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(Pape)' No. 2633.) 

"The Electric Lighting of Danger Buildings." 

By CHARLES FRElrEX JEXKIK, B.A., Assoc. IlL Inst. C.E. 

THE danger from ordinary electric lighting, ca rried ' out in accord­
ance with such rules as those drawn up by the Phoenix Fire ' 
Office, will soon be able to be estimated from the statistics of the 
F irc Offices. It is probably , ery small, but is certainly not non­
existent; and it must be r emem bered that for every fire of sufficient 
magnitude to come under th e notice of a. Fire Office , there must 
be many trifling cases of fire, overheating, and sparking, anyone 
'of which would be sufficient, in a dusty powder building, to cause 
a di sastrous explosion. 

These considerations ~ow the ne~essity for taking much greater 
precautions in danger b~ings than in others. At the same 
time, the danger arising from electric li ght , ar ies immensely in 
different classes of buildings, all of ,,'hich may come under the 
definition of" Danger Build ings " as gi"len in the Explosives Act. 
Proba bly the mos t dangerous buildings are those used for some of 
the p.rocesses of gunpowderananufacture, such as granulating and 
pressmg. " 

This Paper contains a description of the syst em of electric 
lighting, devised by the Author, adopted in some of the danger 
buildings of this class, at the Royal Gunpowder Factory, ,Yaltham 
Abbey. At that factory, as is often the case, the powder build­
ings are spread over a considerable tract of Iow-lying ground, 
covered with trees, and intersected with numerous "'at.er-channels. 
The trees are valua bIe as screens in the cases of explosion, and the 
water furni shes both motive-power and sa fe means of transport. 
The buildings are light brick and wooden stl'l1ctures, partly 
surrounded, as a rule, by heayy t rayersers, designed to pre"lent an 
explosion from being communicated to th e other huildings in 
their neighbourhood. I nside is the machinery. In" Dnsty 
Buildings," when the machinery is at work the whole house is 
filled with a cloud of powder dust, ,,-hich settles over every­
thing, and, issuing from the doors and windows, covers the out­
side of the buildings and ground in the vicinity with a thin 

. layer of explosive dust. In" Non-Dusty Buildings" there is 
comparatively little dust, though there is in most machine houses 

, 



368 JE~:r;;:IN ON ELECTRIC LIGHTIKG OF DANGER BUILDINGS. [Sclccted 
enough to cover the interior with a considerable sprinkling, but not en~u~h to cause any appreciable quantity to settle outside the bmldlDgs. In both classes of buildings there is alway 'd 11 . 

s a 
conS1 era) e quanbty of powder undergoing the process of manu-facture. The layer of powder-dust is sufficient to transm 't ' . 

. " . 
1 19D1-bon from any pomt ,ntlun t.he limits of the" dusty area" wl . t " t 1 b 

1ere 1 may ongma e to t le ulk of th e powder in the buildinO'. Th powder-dust, then, is the chief cause of the dallger, since the l eas~ sp.ark, or other cause of fi re, occurring within t.he "dusty area" wl:1 :ause an e~pl.osion of the whole of t.he powder in the bmldmg. The d1stll1~tion between dusty and non-dusty houses has been long r ecoglllsed, but having regard to the precautions ll~cessary to mak~ ele.ctric ligh.t safe, the Author slightly re­arranged the classlfica b on accordm g to the following definitions. Dnsty HOllses are those in which the operation carried on produces such an amount of dust that the ou tside of the buildin and the ground in t he neighbourhood may hecome covered wi~ a layer of dus.t sufficient ~ o cO~1l1lUn icate any fir e occurring wi thin th~ d~ sty regIOn to the l,ntenor of the building. The following bmldmgs at t:le Royal CTllDpowder F actory are classed as dusty houses ;- dustmg houses; granula ting houses ; hreakinO'-down houses; press houses. 
" The ~eighbour~ood of a dusty house, namely, t.he whole area oyer whIch explosl,e dust may collect in sufficient quantity to be dangerolls, has been called the "danger area ." (See Home Office "::IIemoranuum on E lectric Lighting of Factories and Magazines for Expl.asi:-es," D:cembcr 3],189 1. ) The boundary of this area is necessanly l?d~filJlte . It depends on the rate at which dust escapes f:om the bmlchn g, the nature of the ground, the climate, and par­bcularly on the length of the longest spell of dry weather which may be expected. At 'iValtham, the Author having consulted with the men of longest :xperience in the factory, fixed the boundary of the Tdanger area at 00 yards from the nearest part of the building. ]\, on-dusty hOllses are those where there is never a sufficient amount of dust to cover the exterior of the buildin O' or the O'round in the neighbourhoou. The foll owing building: at the" Royal Gu?pow~er Factory. are classed as non-dusty houses ;- incorpo­ratlDg mIlls ; mouldlDg how-es; stoves ; magazines. 

