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THE AMERICAN FLAMMABILITY TEST FOR FABRICS
COMPARED WITH THE SEMI CIRCULAR TEST,

'by e

¢ P. H, Thomas and H, Wraight

1. . In+roduct10n‘

In the Unlted States an apparatus for determlnlng the flammability
of fabrics to be used on clothing, was accepted as a Commercial Standard
in 1953 (1), This note describes work done to discover if any relation
existed between the performance of materials on the above test and on
tests developed at the 301nt Fire Research Organization. :

24 Descr1pt1on of Amerlcan,Flammablllty Test

A detailed description (1) of the imerican Test has been published:
assentially the test consists of applying a butane flame § in. long,
for one second to the upper surface of a 2 in. % 6 in. -specimen held .in
a frame at 45° in a.ventilated box. The time taken for the flame to .
travel up the specimens snd burn through a cotton thread 5 in, from the
gas.jet is recorded automatically, The gas jet was a hypodermic needle
of ‘external ‘and internal dismeters 0+028 in, and 0+018 in, respectlvely.
iAny material which takes less than four seconds on this test is
considered for the purposes of the Standard to be of hazandous
flammability,

. For the programme of tests an apparatus was constructed slmllar
to the American Flammablllty apparatus, except ‘that a coal gas flame’
" was used instead of a butane flame,

3. Experimental procedure

The number of specimens in each sample tested was usually ten.
Pive of them were dried in an oven at 105°C for thirty minutes. and left
to cool in a desiccdtor, and five were conditioned to be in equlllbrlum-
w1th an atmosphere at. 229F and 57 per cent relatlve humidity. Lo

_ Tests;were.done~on & wide range of materlals, 1nclud1ng=cotton;"
silk rayon, wool. and paper. Their performance on the American .
Flommability Test was compared with that on the Semicircular Test(2),

and also with their vertical flanc speed,, The results obtained are given
in Table 1, and Figures 1,.2, 3 and 4. With the specimens of natural
silk; the flame.travelled up -the specimen on the American Test in under

4 seconds but was too small to burn' through the cotton thread and thus
operate the stopping mechanism, For this material, therefore, the time
for the flame to reach the thread was measured, rather than the time to-
burn it, The equations used ‘to calculate v?rtlcal flame speed from .
the results of the seml-clrcular tests were

= Qe 078 D ' Pa'.I'tiﬂl Spread. sesaey (1 )
T ; ) o R
= 1665  complete spread -
, ©ophe " round semi-cirele  ee..es (2)

where D¥is distance .of spread 1n om . .
T T s time in sees - ‘ O
V s’ vertlcal flame sPeed in cm/sec. E e
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4e Discussion o ) o ' -

hetla Effect of conditioning

With all the specimens tested except natural silk B, chert paper,
and wool cotton 20/80, it was found that the oven-dried samples burnt
more guickly than the conditioned ones, as might be expected, The
effect of oven-drying varies widely from one mater1a1 to another in an
apparcntly haphazard manner, .

4.2, Ccmnarlson of tests

The relation between the time taken by materials on the Amerlcan
Test and the time to burn right round the semicircular frame test is
shown in Figure 1, The results show that theré is an approximately
linear relation between the time taken on the two tests for thls class
of materials,

It is possible to use. equatlon(1) to calculate vertical flame - speed
from the results of the American Test, The method.is described 1n
the Appendix and the relatlon dbtalned 1s

v 9% | | S 'f!‘. -
TA . ': . .. »..'..T.' (3)
where V is verticel flame speed in cm/sec.

Ty time of spread in American Test in secs.

[}

If this equation is compared with equation (2) it is seen that there
should be an approximete proportionality betvwieen Ty and Tg

. TA. 1 T ) - - N ‘
. "E- S . ..'.“.'b.({*) ) L I
This relation is draﬁn'in~Figurer1 end: it is seen to give a satisfactory v

correlation, Tigure 2 shows the relation between observed and calculeted
vertical flame speeds for the semicircular test, Figure 3 a similar
relation based on equation 3) for the American Test, and Figure 4 the
relation between the two calculated vertical flame speeds for the two
tests, .

From Figures 2 and 3 it is seen that eight of the results with the :
gemicircular test and eleven of the results with the Americen Test
ere more than' 30 per. cent too high, Two of .these eleven are for the
silks in which the time to reach the thread was measured instcad of the
time to-burn the thread.. . This it is'.clear underestimates the time in
relation to other fabrics thus overestimating the vertical flame speed,
but the necessity for this spproximation is a feature 'of the apparatus
and the dlscrepancy must be counted as 8 bad feature of the Amer;can
Test. . .

