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fIlE 1~~J'"IlIGTlm! OF THE' DISTiiNCE Oi? ::::GIU.TION OF gOOD FR()M J~N ATmrrQ
._._-_.~_._----- EXPLOSIO~ •

D.I. Ll:..YlSON and J.H. McGUmE

F:,:·p.vj.::;c.s atte:np-i;sL 2. to predict. the distance f'rom an at.omto explosion
at which wood would be ignited have been based on thG o.z[n.~~pt:i.on that' tho
ro.clio.J;:Lo.n. is cons'tnnt for 11 period of 3 sees. nfter \-ih:L~.J\ i:t faE;:; r::-.pidly to
zero. 'Ihis is very f'e.r- from the truth as rziLl, be ,see;:l en :,:,,;,f':j:,")rJ/Jc to
F:;.g1.lre 1 w!.l.ich shows the probubly vo.riation c,£' int0:·.1f.~i·[;J~ F:\:ch time <1.t a
d:~8~nnce of 1 kn f'rom thc expl.oai.on, 1.1t.hough the D.VGr:l.gIJ 5.:JJ.;e!l':':.i:(;y used
in J.;he pre·.-i.ou.s cul.cu.Letdone "JUS dor-Lvcd f::-Of:l the tiGEl :i.1!teg:ca:~ c:;;' this
curve i~: W2.t~ felt '~ho:t t.he zion u71ifoTIlity of the radiation with tine wout.d
affect the r-esul. t s c~.g~fica.....":rtly and t ha.t bhe probabJ o dicc:i~epD.lJ.:::y should be
detcrrai.ned, .

In the past the distance of ignition has been found by determi!1ing'
e;q}erm·;m'tD.lly the :1.~~tensit.Y required to ignite various species of wood in
three seconds and, then conputi~ the distance from an atomic explosion at
w:-:.ich this :i_ntensity woul.d occur under various atraospher-Lc conditions.
Tt~::.s cii:::-ect appr-oach is. not suitable when account has to. be taken of tin
:l::".cidw't in-:;ensity whach is varying "lith time and an alternative method has
tu be devised.

It is well known that the diffusion of heat in materials nay be
:r0p:rc~ented by the current flowing inside suitably d.esigned electrical
r-d'two:d~s rind this analogy has been exploited in the solution of the prob.Lem,
~~1C problem divides itself into two purts;· first to determine the intensity
of rudiati.o:·], required to bring the surface of the wood t emperc'ture for
spontancous ignition and second to det crrai.ne the distance fron the explosion
at w.hich these intensities ,dll be encountered.

2 .. In!~~1",'?~-2:.e.9.S'iFcd for the spontaneous ignition at: wood.

1'1j,1:t.S rurt of thc problem roy be. subddvadcd into t\70 sec t xonz OYlC in .,'hich
the tCi:lpcr::tturc at y;hich spontaneous ignition takes p'lace is ealauJ.~ted and the
other i~ \~1ich the tenpcrature of the irradiated naterinl is dctcnnined •

It is w·ell-lmo'i;"!':. thn. t . the flow of charge in a :cc:,:;',-;:,1.ted reIJ:: rJ'~,ll~C e capacdty
ne twor-lc of t~e type shown ir. Fig. 2 will represent ·tl~.,~ one-ddznensd.onaL flow of
hOD'::; i~side a aLab provided certain :>:,~ln.tionships are DC:.j,nta~Uled between the
:=:-c:;isto.nce.s 8.Ld the t.herrm.l ::0sistunc~ and be tween the capacity ai..1C:1. the product

_, 0-:: tlie der::s:;.:;~/ and specific heat. This being so, t he poterrt ie.l, difference
acr-oas the i.c twoz-k at any po:1.nt "rill represent the t emper-e.tur-e r-Ls c at a
cor..ceapond.izig point ia the s:Lab on the heat l1r'obleoaml the curr-ent 'lid.ll

"l:Ol:~:i:'€)s~::-r:-' the heat flux at the sane p oint. The application of a constant
·'·Cl.i..t');'e:ct to tho netuork would r'epne serrt the irrucliation of. a slab .a t n conatant

, .: .:.. irf~E;ms~;_-:y.Fig. 3. 1,8 irracliation proceeds the tenperature of the fron'::; f'ace
of the s'Leb >rill rise and it .....dll begin to reradiate heat. A suitable

. clectrbal circuit ythich ..will represent this loss of heat due to §tefml
radiation and convection has been developed by Lawson and McGuire ·und this
is shovm connected to the line network in Fig. 4.

