ICATIONS.

 LIGHTNING ROD GONFERENCE.

——

REPORT
L

‘OF THE

DELEGATES FAOM THE FOLLOWING SOIETIES, VIZ. -

METEOROLOGICAL SOCIETY.

_C. Brooke, F-R.S., Past President [THE LATE].
E. E. Dymonn, F.M8., Vice-President.
@. J. Symons, F.R.8., President.

ROYAL INSTITUTE OF BRITISH ARCHITECTS.

Pror. Lewis, F.8.A., Vice-President.
J. Wauicncorn, F.8.A., Past President.

SOCIETY OF TELEGRAPH ENGINEERS AND OF ELECTRIGIANS.

~ Larmer Crark, M. Inst, "-C.E., Past President.
W. H. PrexcE, F.RS., M. Inst. C.E., Past President.

PHYSICAL SOGIETY.
R.S., Past President.

pendices.

of Lightning Conductors ;

ARY, G. J. SYMONS, F.RS.

=
" &

b
o s




single or bifurcated. Upper
’wh%oh is between the top @
ny connection between any !
‘main portion of the eominﬂm‘,
golid rod. Circuit des Faites.—

the conductor in the ground,
hoped, supply all adﬁonnl

W

ase, the battlements of a Y

1
|

-



g ‘ REPQ?% .

Tae Delegates are of opinion that it will conduce to clearness of state-
_ ment if their Report be divided into three sections—

(1) The purpose which a lightning eonductor is intended to serve.
(2) A statement of those features in the construction and erection
of lightning conductors respecting which there has been, or
is, a difference of opinion, and the final decision of the

Conference thereupon. ¥

(3) Code of rules for the ereoﬁo# of lightning conductors.

Srcrion I.—The purpose which a Lightning Conductor 18 intended to
A flash of lightning is the passage of an_electric spark between two
bodies oppositely or unequally electrified, and between which the
difference of electric g:essnre or potential is sufficiently strong to break
across the air space which separates them, and to produce what is known
as a disruptive discharge. A flash may pass either between one eloud
and another, or between a cloud and the earth. In the former case
mis not likely to be done, in the latter damage is or is not done,
wceording to the point at or from which the lightning strikes. The
more any object ro'i'eots above the general level, the less is the distance
between it and the cloud, and as the less the distance the less the resist-
GRS i TR 4l b G ~ ance offered to the discharge, high objects are, cateris paribus, most
Pre. oS4 S S8R Py drevey  frequently struck. Some substances, such as copper or iron, can con-
Wl GG R . ducta large quantity of electricity with facility, and are called good

ST
B

i
FA

~ conductors. Other substances, such as living vegetable or animal
 matter, offer much obstruction, and form only partial eonductors ;

: i ) Yol |

* while dry earth, stone, and wood almost entirely prevent the passage
" of electricity, and are very bad conduetors—in fact, insulators.
i mr e ce, a man may with perfect impunity clasp a copper rod
~ aninch'in diameter, the bottom of which is well connected witrixemoist
~ earth, while the top of it receives a violent flash of lightning. But if
the electricity does not find a path pre for it, it will utilise such
partial conductors as may be reasonably near, for exam&le—-the heated
~ air from a kitchen chimney, the soot inside, and then the metal range
- at the bottom ; here, however, stone oz material is generally found,
~ which will not conduct it, and then it dashes across the kitchen at some
- - gas or water pipe, or some pump or dr in leading to damp earth, doing
~ serious damage on the way : or it may meet some tree in its course and
rend it fmmto&'w bottom, and if the human body intervene life may
be destroyed. Mechanical injury is ﬁbﬂnoted only where the conduc-
rfect. || :

. tionfort dischargo i im )
A lightning conductor two functions : it facilitates the dis-
olmga of the electricity to the earth, 80 as to carry it off harmlessly, and
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{ Al
sme by silently neutralising the
18char, inthondghhourhood of the
i. ing eonductor should offer a line of
s and more accessible, than any other
nts of the edifice we wish to protect.
onductor should be surmounted by a
flames have the property of slowly
cal charges ; they, in fact, act as
"d;"fmiihn points be high enough to
he building no matl;g from %vhat
‘be of ample dimensions and in
on with the earth, the edifice with
and the conductor might even be
e heaviest storm without risk or

) be due to a neglect of these simple
st frequent sources of failure are con-
T height, or conductivity, bad joints,
ections. There is no authentic case on record where
icted conductor failed to do its duty.

