
TH IE C'.N.\IIAN 1-N(GINIEER-.1

thle grotllld to tht' iiesired grade by excavation or
embîaîîknivnî, and on tins foi inîngi a toundation course
more or. h'ss substantial. Lt shouild, like the fotindation
of ;tri\ stiîîct tire, be pract icailiv pet ina neît, anid const i.
tuite thei main stabiiity of the' road. l' surfaciîîg is a

com.îrt îelvîlis Nv ta îng surface laid on t he road.
i ed , andi ii it Ii, he re-le t d fil mn isime t o l i me. T'l'i
roaci bed niust lhe kept (fi)y, k' sîîiaîraîinage if nieces-
sary, and Sîouild lie g nas btard and uniyielding a
top) finish as is liracticale. For cm t) pavemecnts, for
instanlce, it lias slow longl bt'ei est.tislihedl that 6 ii. o

Portlanîd cernenut rolCreîte is the' best fouîndat ion for ai
classes of p)avemen'its. Stone bHock, brick, asphiait, or
even wvool blhock stîri.acing., ail wear best on a good even
iayer of concrete.

I n est imat tng giai n, îlow.înce iîst ho mnade
for the sli inkage, or increase, of the' mater iai frontî its
biîlk hefore excavation, to that afteî ît is settled in the'
emibanskineiît. Shrirnkage of the di leruent ilaterials
ordinariiy cncotintered is aîbout as foilows :-

(.................................. ...... 8 ht'r centi
(;ravel asid %,and............................. 9

Clav asid claý ..a...................... ..... lao

im.alm andt lI gli inici cartish..........
l.0oset %egeîati1e (mll ................... ......... 15
I 'îidd(led(la>iv..................................

Rock'increases iii biilki on lueing excavated, ecd
ing on the' size to %'hich i is broken, by' ant average of

ablit 5o p(er cent., Soneines als nituch as So per cent.
A n cînbankmnent or excavation %vill generally be

stable Mien its transverse siope is thie natural slopt- of
the' niaterial, i. e., the s1ihie at wlicli i relialis alt rest.
'l'lie inclinatio<n of t bis siope wvisli the' horizontal is called
the angle of repose of the' inatermal. I Iowever, Ini prac-
tice il is fotiid preft'rale to uise a siope soiinevlat tînder
the' angle of repose. 'l'lie inclinations genîerally given,
for varions mnaterials, aie as foilows, in the' tistiai ternis
of hoi izoiltal to ve'rtical hrojt'ct ion:
I .wu'c eari Il. 1< ar. anîd gra% e I....... ... ............. i 1

Sand ~............................... ... 2 2. tc>
Soft rca,%- clay.............. ................... ~ 3 io

Rock, .sid ... ........... ... .. .............. 014 te) i

5l<îpes of tsand aie bi'st protected 1», sodding. but
tlîis is oltemi d ifhcu It a mîd înpractica hie.

Sliglit nisinre in c,îrtb tend-- to increast' its sta-
blity .but an)' ro>sialeraiuie a inouint of ioist lire acts
as .î hibricant. and dmiiîîî'.h ls stability. uintil u îti ex.
ce.s of inisI nre t he ina ta'ral is ret'tlced to imud, a nd

sits stabilit y is enti relyvd'toel I t is evidcnit there-
fore thiat the' fi ,ctjouai stabi litv of naterial <lejends
largi'ly o.) the' vase wvitl whicli the' water wbich it iay
take up cans le draineid away. Broken rock, shingle,
gravel and clean sand allow water to pass through
rcadilv, and art. the' safest inaterials for enîibanilîentî
mihe cleanest saîîdl inay, liowev'er, 1)e rendered coin-

pitt'ly tunstable if it is contained in a basin of inaterial
wvhicli does îîot illow v alt to drain away. I t thens be.

coisquicksand. Clay alone is better tlian a mixture
oif ,and and cla)'. I n sucih a nmixture the' sand allows
enîrance of water, and the' cia)' lieveits its escape.