. LllV'!SOn- a~d Sir,ns4 have deterni.ned the r:ri.nimun intensities of radin:t20n
which .-/ill cause i700d to ignito spontoneously o.t'ter the irradiution h..'1.S 'been
continued for a very long title. . Thoy call this the critical intensity and
find that this is constant for ne~ly all the woods tested and equal. to
0.6 ca1../sq.ctl./sec. under those' cor..:litions the wood will have reached 0.

unii'om teopernture since it has been .:i.rradintod for a long tine and no heat
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,will flow from the surface to the interior. This means that the aur-f'nce
temperahrre will be governed only by the heat lost from the "urfaoe, ~'he

suz-f'e.ce temperature may be found by adjusting the constant ourr"uo 'to a
V::>..1.l',e r8presenting the critical radiation of b.6 cals./sq.cm./sec. ana.

,aI'plybg th:i.s to the reradiation networ-k only, with the rest of the
t~ansmissicn,net~orkrepresenting the ,wood disconnected Fig. 5. In this
wno'· the ta'T.parat1.tNJ at whach timber ignites spontaneously is f'ound to be
about 4-80°0.

2.2. The use of electrical net~orks tci determine the' surface
terr:'2~~::-:~ure of wood irradiated by an atomic explosi£~~.

An atomic explosion ,;ill radiate 'energy ,<hich will vary ,.lth time as
'shown in Fig. 1 and it is necessary to develop a current wavef'czm of this ,/'
type. Sime at any' instant the incident rad:tation is Lndeponderrb of the
temuerature of the irradiated surf'ace , 'it is easorrtda), that this cur-r-ent,
waveform shall be delivered to the network from a soui-ce of high impedance.
The time variation of the radiation may be closely represented by the flow '
of current in an ovcrdamped series inductance resistance and capacity

. network. This current is applied to 'the network representing the wood
through valve circuits which maintain it constant irrespective of the
potential rise. The input current rePresenting the radiation may pc adjusted
un"~il the surface temperature rise is 4-8000 at which point ignition takesphce.
In this ~ay, the peak value of radiatfon required for ignition is, found.
The curves in Figs. 6 and 7 show the rise .Ln temperature with time for mahogany
and American 'l7hitcwood. ' In each case' the intensity of radiation Ins been '
adjusted to raise the surface temperatUre ,by 4-5000 the requirement for
spontaneous ignition. nlC temperature of ~he surface rises to its maximum
vo.lue after 0.6 secs , so that ignition'rr.i.l1 not occur after this time.
It will be seen that .the-peak drrt ensd.ty r-equfr-ed for the ignition of
mahogany (5.92 co.ls/sq.cm./sec';,), is greD.ter than that required to ignite
American ,ihite>700d(5.25 eals~/sq.Cm./sec.)', This is because mahogang, being
a dense wood, has a greaterthermo.l' conductivity than Amer-Lccn \vhi t.ewood, a'
wood, of .medaum density. ' Unfortunately it ,vas not possible, to compute
accurately the radiation intensity r-cqufr-ed to bring fibre insulation boar-d'
(a lrn7 density wooden board) to the point of ignition since this intensity
was greater than that of the lowest range of the equapraenf and less than that
of the highest range. By interpolation on a curve of a maximum surface
temperature against peak intensity of radiation (Fig,' 5) however-, it has, been

'found that a teIl!Perature rise of 4-8000 ,is producedbya peak ~ntensity,of
2.5 cal;/sq.em./sec. ,Time-temperature curves for apeak Lnt.enai.ty of
2.1 cals./sq.em./sec. are shown in Fig. 9. , ,

Experir.lents Yihich have been =i~d out to measur-e the radiation necessary
to ignite wood in the presence of a pi1;ot flame show that the critical intensity
is about, 0.25 co.ls./sq,cm./sec. Employing the methode used' fo:?:' c:pontaneous
ignition it can be shOY/rl that all species of ~ood ignitu at 250°0 in the ,presence
c'C'a pilot flame. Reference to Figs. '5, 6, and 7 ~nl show that as this
temperature is achieved at a depth of about ~ bel.ow the surface. The burning
la:rer would have a depth of about 71001n.

,

.

Of, course, if the applied intensity is greater,' a higher maximum, surfac9
tew,peratUTc ,7111 baz-eched, Figures J.:O and 11 show that the surface temperatures
attained oy mahogany ,and l~erican whitewood for intensities of 12 ce~s./sq.cci./sec.

rcachvaJ.ues of 'about 90000 . The surface temperature for fi1<ro insiilation boar'd
for an intensity of only 5.25 cals./sQ..,CI:l./sec. is 75000 Fig.12~, ' Iti-lill .bo seen
trot for all these conditions the sporrt aneous ignitioJ], t enperat.ur-o on the surface
is 'attained after about 0.2 seconds. ,The pilot ignitiori,teciperatUre,is re~ehed

at a depth of about ~ ram, or about 3tiooin.' . ,,

Knoy;ing the intensity required for, ignition and the energy r-el, en-sed by the
bOr.Jb it is possible to construct a tabl~shorling the disto.nc,e 6.t '\\'hich ignition
will take place under vnriousatnosphericconditions.

