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,STATJC ELIDTRICIT'[ AS A CAUSE OF FIRES
',': IN, ROAD SURFACE-DREsSnm BrnDER SPRkYING VEHICLES
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.' .Var-Loua Governmmt Departments, local authorf, ties, and-io'thez- -orgarri.aabdons
have· notified the Joint Fire Research Organisation .of' fire : incidents', involving
binder 'spraying vehi.cl.es , It has been thought .that a d.Lechargercf s~atic,

. electrioi~ might'be the cauSe of sOme of these firea·and:the objeot .of, this
uote is·to discuss this question' in the light of the knowleqge available at
p~sent~",', '. .,.. ' I. . . .' .:, ::-,.' .: '. .

I ~,' ... ~. ., +" • .... ~

, .' • .'. •• • • L • • .'. ~ ". • •

. , ..., .The mechanisms' by which a hazardous discharge' might occur are ·lisbed arid
..... Cl.rC considered both theore~ica11y and: in the +.ight of the .relevant exper-Iment-aL'
I data ..,' The' rcpol;-ted',:causcs of fires in binder spraying vehicles .atrtcnded .by' '.

the fire brigades.'of· thc' United Kingdom in 1;956' are examined.... . , .. " :"
....... .. ,., :' -'.. .' . .

< I . \ ~:..., ':,' < ,-'

. THE GENERATION :OF STATIC ELECTRICITY· , ... ,

i": :."; '.:,.: " r"

H~zard~us 'le~e'ls of static might be' generated. by th~' s~;~;i~\ of' tJ1C~ ;:-':'
binder or byth6 movement of the vehicle.These possibilities are considered
below. " "': ..' . ," . .... " . ,: .' ',o' .

. ( . ,'.'.

.. t··· '', ;"

'-'

". ,

Tho scparab i.on 'of surfaces occur-r-tngvas. the binder- le'aves'the jets might
generate static electricity giving an accumulation of charge on the vehicle,
on the deposited binder or on both. A discharge might thenocc~'betwecn the
vehicle and tho. deposited binder or between e r tbJr of th~..above and an earthed'

.' conduct.cr ,or .evon an insulating surface at.: a differ~nt potential~ . During' a .'
'no;nnal,,::;praying operation, the binder doe s not -break into droplc:ts ..until', it
has reached a point about an' inch. or GO' peyond the spraying orifice. The"': ,
g:r:eater ·.the tra~it time between the. orif,iceand the point of breakup in~, '.
comparison with the'61~Be rel~~ation time of·~he.binder·then the,g~eate~.thp.

.proport:iori.'o(the charge generated that will be. di'ssipated 'without giving··.. · .
rise' .to. high potentials•. ' The lower limit of ·transit time canbe":evaiuated .
from Bernoul.Li.s cquaf Ion ,,' '. . ,." ' .

,,:. '. i. .
. :11 '. .~.. '

.:'~. ~ _ _ . ~ [' t,·',J·",·",.;. . .: ....: '. as' '.-: f' ." ~ ." '. J ; ." :. ..'.' ... : ..... " ':-: " '.: ',: ~ ,

. Tl1e ·max~~ va Iue. 'oyer' at~aiped:by. 1'- .is 401b/aq; irion· and the minimum"
spccaf'Lc. gr:avity p .ot' a;bincl~r is 1 ..1 .. ' From this the maximum value or"c.'.: '.
ve I'ocf.ty which .coul.d be. attained Ls . v ~ 74 rt/sec.; . ' ..

The lower limit of transit time for one inch.will pe·'1 ... 1,·nVseo.~·:am if.
the reiaxation.tinie constants of :tars and bitwnens are less: .than say·::O;,·}.m· scc·~,
then no' haza~,.will'cxist.... '.'. '.... ;..::: .::

. . >Tho charge' rC.l~xat.'i:m'~;mc e~n8tant (.".) of' any volwne o~ f~u~d :'~~,I~&ti;~
, . (where K. ~.,B~e6ific inductive cepactty and p.=~esi~tivitY:ine.s.tl'~)

For b~th ..tors .and bl.tum~~~ ,the value o~.K will be. less' than··j, and .hence .1.' .
w~ll be ~ess t~n~ i'3~;"~ O'~4p' . whe~e f: is .in 'c.s.u. ,or:, -'. :..'