I. Dl-STY H OI-SES. 
If it 'were possible to keep all the electrical apparatus outside the" danger area ," it '''ould render the light perfectly safe, But 
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it is clearly impracticable t.o light the interior of the building by lamps 50 yards from the nearest part of it. It is, however, possible to keep much of the apparatus outside this area, and to protect that part inside it in such a manner as to render it extremely safe. 

The appliances which must be in side the" danger area" are, obviously, the lamp and the leads to it. Nothing else should be allowed inside the" danger area." And further, it is not necessary to take even the lamps inside the building, for sufficient light can quite well be obtained from lights outside the windows. Before descI'ibing the precautions which must be taken to make electric light safe, a brief list of the possible sources of da nger is given;-Sparks at any point within the" danger area. " ar ising froIn; ­(1) A broken wire; (2) Connection between positive and negative leads; (3) The blowing of a fuse; (4) The action of a lightning protector; (5) The opening of a switch; (6) The breakage of a lamp ; (7) Lightning flash . 
Hcat.-(l ) Of the lamp itself; (2) At the lamp-holder; (3) At any defective joint; (4) 'In the leads; (5) Owing to leakage or partial connection between positive and negative leads ; (6) Owing to leakage to earth. 
Ili order to avoid these dangers, the following precautions should be taken. 
Sparks.-( l ) The wires must be protected from breakage. If there are trees near, the wires must be taken underground, or t.hey will be liable to be ' broken by falling branches; (2) The leads must be k ept apart and \Yell insulated, or else enclosed in a dust­proof case ; (3, 4, 5) Fuses, lightning protectors, and switches must i:tot be admitted inside the danger area; (6) The lamp must be protected; (7) Lightning protectors must be placed close outside the clanger area, to prevent lightning being carried to the building by the wires. 
Heat.-(l) The lamp must be enclosed in an outer globe, of sufficient size t o keep cool; (2) Suitable lamp-holders must be used, and they should be protected , like the lamp, from dust; (3) J oints in the wires should, if possible, be avoided ; (4) The leads must be thoroughly prot,ectecl by fuses; (3 , 6) First-cbss insulation, suitable for the special conditions, should be nsed; great care must be taken in selecting the method cif support for the wires. 

,Yith these conditions in vie"-, the Author arranged the follow-ing system ;-
The main leads, which 
[TIrE INST. e.E. VOL. ex.] 

are carried overhead, t erminate at an 
2 n 
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"A" post (Fig. 1), situated at least 50 yards from the building to 
be lighted, on 1\'hich is fixed the .8,,·itch-box, which contains all the 

Fig. 1. fuses, switches, and lightning protectors 
I .. · .. x· used in connection with the building. The 

(;- ; leads from this box, consisting of a pair of 
insulated wires to e-very lam p, are carried 
underground through iron pipes to the 
lamps. The lamps, whi ch are all outside 
the buildings, are supported in front of the 
windows on lamp-posts of various forms, 
designed to suit the special circumstances 
of each case. The principle aimed at in 

<c the design of these is to provide a support 
'C) for the lamp entirely independent of the 

building. 
Figs. 2 show two forms of lamp-post. 

