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çhatra uid la, netter ticcdlcssly large, ttor of to0
~tîtli i meist iti vtpdvti g oit thle unie band tiuînccessary ex-

pilbîe for first contîsructionl. antd on Ille oiter Iaîîd, iîîjury îo Ille
rcaid. waslîontb. eliiicrepaiirs. anîd delay to trahti*t.

'l'le iterialb availalule for etîlvert conîstructionî iii additioni
to illber. are sewver pipe. contitce pipe. irait pipe. brick, stoise.

andti cotterete. Ctivert!, arc bonlteîîmese ruade of One of tiiese
ilaîrial titallne, or o!f two oir mîort: ii coibination. \Viien Ille

dinî ofî t! bridge ire re.îclied, colicrete antd stoîte abut-
inviens and h)ier!s. with irait or steel superstructure; or StoneQ.
Iii ick or conctce. alone or in, collibina-,tion, are tlue illaîieri.ll.
gaitiing f.îvor.

Fortlie striait cuerts. sewcr pipe is v'er> ceonoiiiical aîîd
durable if u cil laid. Ta renîdes- tiîcîn secuire agaisisî Ille test of
a Caî1tdi-.it chliat lcAlic should bc l.-tid wvith a good grade. aîîd
Ille endis piroîected wil colîcrele. stolle or brick litedwalis witil
dle aprons. T'le joints siloulul bc inade watcr tiglit witlî

eculenit. T*ir-;v prezcatonîs will îîrov'de agaiit tlie action of
frtasi. and % iii prevel titi culycTi being undcrinied by wvaler

1rassing al.îng Ille outside o! lthe pipe. eitther frontl thte ends tir
throîigli fic juints. Care siould bc takecit to cxca-vaîce a con-
cmi: bvd bor tlt pipe tu restinl. always laying flic spigot endsl

111 grade. 'l'le pipe at %he mutles should bc set Ilili witit tilt
surface of the grotind. If sct biglier- thIta tile surface flic fait
of water % jîl wasla out a depression anid wvil! lu ligue idrin
the end o! Ille cuiveri. A t00 rapid grade wilI causbe flic sain:
u'csnlî. Il is freiliently weIi io colblk-lpave c he nt. wlvhc
tliis tiderniniing action is iikcly t0 oceur.

1Excellit cuilvert pipe os conecrete cati bc inatttctucod
clii aply iii an>' grat'el pi under the imisedilte direction of lit-
mtunicipai crigineer. Thîe 1plls are thirce or four incises in
fiîickness according ta diatcr; %vitici latter uny saieiy *.tid
con%-tcitly recacît tltree feet. The itttpiemnîîs rctuircd arc %
Illte %itnlpk'<î kind. T'le niost important are two steel. spriîîg
eylisidcr'i. ont: to set inside te other. Icaving a space btwceet
uIl twogL e<î-al to flic tihicktîcess o! flte fltiîihed concrcte pipe. Uy
.çut istî'cylisider. it finair bc explaisicid. i., ieant stucla cylit

der as votid bc iorzncd by rollitîg ait iroi plage itîto a tube
w'ttiîotîî scalilng tict joint. Wiîll Ilie stialIi o! these cylixîderi
te edges overip or coiu sligiitiv. but arc -o înanu!aiicturcd lit
the c(Igcs imay be forccd back ani set 1:110 a1 pcrfcet cylitîder.

T tev îwoe'itidcrs itlîi joinits flîsîî. are set ot end. lite
Ont' cetraily itside tlle otier. atîd oit a finit board battat. 'lie
cottcrcte mat:dc t- l'îrst-clats ceinctnt and wcl screncd gravci.
is titeil tatîtuîedl lirnîY but ligitv ing lte space or itîild bc-
twcctî tlic îwo cylindcrs. Tlie tattlitlg'i roll Iîtse to lires.; the
cotîicrele ini place is so, shapcd as t0 fit closely ta flie cylitidcrs.
The concrce is ahiowed î<, stand in the moutd for a fcw itours.
wlicns lie cylitidcrs arc rctnot'cd; tlic ciser- and larger cylisider
by i:îsvriing atu iroi wedgc 11110 tlt joint. -sud forcing tlc dgcs
auî:î; flic inncr cyiindcr. by inserting site wculgc iuîto tlle joint