Apart from the results for natural s1lk it.is seen from Figure L4
that the two tests give results more like each other than in either of
the verfical flame speed measurements, That this is partly duc to
the use of an cmpirical cquation derived for the test being modified
for use with the other, does not detract from thls view,

From equation (3) it would follow that thé American Test is failed - .
by those materials which have a calculated vertical fleme speed above b
about 24 cm sec~!,  EBxcept for natural silk only those materials which
vere graded below Class V on.the semicircular {rame test_were found to .

fail the Americen Test by burning in less than 4 seconds.
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' _of the test. Thls was observed with the natural silks,

- standard’ at-present ‘associated with the American Test,. i,e, those whlch‘]l
.give, in genoral similer results and would appear to be measuring

‘however,..certain fabrics which give ancmalous resultq W1th the Amerlcan”

References
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4.3, Discussion of the American Test

When testing & 60/40 wool-cotton fabric, it was found that application
of the pilot flame for only one second was insufficient to ignite the

..Bpecimen, but that the latter will burn up with an application of longer

duration, ' "The time required for the pilot flame to ignite the sample -

is very.critical and also will be effected by lack -of homogeneity in the
semple under test, for the flame plays on only a few sauare uillimetrecs of
febric, - If the pllot flame was left in the forward position against

the simple for the duration of the test it would hardly affect the

. performance of the more flammable materials, yet would give the others a
¢ chance. o burn'up, In practice a fabrie is likely to be ignited by

sources considerably larger than the pilot flame used in this test,

The time taken for the specimen to burn up to the top depends . .
pertly on the time that elapses before the flame penetrates through the
material to the underside, when t!:is happens the specimen burns up both

. sides at a faster rate, For the 60/L0 wool-cotton mixtures it was

found that half the specimens burnt up on the top side only, i.e, the
flame did not penetrate the fabric, The other specimens were -penctrated

- af'ter a few gseconds and then burnt up on both 51des, the timnes for the
" latter were much shorter,

A 51m11ar behaviour vwas observed ‘with cellulose nltrate Tilmy,
exposed and processed, It failed the test if the emsulsion. coated e
side faced the pilot flame, but if the other side faced: the pilot. flame o

‘there ‘was a delay of some scconds before the flame penetrated the £ilm;

which-then passed the teat, This difficulty could probably be avoided
o if all speclmens were 1gn1ted at the bottom edge, The time for flame
‘penetration in this test vas’ fairly repeatable for some materials but
not for:others, and it may be affected by local variations in the weave . R

of the fabrm and the i':Lbres themselves.

i

" The- burnlng of matcrlals which give only a small flame may be -
1nsufficzent to readily burn the cotton thread contnolling the end ﬁart

' hﬁﬂ;F Conclusions
It appears that’ all except the most. hazardous nater1als pass the
fall belcw Classe 'V on the semicircular frame test, The two tests
assentially  the. same physical properties of fabrics,’. There' are, .

Test,. though for some materials e.ge muslln, the result is better uhan

that for the semlclrcular test.

ookt
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. Results Of tests’