" . ". :r.~"·2.7 x .1;~-1?f· . .' lIh~~ .f., i~'.~, o~m:cm.·:.·;;::. .
". c. • "" ,-' .' •• Cf'

. '. SUbstitutll1:g. T .\. =·o'.'3·m sc·c·.·....glves ·a~limiiing,·value·of r oi"·.10
J

'o:hm
cm~bclow whfch 'no appreciable levels of charge can ,:be,:eXpected. ,' .. ' .': .': .. r • :

. , .. .'~_...
: .,... .. :" ~ '.; < ~ ".' • ;. .". ' •• ,

i ,;
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The resistivities of various tars ana bitumens have been.·measured (sec
Appendix 1) by a method whi"c11 is accurat$"t6· wi thin 0 to-30'J' 'and the results
are given in Figure,·j •. ~t tf!,\11!'~1,'atures above ),3.9,00 (266OF) for bitumens and
5000 (122~) for t~rs, tho values' of re'sistivity; 'are be Lon the upper limit
referred to. Thes~'·temPerat~U'es.-az-e lower thSn' 'Ithe minimum temperatures at
which spraying can be carried: out (of: thc c:cder of 2800F for bitumens and
2200F for tars.) Even if Gprayin~ were attempted'at temperatures beleNl these
minima, it is very' u;11ikely that a substantial oharge could be developed.
The time inter.ral.betneen t!l~ bir..ier lc't',ring the spraying orifice' and breaking
up into'.droplets Would be subs~ant~.ally grc:ater than '1 m sec. since the high
viacosit,Y would giV8 U mU0h l(Wicrvelocity t~an 'the thcoretical maximum deri-

.. , yea. above.' and the. binder w:>lJ.l.d·110t, b"cd< "'1' until it'vlass'orne ·inche.s beyond
, . the spraying orifide.~· Also tho 'spar;': ener-gd.e s ,requir0& to ignite ·.the. bandev

would, be much greater, if s:lch'ignit~orrwere a~ all possible. .':'
. 'i .',' I " . ';." • . : .

.The above argumen-t demcm:trat~s thu'" no' hazard due to static electrloity
oan cxist .when binder Leaves a spraying orifice in tP0 normal manner. It hss,
;1cmever, been suggested that, as-bhe mnzn tnrM'emptiss and thorc is a:Lr in
the pumping Li.ne, the bmder' Y;ill aLready be broken up' as it; .leaves the jet:;,
To in-.res·:,ignte the' pcssibility that substantial leve130f static might' be
'!.enorat.;d· under these circumstances, a spraye,," was operat0G.. >'Iith an air in:w-c.
':Jdviccn the. pump and the jets giving conditions at th'J jets which were compaz-«
'-ible 17ith thosc when '~he tank emptied. A Bald,YJin stati-gup. was held unde r- thi:
hood under these, condi tions and indicated that the potential on the spray aie'..
.iot, exceed.1.00 volts ',ihich is, of course, negligible. The binder in usc was
tu.· , .. , .

In the above test the introduction of ai.r into the line reduced' the
:~"mp";raturo of the tar and hence increased its resistivit:i and viscosity. The
hazard ~as thus greatly exaggerat0d. :The leve] of static gcnerated,w~s so ,low
that the higher res~stivity of bitumen vlould not give rise to haaar-dous 10v818

..of static as ca .tanl<:.. emptied. . , _' .
• :., :. • I ".. '_

(b) . ,Movement ciftheve:hici.o,··
. '.' I:' .

.. '.'

, '

.. : Th?'. cQr;tinllou~.jiroee as of bringing' into contai:i:t.arid then" separating the: -,"-
tyr~Ofam.qving veh,iel:, and roadsurfa?cs cal7-' gCr'1(J.!',ate .'su?stanti~l chargee
and. h0n()e.charge ..th~.: vehd.cLe 'partly by LnductLon .but pnncJ.pally. \ 1) by
conducti.on frpm th0; outer tyre surfaces to tho hubs of the' wheels. A • ;..
discharge .niignt·then·occur between the vehicle arid an' ear-t hcd conductor. or
even an area .·of an insulating surface ,at: a lovler poten'''ial.· .The: possibility
that the generation of static by movement of the vehicles "has constituted an
appreciable fire hazard in the past is cons idcr-ed unl.ake Iy :ror thefol.lowing
reasons:-

'", *

(1) Op~~~tors and drivers of road binder sp~aying ~~qhines have not 'been
known to ccmp.Laan of shock on dismoUnting f'rom .vehicles,' Levels of. static
l~kely to constitute~'a fire hazard wou'Id at .some timE; give rise ':tcdet~ctable
~j.nooksc." :
. ,"

(2) ·\Thilst 'spr~ing" a'vehicle travels at a spe~d of le$S than' 5'~ p'h
apprccaabfe levels· of' static would not be gene:r:~1;ed at this" speed \ ~}: •

•• I' • ',' ••

and

"'(3) 'Tl1e ·requisit~. high levels coul.d only be .generated whilst the vehi.cfe was
,:' proceeding to e:,$ite; ·but if gcnor-ated' they 'mign·f not be d.issipated by the

time spraying cOinmenced. : This means that the level's of' static during spraY;::6
woul.d be greatest at'thc start 'of the operation and fires' due to"this cause
wouldg!3r),~ral1y .p.e expected to occur immediatelYr~:pTayingcommenced.

