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TIh* ifcncral ilt>Ki^ii of tlio dtt'k ciniIim iHtlic ilouhltfiiiU^rM't'tiôh l'riitt

Triiw."'

Tlii> twii MVKtuiiiH Wu\)i liiliri'Jy in<lr|K-iiilt'iit oryncli (>tlii'rtliriiu^lii>ii|

CCI- l'ialf III). Wlicru (lie ililiL'iniaU rciisi tli« ViTliciil [«wIh, itiVri'

\y a pin riii<fkiii<^ llirniiuli llic inmi, iivikiii); tlic {iex iii twn loii);tli'<. It

i» » iiiiilti'r "l'rt'^int tliiit iliix iinictici' luis liofii iiAcil iniliM'riiiiiiiatcly

liy llio Kiiiiiiiirrx iii 0\r S|«|.'!<. willi<ii^( aiiy rr$:!iril ax 1" ils |H'r|iiiii>iis

itfU'l»'. Tlli^ liaj IdVii tlii' iM-H'. liir ('Xaiii|ilu, t" «iii'li lar>;i' .'triictiirt'!*

a> thi' PlatKiiixiiili IniilL-r. in wliii^i llicti- arr ixfU 50 W: Unvj; on (viitn's,

J^liviili'il iiilo hall' Icn^tlis !>' tlic ti(-< cro-i-iiiij; at tlxir niiddlc, witliiiiit

any |>ri>vii<iiiii fur tlic cfliTUtiirili^toriiun <liK',t)> Htrain in liir nicniln-m
;

tlii' «.'IVi'Ct ol'a ii>ail l'oniiu;.' un a structiir» tranu'il in (liii>'lnanurr ran liu

laxily «hown (Mv Fii: I.. l'iato III). Snpiosinjj tlic'-tru-M'» tu lie l'ani-

IkTi'cI wlu-n tluTf i» nu xtrain in any nicinlur. llic iiitvrwftiun uf t|i)j

tio ir> at !«>inc |Hiint Ih'I'IW iIic <vnir4' iif tlic |ll>^l. Nnw, wlii-n tlic Inail

l'iiuiç!' lin tliopan, tlic clinnls tcinl to lnTunn' lioriziiiitiil, tlic |hi!<Is k-nd

lt> li'winiv vi'rtie:il, lirin^in;; llic inlcrwcliun "1" tlic lii'K witli tllé|Ml^lH

niorc ainl untrc lo\var<l-> tlic ccnlrc oTtlii' |>i»t, iiiitil linally. wIicik llie

cntirc cainlicr i» takcn mit "1 tlic tru»«. tlic' intcrwitiiin niuxt lU'ir-sariiy

Ik! at llic centre iil' tlic [m^t ; llic nniimnl <il' tlji» niovunicnt ilcpciiiU nu

llic lcnj.'tli i«f llic jBiiiil» Hnil thc ilc|itlè ni' tlio iru^H. In tlii' -4t» tld

>|inns ut' (lie Lacliine liriili^c, tli'i* nnivcinciit aniuiints to aliuiit \". ami

ha^ bct'ii |iriivi<]i'il liir liy niakini; tlic liolcs in tlic \tn^U I" hirpr tii-iu

llic |iiii, lliiis ailowin^ aniplc niovcincnt t'nr tlic pin wlicii tlic Kiail ciiuicx

(II) llic liriilgc. Tlii." UKÀcuicnt ci>n U' noticcil in a striicliirc at aiiy tiuio

wlicrc thc pin ir^l'iccjlo niuvc. un in thc Lacliinc Hridfic Wlicrc tlic pin

i;» iiKlJ'rcc M innvc tlic.ili.'<tiirti">ii'' niij.''t nuccsnari|y takc place in thc

iiicnil)ci-s tlictiiw'lvcs; àiiil. niiiriovcr, I <|ilcstiiiii tliis practicc wlicrc

it hus Ihh'Ii iIiiiic witli a vicw U» lii-urc thc piwts liir liait' tliçir tottil

Iciiutli, «ml cinIciiliT llnni a» fixi'il cnilctl wlicrc tlicy arc liclil hy thc

«liajriinalsat thc centre.
,

Tlic iicxt|H)Hi<in oftlie hriil^- IuIh' consiilcrcil itfcthctwoitiO rt..H|iun!i

ami two 40s ft. npans l'urniiii^ limr ci>titiiiii(in> .<paiiH ovcr Hw Hup|Hirt8

(_s«'C IMatc I V )'. 'l'Iicrc wcrc, iwii cicsifrii» priipnMil licsiilctt thc une tlint

wan linally aclnpicd (m'c IMatc V ». Thc ilcsiùn as ailnptcil i.» kn^iwn in -^

.Mr. Sniitir." office «!< tlic '• Flyini.' ("'aiitilcycr,'' ami wiis''lir.-t phip ..ii'd