" . Lo 'l. - o
g i e {0 .Y ITime taken lme
dfm 1 i H - . 42
O 0. .t I gL i Y on American Qe
iwga b "E'c@r 53 0 Testa,
e C,q.cgi: r:{?: _‘i e N 3 o a g (Sec) %5
: BES vERiGE L BE g8
D ﬁ} o, S8R boEA & 00
. : : E oy 0 -0 Moo oA o0
Materiel - Heo 830 USE 3n) 8. el
= -'3;: L A mﬁu 0 Q0 O o
55 BES BB a9 758 538
by @l 2 PAah o 0D Q) - ] g 1hgo
| 55 o8 1 Gd eak BEE g Y g
LE R eh A8 B LB 3 8t
R =N §-g - E a | o8 a9k
[ }‘8 L. N D L :g « L g e
.-4 7 (37 %) o 7Es)
0 oo - I B T PO » g 130
. (_—;.: 00 i .O -~ O 8 8 a
R T _ ’ 4 g EE{' 743
{ . b * |Distance - Time t }; &1 22 3+
{ bl (o) (scc) et : -
T — A - -
i Natural Silk i 135 1542 Le2 b II i 167 | 115 1 3¢5 | 349 (2446
: Natural Silk B - = i 1+38 171 640 II ; 15.0 9.2 LeO | 348 (2542
} Rayon Net 4485 B3-5(21 in)t 48+0 | below ; 31+0 } 32+0 2¢8 | 3-8 125°2
3 X s N ' .’ ' . V ; i '
; Rayon 2:95 | 73 jbelowi 19:7 . 8.5 | 3.6 5:0 {19.2
i ' B N A I
i Muslin : 343 i 5k below | 27°0 | 15°0:.| 30 | 4+6 120°8
! . ' ) A SO A SR _ . .
{ Newsprint | 5462 i 91 V | 15:9 | 143 6¢0 | 7°1 1135
Chart Paper i 5e93. 10 W 4 80- |velow , 1840 t 17+0 500 | Le6 1208
: - o D B S R B A R : o
Cotton 4 Gy om 106 V L4337 | 9o42 | 57 | -6+6 {145
Cotton B 8410 it 1137 Vv ol 1041 87 | 70| 7.4 112°9
Thin Brovin Paper 880 ] 127 V 1 1163 ; 10+8.] 6251 7+6 {1246
Misson | 1 6e4B n 151 IV i 95 : 1252 | 504 | 81 (118
{ Gingham ' 9.48 v 1158 IV | 9:0] 7.0 | 8.6 949! 9.7
i Rayon - ] 9497 n 205 1 IV .i 6e8 ¢ 5e2 | §+0 [120 ! 8%0
i Wool Cotton 60/ 12¢50°] 30,5 | 72 . {"III | 5s6 ; 5.9 ;25 . (45 3.8
| Cotton C e 12450 B%5(21 )| 201 IV 5. 700 | 6440 {12:0 1132 | 742
! Winceyette L Cor 13430 19y IV ¢ 72 . 5.0 {13.3 }13.8 | 7.0
i Winceyette B. ~". °~ {13¢32 | 1495 | 263 IIT | 5ot | 207 1131 {4527 | 61
| Cartridge Paper . [13:66{ 46 {153 | III ;. 72 | 6-6 [13+3 {2203 | 4e3
| Wool Cotton Miﬁture‘ 13.83% $3+5(21 in)| 277 IIT : 50 | B¢k (30 |27 | 3.6
§ 20/80 o - i B ! R
; Thick Brown Paper 1495 " 230 | III | 6+0 | 5e7 |14e3 [1429. ] 6oy
i Cotton D 2| 1545871 - " 240 1§ TIT "] 548 | 540 {134 |14e0 | 648
! Lambspun Rayon ~  |16.08 { - 37+59 1150 III . 5.3 ! Lhe9 [17.5.]27.0 | 3.6
' Wool ‘ 19.00 | 2645 " 55 " IUIIT | 542 1300 {207 1260 | 347
| Nitrgte Film Zxposed | Emulsion uppermost '} & ' . P o 3e5 |
and Developed ~ j.!: " '~ downwerds ' ¢ D271l 121044 4116 127414
, st T ? : S . ;

411 results for tests other 'Ehah't};e' oven~dried speciwmens in American
Test are for specimens conditioned at 2290 and 57 per cent humidity,
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APPENDIX

Relation betﬁeen Semi-circular Test and American Test

In cquation(1)P/T is the mean velocity of spread up to the point D,
Hence equation{1)becomes

v

0:078 D3/2 § eenees (14)

where V = D/p,

il

Since this is velid for a variety of materials spreading different
distances around the semi-circle it follows that the variation of the
velocity Vx at a point "x" on the semi~-circle is the same for different

materials, A convenient equation to assume for this variation is

x = = ' cenaes (28)

where A is a constant for any cne material, The fact that this implies
an infinite starting velocity can be disregarded as a small correction

“to the origin of "x" will meet this difficulty without meking : significant

difference to the following argument, The equation also postulates a
finlte velocity Jjust before the cessation of flame spread, This agein
is disregarded,

From equation (24) we have

-~
oC M:A '
’ d/t sesves (BA)
i.e. X X0z A
Ll

Now X/t is the mean velocity of spread.?x wp to the point "x" so that
from (24) and (3A)

Vx=iﬂx;_\kl=(h+|) Vx [ E XN RN (}"'A)

The above arguﬁent on the similarity of behaviour of different materials
also implies that equation (1A) can be written

3
vy = 0°078 X 7, ceeeos (BA)

Equation (24) is therefore satisfied if n =3/2, Hence from (44) and
(54) o :

Cweeees {BA)

If x is put equal to 13+3 om (5¢25 -in,) the distance round the semi-circle
to reach a slope of 4L5° we get the local veloecity at a point where the
slope is L5° as i

Ve =_V
b 9e45

If the distance of spread along the incline in the American Test is taken
es 10 cm (4 in.) it follows that -

V= 96
%\:. . eeenes (7A)

Where TA ig the time of spread in the American Test,
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CALCULATED VERTICAL FLAME SPEED — cm/s
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CALCULATED VERTICAL FLAME SPEED (SEMI-CIRCULAR TEST) — cm/s
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