" Statement qf‘ﬁb&e Jeatures in the construction and
Lightning Conductors, respecting which there has been, or
nce of opinion, M the final decision of the Conference

Joints. Height of Upper Terminal.

Protection of Rod. Testing Conductors.
Attachment to Building. Internal Masses of Metal.

) Earth Plates. External Masses of Metal.
Rope, | Space Protected.
ing with the extreme top, we have first to deal with
points. The utility of points was hotly contested
a century sinee, and an abstract of the discussion
ppendix ¥, page (79), and difference of opinion still
precise functions and value. The decision as to the
ts is complicated by two opposing requirements (1),
int the momd the silent discharge of electricity,
the more effective the conductor ; but (2) the sharper
ore easily is it destroyed by oxidation, or fused, should
ve discharge fall upon it. UM LR 2
6 been made by the use ofn%old, silver, and platinum, to
point which should not only be durable, but mn%‘to
g point, resist fusion by a disruptive discharge. But
very expensive, and the statements in Appendix F,

8, 103, 123, 128, and 139), prove that even platinum
‘damaged. Copper points wLo seationdl aroh i less
jare inch are very lLiable to be melted. I

pper rod 10 sq. in. in asﬁ?mllm,m, ’35@1.1!1
hero are many rods still standing of which the extremity
Linto a button ' R R T,

ol HARE T querds

i

 the cost of copper for
~ dearer than iron. But there are other matters to be considered: (1)

Lr d

|

 For these reasons it seems best to separate the double functions of
the point, prolonging the upper terminal to the very summit, and merely
bevelling it off, so that, if a disruptive discharge does take place, the
full conducting power of the rod may be ready to receive it, and, there-
fore, that there may be no risk of melted particles of metal setting fire
to the building, as has occurred. [Appendix F, p. (93).]

At the same time, having regard to the importance of silent discharge
from sharp points, we suggest that at one foot below the extreme top
of the upper terminal there be firmly attached, by screws and solder,
a copper ring, bearing three or four copper needles, each 6 inches long
and tapering from } inch diameter to'as fine a point as can be made;
and with the object of rendering the sharpuess aspermanent as possible,
we advise that they be platinized, gilded, or nickel-plated.

Vanes, finials, and ornamental ironwork so frequently form the
upper portion of edifices, that it is essential to consider their relation
to the conductor. They should always be in perfect metallic connec-
tion with the conductor. The possibility of such metal work inducing
the charge to desert the conductor for some other path is sometimes
suggested, but it could not happen unless the conduetor were out of
order, ¢.g., of inadequate conducting power, or had an imperfect earth-
contact.

With respect to factory chimneys, a different practice prevails in
England from that which is nearly umiversal on the Continent. In
this country one straight rod is usually carried up on one side of the
chimney to a height above the top about equal to the diameter of the
chimney. On the Continent two arches of iron are put crosswise over
the aperture of the chimney, and a vertical rod is carried up from the
intersection. In both systems the upper terminal suffers from the
corroding effect of the fumes from the chimney. Dr. Mann thought,
Appendix F, tE (1382), that considering the ready path for lightning
afforded by the heated smoke discharged from chimneys, a coronal
conductor should be placed upon them, as well as a multiple point.
Messrs. Gray say, Appendix A, p. (9):‘“ For high chimney shafts we fit
a copper band round the top, and four points thereon connected to main
down rod.” The Edinburgh Gas Works chimney, 341 feet high and 14
feet across at the top, was fitted with a conductor under the advice of
Faraday, Appendix F, p. (89). If had an iron plate on the top;
F directed that the rod should be connected with this plate, and
the terminal should rise vertically 6 feet above it.

. We are of opinion that a coronal or copper band, with stout copper
%)o , each about 1 ft. long, at intervals of 2 or 8 ft. throughout
e circumference, will make the most durable and ‘ﬁenemlly useful

protector for a factory chimney, but these points should be gilded or

otherwise protected against corrosion.

' MATERIAL FOR CONDUCTOR.—Iron and copper are practi-
cally the only two metals which need consideration ; brass, which has
sometimes been used, is so perishable that its employment is a self-evident
error. ‘We will assume the conductivity of equal lengths and weights
of iron to be, in the case of steady eurrents of electricity, tth that of
copper, and the cost of iron to be }th that of copper, this would make
al condueting power £ths, or 50 per cent.

