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Summary

The rate of smouldering of three types of fibre insulating

board has been investigated in still air; the boards were

gsavn into small strips end smouldering was initiated by a pilot

flame, The linear rate of smouldering was found to depend

upon the nature of the board, the size of the strip, and the

angle to the vertical at which the strip was held, The relation
3D between the dimensions of the strips and their smouldering times

is discussed; a simple method is given for determining the

approximate smouldering times of large strips from measurements

taken upon smaller specimens,

' Smouldering may be easily initiated in these boards by a
small source of igniiion at red heat,

Introduction

Previous notes in this series (1, 2) have been concerned with the
propagation of smouldering in canbustible dusts; in these experiments,
which were carried out in still air, the dusts were formed into small
trains and the rate of travel of the smouldering measured. The present
note describes observations upon smouldering in several specimens of
fibre insulating board of the type widely used as wall and ceiling
linings. The determination of the rate of smouldering, and any variation
of this with the size of the specimen, together with a measure of the
eagse of initietion of smouldering in these boards are therefore of
practicel interest,

The rates of propagation of smouldering in fibreboard stripsl held
both horizontally and at other angles to the vertical were investigated,
~ All experiments were carried out in still air.

Fxperimentel

Matariels -

Three specimens of board were investigated; "board A" {manufactured
from suger cane fibre) and two boards composed of mixed woods (B and G).
‘The latter semples differed markedly in appearance and probably also in
composition; boerd C was darker in colowr and much coarsger than board B.
The moisture contents and dﬂ welght densities of the bedrds were deter-
mined by the normal method ) (i.e. percentage weight loss per unit
weight of undried board), and are given below,
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Teble 1

Beard Moisture content | Dry weight density
. : 5 gin/ml
A 10:0 : _ O 27
B - 6.6 Ce22
t o -¢ 10+8 0023
{ }

The moisture content of board B was low because the board had been
stored in a warm dry room for a congiderable time.

Experiments with board A

The main series of experiments was cerried out with strips each
8 in, in length and 0*5 in, in thickness and with breadths of 0°5 in,,
1 in,, 1*4 in,, 2 in,, end 4 in, In addition, the smouldering of the
same board (05 in, in thickness) in strips 12 in, and 46 in, in breadth
was also investigated. In &ll these experiments, except those with
46 in, strips, the same procedure was followed: a strip was marked by
lines dravm et centimetre intervels parallel to the breadth, over a total
distence of 10 am; the strip was then supported by a clamp so that the
centimetre markings were either horizontal or vertical, these positions
-of the board are shown in Plates 1 and 2 respectively., Smouldering was
then initiated across the whole width of the unsupported end of the strip
by a amall gas flame, The combustion zon: was allowed to travel 2 - 3 em
along the strip before messurements were begun; the time of travel
(smouldering time) of the centre.of the zone was then taken at centimetre
intervals over the toial distance of 10 cm, The 46 in, strips were held
so thet smouldering either propagated horizontally, as in Plate 1, or
vertically downwards as-shovn in Plate 3. In these experiments the boards
were ignited across the total width by a hend gas blowpipe in order to
obtain reguler combustion zones,

In all the above experiments, except that shown in Plate 3, the
smouldering zone progressed horizontelly along the strip; the effect
produced upon the smouldering time by variation of the direction of

“propagation was therefore investigated. The strips used were all O-5 in,
in breadth and one vertical face of each was marked at centimetre intervals
as in the experiments described above; the strips were supported as shown
in Plate 5, Investigations were carried out over the whole range of angles
between the upwerd and downward verticals, and ignition was effected by a
smell gas flame as hefore. :

Bxperiments with boards B and C

Both types of board were 0*5 in, in thickness and were sawn into
strips 0*5 in,, 1 in,, 2 in,, and 4 in, in treadth, The strips were then
clamped in the position shown in Plate 2 and smouldering was initiated
at the free end by a small gas flame as before. The smouldering of
0*5 in, strips held at various angles to ke vertical was also investi-
gated, but in less detail than with board A,

Resylts
Board A
The smouldering times of strips of this board held with the marked

surface in the horizontal plane (as in Plate 1) or vertical plane (as
in Plate 2) are given in Table 2,
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Table 2

Smouldering times of strips'ffcm'board A

i R . Smouldering time min/em
+ Lread of strip
.- ! in, iarlked surface horizontal lisrked surface vertical
075 6°2 65
i 1 8.1 9+1
Tedp - 90 105
2 . 101 10°7
b 9+ 6 , 105
! {2 ‘ ] 11 i 181
i L6 10°8 i -

In most cases the combustion zone remained straight and passed along
the strips at a uniform rate; however, the zone usually became curved in
12 in. strips since initially the edges smouldered more rapidly than the
central part. A steady configuration of the combustion zone was eventually
reached and measurements were then talien along the centre of the strip.

