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TIm P.CRFORl\ilJ'!CE 91' SPARK GUARDS

. by

. J. Re . MCGuirc & Margaret Law

1. In troduc tion

The fire brigades' in the Undt cd Kingdom arc notified of about 6,000
incidents each year.in IThich·domestic open fires, either guarded or not,
are responsible for igniting nearby ~~teria1s other ·than structural timber
underneath the hearth•. Lltho1:lgh all means of ignition (e.g. clothing falling
on to the fire 'lhilst being aired, ignition by radiation etc) arc included
in arriving at ·theabove figure it is probable that the usc of almost any
form of spark or fire-guard - .fou1d substantially reduce the figure since it
wouf.d ensure that combustible l'la terials Were kept clear of hot. coals. The
scope of . this note is confined to the fire risk created by flyinG coals and
sparks and the reduction in this risk which can be brought about by the use
of a spark guard. The ignitability of rn<~terials by flying coals and sparks
.has been detemined experimentally and the effect of using a spark Guard has
'been assessed by combining the above results vzith predictions of the
probability that a live coal yiill pass through a specified spark guard mesh.

The effe~:t.of the use of a spark guard On room heating is also'
discussed and brief reference is made to. the USe of norr-f'Lamnab'Le nyLon net
as a s park guard.

. ". ' . '

Tho Imit .~9!' of_D<?I~C:S tic: lcia 1~.!?ri~!:s_. by' Lh;c._ CJ.CJ~ls

In the o~perimentU1 work ~tand'lrd condition's were obtained by heating
the coals' in a .buns en flame. They Here thus ignited quic!dy and could' bo .
projected on to tho samples of 11l9.terial ilhilst still distilling volatiles' .•.
at a sufficient. rate to maintain flaming. To represent the most hazardous."
conditions liJcely to be encountered in practice, the coa'l.e wer-e dropped
direct 'on to th? ma terial, a dis tance of "bout three inches.

L

The experimental disposition of the material YInS asi;tiown in Fig.l.and
Plate 1 arid eave conditions .of a:ir supply to the coal and heat .transfer
beh7een the coal and the'fabric '~~ich favoured' ignition.: .

The coal used in all the tests l1as Iiidland Singles, which is a bituminous,
high vo Latile, 'non-coking coa.l ;

... '

•

.Table 1 lis ts the rna terials. tc's te.d: for. ignition by burning: coals.
. "

~..

•

_._--_ ~._-~- ---- ._~_.- - --- --_. _. - ~ .- ~._. ~ .•..._.- ~.__ .._.....:- :-~----::-.-

• 1:. firc-g~ara. is a. ~igidly fixed "device intended ~irstlY 'to., pr~v~nt . ;.
children and iilfirmpqoplc from falling on to the fire' and secondly. to :
reduce the risk of iGnition 'of clothing rrhich, O1hi1st being 116m, might
otheIwise he brought into contact with hot coaLs , 1. spark guard is a
device intended torctain flying coals and sparks and is usually not as
robust as a fire-guard. .



~.__ ........ ,. ":...--- _......_-:--'---~.,- ~-:--- _.__ ...........--+.-.._~._-
, " ,l. ' j
: . Material t' Ykight!unit area :r--'--'-'--"-"'- .-. -- -r--- ---~-,- -_..~ .._,-~

'I cotton .[. 1.2, x 10-2 ~nV'em2.'
. I

I ,Viscose Rayon.Not , II.' ,1.8 x 10-3 gn.iQffi2·

.\ ".1, ,H?ssian' Scr~,. ',' '" f 2~.2 x 10-2 wn/ cm2 ,
I' .' " . ,':; .'. .

. ":'"1 ,:!~e~Y1~~per ( l1Thc .Timcsll
)' I., '.5.,5' x 10-3 gm/c~, ..