)
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uyﬁnlgement, as well as by the sectional area of the eonductors.
whole we with the opinion quoted below, from a writer
] ‘the United States as a high authority on lightning
 who, after describing and engraving more than fifty
rods, says :—* H -
improvements in the said cond]{lctors are, in nearly all cases, worthless,

and unimportant character. The fact is, the said conductors are quite
in no megltml improvement upon the ordinary round iron rod used

e the only forms at all generally employed are :—
d or square); Tubes; Tape; Ropes (wire, or wire with
s Plait. e
: uare).—The advantages and disadvantages of rods
7 stated. sq.I?he advantages arege:heir durability and their
the latter being of importance for long upper terminals. The
ges are the necessity for numerous joints, and the difficulty
s serious disfigurement to the building to which they are

have much the same merits and demerits, with the additional
that they are necessarily of larger diameter than solid rods,
ore more conspicuous. They have also an additional disad-
in that they are gemerally joined together by screw collars.
of the thread in the tube seriously diminishes the sectional

e joint so made is electrically defective. If tubes are used,

should be made as directed in the code of rules under the
oints.

e is & form of rod which is of comparatively recent introduetion,
ssesses many advantages. Foremost among these is the length
san be supplied in a single piece. = Where, as at the junction
_upper terminal, a joint is needed, it is easily made by ping
ing the two surfaces together and then imbedding the whole in
 solder. No kind of coupling known to us is, in our opinion,
this very simple one. Owing to the flexibility of the tape it
do to follow closely the outlines of a building, or may be
nk in it, and painted over, but, as stated further on, abrupt
ould be avoided, and the precautions and instruction set forth
15 and 16 should be followed. The objections to tape,
A, pages (5) and (16), will be found to be objections, not to
se, but to bad practice on the part of some persons who have

t up and availed themselves unduly of its flexibility.

—For many years past rope

- of iron wires has been largely employed for lightning rods.
on record a very remarkable case of the complete destruction
5 wire rope, an event wh if it had been repeated, might
n regarded ¢ objection to the use of ropes.
y reported ¢ F, pages (62-63) ; and from it
icians that lightning may single out
g them in preference to the rest,

-ﬁbl'li‘"gj'ople;ah& travel

ghining Protection,” p. 121.
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re hardly sufficient to give it a free
been the explanation, this accident
we acoept the explanation given, the
is the soldering of each extremity
od, and at every joint, into a single
thinking that serious evil arises from
‘f’ﬂmvdves an additional number
of dirt, smoke, and water, and at the
in effectually to resist oxidation. We
diameter, o of 49 strands of
@., say 0'04 in. in diameter. On
pploying No. 10 B.W.G., ie, 0014
NPOGAB and even 7, which would be
umeter respectively : these would not
scessarily greater with iron ropes, even
ixm?seoﬁve of the doubt as to the
ere is the greater brittleness, and

[ dame fective continuity.
Hemp Centres.—One English firm sent us 2
and eopp?mth a hemp core, and we understand
ftern is occasion ynsed‘bothinirmandoopﬁ'm
o not know the precise object aimed at—probably
nsid the perishableness of such a core, its
i vorometric state of the air, and its
oomis* irying with temperature, we cannot

s probably designed in the belief that
ning rod was plenty of surface. Tt is
about No. 16 B.W.G., plaited into
on as much as is possible, and is in
W » original form of this
pper wires and 1 zine

' 11
oint, the rod may be fused, and the discharge be diverted to the

erewed, scarfed, and rivetted joints, however well they may be
chanically, are certain to rust and corrode in time, owing to
ions and contractions due to changes of temperature admit-
ure, and thus causing corrosion and resistance. No joint can
be_electrically perfect that is mot metallically continuous and
ldering in addition to screwing, scarfing, or rivetting, is the
in mode of securing this. ~Soldering is a method that has
test of experience, and its success as a means of securing
t joints leaves no excuse for jts omission. The fewer joints
etter, but where there are joints they can only be made electrically
careful soldering. :

ECTION OF ROD.—The lower part of co rods is
s stolen for the sake of the metal. This canpmr guarded
y putting it inside a length of iron gas-barrel, extending from
nce below ground to 10 ft. above it.