I' . • •

I' "
, /TABLE I".I.
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TABLE I

;..:;.:p~n:l:;8~..1 in ft30t frr.J71 g~~QP.:rvJ. ZGr() at. r~~:1).c~J1.

ie::lltion r..:Ll:;' i.ako pl.noe

(IgnLion in 0.6 secs. Depth of
burning ~~n.)

_-..._ ........'tI.t'hP_. ~ ~ _

Atrno ;.r.~'(:·~":'ic
Ab30.:·.~I~:.: ..::-;. cccf'f'Lc i.ent;

'~.::;:'.'"-

Mo.hog:JX'JII
iunc:-icc:.n
tmitr-:-.7~od

~ .,~_P" _

o ,I'~ I 'l ....-:~~~ olecr 10,200
(I~ ~)3 == ..;:~.~~ 30 m, 9,100
l.;~ ~ ::: ~/:~~ ':: to:

'Ti,
El. 8~OOO

r. ;. ·J'~t ;S'.: '..; I:'"~ 6,7GC>..,....
~"

0.8 - Yis.) j r:~ .. 5~4(10

J...6 ~~.
~

::: ·/13., 1 2m. 3g900

J.O~W)O·
("\ /' ~""r\
~•• l~. :'4'

.. B,.LtXi
.·/:~.(XJ()

5.;;;00
4,oo~

}.:' ,~·-/ri~".:
'! :'-. ,. ,r ~~ .~
~ .... ~ :' -..........
:-:..~):" :o;:"l(i

e,;J00
6,";00
4,100

.;.. ~ .qo~~L~?:' of resuJ.ts with previov-3 vlO:,k

It is non possible to compar-e with Previous work' the distances Cot
i/~;.:~.d: j.2;·::~Ej.on t.akes place "then rc.clintion is applied to a wooden surface
c·.l~··.;.'. t~-:::\-c. the intensity var-Lcs uith tirae as in an atomic expl.osdcn, .
:r.T~ FCC\'·::"0t:.3 ccmputnt.Lon the incident intensity waa assumed to' be constant
,lith time and had a value such trot the tot~ qunntity. ot: radiation o.t
any give~ distance·from ground zero \7.1S equal to the total radiation flux
nt tho.+. pcd.nt fron the bomb,

Fi8;'1~es 13, 14 and 15 show the distances from ground zero at vihich
j en5.~:i.. or' 'takes place for mahogany, bmerico.n whit ewood and fibre insu1n.tio::l
boai-d., "uo:h for r[\diation follmring the bomb :flash curve, and for radiation
w!:.ich is nninto.inod constant with tir:le.

Itw:tJ.l be seen tha.t in 0.11 oaaea the raclintion follow:.i.ng the bomb flash
curve eiiTe:4 r~...ae to ignition at a Breater distance f~c~ ground zpro t han fori.
constant intensity radio.tion. This is due to the fact t ha t if a given'
quo.ntit:y of ro.dio.tion is applied :::-apidly there is lit'~:le til,:}:') tor em
appr-ec i.aal.e quantity of heat to be conducted o.way fx'u..'Tl the sm:':('ilcc layers
and the surface temperature is higher, or oonver-sef.y Less hcat in reqllired
to bring the suz-f'ace of wood to a given value the more ra:r?~.d1.y t.he heat is
o.ppl5.c~:;." Far low density nateriDJ.s under pcrfect:i.3r c~.cct~ CO~(l~.tions the
Lncr-cazo xr; disto.xc n:c whi ch ignition takes pln.ce ~l;:-";~' be Q3 m~:c!:l as
J"~C% gree:cc-:.- th~n previous oatimat cs , Fa!' medtlum OJ:' h:1..gh cho.r:.:i -!::y wood the
imreasc :t s only just ovex: 1O)b. The Lower- the \";.;,,:.::;:bility t.f~t; IG~s the
~.:-c:r.'·.:c;.::tage d.l scr-epancy between the present estimate:::; and P:C·Cy~L:r.:18 wor'k,

p: has been shown thn.t if o.Ll.owance is made for the title
J:'D.c.iDnt intensity dur-Lng the bomb flash tho.t the distance!? at
ta.kes place n'ly be up to 4c% greater than previous cs't irm'tes ,
::"s.grc~tcst for lou density ~oods under-clear conditions.

vo...C'in.tion of
whi.ch ignition

The discrepa.ncy

At the insto.nt of ignition, n.t t'l['.JCir;lUm .ignition distance, the wood which
will burn is a layer up to 0. depth of about 7i6Qin,' for, all coses considercd~
The depth of' burning will increase. to a layer 3/100 n thick rThen, the peak
rad:iD.tion intensity. is 12 co.ls./sq.cm.,I,sec •. for ·ronhogany· and for lll"!lerican
whitewood. The same depth at: burning will be given for· a radiation intensity
of 5.25 cals./sq.~./sec. in the' case of fibre insulation board.

~ibliol3raphy
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