.. " :.·.L, Belgian Cotton Oar pe t . ,,'o.ia gin/cm2 ':

.. [, . al C t V{ 1 I I .. j , Surgle a ton ,00 J. --- ' I
----_._.. ,-...- -_.•.- ~,._.-..:... ~ , ... -- .__ ._._:....;

" I.. . • •• '

" '

• r
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Lll the spccdmena 'of .naterial werc dried before tes tiilg and, the scriin
was brus hod s irice ,:;t rms found to be' more oas ily 'ignited 'in 'thisconditi'on~ ,
Its appearancc , when brusriod, -resembled that of ~~he scrim oorrmon.Iy f~und :

. undcrneath arm chairs. : '
, ,

CQt't~ri' ~vool, irrcspecti~c of. its disposition, was readily ignited by
pieces of coal \mighing only 0.005 em. ~s this ~G~ght corres~6nds t~ a
diameter of ,only 0.075 inch for a spherical pg,rticl'c it was cone lu c1 ed .tha t
cotton wool would a Ivrays present a haza.rd andtha t it would not be practicable
to design u spark guard to ovcrcome this.

'tiith BeLgdan cotton Carpet, laid horizontally, no continuing, ..firc, was
started when. ,pieces of flar.1ing coal, \"Ii th din';l1S ions. of the 'order -of 0.5, in<;:h
were dropped on, it. 'It, Was bhe rcf'or-c concluded that ,.thismatcria~ 'did:l1ot
present ?-rl ,apprcciab,lc hD.zard from this point of' vic'l"! and no further",tcs'ts
were made on it.·' '

The r-csul, ts for brushed scrim are shown in Fig.2 .In the form of a
histogram in \".Jhich each, bl6ck re'presen ts ten experiments•. It has been assumed
that a finite probabi11~Y of igniting nlliterials exists even for coals Sll~ller

t~~n those tested and a probability curve for all ranges of weight of coal
has been calculated by prob i t anaIys i,e (sec Lppcndix I). This is also shown
in Fig.2. The adopti.on of' pro bit analysis au toma tically involves the
assumpt ion tha t a finite (though vcry small) probabili ty of i£!ni tinf} a material
exists even for an infin-i te1y smaLl piece of coal whereas theoretically there
is almost certainly a threshold energy level below which a fire cannot be
initia ted. The consequerrt exaggeration of the hazard where very ann.Ll, coals
are concerned vill influence the estimation of the perfonl~ncc of spark 3uards.
lhis effect ~~ll be discussed later.

I, probit analysis was nnde of the histograms dez-Lvcd from testing the
remaining In':\. terials and the re~ulting probability curves (inclUding tho. t for
brushed scrim) are shown in Fig.3.

3. The..~~~,fo~~~.2f_SJ?:~G-uarc1s

(a) Th.~..Bc:~u.s!~~. ~r:'~re ~~sk

Expresaions have been derived (sec Lppcndix II) from 'which the maxtimum
probabfl.L ty that a .pi.eco of coal will pass through any specified square mesh
may be oaLouLated. Oomb Ining such da ta Hi th the rosu l ts given c.arlier in.
this note gives tho ' max.imum pr-obab'i.Ldty that a live; picco' of coal. will both
pass through a spark gU{lrCl::md ,i(!nitc a .sample of rna terial on which i t fa~.ls·~

- 2 -
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Tho meshes considered were 8 u~sh and 6 mesh 22 S.V.G." 4 mesh 20 S.W.G.
and two permanent finish non-f'Lercrabl,e nyLon" meshes illustrated in .'. ~
Plate 2•.

The size distribution of the coals ~d sparl,s emitted by open f~rcs is
not knarm, but the probability of a'coal of any size both passing through a
given mesh and igni tipC' a material will not exceed a ,maximum va Lue, The
maximum values for the varaous meshes', taken from Figs. 4-8, arc listed. in
Table 2 and can be takan as a r~asuro of the efficiency of a spark guard in
reducing fire risk•. U no @n~d, is. used the 'probabilities of ignition for
weights of coal greater than about 0~2 gm tend to unity with the experimental
conditions' adopted•.

Tl.BLL: 2
--~--.

