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On thse whole ut would accru tlust the method of driving a top
beading le fot thse best for any tunnel where machine drille
are use1 for the raîîid couipletion of tie work.

Pressure of Rock. -Wherc thse rock is of a graveiiy nature,se that it exercises great pressure, but is not itoelf comipressble
botît theory and practice show that if Cte Belgian method be
ado pted, and tile arch put in witbout abutineuts, a sinking and
, rusiu . ot tsaricannot bc prevented. The saine is yet

more certain wlîere the rock ie of ai clayey or pilastie nature, as
lias been showuî on thse Uine fron Fofkia to Naples, suda also su
the 'prfssure leuigti" cf thse St. Gothjard tunnel1. Merû it evas
found iu maiy places impossible to coxuplete the arch lat aIl ou
the Belgiait method , it 'vas absoluteiy necessry to begin witis
thse abuimezts and invert. In wet eartis thse Belgian method
is clcarly quite inapplicable.

Herr Bridel lias, drawn the following conclusions ou thtis eub-
jeet.

a. The Ilelgiaiu metlîod is not salle %where there is great lpres.
sure, and uspecially wvliere thse rock is plastic.

b. Even islere all possible lirecauitions are taken, thse work
ie extrerncly difticuft, Slow, and expeusive, and thse success
aiwnys doubtful.

c. Wsth a top headiug, fie English Method Of comPletiDg
thse tunnel is possible indeed but exceedingly costly, dîflicult,
and slow.

il. 'Vîth a bottons lîeîding, tItis method le capable of any
amnut of developmnut, and renders possible a much more
rapsd ndivance.

e. In a long tunnel it 1s impossible to tel) whether plastic
strata, or others exercising grtat pressure, will be met with,
through whieis it %vouid bu necessary to drive a botton besdiug.
But it la exceedingly difficult to peass front working by a6 top
heading te worlciug by a hottoin leading.

Ail tie above conclusions point to thse superîority of the bot-
toutî.headig systent.

L'est of Con,%triecion.-Tse experience gained on this bead
leads te thse following- couclubtoîts, ab drawn up by Herr Brd.
del :

a. With forced working (i.e. ithere thse pregreils is te bu as
rapid ne poqsibiel, when the conditions as te ventilation and
dryiîsg the tuel are thse saine, thse gentral eost of bisigl
nearly thte saine whetber thse leading iseading i5 at the top or
at thse biotom.

le. Tise dryîng aud ample ventiliattun of the working places
are isowever mucît more diflicult with a top lîuading tissu witls
a bottons buading, se tisai ithe lattersystemt jereal'y superlor i0
tliese respects.

c. Tie removal, toadiug, aud transeport. of thse spoil ie doue
much more easiy, quîckly, alla ctîeaply wîis tht botoum hua.
uing titan wvîti tise toi) lieadutg.

d. q'li formation ofdrains, and the lnyinR of roade and cf
air and wvaterpipes. aie extensive and costly- morks with a top
lieaaiug. but are a simaîl matter witlî a bottons heading.

It foliotes that, where rsspîd progrs la ntcessary, the bot-
tom.hendiig qystein is te be prufurrud te thse otiser.

At the Arlberg tunnel the contract, priçeaet 3 te 4 kilometres
front each portai (ithi se about the average distance at thse
St. Gotliardt, sud teiru waling is tiutnea-t, is as folIotes.

Ft. per Inutre.
Bouerut or lead*ng lesaing..............74
TOP lieu.'nhuîg, W'olloig it......... ......"'' 242

boîlcîîn xceîIt masonry te trains ......... 1430
.Nabu.r3 Lo àraiîs ........................ .57

Total .......... 2103
Add 3ý lier cent. for e>xt ras ................... 73
Add ntcrest ni, cost ot int, &..,supllud by the

railway conîpan j , akî!ng titi as t te Saine as at
tise :Si Uotliard, ......................... 470

G~rand Total ................... 2646
(Say 196 per yard.)

On tise other )tand tic eeutract price i tise St. Gothard tun-
nel tens as follows :

Total e.xcupm muase;iîry...
Mýascsnry, mininsiisu tltickiîeqý

Fr. per metre.

Total .......... 3630
(eay 21I32 per yard.)

'.lherc le tisus al dilreronco in faveur of thte Arlberg tîunnuel of
984 fr. pur inetro (£36 per y-ard). Trhis difféece je certainiy
more that cao bue accouîîited for by tics soîtietehat harder clsarae.
ter cf tIhe rock at the St. Gotîtard: and tisîs conflirmes the con.
clusioa titat, Lit luast wti force workiug, thte bottom.heading
systent s etise cîsuaper of thse tire

THE DESIGN AND CONSTRUTCIION OF BRIDGES.

