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tried upon the subject in the Paris barracks near the Hotel de Ville
Caserne NuopolGon) 3 but owing to some defect in the arrangements
e direction of the current was found sometimes to reverse itself,
bringing back the witiated air into the building instead of carrying it
off : and the men had suffered from ophthalmie in consequence. IHe
had not yet had any opportunity of applying to barracks the system of
ventilation described in the paper. The importance of taking off the
vitinted air at the bottom of the room, whersby alone it could be
removed at once without polluting the atmosphere within the building,
was sufficiently demonatrated by a visit to the basement of the Lecture
Theatre in which they were now assembled; and in simply passing
along quickly under the seats of the theatre when oceupied by & num-
ber of persons, he had felt completely stifled by the poisomous atmo-
gphere drawn off from the room. It was not surprising therefore that
in large assemblies persons were frequently made ill by mere defeet of
ventilation: and in the ecase of hospitals it appeared not unreasonable
4o suppose that the very walls of the building must become 1mpreg-
nated with infection, These difficultice he considered could only be
effectually obviated by the system described in the paper, ensuring the
immediate removal of all the vitiated air by taking it off at the bettom
of the room.—* Proceedings Institution of Mechanical Engeneers.”
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THE STABILITY OF DOMES,
By E, Wrxpaay Tarx, M.A., Architect.

(Wiath an Engraving.)

The few writers who have attempted to treat the snbject of
the Equilibrium of Domes mathematizally, have entirely failed
to obtain results that are of any praciical use to the architect.
Their failure has arisen from taking a too theoretical view of the
subject, and endeavouring by mnthemmatical reasoning to find the
Jorm which a dome ought to have in order that it micht stand
safely, Snch a question is of no practical utility, as domes of
various gizes and forms have been erected for centuries past, and
the guestion for the architect is—given a dome of certain form
and size, what are the conditions which must obtain between it
and the wall of the building it is intended to cover, in order
that the whole stroeture may be in a eondition of stability ]

The object, therefore, of this paper is to find a solution to the
following problem :—

Given a spherical dome, built of slone or brick, of any radiy®
and thicknese, and .'-'."-:4'.r.:-|"r-.'.'j,r ona ™ drum " or walls of an .- hetaht ;
to find the thrust of the dome on the * drum,”" and the thivkness
that wmusf be l.r.r."r'.{ n fo the walls n order to insire the .{|'l|:|||il.-_a:||l]'-|'|!|.l
f.'.rl I".":'E steneture, :

1 take the case of the dome havine a :4|-]]|-1 ical section, as beine
the form most commonly used ; but the same method of investi-
gation will apply to domes of any form.

In this investication I shall comsider the dome as made up af
a I: e number of archead J'il':"-. of which the bases h-:«‘.f:m 0] ll]"'
top of the “drum” subtend a small nangle "|"‘- at the centre. and
the vertices have no thickness: each rib havine the form of i
wedge cut out of the spherical shell by two planes intersecting
in & vertical line 1=.|1'-:'.|'r.;!| the centre, and .'|'.:1]c5.'|-_; the amall
angle ¢» with each other. T shall then consider that the two
wEd:._.‘:h’-‘S thus formed « I DM eife gides of the dome, thrust n;_f:Lin:-.'.-
each other at the vertex, as in the case of an ondinary semi-
circular arch, and by this means leep each other in ---|I'...:;'::!'i|||||,
Of course no arch of this form if built alone conld stand for a
moment, as it would give wav laterally ; Lut in the dome this
is prevented by the parts on each side of the mb under con-
srderation,

This method is adopted by Ventureli in treatine on the eqii-
librium of domes. : g

['1i,_[ I, |I]:1T-' 1, represontd i ribh of the form ahove "-'--.'I'i:..--||
cut ont of the clome; and the |':-|'|'--_=||.||].i'i|g_-' part ol “the = Ao ™
which =ustains i, llrll_-.' :L]'l"i| will have o tencdemev to |.||E 11 i
the crown O 1 and open ountwards at the haunchi 5 F. cansine
ﬂ'lEIEI:Ii'I.'[ L I to o al |]| il |'|l_--.{. il ;: a Lo Ol ok 3'1_ 5