Whilst this. factor is worth beari!1g in miIici "hen considering future r-
incident:~. in whi,chthe cause is not obvious ,·it must-vbe remembered that this I
cause is not considered impor.'tant at· petrol:tgling' stations. Here conditions
could be considered ideal for a, hazardous· discharge since an earthed donduct-- ~,
ing petrol pipe line is brought near to the tank of the vehicle.
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SUPPOSED CAUSbS OF FIRES AT~ BY FIRE BRIGADES
c," ., ~ • t •. . .~ .

An examination of. the reports of all fires attended by Fire Brigades in
the United Kingdom during 1956 revealcd'12 which occurtreddn binder' spraying
appliances. It is believed that there are about 250 major appliances of this
type in the United Kingdom and that they are in use almost exclusively during
the eight months March to October. Thus, fires that required firebr;gade

, assdstance occurred at the rate of 1 for each 21 major appliances; or, taking
the time factor into account, the rate of incidence was ·roughlJ'·7 per 100
major appl~ap.c~~ at risk per year. Considering the nature of the process and
the material involved, this rate of incidence is not unexpected~ high; it
~s slightly io:-~c.~·~ for example ,. than that in grass-drying appar-abus , ,

..

Of the 1,2 'incid'ents' reported, 6 o'ccurrcdin July, 2 in March and 1 in
each of· the months.April,·June, Sept~mper and October.

"~ ;' ", : .: " .',;. .., .

The causes of these fires were varied. Four were due to' the ignition of
accumulations or leakages of the binder; in three of them the source :of
ignition was the heater and in the other it vias burning rags used to' heat the
jets. In three 'incidonts there was said to be allblm-/-back" at the heatez-;
tl1.is igtlited binder being sprayed in two ·of them, and"waste tarnon the spr'ay:
~ape" in the third. En one' of the fires the cause 'was given.' as "hot. p;Late of
burner igniting molten tar falling on it" and in another binder appe ez-s. to
have boiled over,though the reason for this is not known. 11 short"·in.n.
signal bell circui t is believed to· have ignited tar vapour in one' incident. ,.

'". .' ~

:. . . . .,. .~. " . . .,
IiL only two of the 12 fires was a material other than binder' recorded .aa

the;·material.:ignited first. one of "thes'e ~t'arted in 8 tarpaul~n yini9h,via;s :
ignited.by heat from the flue of a sprqyer; and ~he other started in fuel oil
whdch was ignited by the pilot light of.8 burne r-,

, '. , .

.' .' .·'In:no case 'wes there tiny :stiggest.ion that static electri~iJY was' in. any
way 'responsible for··thefire.·- ..." .

1.) The possibility' that sta~ic elc6t'ricity has .been:·the, cnus~' of e:Jen, ~ 'small
proportion of the. fires' which' have occurred recently in' binder 'sprayer's, fs,
remote. ..: , . . . i : '; ',

" ~... : ,.'~:, .~. ..:. ~~ ;

, 2), ....J:t .il? probable that· a numb'ero~';fires ~ill occur 'whatever pt:event'a:t.iy~.·

mea~~~ .are ad.opted. The vehic Iesvehculd, therefore, carty suitable fire {
.extiiig~i.shingequipnient. <' . "

J "

3) '·;:i.~···.a ... num~e;~f.f~res thc:oii heater- has been the igniting.sourc~•. It
would';bp ,.des.irable. fof~~eSign of the v,ehicle 'to pennit access to tlle heater
on~/rom,.~ point as ft;l.r removed' f'r'om ·the spraying bar as possible~,'· .'

.. ,':, ., . '."
r' .. +,

CONCLUSIONS

. REF'ERENCE~

!
. ..

.~ ! -: '.' .

1)' B~gin ,n" US~atic' Eiectri~ityo~ Rabber-tyred Vehicl'1s': •.
Brit!: Jour. App•..Phya, Supp, No. '2.1953 ppS83 - 87.

. .'~ ~,
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Appendix I.
, ,

The Resistivities of various Tars and Bitumens___~'•.I"""~'_'_""_¥_.__"' ••'_'. :__"'_~'

Sample's' of" ~h~" foiiowinit-j;inders we~ exaniined,:, ,'; , '. .. ~ .. . . ' . '. ,

~ f" Table 1 -. '
. '" '.