in attempt wag also made to ignite a 12 in, square of the board,
held horizontally, at its centre., The flame of a small gas/sir blowpipe
was gpplied to the board but neither sustained smouldering nor {laming
could be initiated until a hole was burned through the board, sustained
smouldering then commenced and spread out fairly uniformly at an average
time of 16+9 min/cm,

The results of experiments upon 0+5 in, strips held et various angles
to the verticel (as in Plate 5) are shown in Fig. 1 where the smouldering
time is plotted on a logarithmic scale against the angle at which the
strips were held from the vertical., It may be seen that the slowest
propagation of the combustion zone (i.e, maximum smouldering time) was
obtained vhen the strips were held horizontally. A similar effect

_oocurred with the 46 in, strips: the smouldering time for combustion
advancing vertically downwards (Plates 3 and 4) was only 7+3 min/em
compered to 10°8 min/cm in the horizontal position (Table 2),

Boards B and C
The results of experiments upon strips from these boords are

given below in Table 3., All strips were held with meriked surfaces
in the vertical plene (as in Plate 2).

Table 3

Smouldering times of strips from boards B and C

Breedth of strip Snouldering time min/cm
in. Board B Board C
; 05 5°3 6*1
i 1 62 7+6
2 6.9 - { 8+9
4 Tl i 9.6
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Further experiments were carried out with 05 in., strips held at
verious angles to the vertical, as in Plate 5; the smouldering times
measured are given in Table 4. The values for the horizontal position
(90° to the vertical) given in Table 3 are inserted in Table 4 for
comparison,

Table I
Snouldering times of 0'5 in, strips from boards B and C at
angles to the vertical .
z S
Direction of Angle to Smouldering time min/cm ‘
propagation " vertical
of smouldering !
Board B Board C l
!
. Dovnward Q e 6 Sely é
X L5 48 - i
Horizontal 90 543 Gel i
Upward 135 3.8 5e2 ;
" 180 30l ; 39 i

leame spread and ignition tests

Attempts were made to measure the rate of flame spread along 0*5 in,
strips of the three boards for comparison vith the rate of propagation
of smouldering, The strips were held in stiil air and ignition was by
8 small gas flame, The experiments were thus carried out with the strips
at room temperature and there was no supportirg zadiation. . It was found
that strips from board A would not propagate fleme either horizontally
or vertically upwerds; with strips from board B, however, flame spreed
horizontally at 25 sec/am and vertically upwards at about 2 sec/cm,

Board £ would only propagate vertically upwards, at asbout 4 sec/cm,
These times were mneasured over a distance of 10 ecm, In no case could
flame be induced to travel vertically dowmwards.,

Tests with glowing cigarette ends showed that smouldering could
eagily be initiated in boerd B; the other boards normally carbonised
to about 1 om in depth near the source but sustained smouldering was not
produced., The same tests were carried out on the dried boards to
determine whether differences in moisture content could account for this
differentiation, The results obtained, however, were similar to those -
with the undried boards. Smouldering could, however, be initiated in
all three boards on applying a thin wire at dull red heat, Development
of smouldering took place much more readily if the source were situated
near an edge of the board than if it were on a wide face. ™

Discusgion

In most of the experiments the combusuiion zones formed were linear
and advanced at uniform rates. The chiefl crueptions to this behaviour
occurred with the 12 in, strips of boerd A where the combustion zone
maintained a constant curve; the smouvldzring times of these strips
were gnomalous, being greater than thom of smeller strips and also
greater than that of the 46 in, stidp Wwauning horizontally. The combustion
zones of the 46 in, strips were linerr across much of the breadth (as in
~ Plate 4) but turred forvards near the =dges of the specimen (as in Plate 3);
this effect was presumcbly due toO greater air access at the edges. In sirips
L, in, and less in breadth the zone wes straight from edge to edge. The
12 in, strips mey therefore correspond to en intermediate case in which the
bent portions of the combustion zone are of the same order in size es the
width of the specimens,

-»
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The earlier experiments with wood dusts formed into smell trains
showed thet the snouldering times were independent of the train size;
with the three specimens of fibre board, however, the smouldering time
gensrally increaserd as the size of the strips was increased (Tebles 2
sl 3),  I2 the rate at which smouldering is propagated in a given board
is coutroltlad eclsly by the rate of access of oxygen to the combustion
w305, Shon the vets of accons mey be cousiferad as a first spproximation
W ba preporzicral to the parimedar of fns oombusbion zone, This
sanrcximabion is Justifieble sirce tias aszh Jozmod lieshind the zone will
hinder air access parallel to the direction of propagstion of smouldering.
%hs amouidering time (min/cm), which is the rcciprocal of the linear
rate of smouldering (cm/min), will thus be inversely proportional to the
perimeter of the combustion zone, low with a given rate of supply of
oxygen, i.e. in a steady state, the mass rate of consumption of combustible
may be considered constant; if the density of the board is assumed constant,
then the smouldering time (min/cm) will be proportional to the area of
the combustion zone i,e, to the area of cross section of the strip. Ths
smouldering time should therefore be proportionsl to the ratio R = Y& __

6 )
vhere b is the breadth of the strip ardl d 1s its thiclmess, Vaggés{'q”

of b (en) and the corresponding vulues of P {cn) are given below in
Table 5; the vaiue of @ was consbtant a% 71*3 em (0+5 in.).