ti.rthc .Stoini Kiiii.'liriil'.'c ovcr thc IIiuImiii lîjvcr, in State ol' Xcw

York. As uhmI in thc liachinc Hridgc it is, pro|H>rly s|iciikinf:, ny can- y'

tilcvcr hriilp . as tliç spans aie contiiiiiuiis. The eaiitilcvcr pfiiieiplc,k

uscd licre l'or cnetiii>; tlii: liridfîc only, whicli is lifiiit oui l'roni thc jiicr.s

on cach siilc, llicciidsbcinjij'iin 'ci attlic centre wlieii thc tiiiaicoii|iiliii<;

is niade, uml thc >pans heconie coiitiii»i>n' ovcr livc sirpiMiits. Tlici ad-

vantajrcs of thc l'alililevcr principle ave only iiï, sa*iiig in llii' crccljion/'

thcrc iH'iii^ no saviii;; in thc «T'i^lit. as wc inci'vly niakc a ditrcècnt

distriliutioii of tlic malcrial tlian We %i^il in ordinary dis<'iiiiiiectcd

spans. lii a contiiuious jiirder therc is ncccsNirily a saviiiï; in thc Wcij^lit

uvcr tlni iiicrs, as wai» thc cSse in thc Lachiiie Kridtic, but thc saving

in thc mode ortlic élection is thc principal item to hc considcrcd lii,>rc. •

Tlie uilvaiita;:e ofii-iii^ two centre pier» iiistcad ol'oiic Would lia'vt» l^'eii

a consiilcralile >aviii'.: in tlieco<t ol' érection, luit iiol >uHi(;icnt to euun-

lerlKilancc thc iiicrea-cd eo-t ol' iliè extra uiasonry ; thi» was thc |Jriii-

cijial reason why oiie centre picr was oiily iwd iusti'ad ol'two, as shuwn

iuFifîl. l'iutc V.

In s|K'akiii^ of caiitil 'Vcr lirid'res, it uijglit lie lu'Kc'titat.'d tliat tire ,

lirst eautilcvcr hrid'ji> huill in America was ihe Kciitncky Hiver Hridge

liuilt by^Ir. C. .S. Siiii,th in 1870. .Mr. Sniitli aiso built thc.Minnchaha

cahtilcvcr in IHSl, loiii; belorc tlic MaJ:Hra'é.intilcver was cvcr tliou;;lit

ol'. Thc Kciitueky Hiver Uridjjc is a wiJfidcrl'nl structure, l'roui tlie

l'act tluit it is renlly thc lirst cunti^uoiis <;irc|er tlidt was cver built in

tliis counlry, and is rcinurkablc aL-o l'roni thc l'act that iusteiid ol'bcinjî^

coutinuou!) ovcr liiur sup|M>rls (Sec l'Ialc VI.; it lias in points iA\

«outra-flexurc lixcd by curtiiii,' tlic chords al'ter thc bridijc was crcctcd'.'
j^

In it lelt«'r ol' .Mr. Sniith'si written two years bel'orc thc bridgB was

built, lie .siys: " I fecl w> confident of niy calenlations of thc contin-

'• non» }:irder tliut I now pro|Kisc to eut thc chords at tlicir jMiints

"contraflcxijrc, tlius fixinj; lliiw |K>ints beyond a rjucstion of doubt."

This stateuieut was thc lorcrunncr of tlic Kintucky Kivcr.ltridfrc, in

which thc jtoiiits nf coiitra-flcxnrc werc fixcd at. * (Sec IMatc \l.) fhe.sc-

points of contra-flcxurc could liuvc Uicn fixcd in tlie river amis instuad

of tlie nliorc- aruisi, «nd it is a curions fact lliat tlicy sliould not liavo

bci'H fixcd' in tlie river arinn, as was BubmMpiently donc by -Mr. Smith iii

thc Miniiclialm cantilevcr, wlicrc thc 'iKiiut of eontra-fluxuru is fixcd in

thc centre of thc river npiin, tlicrc boin^ two shorcs «rni» and two river /

anus witliout any uiid H|ian huiig froui tllfc ends of tlic river aruiH, as in/

tlic Niagara and St. John caotiluvor bridges. /
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In Biiy liciiiiÉ continuoiut ovur any njliinlHT of suppiirts, wlien any

flexiirc tàkcs place _, = /.. , in WliieU:
"

.
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M, is tlui U'iidin;.! luolm'iil.al any imint iirtiic U'ani.