1UiIDiUH PROB.'.BILITII:S OJ]' IGNITION OF THE lIL'JERli\LS LISTED
--:--~--T- - _·····_·--m-rrB'I2:·"'I·--_··· ~- _._.- -._--

Guard

j .
lMaxinn,n:1 probability' of ignition
1. .(parts per million)--_ -.__ _.0_ _-.--- ---,----.------1

8 mesh 22 S.W.G. 40 ppm.

-6 mesh 22 S.V.G. 340 II

4 mesh 20 S.W.G. :24,000 II

" .

"- Non~ .~NYlon, A 3.3. u .

flam;1able( Nylon B . 34 . "
___.__ . ....._L_- -~__ ..•. .~.._._..._..... _._.

~. • I

The extrapolation, by probit analysis, of the curves' for probability
of igni ticin·'(Fig.3) r:.12l.y, exaS1JC1!3- to the hazard wher-e siz.os ?f coal of less
than 0.03' gmiare -cons Ldcz'cd•. 1'0.regards Table 2, this. will have tho' effect.,

. of' min,imi'sing the value. of the.. filler· mcsh guards •. , ". . .' .' . ,

.' " '·'To':confirm that the non-fla.r..l!1l8.ble .nylon nets would in.·fact not }11clt
:in practice, they wer-e-hung vo~tically and , whilst. sub.lee ted to an intensity.
of redia tian',of 0.5 cal. c~ sec. (representing the lrexim~m intensity they.
would 'receive from an open fire), .flaMing coals with.lihe~r·dimensions up .
to half an inch were projected on to,thom. .The nets were ·structurally· ..
undM,mged. If a hot ooal rested aEa'inst either 'of 'the'nets however 'the
nylon in contact with the coal mel ted. .. .

. ". " ,

"

I, domest Lc open fire; 'hea ts' a rOOD largely by radiation; hnd 'th"~ 'use o{ .
a guard TIill reduce radiative heating by, to a c~ose approximation, the
amount ~hich is intercepted by ·the'Glen~nts of .the mesh•. The 'consequent
heating of· the guard contributes little to the heating of,a room be caus e the.
guard is cooled by the substantial airflow from the rOOill which passes
directly up the flue. ~8 a measure of tho reduction in radiation the
obscuration has been calculated in the caso,of the metal meshes and Mtaavr'd
experimentally in the case of the nylon nets. The results .are. given in
Table 3~ , .

. ,

_ "_~__ _~__ .__ __~.---,-.•~---,- __.' • .•. ~_c__· _ •..... _ ..•••_. _ _ .

.. The non-f'Lamnab'Le nylon net 'used is bonded Y,rith' a low ~,lelting tempera. t~rc
agent SO that,' if subjeoted to a fh~e, it Delts before spreading flame.

- 3
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OBSCUR!.TI ON

I
I' Obsoura tioD.
f

.Guard

:------ ._... - .._---:"'--~----..-..,

. ,
8 mesh 22 S. VI.G.

6 mesh 22 S .-~r ..~.
4 mesh 20 S:~!.G.

Non- ( 'Nylon L
f'Lamnab'l e ( NyIon B

13 i:~
18 >~

(c) Strength. of mcahes '

Spark guards 'with metal mashes have boon ,ridcly used for many years and
~~ve been found to be satisfactory from the strength point of vimv. The
three meshes considered are typical of those on the market and are
adequately strong. Nylon net guards, howevGr, have n~ver been n.vailable
ann although they are strong'onough to deflect hot cOals theyrnight be
damaged by misuse. It ViaS found tha t Nylon 1~ could be punc tured by forcing
a pencil against it but' tha t Nylon B ~as considerably more robust and sho~ld

be able to stand considerable rough usage~

4. Conclusions_.-----
The results in Tables 2 and 3 show that ~he 6 and 8 mesh guards arc far

niore effective than the 4 mesh 'guard :in reducing fire risk whilst the
amounts by vmich they reduce room heating are increased by muc~ .smaller·factors.

The nylon meshes arc superior to the wire moshes.hoth in their efficiency
in reducing fire risk and in the extent by which they reduce ·room heating •.

