
There iiri' only two ways in wliicli n jK-rfict :itcli cnn bu constructed,

mill tlii'f' .ti coiiverw of each (illicr ; cither the curve of the urch

iiiusi he (li"<i)iiii'i| III i'iirivM|uiii(l witli llic lou(llii)r, or tin' liiiMliii^ uiunt

hi'
I
luci'il til ('iirrt'»|iiiiiil with the curve Hdopteil, Thin euii alwiiyrt Ih^

ihiiie wliiii Hilly lie 111 weiulit or ii "titiiniiiry Imiil are in i|iie.sti«ii. Kn
i'\iiiii|ile, ill the ease of uiiiliirui Inailiii^ the eateiiary .ii.il the |iaii>hiila

iir>' laiiiiliar iix the fnriiis ri'i|uireii, aeennliii!; ;\n tlie loiiil is uiiiliiruily

ili>li'iliiileil uliin^ the eurve itself or aloii^ a Imriieiiiital line ; ami a eir-

enlar iin h may also lieenuie ei|iiililir.ile I Ijy a Miitahh' ilistriliiitinii iif

the InaiiiiiLt U|>iiii it, If llii'M' Mii'tlioils Were ailo|iteii, the eurve iif

|iie<>nre wonhl eoiiieiile with the eeiitre of tlie arch I'in^ thriiiti;hnul,

anil the ilinetioii nl the |iies-uii' woulil lie |)er|ienilienlar tii the joints.

There wiiiilil he entile liarainny In Iweeii priiiei|ile ami |iriielie , anil the

only eiimliliiiii iil'stahiiily wmilil he the ahsolnte |ires«nre ailniis.siliie in

ueiMi'ihiiiee with the iiiateriul useil. Wle'ii it i^ the Inailiiii- that is

)ii'e>erilieil, the liirin ri'i|iiireil liir the aieh is usually iliHieiilt of eon

striieliiiii, I'uiii^ to the eoiiliiiual eliaii^e in llie railiiis of eiirvaliire :

hu. iiotwithstaiiilin<{ tliix, cIoh' a|i|iroxiuiiitiniis to the true forms liavu

heiu a'lo|>teil with eeonoiny mi ai|Ueiluets ;inileanils. 'I'heir ailvaiitaues

(lisa|i|iear hnuever wlieu a vhan}.'u in the |Hisiiiiiii of the hiailin^ has to

he allowed li>r
; and for railway |iur|Hises seuii-eirenlai, i'lli|jtii' and

ne^'Uifiilal arelies are substituted. Altlioii^li this is the ease, a valimblii

iui|iroveuieiit ill the siahility of the areli may he o'llaiiied by a snitiible

distrihntion of the dead weight. To siuiplity eonstriietinn tin* elli|isi;

is ofieii replairil hy eiieiihir ales, and tlieie aiu very elegant niellioils

of discriliin;; these by means of a series of eentres, (it) to wliiuli the

name of " ba?kel handle arches " lia- been given.

When both the form of the .ireh and the liiadiiej are detined. the

areli is suhji.'eted to eonditioiis iliveriiiDg from tlinse reijuired for [M*r-

leit ei|iiilibrinui. This is nnfortnnately the ease we are called Ufion to

eonsider in |iiaetiee, and for which a thenry has to be tiiiind. The

eurve of |iri'ssine im li Ufier cuts the joints of the aieli riiii; at the centre,

and a Heak |ioiiit ilevelii|M :it the liauneh known as the joint ol'rii|ilui'e

where the eurve passi's nearest to the intrados.

In considering a series of voiissoirs in siieh an ai'eli, we iiiii>t Hisi

deteniiine limv tlie |ires.suie on the surface of a joint will he distributed

when till leMillant of tl xtcrmil forces is kiionii. We will su| pose

(lie lesiiltani known In pnsition and maijiiitnde. and fi>r slin|,lieily we

will take It perpenilleiilar to the surface of llie joint. We further take

the surf.iees at (lie joint to he in pt-rti-i't eontaei. hiii witlinnl euhestun,

so il.at only lonipressioii can be resisted and not leiisioii. With re^iard

111 stnue and briik we have aUo some evidence that we arc dealinu with

a material that is elastic and therefore also compressible. As boys we

learii that a inarblu will bounce on a paviie.' stmie ; the amoiinl thai

a brick cbiuiney will osi'illate in the wind eaiinoi he aitribiited M the

nioit.ir alone; mid we have fuither the eorriilmrative cvid-'in-'e that

stone expands witli heal, (l) Co eHicienls of i la«tieity have been

(letemiined for t^l.iss and also for slate; but not for (he materials ordiii

arilv used in constinelion and when under direet eompression, so far as

the writer is aware. It is the e.xistenee of elasticity and not its anioniil

howcvei , tliiit;.lfeets the i|Uc-tion ; and it is ilnuhtfnl whetlier any solids

exist which are either absolutely ineonipressibh' or inliiiitely hard;

Without t:oing fuillier into those physical pr";iertin of >toi id brick

tiir which the experinieiital data are so nieaure. it i<4 emiii;:h that we

have the rii;lit in infer thai they are clastic, and to apply to masonry

the same Theory of Klastieity as to other mati rials. In ai 'rdance

with this theoiy. the particles which are in a plane when llic body liai

its n.itur.i! shape will leniain in a plane when the bo,iy heeoniesdeiiirined

under conipiession. ihe new plane beiiiL' either parallel or incliniil to

its ori^'iiial position. Apart Ironi this theoiy we have iin means of

delciminiii<i the disiribution of pressure at a joint ; and altliuni.di some,

thill}; iiiiuht be intirred from the timil eomlitions obtainiiiL' on the

failure of ihe arch, we could have no knowled;.'e of the internal siraiiis

at any other time. We find accordiiuly that all authors describe the

pressure at ihe joints as beiiiL' dislrilmt<'d in a lineal ratio to be ileter-

niined by the poition of ihe resultant ; and in doinj; so, whether they

^ivc the expl Illation or not. they are assuniiiii; either that ston" and

brick are i hi^tie or that they act as if they were ; and not only so, but

that tiny ei.nforin to the accepted Theory of Klaslicity. (5)

With Pfiardto the nature of the contact at the joint, the most

accurate workmanship could not be depi iided on to make it perfect

without the intervention ol" mortar. Nearly all autliors .ai^rcc in ei>ii-

siderin^: this the only function of the mortar, (ti) and even in tlie ease

of cenn lit the ailhesion is not eouuled uisjn. but is left to fonii pin of

the uiai'Liin of .-afety. Some few make au exception of brickwork built

ill cement, and eoiisiibr both tension and compression as occurrintr at

the joints. T'his amounts to transferrin!.' brickwork from the conditions

of nmsoniy to tliiw ol a uetdlie arch, and liniitiiiL' inasnnry to ^toiie-

Work oiil) ; but then' are few who make surh a disiiiieliun betwieii

stone and hriek. The only ninainiUK action eonsidered at the joiiii is

fricthiii. which lenders an ini'liiiation ol the ri"-ultant compatible with

stability when wilhiu the limits ol the uniile ol frictiini.

It foUows then dineily from the tlicory ol elasticity that when the

resultant pasw s throu^ih the centre of the joint, the presdurc la uui-