I n all cases the wires are carried up to the 
lamp enclosed in an iron pipe, on the end 
of which the lamp is fixed . The pipe used 
is wrought-iron steam -pipe, with ordinary 
socket-joints, coated inside and out by 

. Angus Smith's process. It starts at the 
"b~77fJim=~m ..... , .. switch-box, to which it is fa stened by a 
flange, and runs underground to the building, where it branches, 
as required, to the various lamps. The size of the pipe is deter­
mined by the number of wires which it has to carry. The follow­
ing Table shows t.he sizes which have been found most suitable 
for different numbers of lamps, each lamp having two wires. 

L amps 1. I nside diameter of pipe. 
2. 
3,4. 
5,6. 
7,8. 
9, 10. 

I ncbes. 
1 

It 
J ~ 
It 
2 
2t 

Cast-iron" drawing-in boxes" (two patterns of which are shown 
in Figs . 3 and 4) are placed at all the angles of the larger pipes, 
and the same box is used wherever the branches leave the main 
pipe, except that a smaller box is sufficient at the junction of 
the branches leading to single lamps. Drawing-in boxes are not 
necessary at all the bends of these smallest branches; but where 
theya.re not used, running joints are pro-vided on both sides of the 
b ends. The insertion of these boxes at the bends and branching 
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Pigs. 2. 

Figs . 8. I: 
, I 

Figs. 4. 

2 B 2 
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points greatly facilitates the drawing-in of the wires. No tees or 
elbows are allowed, on account of the sharp edges which are left 
inside these fittings. The sharp edges left on the insides of the 
pipes when they are cut are carefully remo'l'ed before the pipes are 
fixed in their places. Those ends of the pipes which are screwed 
into the drawing-in boxes are belIed out slightly so as not to catch 
the wires as they are drawn in. The joints are all made with 
red lead, including those round the lids of the drawing-in boxes. 

The leads to the lamps are single No. 16 copper wires, insulated 
with vulcanised india-rubber and lead-covered, supplied by tbe 
India-rubber, Gutta-percha and Telegraphic 'Works Company, with 
a guaranteed insulation of 300 megohm miles. No joints are 
allowed in the leads ; but as the wire is made in long lengths, this 
causes very little waste. The wires are drawn into the pi:ges, after 
they are completed, by means of soft spun-yarn ropes. The boxes, 
though small, give ample room to bend in the bight of t.he wires 
without kinks. 

The switch.~box is shown in Fig. 5. It is made of teak, of 
watertight construction, with either a wooden or a slate back on 
which the switches, &c., are fixed, and a slid ing wooden front. 
The positi'l'e and nega tive leads enter the box through two 
Johnson and Phillips' fluid insulator "leading-in pipes," on 
opposite sides, and are joined to the hI-o main fuses. Tbe 
fuses are in turn connected through two lightning protectors to 
the two main switches. From the switches the leads divide and 
are joined to the two rows of single-lamp fuses. The lead­
co,ered wires are connected to the other terminals of these fuses, 
and pass stra ight down!into the iron pipe, the end -of which is fixed 
to the bottom of the box. A wooden ring is fitted round the top 
end of the iron pipe to preserve the wires from getting cut, while 
they are being ben t into position. The earth plates of the 
lightning protector are connected to the iron pipe. 

The lamp (Figs. 6) is a modification of tbat in'l'enteel by Colonel 
Watkin, in 1885. It [consists of a cylindrical cast-iron piece a, 
tapped to screw on to the end of the iron pipe carrying the leads, 
anel fitted with a nippl e on to which the lamp-holder is screwed. 
The outside of the piece a is scre'Yed, and fits into the cast-iron 
piece b, which forms a co,er to the g lass globe e, t o which it is 
attached by the copper st raps d. The joint between the glass 
and iron co,er is made with an asbestos ring. A long-necked 
glow-lamp e is u sed, helel in tbe holder f. Tbe hole in tbe 
cover b is sufficien tly large to allow the lamp e to pass easily 
throllgh it. The globe is fill ed with water (with a small amount 
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Fig. 5. 
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of glycerine to prevent its freezing), to within i inch of the 
top. On the top of the water oil is poured up to the level of the 
fillin?-hole g, which is afterwards closed with a screw. A part of 
one sIde of the globe is silvered on the outside, arid the rest of that 
half painted with white enamel. . 