'They are however not quite so robust and of course if hot coals come to
rest against them they will melt. This might happen if the .nylon net extends
dO,fll to hearth level and large coals .fall.on the hearth.

. .
Nylon net vnll have a valuable application in the m'1.llufacturc of combined

fire and s park guards. To da te thes e have not. been popular since, if
constructed of fine wire mesh, they substantially reduce room heati.r1.g•. By
using a nylon instead of a fine Inra mesh this effect will be much less nEXked.

\

It should be noted that, of the domestic lmterials tested, ootton wool,
~~s found to present so exceptional a hazard that it would not be practicable
to: design a' .s park guard giving a substantial reduction in the risk.

1.'c~oYlleE·~~ '

. The work described in this note forms part of, the programme of the Joint
Fire Research Organization of the Depar-tment of Sc'~cntific and, Indust rda.l,
Res ea roh and Fire Offices l

. Committee and the note is pubLi.ahcd bY.'pcrr'.1ission .
of the Director of Fire Research. .

Lclmmvlcdgmcnt is due to .bhe Lssistant Director, Mr. D. I.' Ia1'lSOn
for drawing attention to the potentialities of non-flamnmble nylon net
as a s park guard and to Miss J. iB. :Miller for rmch of the work des or Lbed,

\., - 4 -
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. PROBIT lJ.TALYSIS

Analysis of the expez-Imenta.I results has. been carried' out' on the ;.
assumption that the, probability of ignition is Gaussian ,nth respect ,to
the cube root of the nmss of the coal. Probit,lines have been
calculated on this assumption and their linearity has been tested by
the X.a. test.

The equations of the prob it 1i1'1oS far the four materials are Biven
in Table 1 together r:ith the 9&,; confidence iimit's

'where y is the probit corresponding to a probability qf ,ignition p
1

X = m7'~ x 10

and m is tho mass of coal, in gT;!.. 'which gives probabili ty of ignition p

Tl.BLE_l

PROBI~"l.NLLYSIS O~ THE ,IGNITION OF V1.R!9US...M!.'1'E$I.(J:S ..

I. :

i" {
• ~ i t
,." I

-,
y =1·441x -,2 0 634 I 1·12x

!
I -

'l~17x - 0·62 ± 0·"92 [0:00;;-; O.241(~- ..~-·3--62S~y = 2·509x - 3·842

---....,...- ----'_._ ..- ---.--------..,.-----------------~

Viscoso
Rayon Net

r: . t ." ~
Ma terial , ProE_~J;_~_~E:.~._, ..__.,--:.~.~L..9-o.~:!-:dencc l~~I~s to x, .":: \.l(-!,

J I',.J; ..1-----+----------4----'-------------·· .----...;..;.......--~ .....
I Cotton

Hessian
Scrim y = O· 900x + 0.338

Newspaper y = 2'437x - 4-634

1.08x - 0.37 t 2.1,4 /o:oo976:oi·8(~··:~·4_9j2~·­

1·15x - 0·61 ± 0"93 /0:(/;;6-: 0':'204(;-:-4":0'4)2

.: --------_.,--

" \• !
: r j

.,1 ,
.. "J '.



l~PPE1'IDIX II

THE PROBABILITY OF 11. p.!;.RTICm P1..SSING FREELY ·THROUGHl. ·:MESH
: -" '

The fpllowing analyses are confined to the' probability.of a particle
passing freely through'a mesh. It has been ,assumed that a particle which
engages with the mesh, but yet passes through, will ~~vc lost so 'mUch
energy that it will fall to the hearth near to the guard and will thus not
conSti tute a severe fire haaard, '" .

" ,.

Since no Lnf'orma tion is available as to the dis.tribution· of the
geometrical shapes of the.~~rticles it is only possible to assess the
rnax.lrnum probability by considering ex tr-emes of shapes. For spherical

" particles the. probability rnusb fall to zero at some',critical size,'but for
slender particles it must alvmys rc~~in finite. The following analyses refer
to sph~:rica1.and cylindri~al partic:le.s. .

a) Sph~rical. particle

• "., :., .• 'j." '."

0"

; .

,.

