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The time taken to ignite wood by a given intensity of

irradiation increases with increasing moisture content.

These times have been measured over a range of intensities

and moisture contents f~r woods of diftcTent densities. An

empirical relation has been developed using a theoretical

. model whioh prediots thess inoreased times satisfactorily...
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THE EFl-"'E:T OF }[.DISTL1RE CONTENT ON THE SPONTANEOUS IGNITION
OF WOOD BY RADIATION

by .... --

• P. H. Tho~3, D. L. Simms· and Hargaret Law

1. Introduction

1---------- -- --- ----.-..1----.-----.--.,-------'4-------.....:

In previous work(1) on the ignition of wood, oven dried specirrens were
used, although norma1~ wood cont~ins water, part~ bound, partly free, in
amounts depending upon the relative humidity and temperature of the atmosphere.
This paper doscribes experiments on the effect of different moisturo contents
on the spontaneous ignition of wood by radiation.
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0.24
0.37

0.55
0.52
0.66

Mean density
e/c:m 3 "

(oven dry)

28.0.
17.0

15.0
13.5

14.5
15.5
15.5

11.5
10.5

10.5
12.0

. 11 ~ 5

7.5
7.5

8.5
9.5
9.5

Moisture content - per centage
of oven dry weight

5.0
5.0

5.0
5.5
4.5

TABLE I

Moisture content and densities of woods u~Qd

. )

The experimental procedure was the same as that described in, detail elsewhere( 1,) •
The source of radiation Was a 1 f'oof square gas-fired radiant panel with a.
maximum radiant intensity of 3 cal cm-2sec- 1 (12 w/cm2) . The specimen under
tost was moved rapidly into place in front of the radiant paneL and the time
to ignite WaS measured. The results are shown in Figures 1 -' 5; the individual
points are the mean of six readings, the variation between 6ample~being.of the
aame order as that for ovcn-dried samples\..1) • Certain rcsults, ::ill partl.culnr
those for 14.5 per cent moisturo content in ColUmbian Pino appear to be anoffiQlous
(~~e l"igure 3). Al though not measured) the height and .thiokness of the flames
were observed to decrease vnth increa~ing moistuxe content. When tho speoimens
wer-e r'emoved from the radL.tion they dad- not continue to, burn. .

The woods examined arc listed in Table I. They were used. in thicknesses
of ~~: in. or more and these behave in the conditions or these experiments as if
they were infinitely thick. Specimens 2 in. square were cut so that the facc~

were pa~11e1 with the grain. . The densitios of the woods were obtainod from
.the vciiume and the weight when ovon-dry. The variation in"density of the
specimens for euch type of wood was of the order of 15 per cent.. The difforent
levels of moisturcl content were obtained by storing the specimens over saturated
solutions of various salts until equilibrium conditions had been reached.

Fibre insulation board
Wostern red cedar (thuja plicata)
Col~~bian pine (pseudosuga

taxifolia) ·,19'.0
African mahogany (khaya. avorenai.s ) r 21.0 I

't Oak ( ~u_e.:::.t: --li.-.-_-"- lo...-o_~~__i~~ ...J

> •
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There ar'e two. min s-tages in t'he'hc~ting of moist wood to tho ignition

point. In the first stage, the surface is heated to about 100OC, the thermal
constanta are those relating to moist ·wood. ·In tho se~ond otage, the surface
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is heated to the ignition point ~hilst behind the surface region the water is
evaporated. In addition, migration of moisture and the presenoe of water
vapo~ in the volatiles emitted and other physical and chemical' changes ~
affect the time taken to ignite. A complete an~8is of the effect of moisture
on the ignition 'process would, therefore', be exceedingly complex.

3.1 Increase in.time taken to ignite

An approximate express i on 'for the increase in time taken to ignite ITl8J' be
derived by considering two effects onlY; the increase in the value'of the
thermal constants and the l~tent heat. These are assumed to act indcpendent~.

It is also assumed that the thennal constants are unchanged throughout the
heating period.. As wood dries, these values decrease and after 1aace reduce
to about those of dry wood. NO'infonnation is available on the varintion
after cherni.caL chonges occur, .but the approximations made will overestimate
the effect on the time taken to ignite. Thus if t m is the time taken. to
ignite moist wood as measured. experimentally and t m' is thc hypothetical time
necessary to raise wood to the ignition temperature discounting the latent heat
effect then it is assumed that

I t m = I t mt + Q •••••••••••••• ~ ••••••••••••••••••• (1)

where I is the intensity of irradiation

and Q is the latent heat l~quired.

'The t:mperature rise eof an irra<li.atcd semi-infinite solid, .negl.ec tang
heat losses, is given by (2)

= M P ierfc ~ (2)
K.J1f .-.J0

' - ,

where t is the time of heating

k.= f~' the thermal diffusivi ty

and K is the thc:rmal conductivity

the density

o the s~eiFficheat %thel.wood

and ierfc'u' =..d. do<l e - x. oLx.,
,.[ff u.. ~

At the surface, x = 0, equation (~) reduces to

,,,

8
I

Neglecting heat losses will underestimate the heat required for ignition and
, thus compcnsate for the effect of the thermal constants.