Table 5

Ratio area/perimeter for strips of verious widths

[

e
Breadth of strip Breadth of strip

bd
in. (:b) cm -Z-(b + dj cm ('—"R)

05 143 0°33
1 25 043
104 36 048
; 2 5+1 0-52
: L : 10+2 0°58

The relation between R and the smouldering time for the three
tvpes of board are shovm in Rigs, 2-4, omitting values for the 12 in.
gtrivs from board A. These graphs are fairly linear, the scatter of
the results being much less with the strips from boards B and C. For
largzs =%vips 1 is small compared to b, hence the value of R tends
toward “/2 (i.,e. 0°64); +the smouldering times of the various boards
for this limiting value of R (di.e. with large strips) may be obtained
from the graphs by extrapolation, and range between 8 and 13 min/em
for horizontal propagation., In the case of board A the limiting
smouldering time so calculated is within 10 per cent of that measured
upon a 46 in, strip; the accuracy in the case of boards B and ¢
should not be less since greater conzistency was obtained in the
experimental results, It is thus possiblie to obtain an approximate
value for the smouldering time of large strips from measurements made
upon smaller gamples.

Different smouldering times wers obtoined with boerd A when the
strips were held with the graduated face horizontal (as in Plate 1)
then when they were held vertically (as in ¥late 2); in both positions
the smouldering propagnted horizontally. The difference between the
smouldering times of the two positions was less with the smaller strips
but was still observed with strips of 0°5 in, square cross-section,
Jince the effect was produced in strips of square cross—-section, it
was presumably due to anisotropic properties of the board resulting
fron its laminated structure.
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The results so far considered have been concerned with propagation
of smouldering in a horizontal direction; propagation in other directions
invariably produced a decrease in the smouldering time, this time varied
spproxinetely expouentislly with the angle to the verticel (Fig. 1).
Similar results were obtained with 0°5 in, sirips of all three bosrds:
the flow of smoke evolved when the strips were held at small angles to
the verticel was noticéably more streemline than that fcrmed by
horizontal strips.

The propagation of smouldering in the fibre toards investigated
differs considerably from the propagation of fleme, without supporting
radiation, Thus no 0°5 in, sirips would burn with {lame verticelly
dovmwards and the rate of propagation of flame in other directions was
very much more rapid than iwith smouldering., Iritiation of smouldering
was easily achieved by & wire at dull red heat mad could probebly occur,
under fovourable conditions, with a glowing cigerette in all types of
board investigated.

This note describes reosults cbtained Fror the measurement of
smouldering in still eir; the effect of drousht wpon the smouldering,
which is very marked with wool scwiduzi, ard 1g2e the ease of initiation
of smouldering will be desaribed in a later riport,

gonclusion
The most important points arising from this investigation are:

1. Smouldering can be sustained in ezsh of the three types of
board and tha general pronerties of the szsuddsriag were similar in
each board.

2, The smounldering im2 (min/omy, with o ziven bhoard, depends
upon the sike of the spscucen;  hewever, IV usds %o a limiting value
mes.  Tidg Timiting vaiue ey be obtained
approximaiely Drom chgervelflons upon smell &% ip,

1 PRPa. 4 - - g - .
g the muocinoen Thoze TneTe

3. Fropogation of gmouldering in a horizontal direction is slower
than at any other angle to the vertical, The relation between angle
and smouldering time is approximately expouenticl,

4, Smouidering in these boards can be easily initicted by a red
hot wire or, with one type of bosxd, by a glowving cigerette; with the
other boards this latter source produced extencive carbonisation and it
is provable that indtiation of sustained smouldering would occur under
favourable conditions such as a slight drought. Decreasing the melsture
content of the boards had litile effect upon in2 sase of initiotion of
smeouldering,
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PLATE.Il. POSITION OF STRIP HELD WITH GRADUATED . FACE
HORIZONTAL ; SMOULDERING TO PROPAGATE
| HORIZONTALLY

PLATE.2. POSITION OF STRIP HELD WITH GRADUATED FACE

VERTICAL, SMOULDERING TO PROPAGATE
HORIZONTALLY
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PLATE.3. SMOULDERING OF A 46in STRIP OF BOARD A

PLATE.S. POSITION OF STRIP HELD WITH GRADUATED
FACE VERTICAL; SMOULDERING TO PROPAGATE
AT AN ANGLE TO THE VERTICAL
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