and tutrfing Ilte cdges f-o as Io ailow ietu in agaits ovecr!Zp. rc-
turnitîgz to Ilc siape of a coil. Tlîc outcr cylinder liaving fitts
lieti iiîadc largcr. and Ilte itîncr otte sniallcr., uliet cart recadily
bc iakci a-way. and Ille commree pipe is theni lei tintil tiîorutgliiy
lairdcticd. Jîst stucli a nîtnîbexr of pipes as arc aetuaill requiredl
for tica.o work nced bc ttî.în:tfacturcd. Ilte inîpleCmcItu re-
qt'irç<l arc iiîcxpensive. and lthe pîipe ina> bc iiadc b>' the
inutticijility for -ictuai c051. wilih. -flîer a little cxpenicnce, cati
bc re(cdtl ta a vcry stmail anîu Cuivcrts of eoîîcretc pipe
arc laid ini a tîtatîner çsitiiar Io tllosc of sctwcr pipe.

Tiîcrc is tio <leparture wiiicli wottid tîtore etril ici Ile:lgi
w-rys Ituitlie getcral, u-e of shone and concrete for the con-
sit uctioti of bridges and cuivcrts. '['by cos, marc in lie tirt

its::c.but Ilte longer hIe, te iewcr repairs nceded. Illc greatcr
cenvenieuce. Ilte lcrser liabilstyt go accident. rcnder- tîtcn ini cei'>
wav desirabie. Commrce atd slnc arc Ilte oi>' gratcrials wili
wvlsicli reall>' permtantent Vqrk o! tlis nature eau bc colituîcied.
Blridges and ciilvrrus oi ruhtiîl lasottry liic c xistcd lu Scouiand
and Iriclaiîd witii çcarcel>' atny rcpairs; for siuore lIait a ccntury.
since beinre c ligue ni Tcliord and Macadamr. Concrcle
lini<ige and roa<ileeds imuili; liy tlt Rninans îîc-rly -- oS years -%go
are Mîill tii'r in -pige of cfTortç in tdesîrib'. tiiettu in iniliiary
operaîltîs. Titi' coq ni ti i of work- is constantl>' deercae-
ing throîtgl tlie clicapenitîg nttd imtproving of ceincent, litrntgh
ttir ic%%icv expct.çe o! procutîing sl<îîîe nud crush'îng it. and
tirc.îtgil grolwillt cxIîeniencc mn flie tise o! cetit. In Scntland

il is cogntion for fartuiers 10 cotîtract for rîîbblc coiterete
br'idges, provide lthe stotie, aîd itire tuasoits to do the work. 11i
Ibis way tilt cittirc expetîditure is kcpt ilu tilt iocaiity, ainotg
flte peopule whio pay the taxes, aîîd is tîterefore, iii ste O! L
sliglitly grenier cost, flot tîtîpoptîlar. Up) t0 forty foot spans,
titis conîstructiont is not diffietiit.

Iliilt contîructionî of a stote arcit, lite first cons'tderalioîs
is the fotitidatili. 'l'le deptît to wviîicil tule eccatationii tit be
mîade wvill depctîd ciiiedy sillon lthe sisalî of the arcît, aîid tlt
niatuire of thic gttural suit oit wltich t will rest. The cîdicf ob-
jeci is glialitl shaih bc secître. If ied-rock, conies o lthe surface
ht ita> lie safe Io rest the base o! the armis lillois witout
aîîy fîtrîtr excavationt. A finit lîardpaîi tîîay exist a short dis-
tanîce bclow tlt surface of tet grouttd. B3ut a quieksaîîd. or
othet'- itusecrire footitng, tutay itecessilale lte sinkitg of piles, or
the jîiacîng of a ivide, atîd penias duel). cotîcrete base. IJut
lthe fottîdatioti inust bc sîifliient to prou'ide fliat the waslinig of
teattcr c-nt tîittdcnîiiîzue it, titat titi laterai tlîntsi of Ille din-
bni.knueîts caîtîot inove il. nor tuai tuie weiglit o! loads caîntto
cause it tu sitk. Nù figure defiititu rule cati safely bc given
lisat to tîtak tu itiosî of local circutmstaîîces, witlt altvays a fair
itargiti for safcîy. F-uli-cetitre arches, tint is, entire scuni-circles,