The details of the method of attaching the lamp-holder, and 
leading in the wires, are shown in Fig. 7. The cast-iron piece a is 
recessed slightly near the bottom; and the nipple, which is tinned, 
is run in with sulphur 8. Fitting loosely inside the nipple, and 
projecting above it, is the earthenware in sulator t, which has two 
small holes formed in it, through which the bare wires 10 (the 

Fig8. 7. 

insulation having been removed) are threaded. rt rests at the 
bottom, on the insulator, in the lamp-holder. Two small holes, t', 

are drilled in the sides of the lamp-hold er, level with the top of 
the lamp, to allow the oil to enter and circulate. The glow­
lamp is kept cool, and dust is prevented from settling on it 
by the water. The oil greatly r educes evaporation, and prevents 
the condensation of water on the lamp-cap and interior of the 
holder. This point is of great importance, since, if the plaster of 
Paris in the lamp-cap gets wet, heat is rapidly generated, and the 
metal contacts corrode by electro-chemica.l action. The oil also 
serves aR an insula tor and cooling agent round the lamp-holder, 
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and prevents dust settling there. It likewise seals the asbestos joint. 
The object of the sulphur is to insu late the lamp-holder. The 
earthenware insulator is to preserve the insulation on the wires 
from the decaying action of the oil. The expansion of the water 
and oil with any air they may contain, and als.o the expansion of 
the air enclosed in the top of the lamp, cause the oil to rise 
slightly when the lamp is hot. This takes place without the oil 
coming in contact with the rl1bber insulation. The shape of the 
insulator is designed to prevent t.he creeping up of oil by capillary 
action. 

The Author tried many sorts of oil, such as rosin oil, rape oil, 
heavy hydro-carbon oils, and paraffin '~·a.x; but fai led to find any 
,yhich entirely preyented evaporation of water at 140° Fahrenheit. 
A heavy hydro-carbon machinery-oil was found sufficiently good; 
and by the special construction of the lamp the condensation of 
any moisture which does evaporate through the oil cannot take 
place on the wires, contacts, or lamp-cap. 

To replace a glow-lamp, all that is necessary is to unscre>y 
the cap b off the plug a, and carefully lower the globe, full of 
water and oil. The lamp can then be changed, and the globe 
replaced. The joint round the top of the globe is ne,er broken; 
and there is no risk of spilling oil and water. 

The Author made a few experiments to find out what size of 
globe "'as necessary in order that no part of it should get too hot 
,,-hen the lam p it conta ined "'as run continuously. The maximum 
allowable temperature, recommended by H.M. Inspector of Ex­
plosiYes, in the" MemoranduUl on Electric Lighting' of Factories 
and Magazines for Explosives," is 140° Fahrenheit. Four globes 
of different sizes (Figs. 8 next page) were tested; the results were 
as follows ;-

Globe A, cCn1taining 8 ounces of water, hoiled in 
two hours. 

n, cou taining 130 ouuces, attained a maximum 
tempera t.ure of 15Gc Fahrenheit. 

C, 200 ouuces attained a maximum tempera­
ture of J 32° Fahrenheit. 

D , ]82 OUDces attaincd n maximum tempera ­
ture of 13F F:1hl'cnhen. 

The o-low-lamp in each case ,,-as absorbing GO watts. The 
t emperatures given are those of the surfa.ce layer of water in the 
globe; . the temperature of the surrounding air being GO° F ahren­
heit. Globe D is that adopted in the lamp above described. 

A safety s,,-it ching-off de,ice is appli ed as follows; A weigbt is 

/ 
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attached to the two main swi tches by a wire over a pulley so as to open the circuit. A pull-wire is run from the switches to some convenient point within reach from the building, by means of which the switches can be pulled on, raising the weight. In the e,:ent of any defect appearing in the lighting, the release of this wue will at once entirely disconnect the leads. If this wire, in course of time, breaks, the defect will show itself at once. The Author believes that these arranO'ements fulfil all the conditions laid down. The following points may be specially noticed ;-
The wires are entirely enclosed in dust-tight iron pipes the "'hole way from the switch-box to the lamps; that is, for the 

8 
.. ·,. 

