced by either test method. 

Permeability has a sligh t influence on char length. None 

of the inde pendent variables selected had a significant 

influence on any of the chars. 

Results of the analysis of variance (tables 9 and 10) 

again showed that the char lengths produced on the uphol

stery fabrics are the most significant in evaluating 

upholstery fabric . The F6 , 71 at a= 0.0 5 is significant at 

the confidence level of 95 percent. The modifled test pro

cedure was statistically significant at the 0.05 level. 

The stepwise regression once again showed the test method, 

CPSC vs . modified , as the most significant variable. 

Oxygen Index and permeability were significant influences 

on the lengths of the chars produced . Significant differ

ences (a = 0 . 05) were r evea led between the different char 

lengths produced by the CPSC and modifi e d test method . 



TABLE 9 

ANALYSIS OF VARIANCE FOR CHAR LENGTHS IN RELATION 
TO TESTED FABRIC CHARACTERISTICS 

Dependen t Vari a ble : Char Length 

I ndependent 
Variables 

Analysis of Variance Df 

Te st 

Oxygen Index 

Fibe r Content 

Permeability 

Fabric We ight 

Construction 

Sum of 
Sq u ares 

Mean 
Sq u are 

67 

F 

Regression 

Residual 

6 . 0 394 .17 9 65.69 6 25.02* 

71. 0 1 84 . 425 

F 6 , 71 

*Significant at a = 0 . 05 level . 

= 2 . 25 

2 . 625 



TABLE 10 

ANALYSIS OF VARIANCE (STEPWISE REGRESSION) 
FOR DEGREE OF FABRIC PROPERTIES 

I NFLUENCE ON CHAR LENGTHS 

Independent B Standard 
Variablea Error B 

Test -0 3 . 712 0.3 62 5 

Oxygen Index - 00 . 984 0.2151 

Permeability 00 . 026 0.0057 

Construction 01 . 240 0.7028 

Fiber Content 00 . 65 2 0 . 6504 

Fabric Weight - 00 . 049 0.0563 

(Constant) 25 . 418 F 6 , 71 = 3.98 

*Significant at ':). = 0 . 05 l eve l . 

aDependent variable= char length 
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F 

104.855* 

20.954* 

20.714* 

3.115 

1.008 

0.770 

Formula : CL= 25 . 42 - 3 . 71 (T) --0.98 (OI) + 0.03 (P) + 

1 . 2 4 ( C) + 0 . 6 5 ( FC) - 0 . 0 5 ( FW) 

The higher the OI the shorter the char l ength . 

The greater the permeabi lity the greater the char l e ngth . 

inimal influence by construction . 

Backed fabrics have longer char lengths . 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

The purpose of this study was to develop and evaluate 

an alternative test f or upholstered furniture flammability 

which will define systems that can perform in a fire safe 

manner . The data obtained from the fabric flammability 

tests indicated that by using substrata more representative 

of end use situations, c urrent ly used fabrics need not be 

eliminated from the marketplace . However, caution notes 

would be necessary for some fabric/batting combinations. 

The results of the laboratory tests indicated there 

was no correlation between the various flammability test 

methods . The lack of sufficient correlation between flam 

mability testing methods is in agreement with the findings 

of other researchers as cited in the review of literature. 

The experimental results show that the modified test 

method does not exclude all natural fiber fabrics from use. 

The fabric classification as proposed by UFAC would exclude 

the use of natural fiber fabrics , by the classification of 

fabrics on the basis of synthetic (the rmoplastic) fiber 

content . 

69 
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Fabrics whic h were not safe were still excluded under 

the modified test scheme, as indicated by a D classifica

tion. The t wo 100 percent cotton fabrics were both classed 

as D fabrics under the CPSC proposal, but the cotton velvet 

wa s ab le to perform as a Cl a ss B fabric under the modified 

te s t p roc edur e . Th e 100 percent cotton fabric that 

remained a Class D s moldered e x tensively, gave off copious 

amounts of noxious smoke a nd f umes and would not be recom

mended as a fire safe upho l stery f a bric. Each o f these 

cotton fabrics would be eliminate d unde r the UFAC and CPSC 

classification methods . However , the 100 percent cotton 

velvet did perform well under t he mo d i fie d t e s t p rocedur e 

and did not emit the same amount of smoke and fume s as 

experienced when testing the other c otton f abric. The 

cotton velvet fabric would perform in a fire s afe ma nne r 

when used in constructions c ontainin g polye s te r f ibe rf i ll 

batting substrata . 