S. iH.t'hc radius of eur\aliirc of thc bi'ain at lliat |Kjint. ,.

K. is tlu' uioduliis Klaslicily nf the inalcrial,

l.iiVfiie nioinciit.of iiiertia of thc cross .•«et ion of thc bcaui at that
|)oint. '

/

lly assuinin;? ail tlie supJKirt.s 16 K' Icvcl ; and a.M.snniin^' •; K "
niid "

I
'

to Im' constant, ihe ihmieni of Tlirce .Moiuciits uiay Itc Mbiained, and
J^uivciiin ail lexl IsHiks on .Vpplied .Mwhanics.' llowcver, it-was not

uiitil .Scpteml>«r, L'^T."!, vilnn l'rolc.«..or .Maiisliclii Jl^rnnianjpivc, intlic

London IMiilosophical Mai:a/.inc, thc lorniulic' lid' a b.anlk'ontinimus
ov.r any iiunib. r of |e\el su|i|Hiits which aicat ail practicaHlc.

*

'I^m:
lonnulii' arc IIS l'oUows :_ . .• ' '

Foruiulic lor obtainini: |iiei- nionients aiid reactions, à"^ i^pplicd to tlu-

^l'our eofitinuous spuns in tlu| l.acliiiie lliidgc.

; "-ai'-i' i

I.

•t.

•m" is thc iiunilH r i/f any picr. '

< /

"r" is ihe ii'uinber of any liu'r loaded spaii.*'^

.M is any picr moment.' J, '

.*« is llic to^al niinilH'r of .«iians ..|. \

\Vc havol'or Picr .^lolllenls wlicii m t -, 1.

. . ;V V / / ',-! r-J(,(Tl)r«

)• we bave,

.1= VI-, \ik-:\lr yk

A
,1, SikOi N'ik I-,

A .

When

in which
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V d'ii'iiiti ^tlic load in anyispaii

/, dcnotini; thc Icii^th of that spaii. i

a ili:-l.iiii- l'roni n'eaivst l<>ft liand sup|4irt to tlic'load "P,"
ficcussariiy a conecntratvd load.

- -,. <, = n :.•, = ! V', = - (ï i -i )() - ;t;il.)i.

•
" "

c, = I +;! + i/i V (i.f i)| =/i i:;^2iii(i.

which is

S,- (iti li.aclei|-'j»aii)

^V .L 1 (lu Inailcil ^jàii)

A» (In itiiloaiUMr.-iaii-;) -

SIIK.VIIIMI KiiIfl.'KS.

.V, - M, + 1

1 + '/
Ir '»

,

1/

Mm - M,„

l„

.1 , Il •""' - "''" - '

^'in (in niiloaileti riiiins) -
,

-
-' 'm — l

in which 7 =,7' (1 - /.) ; 7',= 1' « *•.

S, denutcK thc slicariiig force luimediatcly to thc riglit tif thc iicarcst

Icft hami sup|Hii-t, and S, + 1 dénotes the slicariii;; force iùiuiediatcly to

thc Icft of tlic ncarest riglit siïjiport of thc loaded .s|>an. '

'

S,„ and S„, appl/to the nnloaded spans in thc sanie uianner.

Thc.abovc l'orinul:c arc frivcn by J>ub<iis in tlic " Strains in Frauicil*

f^triicturcs," page 135, but uiifoitnnatcly thc siL'iis + jand - sliould

be reveiscd.
_ , '. ,

ïlie principlcM of thc dcsifin for tlii!*l'our c/intiniious spans, upun

which. the calculations Werc based, are tlic strains Irôni dcad wctifht

which arc caleulatt'd as a canlilevereacli w.iy l'iom "W' (.sec Plate IV).

After'thc dcatl weit ht is svvun;; complète and f7ro|icry adji'i.stincnts arc

lIjuMible tics eacljway lidin "W, ' and adjustibic

thc lialaiieiii>: spi(ns jit "A"; tlii^seetion "XY" on

in pUec when tlij' limr s|>ans aet a» eotltiniinns as

fat- as livc load is cor rcriicd. Thc ciil^ulations lor livc load strains werc

tlieii uiade iii aecor lance witli thc formula' beforc given for a girdcr

continuons ovcr.level supports, ami thc two werc ciiinbincd.

Thc <dijiH-ti«iits to any conlinuouK girdcr arc : Ist—thc uiodulus of

riasticity "K" is mit eiinstant ; :?iid—the uiouicntHlof incrtia "l" is not

constant; 3rd—thc f iip|Mirts aix' not nccciwarily Icvid. .TIic§o objections

will bo diseusscj in ird)'r. I ^_

Ist.—The uimlulu* of elasticity, as îs wcll knoWn, lia« widc uiargins

of variation in thc su nie uiatcrial, but by rigid inspection oftliomatcrial

at the niill this vai alion way be reduccd to a miniuiuui. Mr. lions-

carcn givch thc uiar} in for variation of tlio uioduiuH of elasticity of iron

at percent. Fur uiild stccI, which is a far lutjre homogcneo(i»iuetal

.. ^^

' 4iiadc by nicaiis of ;

hvAk at the cmis of

.top chord is viveted

/