We may theretore suppose that N, the thrust of the corre-
gponding rib on the opposite side, acts at C,

We shall now find the effect of the foree N apon o given joint
ETF. Let P be the we 1izht of the I1|_-|-1'...1-, of rib above I o
r the perpendicular distance from Eof a vertical from the centre
of _"-.:l'-'L"-'Z"[lT of Pz o the verfieal distanee of O N from E. Then
the moments of these forces about E are Px and Ny : and in
order that there may be equilibrium, we must have N equal to
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the greatest value of P, - We have therefore to express E’;r i
terms of @, the angle which T ¥ makes with the vertical, and
find what value of 8 makes P a maximum.

1

Let r be the internal and R the external radius of the sphere,
& the ‘i'i"filz_[]lt of a cubic foot of the material of which it is com-
posed. Then the volume of any portion of the rib (pgrs C D) is

T’.._-":.l':n"lj sin g. dg. dr. n’.—;; : . . - (A)

. |
80 that P=d.V=8.¢ (1—cos ﬂ}T_-L__.}. " taking limits from 8 =10

If g is the centre of pravity of the portion of the rib whose
weight is P, and G its projection on OA ; then if OG=z, we
find the value of z from

L Ji . aint g . condh. dr ._f_fnf'?_._rf_q‘l-
¥ __,.-?T"_'-m-ﬂ ,dr . df . dif
_sinjp fi* § (1—cos 26) dr. d§ o (2
i St w8 . dr . df '
g1 L

And sihce ¢ 15 small, we may consider ° g1

SR
3 B*—* 8—1 sin 28
- BR—r 1l—cna @

Now = is the perpendicular distance of giG from E ; therefore
Te=p i f—u,

, nearly s in

which casze

Therefore
B, . 2 RE_a4 S
Pe=8 . b (1—cos ) = x {rsing— > B —r* é—jsin -f}
- | g W —r" 1l—eos 8 ’

[ R
H |

Pr= "..'F {!;fr{]f{.’—r‘} gin 8 (1—cos )—3 (B+—") (6—1 sin 26) 1- 5

And since y=R—r cos 8, and N =I’;,
\T __8.¢ 8 (B*—*) sin 8 (1—cos §)—3 (R'—") (—} =in 28)
T B—rcos®@ %

I will take ¢ as the circular measure of an angle of 2,

or —
l?l = I;- & | I;I-LHUHEJ

in which case we have
8r (R*—+") sin 8 (1—cos #)—3 (R*—") (§—3} =in 26)

sER R 73 R—rcos 8

=001454 & x N', say.

We have now to find what value of # will make N' a maximum,
and as the ordinary roles for maxima will nof apply to this éx-
pression, we must find it by ealeulating N' for dilfferent values
of . 1 have done this for the case when r=10, R=11, and find
that N is greatest when #=70%; thus

g=Gi" . . . . . N'=blG034
Gl L ot & MS=B00ad]
J=T71" : N'=EOG1H,

We have now to substitute in N the values of 4, sin 4. &e.,

when the angle 18 70, or when

g=235 Ta = 132173, sin 8="03969, cos §="34202 =in 28 ="(4279,
] :

I'his reduces the (:Zx|l1‘l:':'-i.~-1| for N to

- ) ot i ¥ 1
LOOTI02 r ( BA—1"—D0302
i

i f—-d202 r

We can now transpose N and P to the point E @ and in order
to find the thickness of the pler, we proceed to take their mo-
ments, together with those of the part of the vib below E I, and
the pier itsell, about the outer bottom edoe 8 of the LT,

If we call yS=0b, thep rpendicilar distance from S of the
direction of N, then

=B e08:8, o oo v n e )
where H 18 the height B 5 of the pier or * drum,”

Lt Be=a, the distance from 8 of o vertical |||'.'-'!-'|-|E‘I]. from E :
F—the weight of the portion of the rib below EF ; e=the per-
pendicular distance from 5 of a vertical from the centre of
gravity of the lower portion of the rib whose weight i F; Q=the
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