If it is assumed that for a givcn intensity the aurf'ace temperuture at
,ignition is independent of"moisture content then, in the absence of la.tent heat,
the, time to i~ita'depends ,on Kf c and

.. e = 5=ff frof
O

: =

where the nuffix 0 refers to oven dr,y conditions.

Thus t Im -. A to I·' •••••.•• ~ ••••••••••••• (3)
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If the depth' of wood hca t ed above 100CC iuLJ, , then the he~t r.equired to
evaporato tho moisture in this depth is given by A mfo L, where l- i,> the
latent heat of ztc~~, '.

.: Q ;. - - - __(I, \
. .......'+/

,-
The ter,:per.:l.turo at the surf'ace when ignition occurs is upproxim.a.tcl,y 500'C en

and an n fired; orrlnr uppro;;;ir.ll1tion b. ill f.U'j~UJ'I"il)d to be givon by the equat Lon
f~r dl7 "~, by calving eyubLlon (2) for tho following conditions,

x ,'= ,0

." .

. 'when t ::: ,tm' e = ·500,

9 .. .100

This loo.ds to

6 ./'l- 1 .9 lkm tr.;'....

• • from equation (3)

x :: Ll:
...

:;

. ,"..

whor-e B

{j ':!::::: 1 .9Jkm A to

SUb'sti tuting' for 6 ~ equation ~4)

Q = \·CJ;"'mfoJkmAto

and hence I t m ::: I t ro ' + 1.9 L_((l~FA to

and sub3tituting for tm'from equation (3)

t r.1 = A to' + BF;:; ,.' (S)r-

From the cA~ori~ntal values of to it is therefore possible to estimate
t;n and these are compared with the observed values in Figure 6; there is
reasonable agreement between them. Although the scatter is quite large,
th~ calculated values are in the middle of the range of rncaGured values.und
in tho range of these experiments the noasured values do not appear to differ
from the calculated ones in any systematic wo;y.

3.2 The effcct...Qt f@isJ.urc on tE£..._9.r:,ili..q,a.1....Md minimum intensities fOI
ignitiQ!\.

If it is assumed th.n.t ignition occurs at a given surfaoo temperature ­
, a.t least at long tir.lcs of irradiation '- the intensity cOrI)lsl'0nding to this

surface temperature) . ~ the eriticaJ. intcnsity)is given by\ 1)

10 '= 1(1'- ~1\'V .
where t is tho time to ignite at an intensity I groater than I o ' This
oquation is only true to the oxtent that the surface t empercture for ignition
tends to 0. constant valuo at long times. 10 is obtained graphico.1J,y from the
intercept of a gro.ph of I o.[;ainst J.:t"'i:: . In these cxpcrllncnts there is no
eva.dcnco that I o obtainod in ,this vIJ!f is dependent on moisture oontent, a .
result which is consistent with the view tho..t aftor a long time of heating
the wood is dry. '

In practice, however, if ignition docs not occur within a cortai n tim::
it docs not occur at all, presumably a.~ a result of certain changes oocurring
in the wood leading to a reduction in the quantity of volatiles. Thora is
thus 0. min:i.mum intensity for ignition to occur which is greater t han the
theoretical critical intensity. This mi.ni.num intensity is seen from Figure' 7
to increase vnth moisture content, the increase being approximntc~ proportionoJ.
to the moisturo content. Tho presence of different amounts of water vapour in

. the combustible vo.pour no doubt affects tha flammabla limits. .
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1~5t fi.cs burn for 'much longer than the times ncceGsa~{ to ignite wet or
dry, wood, so the possibility of a fire spreading by radinted heat, is not
lCGsened appreciably Qy thc moisture prcsent in the wood. I~wever, in the
early sto.,ses of a fire, the extra heat required to evaporatc the'r.oisture r.ay
not be o.vo.ilable and the chance of a continuing fire being startcd is reduced.

, ,
5. Conclusions

(1) The extra time taken to ignite due' to moisturc content for 0. given
intcnsity of radi~tion has been related to the ignition time for dry wood by
an empirical formula based on theoretical considerations.

t m =" A to' +. B~.....
'.'-

where A

and B

= Ki i,$ rn C171

KopoCo

= 1.9 lp::;nJA km

(2) There is no marked clunge in the critical intensity with moisture
content but the minimum intensity at which ignition actually occurs incrcc.ses
linearly with moisture content. '
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'APPENDIX I
:~.

Varia~ in_t_hennal~lls.t.¥'ts wi1;.h_ ~~f..5.ture Gontent

The vari~tion',of thennal conductivity is taken from 0. po.pcr(4); the
variation'of thermal capncity is obtained by the Tilethod'of mixtures.

This expression for Om rM<I.underesti.mo.te the 'true'value by up to 6' per cent.
m is based on oven dry weight. , .' . ..
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