ITING.— Iron conductors, even if they are galvanized, should
I - e;hroughout, except at the points, which should be gilded or
Slated.
moe and Belgium painting is resorted to to a considerable
and the practice was recommended by the late Professor Joseph
u(lil f())liOWed very largely in America. [Appendix F, pages
13). ,
CHMENT TO BUILDINGS.—The evidence against the
m or other material in order to insulate the conductor is
ing, and insulation may be regarded as unnecessary and
ous. The essentials are (1) that the rod be attached to the
by fastenings of the same metal as itself, (2) that the fasten-
‘of adequate strength, (3) that they be of such form as not to
or distort the rod, (4) that they allow play for its expansion
ntraction, (5) that they hold it firmly enough to prevent all the
 falling on any one bearing.
ere practicable it is well to take the rod down that face of the
hich is most exposed to rain.

TH PLATES.—This portion of the lightning conductor is of

ost importance, but has hitherto been the most neglected. The
of cases in which lightning has caused injury very mear to or

‘conductors are traceable to those eonductors hayin imperfect
h terminals. We know of many eases in which the terminals

o been miserably imperfect, or entirely neglected, when the above-
portion has been perfectly satisfactory. In fact, though it may
mitted that the case found by Dr. Mann,* of the lightning rod of
tower, the lower end of whieh was thrust into an empty glass
is an exceptionally bad one ; yet there are sadly too many, of

he Middleshoro® case, Appendix I, page (217), is @ perfectly fair

Soc., Vol. T, p. 420,
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'this rule, the church of Ste. Croix (see Appendix F, p.
Id require four upper terminals, one on steeple, one on
d one in the middle of each half of the transept.
eoretical considerations stated by Mr. Preece, Appendix ¥, p.
‘arrives at the conclusion that “A lightning rod protects a
whose height is the length of the rod, whose base is a circle
) radius equal to the height of the rod, and whose side is the
a circle, whose radius is equal to the height of the rod.”
snt we have not sufficient data to enable us theoretically to
he space protected by a lightning rod, and therefore we are
| draw up our rules upon the question entirely from expe-
t earth should be i here we find that, with the doubtful exceptions already
to them, or a long . there is no recorded instance of a building being struck by
one which will be ‘within a conical space, the radius of whose base was equal to
Kl o bt TR _and we think that the adoption of this rule may reasonably
5 15 tha ‘ettonlicP e, - ed to yield that security in the future, which as far as we
a lightning rod is one which done in the past.
o, because it governs the number and T OF UPPER TERMINAL.—This matter is one which
ich are required for the protection of , entirely to the option of individual architects and engineers,
o the A ix shows that ¢ Protec- ‘ arse, to the opinions expressed under the heading * Space
twenty-nine pages in different parts In France extremely long tiges, or upper terminals,
id down that the space protected was.  feet long, are used; but it is obvious that they are neces-
apex, and a base whose radius was _strong and heavy, and both by their weight and by the
oint, while the latest French official which they exert when there is any wind, they must
‘ oint W s vibrations in the roof. In England hitherto the
almost universal, and we seldom see a conductor carried
protect all the building to which it is attached. The
, noe comes in here, but concerning it we need only
at while in England care seems generally taken to conceal the
o1 , France they are, to a certain extent, made features of the
. With a proper exercise of taste, the terminals of the lightning
) ‘be made to assist the ornamentation of the building, as
lox in many cases. ‘
ING CONDUCTORS.—Periodical examination and careful
lightning conductor are requisite to maintain the system
order. Points will corfode from oxidation and fusion;
loose and bad through the action of weather and work-
ns will decay both above and below ground ; imperfec-

it o



‘ made by landlords and

ot _ion, the conductor
Fin thorough order.
celectrical. In order
etor, some firms have
erminal, one on each side
i arrangement, for it pro-
#has also been proposed
thin the rod, connected
paratus at the bottom.
. Anderson (Lightning
(226), Captain Bucknill,
Appendix M, p. (244),
, Lhe system in use in
), 18 perhaps the simplest
ng the efficiency of the
}{k its earth terminal should
s @ skill and familiarity
ntageous if some competent
he'Grovernment or by some

large and long masses
ater systems, and large
gs, should be electrically
or; but the soft metal gas-
TS. fmﬁfﬂﬁet and outlet pipes

sndently of the meter, electri-
wo remarkable cases of the

gh the ﬁre_sence of a joint.in
‘of India-rubber packing.