"'~~':~ri;tiOri' ,of"
·:Bihder'

.,'
-v-. ' ..

',' " .

"

R.R.. L.
Reference

' ..
""i' •

"

: ~ ..... " :

." ",'" Viscosity
(Effl\D{ .time from "the, "
Standard Tar Viscome~er)':. ., ..

26 sees. at 4000
28 secs. 11 .It

tI t1

too ."
" "

Coke-oven: tar ,
Vertical' Retort 'tar
r-rlainly h6ri,zorrtal~"
,retort tar " :
',;Kerosin~' cub-back ,

b'itumen' (non...toxic)
Normal' c~t-ba:6k, '
.bHumen,'.. . " .'

5642
5638

. '.

5572 .,

"

: ,

5588,

5633.
"

11

; : ':

40 ·:,~~cs.

6Q sec.~~" II

. ,
"II ..

II

-, ~.. .' ..
r ~ .'

:
"

~,

( ',1

_.

..'

.. ~'

: .

.' ~ : .' ': .

.. ~. ~. . ~

'tj , ,
\

".:,'. ",Th~ .resistance ,of ~ a bulk 'of ea~l). 9,f the s'ampl~s"w~'s measured-by the,
',arra~~II!-~nt ,illustrated in i"ig.2" the container in e~~~ cEiSe'::he~}~e,tin.,
in which'. the: a'ample was delivered '.. ~,' ." . ~ ",L" , : .,'," -:

~ • ~~' ,:.., .: "':', .'•••••• " ," '.~ ,,_... • .... ' ,~," ~I. • ... i"

". " i '. :' ..There5ist~ce ~~tweel} :,tW~i concentr-to
. ,. e~ Cr \,/ .' . I conducfcr-s 'of "3:.ength -t in' te~ of

J.(,.~ v:'. " r. ire... , the. resistivitj p of the !m¢di~ between
:th~JIl is given by:. " .. ' . ,;"
. R = fY~·1T·t ~~e""';llj (~).

so that P~ ~1f~''Y--4-,,:~ " ,:', y2]'
In -the case' il1~~t~'atel there, w'ili 'b~" :.. ',
an' end effect as soodated with, the ~ed-

,hun be'l.ow thO ~ bottom of' ,the ..16, 6.•.",;g•.
probe. The, order .6f':the resultant' ,.;. .
'redu:etiOli'.·in. rcsistanc'e 'cah: be ';assessed~'"
,by, compar-Ing the r-es :i.stance~ of 'the , .-
'sections A and B in the arrangement; ....
illustr.ated in Fig. J.' .Thi's. asaerriJ]j· .,' ,
differs from that used in that the .base
is, hemisp;hcrical and that sn lines of
.current flow are taken to be perpendic­
'Ula.r to the inner and outer metallic
surfaces. The effei'ct of these asStm'lpt..;, , ,
io~ will be small. ," ,

~

- ~.\{ ~ --~
... c-"



The resistances of the two volumes A and B will be

and -- - (3)

- - - (4)

Substituting the values of r2 and r1 given overleaf

'RA :::: 0-1 b6F - cvv-J R8 ::: 0'g6F

~ Rei = S·g'7RA
To neglect such an end effect' would thus give values of p which wou.ld

be of the order of 15~~ too low. To ensure that the values of e are maxama
the importance of the end effect will be exaggerated and the value of f
taken as sa/o higher than that given by expression (1) •.

The expression is therefore taken as

p = 3lr-ey~ e,..~
The results arc given in Fig. 1 and can be 'considered to have a tolerance

of 0 f.b'- 3~6.

APPENDIX II

Causes of'firo in binder sprayers attended by
Fire Brigades in the United Kingdom in

1956

Date Supposed cause of fire

12th March
20th March
20th April
6th June
6th July
6th July

9th July

10th July

13th July
18th July

17th September

17th October

\

Heat applied to boiler ignited tar.
Blow-back from fire box ignited sprayer.
Heat f'r-om flue of sprayer ignited 4;arpaulin.,
Tar leak ignited by flame of heater;..
Pilot of burner ignited fuel oil.
Blow-back from fire box ignited waste tar
on spray t aps;
Tar in paraffin-heated boiler boiled over
and ignited.
Flame from 'heater burner ignited accumulation
of tar.
Burning rags used to heat jets ignited tar.
Short circuit in signal bell ignited tar
vapour.
Heat from hot plate of burner ignited molten
tar falling onto it.
Back-fire of tar heating jet ignited tar
be ing sprayed.

;..... ,"..,

/
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FIG I. RESISTIVITIES OF TARS AND BITUMENS