-are tasily !orttîed, possuss great sîreiitîgl, aiîd have little lateraI
iiiitist. but witî %vide spans, the> îîeccssariiy rise Io a corre-
sptoîdiîîgIy greal lîciglît. atîd cattîot aiways bceciîloyed. A
segmtatci or ilat areli will lesseut, the risc, bît ias a cotisider-
able laIeraI trust wlîicli nucessitales very sîroîîg abutnnts.
A cotnpound arci, mîade uil of a numiber o! differcuit circles.
wliciî riglîti>' proporîioîted, comtbinues tilt adu'autages o! tlt Iwo,
rcducizig tc lîciglil, aîid ai the salue tinte lîaviitg ait excuiicnt
.tplparauce. lt iliicksîess o! tlt arch aiîd abutue %is dcpends
ot a iiiitntbcr o! dutails, fltc ciif o! winich arc: I .ac forin auîd
s1'.e of the arcis, thie quaiîy o! the inttaîriai eouiosing st, andî
the cliaracter of thc workttiausl). 'rie liatîîcites or sioulders
slieud bc built fruts flic shiriti of teu arcli liai! îvay tu tit top.

\Viîth regatrd te Ilte îtîasoîîry, îirsî-class ltydraulie cettîctît
stoîtild k> used. 1'hu arci t ones slîould bc fuli-beddcd ini
misenet, aîîd eacit course ztftcrîuards torouglily groulcd. Eaci
>lutte siuuid bc clcaue atid dauiiitd bufore bcdng plaeecd il,
It'e arclh. lnspropenly drcssed stottes sitoîld be re-cut. as no

hiaîtitcnig siouid bc ailowcd afigur Ille Stontes arc set. 'IiC
riiîg-sitncs siîotîd bc dreb3ed stit a wvcdgu shape, su tjai tiley
wîil radiate truly fron the centre -if lte circle, anîd sliould bc s'>
drvasc,%d iluat tlt joits tîced flot cxcced îlîrce-ciglîîis o! an
inchit n widtîî. Thie rittg-slone sisould bc of sutel tltickicss as
tu>e"ps test -clcis ot Ille itide or face of Ille arci. Thei ex-
tertor o! fil% arclh siould bc tlusiled iil a unie ilcii cout of
Ctti*li anid surface îict stiîoolîîed off.

.'trcli-t'clverts :sud bridges of ceuiettt-coitcrec cati be mîortc
clicapl' coîîstrutced ttail cati ittasotîr> arclhes, antd, if careful

uurîiatilijiis ctnffoyed, art: quite as serviceabie. Tiey arc
forttucd bY con-s.ricîtittg a cîîrbîîîg atîd tiiorouglîy rattttniug ithe
cticrete tutu il iii successive laycrs. 'ie izianner of nhixiug ithe

coticrete depectds Oit lte citaracter of site classcent uscd, soute
Cctititb bctuig slow scitîug, oîiîcrs quîck svltiig; honse wiii set

nctî in ater, wiiilc otitrs; wail not; huffte wili allou, a cunsid-
er:tlule propiortionti o water to bc uscd i iorinitîg flie norlar,

Wildec otiier cîttezîts sliouîd bc but sligitly tîtotstetd. ()ne
feture il, Cotitectiol i tt'î concrele culvcrt work is dit, wtîhi
flie ctrbitig aîîd centîres fi place, aritn uteligent workittautl cati,
by fuiloîu'ing tlte intructions Of flie etîgitîcer, la>' Ilie cotîcrete.
d:ititîiacttircrs eoînplain titat itiasons, ini lie grtat mnajori>' oi

Cabus. ctirciy disrcgard lle inistructionîs give, tilcus .vitil
respecct go fltc iîixtttg of cetitt, aîd ioilote titeir owat ttctîtods
ot iltixauîg colusiuîon iltortar; whtile a lisait lotal>' îîîîaccusîozîîed lu
work, of itis description will obcy instrucions carc!ulIv aaîd
ininutll>. Cotiercie cannol bc îttixed aîd îîut il, pliace likec coin-
ison tîtortar, aîîd by ou'criookistg titis fact, zîucet coutcrc:c work
lias iaiIcd, and lias brought the tîtaseriai it0 disrcpuic lu soiste

lcalitiesç.
Tilt niost stîbsuanîjal suibstruictures o! bridges arc of citlicr

stone or concrete. I luictir construaction sîttUcient excavation
must at first bc ruade, to propcrly contain the ablument, and titi:;
carnif ita>' bc rcfilcd again so as o forit approaches to the
bridge. Tite excavation completed, wvhen concrete is îtsed in
wiîole or iu part. the portion thuq constructd ut bc boxctt
andi cutrd iu a stibstautial muanne. Ille exact çize tnti 01tnpe