! ~;.. < .: ' "
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t
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.' J-.,..r-rl.[J]1.."'IT','.. LiJ' .
~11~~1·1-
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..
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,<.'.. :
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TI1e total probability may be considered as the product of the probability
of a sphere not engaging on a horizontal wire and the probability of a
ephcre not engaging on a vertical wire. The probability of a particle not
striking a vertical wire will now be discussed. If the centre of a particle
0f diameter D lies within the x co-ordinate zero and d, the probability of .
i!:s centre lying in any range O~ is 6lCtf.l. The particle will not strike the
Wire. if the x co-ordinate of its centre lies within the range zero and

..9- - ~~ -.!? or the range..2- +j +.2 and d , 1. e. a range d - t - D.
2 ~ 2 . 222

The ~robabili ty of this occurring is d - t - D, ::: 1_ t» + ~,
d , '\ d. I

Of the particles which will not strike the vertical wires the fraction
which will not strike the horizontal wires is also 1~~D ~ '7

\

The

V-~~ ~
r. obability a particle
:"12 .

;~ . .

passing freely through the mesh is therefore
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Cylindrical particle
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b)

.::

_.

./.
~--tff----------+---':~.. X.

• • I •

The particle vdll be considered to have random orientation and direction
of flight normal to the mesh. Thi.a latter assumption will lead to the hazard
be ing somewhat over estimated and the results will therefore be conservative.

It the cylinder has d~meter a "jlength na and the axis makes an angle f)
h':l'i;!l the zx plane then the projection of the cylinder in the y dimension is

D... = t'\.o., sc--, e ~ 0... cos e
For' a given e the probability of pae sting fre.ely between the horizontal

..... " ,.wires i.s (from Section (a)) ,

P =1 - D~ + t = 1 - a (n..s tk\. (j + Cos 6 ) - t
H _--.,_ - -. d d

d..

The probability that e will lie within the limits e and 8 .... dB varies
as Cos B . j
Combining these two probabilities gives cLf1.. [I - ~ (fI\.~B+ Co~ V-i to~ec(9

n ' a d
where the 1imi ts of f) are 0 0Jt'\Ol. e .

I ,

<l,ld a (-?'\.~e + Co~ 8 ) = d - t
~·.tt,j .._ctIOl\ In 1-he. ~:z. pl'lt,e.).. .

Ij' "dH:l , of the cylinder",rrnkcs an angle 't' with the z o"';S then the J1
~:...ojecUon of the cylinder in the x dimension is given, l.~maJ.1_~lucs o...,;f-,--O_



c)

The probability of paS~ing between the vertical wires for a given

Pv = I - .Dv -t t = 1 - ~ (Y'wCOSeS~? + ce~ ~ ) - i
cL ..'

The probability tho. t ~ will lie between f AI"d- ,/. + df is linear.

conro::g

=theS~ {~ ~ro;b(~::e~:~ ~ 'COS f)~iJd.f
Yl110rC the lir.1its of.: fare 0 evvJ.,. . if t

0. (h-CCS e~f' ~ CO~ f) - d., -; t
;;;~)") t~)'t2.1 probability of pass ing fre'ely through the mesh is given by

. &' ¢':' .'
p = 1 r ell;, d ~
For pa~ttc~es of such dimensions that 8 ~ J 'are small, this expression

red~cGs to ~ r
p= (cl-t-QJ

:J. 7C "").0..2. o/.}'
Corilbina tiOll of Reaul ts

It is unlikely that a very slender needle-like piece of coal would be
ejected from a fire; but as a lLmiting case a cylindrical particl~ having a
length 8 timesi ts', daame tcr' has been considered.

The ~vo expressi~ns 'de~ived in '(a) and (b) ,have been evaluated and
p'Lo t tcd in,Fi6ure .9 for the various meshes taking the density of coal
as 1·27 gm,lcJ1'i5 and n = 8 in the case of the cylinders. The extreme
probabili ties for all shapes of particle are given by the solid curves in
Figure 9. The probability curves for n = 2, 4 or 6 lie below these curves.

"1.
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