The modified test proc edure couples t he pract i ca l i t y 

of using substrata materials that are common to the i ndustry 

while still retaining some o f the severity of the CPSC p r o 

posal for testing flammability of upholstery fabrics . The 

CPSC staff proposal classifies fabrics on performance under 

test conditions , r e comme nding only the most smolder resis-

tant fabrics b e us e d in all furniture constructions . How-

e v e r , th e modici e d pro o s l recommends that only the most 
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smolder resistant combinations of fabric and batting be 

u sed for furniture construction. The addition of the influ

e n ce o f the polyester fiberfill batting to the modified 

test allows a wide r choice of fabric/batting combinations 

to be made available to the manufacturer, while still 

maintaining a comp a r able degree of fire safety. By uses 

o f the suggeste d g u ide lines, fabrics pre viously considered 

hazardous may be s molde r re si stant and usable while still 

maintaining a high degree of safety . Therefore, many of 

the natural and cellulos i c f ibe r f a brics now be i n g use d for 

upholstered furniture may not nec e s sarily be eliminated f rom 

the market . To attempt to produc e u phol s t ered f urn iture 

which was fire proof would be u n r ea l isti c and it must b e 

r ealized that there is a dif fe ren c e between fire safe a nd 

fire proof . Asbestos is a fire proof fiber , ye t the u se of 

such a fiber in upholste ry fabric would be h ighl y unlike ly 

as well as dangerous to the consumer . The cons umer mu s t 

also take some responsibility in the us e of smoking mate 

rials , and consumer educat ion programs h ave been i n s t igated 

by both the CPSC and UFAC to make consumers more aware of 

fire hazards involving textile products . 

ore extensive evaluation of textile f l ammability 

requires the testing of flame resistant textiles with both 

open fl me and smoldering ignition sources . Many fire 
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retardant s y stems which are effective in flaming ignition 

are not effective against smoldering ignition. For 

example, some polyurethane foams and fabrics which pass 

o pen flame tests have been found to smolder and ignite when 

a burning cigarette is placed on them (40). The modified 

prototype test, the use of polyester fiberfill, and the 

test scheme proposed in this study incorporate some of the 

s everity of the CPSC proposed standard for upholstere d 

furniture flammability while using components realistic 

to the product end use. 

Some upholstery fabri cs a re h eavily backcoated for 

yarn stabilization and these back coa tings could affect 

smolder resistant p roper ties. The backcoated fabrics 

examined in this research did perform better than the 

non~ackcoated fabrics when tested by the Oxygen Index , 

although backcoating had little effec t on smolder 

resistance . 

The Proposed Standard for Upholstered Furniture Flam

mability (PFF 6-78) requires that , prior to final construe-

tion approval , a mock-up test be performed . Considering 

that the modified test includes actual construction com

ponents to some extent , the adoption of this modified test 

could eliminate or modify the need for the mock-up test . 

The elimination of the amount of testing required would 

greatly reduce cost . 



Recommendations 

As a result of this study, the following areas are 

suggested as possible topics for future study. 
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1. Investigation of fabric backcoating and the addi

tion of chemicals to inhibit smoldering combustion. 

2. Study of fabric/batting combinations, including 

the many construction possibilities that were not 

covere d in this research. 

3. Inve stigation into the hazards involved with the 

emi ss i on of toxic fumes from polyurethane foam. 

4 . I nves tig ation of the mock-up component classifi

cation , as compared t o the modifi e d prototype 

test and c lassific ation , with consideration for 

the possibility of e l imina t i ng the mock-up test. 

5. Study of the role played by b a c kcoa ting of 

syntheti c fibers as compar e d to the backcoatings 

applied to cellulosic fibers wh e n t e ste d with 

this modified prototype te st. 

6 . Investigation of the uses of spec if ic ble nds of 

fibers when t ested by the modified pro t otype t e st. 
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