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This Proof Is sont to you for dlitcussion only, and on tho

eapresu understanding that It Is not to be used for any other

purpose whatsoever.— (.bVi- AW. 39 of i/n- ( ,'iiifi/iiii.'ii,)

'^^nntKliiin t^orirtii of ii'itil c^nninrrrs.
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N.B.—ThiiSnclfty, utn Ixuly, lioi'it nut ImM ItHi'lf ivii|t<>iiiiiliU> r<>r Hit* ftti-tit ainl oitliiiKiit

alultil ill liny of ilH )>iil>lifiili<)iin,

Tfi f'f rntif iti Mfiy.

IIASONUV .MU'FIKS I'oll ItAILWAY I'llM'OSKS.

By \V. Uki.i, IU\vh..\, MA, Ma K., M. (V\N Su,. (' K.

In (li'uling willi llu' iipIi. iIh' writir IWls tliut ll will In' iiiw-isiiry I"

proci'L'd c':irrl'\ill_v ;
:!' ii];iii_\ hjiniinci-s liiin' lIu' I i|nrs>ioii lliul I'nr ;iii.v

puMsililu view (if llii' siilijcil sdiiii' iiul|]iiri(y um\ \<r citi'il. :inil tliat ull

ul'tlii'm iiR' still iMiiii' 111' li'.xs ill viirl;iiii:i' willi llii' iniii'rii'iil ii'Milts

ubtuiiiud ill ninstria'tioii. 'I'lic writ^'i- ut' tlii' |»'t->i-iit |tii]H'i' liiH iin dr^iiv

to propiiuiiil any iiiw iIhhij uI' tlu' aivli, nr in ailvm-iitc any i>ii<' in

partiuulur; liiit nill rallii'i- uiaki' il his aim to i-ini |iiii'i' lin' ilu'oii^'-i

which havi' obtaiiu'd tlir urrati'sl {'UirciRy with then; jirt ol aM'Citaiiiinn

the I'limlitioiis ol' I'oiistniulioii ami loailiii<; to which tlii'V aiv a|i)ili-

uablu, ami also In imlieat.' iliivelioiH in wliieh I'liitlwi' iiiM'stis.'atioii is

still rL\(uired to iiict't the cast- of railway art'lii'^ carrvinv' lu-avv ritllini:

louda.

As it ol'teii liuii|)ciis, tho ilisi-ussion on this sulijii-i is lanioly dih- lo

UliAumlcrstamlinjfs which havi' arisen, oniin; lo iho (lilVcrcnl jioinis ol

view taken by diller. nl aiilhors, ami ilie ililleriiii; cnmlilions which llicy

have in their niimls ami do not sntlicienlly e.\|ilairi. The |iliy-ical ami

uiechanieal propiTties which the inalcrials are assumed lo |ici-c~s, |h,.

melliod of dcsijin and eoiislrnclion. and ihc purpose of ihc arch :is

regards the duty it has lo fulHII. are seldom iiivin wilh the chavness

that such fundamental considerations should have. Ill must eases il

is only by readina and le-rcadiu';. exainiiiimithecondition. a- expressed

uiathematicall_
, ami iiotiu'.' eaicfoily some obscure hint oeeurrin.' in

the course of the in^csti^atiuu. or even by relcrence to the exuinpl >

liittid, that the assumed conditions can be inferred. The invcstii;atioii

in diffeieut countries ha^ also been caiiyieil on without sufficient reference

to what has been ascertained elsewhcii'.

The older theories of ihe arch need not be reviewed here. The modern

study of the subject dates iVuin the iulroiluetion of railways, and oriain

itkixA with .Mery ami Moseley. who were the first to iuvestiijate the

properties of the curve of pressure. (1) The various theories on the

subject have now resolved themselves into two leading; ones, wliicli under
more or less uiodilii'd forms have obtained by far the trreatesi eurreiiey.

The first of these may be briefly stated a- follows: llu.' curve .if pressure

must remaiu within the midille third of iheareh rina, in order thiit the

stabilily of the structure he a.s; ned. The .second is based upon the

principle of least resisiauee, ami .jaintains ihat the thrust (h'velopcd ai

the key will not ctceed the le:ist amount e ipible of maintaining' eijuili-

brium. The first of lb' se ha< meat iHirreney amonnsi Km;li..h authois.

and being endorsed by Rankine. is often reliir -d to a- an axiom, On
the t'ontincnt llie second is larireiy adopted as an improvement on older

theories, and proinimnf anioui: its e.\p .nciiis are Uopuit and Sehcftbi.

Hince Graphical .'italics has devel.iped so widely fioiu ilie foumlalioiis

laid by Culniann ;uiil Levy, (i) it bus b.en almo.n universally aeloptcd

as the best uiellioil for ihe inve-liiraiioii of the stability of the arch.

It must be noted, however, thai so far as tlicarch iKconecrned it is only

a method, and Joes nol afford a solution apart from more sreiieral prin-

ciples. We have also the help of a laiyc amount of obsi'rvation ami
experiment, bul these must be distineuiscd from each oilier. In observ-

ing structures durinj: and after their ereclion all the conditions are

prescut, but the dilficnlties olobservaliun ailmonish eorre-poudiiii; care

ill the inf rences drawn. In makiri;; experiments with models, lhe.se

diffieuliies can be largely removed, hut the m.iterial employed beinu

usually diBerent, the ditteieiice in physical properiies must be allowed

for.

A eoiuplete theory ol the arch uiu-t apply to the finished structure

fulfilling the purpos, s „f jt^ eoiiblruction
; but b.d'ore proceeding to

examine llie Iheories referred lo. we may first menliou llie conditions

which accord wilh ibe ordinary principles ol -lalics and liir which no
Kpeeial Ihcoiy is ici|niied ; and wc must abo examine caicliilU Ihe

physical and meehanieal pro|K'rtieb of the mati'tial wilh which »<• have
to deal, as explained in works on Ihe snbjeel. The desii;ii, nielhod ol

eonstruelion. and purpose nl'ilie aivh willi v>-.\k,-{ t,, the loudini; il has
to carry, furnish lurlher eondilions which must be taken up in eotinee-

tion with the theories theiuselvcs.