<Sc page 20s.)
The structure sîtotn iu our illustration page, represeuts tise

bridge conistructed lit Grenoble, over the huore, by M. Bertsier
engineeur.illchief. As tezîl be% seen, it compurises tiîree archtes,
segniente ofettcies. Tte centr acslas "IL oîienilis cf 251

sud Sin. rise. Thuse ares correspîond te au angle in the centre
cf 60* ; fl other teords, thse chord is (,quai te thse radius or eie
of thse uuscrbed Iuex:îgon. Many c.ngirieers rigitly consider
tisis proportion of arc as thse lient gracefîml. M. Debauve,
tehose descriptien we are quotiîtg, baye, tise tiiicknesm of the
keystonc of theu iuiddle vault is 1 21mm., aud tîsat; of tise aide
vaulte 1*Otu. Thto fronte cf tise "pierres de taille" (asislar
voussoirs) are diebbed te spring frein a skewbsîck, tise maseus-
ry i% formedin l steps, alla thte fronît jwiotît cf the piers or cîît.
waters are aise of asislar înasonry. rise filling cf the sîsaudrel
se su masoury covertd by a layer, and thse iittlltrated teater
wliei collecte is carried to tise centre cf piers, telsere it pserce.
lates througis a licap ef ruhble or stones before heing discisar.
ged by the sncliiued pipe seeniiin tise section. Trite longitudinal
and transverse Sections illUStrate thse een2strscties cf tise Span.-
drel, and shsow the filling and mssssuiry throtîughI thse axis oi thse
pier. Tise piers and quay tealîs lave a tiliglt isatter, thse for-
meur eue of 11 and tise latter of ý,y Tise width betes
thfs parapets la 12 metres, and tliero îe a slightset-off freint tise
arch-face te thse tymîpans. Thte widtlîe cf roadway asid foot.
Ways and parapets are fugured lu tile cross Section ; thse fact.
ways bave gutters. Tise cunvex conttour of thse bridge je faveu.
rable te tise carrying off of tise tester, and aise te tihe architec-
turai effect. Tise plan asîd elevation show that thse bridge je
turned hy quarter circles or quadranîts into tie nîiprcaches or
quays, tehicis angles are rouoded off by a corl'elliatg #%f nissonry

a plan favourable for thse easy pass-age of tratie. '%Vé giva
plan of tise eud of bridge showing titis arrasîg,ýelnenit alr nso
give zai plan atI sidt viete of tise "«orga.neiu-c,' or rings, for
mooring veasele. Tisese are fixud in thse piers. AIU bridges.
buiît un navigable rivera oug~ht te be jrovided îvitl tîjese ap.
piances, which are îilacud at différent lieights Tise piers, as
%ili bu seen, are hut on a mass of beton qnb)mtrged inlu n -
closure of piling. Tihe scouring of thse river is pr<-vented b>'
tIse rubble apronus seeu in tise section Thse hed of toundation
le an incotup)resRsible gravel.

(jur other illîî.tr.atiuîî shows thse ratiltv!ýy liridgP of Plessis.ies.
Tours, ever tise loire. WVe ouly give eue arch ansd pier cf thie
fine struc~ture whit.ls 1e Cotnpesed , arci,.a nf elliptical ehbape
et 24 metres span ea-;i, aisd of 7 Prit ri,;e or verscd sine, seps.I
rated by piers ut 3 metres lu %% idtls, amIt tenniuated by ahut-
ments of S nietres. Tise teidtis of th, hridge je 8 metres bel-
weeu the parapets. The tlsickness cf tise keystone le I .20in.
and the line of extradossprings freint ie -qumnit cf the head
of tise pier, whicisgives, at tîse part, a joint of 1*50m. for tise
vauit. Tihe sinail discelargiug or relief vaîits have ousiy a thicc.
nes cf 0-70m. at tic keystone. A dotred Une on thse elevà-
tson shows tise hackizig. Thse foundations consiqt cf mcasqee of
beton inclosetd b> iîles ad piaula3. Thi- eouveyance of tIe ivater
which passes tîtrougis tise ballst, and wlîiclî arrives at tise sur-
face et tise tnLasolir, se efîted b>' a covering cr layer, wvlich
la siiaped te tise profile sisown ini the .eciinnssq, or inclinetl front
the axis of piet te tise suintit of vault, whise thse diachlarge
takes place. By tisis muen, tise surfire drainage le carried te
tise surnuut of each vauît, wisere tiiey are met by vertical pipes,
tise supenor orifice of wîsich le protecteti by a isead or rose co-
vered b y a mass cf Stones, forming a fultur. Thse covering of
tise vault le composcd cf tlsrce laye' s , thse loet cf concrete,
thse iatervening of cernent, and Ille tpper cf asphialte e. ie
tween thîe coverlng and utasonry> in elle spandrels of bridge, tise
vaults have beesi lilled teitis a ver>' thiri beton or rsihble, whlics
constitutes an incompressible material.

Tise parapets are bujîlt lu terracotta, tehicis, Il Debauve ob-
serves, v; lms eostly tisan ashilasr, sud iii pruferable te Iran rai-
linge. Thc "voussoirs des tê~tes" are niternatuly ln twe. or
tistue pieces, but the keystoue le formd cf a single block, tise
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