, . . ···· s% .'. c" 
A _ ___ ._J.. 

--.----- .. Jr,,' --------

Figs. 8. 
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whole distance traversed within the danger area . The iron pipe will not only keep out the dust, but tend, in case of any short circuit, to de,elop it rapidly, and so to blow the fuse. There are no joints in any of the wires. The wires, being lead­covered, are 'Well protected against wet and i~on rust. The draw­ing in of the wires is easily and quickly accomplished. The fus es are set to blow at four amperes, well 'Within the sa fe carrying capacit-y of the wires, and far abo,e the regular working current. '1'hus there is perfect protection, and yet the fuses will be quite cold in ordinary 'Work. The main f\lses are only intended to act if lightning short-circuited the dynamo. They are also very large for the normal current. 
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'1'he lamp globe, already described, affords complete protection from the danger of the lamp itself. 

n. N'O:\-DUSTY HOUSES. 

In lighting non-dusty houses, many of the sources of danger before enumerated do not exist. 
Spal'lcs.-There is no danger from sparks if they are kept clear of the building. 
H eat.-There is no danger from heat if it is kept clear of the building. The following precautions are therefore sufficient :-Spal-7cs.-The wires need only be protected from breakage, or short-circuiting, in the immediate vicinity of the building. The fuses, &-{;., need only be kept a few feet off the building. '1'he lamp, which is necessarily very near the building, should be pro­t ected from breakage.- A lightning protector should be fixed on the main leads at a little distance from the bui.lding. Heal.-The same precau tions, as in the case of dusty hOUS~Sl are necessary, but only in the immediate vicinity of the ~uilding. The following description gives t.he par ticulars of the method of lighting -non-dus~' houses :-The main leads which a·re carried overhead t erminate, as before, at an " A" post, si t.uated at any convenient point near the building, on which is fixed the switch­hox, containing, in this case, only the two main switches, main fuses, and ligltni.ng· protectors. The leads (insulated) from this box are carried overhead again on posts round the building, at about G feet from the outside wall. The same lamps are used, fixed, as before, on posts outside the building, in front of the ,yindows. The connect.ion between the leads and lamps is made as follows :- One of the supporting posts for the overhead leads is fixed opposite every lamp; each of these posts carries a cast-iron fuse-box, containing two single lamp fuses; from this box a I-inch iron pipe runs overhead to the lamp, a distance of about 6 feet. Branch wires are attached to the overhead leads, and carried into the fuse.:box, and connected t.o the fuses. From the fuses, two wires are carried in the iron pipe to the lamp. Figs. 9 show this fuse-box, and F ig. 10 shows the general arrangement (see next page). By this arrangement the leads are kept sufficiently far from the house to be safe, in case of their breaking, while the branches to the lamps, which necessarily approach the house more nearly, are completely enclosed, and also protected from mechanical injury. There is a fuse on every lamp, as before. 
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In conclusion, a few words may be said about some other classes 
of Danger Buildings. At Waltham Abbey there are, besides the 
powder factory, a gun-cotton factory, and a cordite factory. In 

Figs. 9. 

Fig. 10 . 

.... ;_ . .. 6 o . 

the gun-cotton factory, since there is no dust and hardly any gun­
cotton in a sensit.ive state, no special precautions need be taken 
beyond t.hose necessary in an ordinary house or factory, except 
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that the acid fumes should be specially guarded against. Such 
lamp-holders as Messr~. Woodhouse and Rawson's chemical holder 
may be used. In the cordite factory, as there is no dust, the 
lamps may be taken inside the houses, but should be protected by 
suitable globes. Also the leads should be entirely enclosed. The 
fuses, &c., should be outside the buildings. A modification of . the 
first system described may be used, canJing the pipes inside the 
buildings. The dry gun-cotton buildings should be treated like 
dusty gunpowder-houses. 

The illustrations have been reduced and engraved from the 
tracings which accompanied the Paper. 