e constructive and
g, railings, finials, vanes,
, should be connected to
eonductor. In fact, the
itly utilized as a partially
may also be employed
dition of an ornamental
ken that the joints are
3 and it must not be
v small, so that undue
that metal.
\of Lightning Conductors.
carefully attended to in
nductor, the reasons for
10 Appendix :—
ald not be sharp, not
equal to the radius of
ring should be screwed
ich ring should be
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45 desirable that these points be 50 platinized, gilded, or nickel-

~ plated as to resist oxidation. b

r Terminals.—The number of conductors or ints to be
k ?: :fied will depend upon the size.of the building, material of
~ which it is constructed, and the comparative height of the several
. parts. No eneral rule can be given for this; but the architect
- must be gmged by the directions given at pp. 12 and 13. He must,
~ however, bear in mind that even ordinary chimney stacks, when
exposed, should be protected by *ort terminals ot_)nneowl to the
! i uch as accidents often occur OWing to the good

- sonducting power of the heated air and soot 1n a chimney (p- 9)-

is not to be ke from the building by glass or

Insulators.—The rod k il
4 " other insulators, but attached to it by metal fastenings- p-11.)
"’ ing.—Rods should ferentially be taken down he side of the
building which is II:';t e to rain. They d be held
firmly, but the holdfasts should not be driven in so tightly as to
sinch the rod, or prevent the contraction and produced

By changes of tem .

F Chimneys.—These should have a copper b8 ound the to’&;
an?stout, copper points, each about 1 it. . at intervi
of two or three feet ughout the circum{erence, and'the rod sho:llld

in or near the

" e connected with all bands an - metallic masses
i chimney. (See p. 7.)0xidation?&};_'the points must be carefully
ntal Ironwork,—All vanes, finials, ridge ironwork, &c.»
" should be connected with the conductor, and it is not absolutely
. necessary to use any other point than that afforded by such orna-

:  mental ironwork,-providedv the connection be perfect and the mass

" of ironwork considerable. As, however, there is risk of derange-
~ ment repairs, it is safer to have an independent, upper
 Material for Rod —Copper, weighing no less than 6 oz. per foot run,
PRIy 'uthhe'oondueﬁvity ogevfriaiohl%s not less than 90 per cent. of that of
_pure copper, either in the form of tape or rope of stout wires—no in-

' 3 B.W.G. Iron may be used

wire being less than No. 1%

ot weigh less than 23 b, per foot run. (See pp. 7 to 10.)

' electricity of high tension will jump across bad
ov diminish the efficacy of the conductor ; therefore every
sid hoing well clea «'; L 1‘-!01‘9W6d, scarfed, or rivetted,
: ughly soldered. . (See p- 10.)

—Copper rods to the height of 10 feet above the ground
should be protected from injury amnd theft, by being enclosed in
ipe reaching seme distance into the ground.

va - or not, should be pa.inted;
not according to architectural

yture.—The rod should not be' pt abruptly round sharp corners.
‘the rod between two points be

Tn no case should the length of
‘more than half as long again a8 the straight line joining them.
‘Where a string course or other projecting stone work admit
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for expansion, &c.
cticable it is desirable
s masses of metal, such
1 external ; but it should
i and from internal gas-
ce page 14, Church Bells

e lower extremity of the
damp soil; hence proximity
s desirable. It is a very good
close below the surface of the
lowing methods for securing the
th. A strip of copper tape may
the nearest gas or water main
ed to it ; or a tape may be
ft. and - in. thick, buried in
¢ einders or coke ; or many
ach filled with coke, taking
in the previous cases, not
1 1s used for the rod, a galva-
ns should be employed.
ertific the architect hould
ined and tested by a qualified
p to the latest period of the
en from the carelessness of

the explosion of fire-damp
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: s 4, DENARTHNENT .
“#. No.481 C,dated 26th. Fepruary 1883.

MEMORANDUM.

. .

The accampanyingAppendix A.to the Standard Speecifica-

1
|

tions of the P.W.Department is ecirculated for information

& guiicncSe.

8. The Appendix is uniform with the new edition of the

P.W.Code, @as the revised edition of Standard spesgifications

which will shortly issue, will#Be in the same form.

3. Early application should be made for any additional
copies required by Superintending Engineerse.
4, Copies required bY Local Fund Boards will be supplied

at (3) three anhas each - -

-

(By Order)

: | .
Major R.E.

Dy. Chief Engineer-P.W.D.
To ¢ ;

Supg. Engrso

Consg. Archt. %o Govt.| =

Genl.Supt.P.W.Stores. With copies of Appendix A.
Secy. Code Committee. : ;

Board of Revenue. ”
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