I n the' drainage' of roads separate provisi Mn mlust
genieral i)' beniade for sui) surface and surface drainage.
Sub-surface drainage lias for ils object tht' k(eping dry
of the' road-bedl, by the' renioval of uindletioitîd wm~er.
Surfazing placed on a Wtst. un.lr.ined road.bed, liable
to dlestruction by both wvater and fi ost, wvîhl always lie
t rouible-orne and expetisiv to 10 naintain. Suîrface dil airs-
age provîdrs for the' prompit rnoval of ail water fall-
ing on the surface of the~ road.

Pr'ovisioni for proper drainage, luoth stulisurface
a nd suîrface, is one' of the' inost v'it ai essen t ais i n good
road( constiticuioni. No road, liowever %veli mnade otlier.
Nvîse, cars endure, or grive good service, if it is flot thor-
onghly drained, but allowvs wvater, the wost 1 iotenit of

alrad (lest roying agents, to collect anti reina iii on il.
Stib-surfaçe di ainage by special piovîsion, is neces-

sary only withi certain souls. Nattiral soils are of the'
folio\viiig classes -Silîciotîs, sandy or gravelly ;argil-
laceotis, clay'ty :calrar' sis, conitaining limie ;rock,
Mvanps, andl morasses. Siliciotis and calcareotis
soiks, sandy loaiîîs and rock, are not retentive
of \water, and therefore requirc no uinder-drains.
Argiiaceoîis soils andminaris retaimi water, are
difficîlt to compact, and are very unstable tunder the
action of w~ater and frost. Sub-drainage of these souls in
a road-bed is elfected lîy t ,ansvcrse drains, or I)v longi-
t udinal drains wit b occasionai transverse otleits, to thle
side (lâtches. Transverse drains are piaceci, îlot at righît
angles to the' road, but iii formi of an invcrted V with
the apex directed up) gradle. Sub.soii drains aie best
inade of unglazed circuilar tule, not less than 3 inches
'il <iaineter. 'l'le joints are niade by nicans of short
sections of larger pipe, formning loosely.fitting collars.
These sub-drains shouild bc laid to a depth ol iS inclies
below sub'grade, i. e., belowv the top) of the road.bed,
l)e<ore strfaicing is put on lu very %vet soul tbey slbouid
be about 15' ft. apart, Miecn flot so Wvet 25 fi. spacing
wvill do. 'l'îey require a faîl of about i inch in 5 ft.
Their otîcîes froin the sîde of the road.bed shiotld be
Iilifl( drains exteîîding Iîack 3 or 4 ft. Tliese blind
drains niay' le of field Stone, laid to fine.

Surface drainage is effected by liaving (litches,
gutters, or closed drains at the sides of the road, and
liaving the road surface of snicb forîns that the water
rapihl)' drains off. The cross-section of the rond should
lie keLpt s0 that there is a regular faîl tc, the sides, unin-
terrupted by liollows or ruts. Side dittb)es sliould be
stink 2 Or 3 feet below the surface of t'hc road. They
are given snch cross-section andi fali as 10 readily carry
a\%a.y ail the water that cones to thei. \Vliere open
dltches are olîjectionable. paved gutîters inay take tlieir
place. 'Ihese shotild, at proper intervaîs, eînpty,
through gratings, into closed drains. Or the ordinary
ditch inay have a slrong, loose jointcd, tule dIrain in the
iiottom, or a box drain mnade of fiat stones, and bie tlien
filled up) 10 the' gromid surface wvith loose stones. A
drain of tlis kind in the miiddle of the road covered b)'
the surfacing, also inakes a good suib-drain. I)itciîes
on inîclinîes on wbicli the vehîcity of wvater, afier lieavy
raimîfalîs, votild lie greater tiîar the natture of the' sal
cars witlistamîd, are iniproved b)' liaving weîrs buiît
across tiiern at iîîtervals. These wveirs are of stone, iii
sufficiemît qîîantity, laid <lry. They aî'rest the flow of
the' wvaer, anîd so prevent destructive scour of the
(lâtches. A velo)citY Of 30 ft. a minute i. flot detri-
miental ;40 ft. lPer minute wvill niove coarse sand ; 6o
ft. per' minute \vill miove g >ravel ; 120 ft. per minute wvili
iiîovc rosiid pebbles, and i So ft. per minmute wvill inove
amîgular stomies i 5J inclies tlîick.

(C oncludeI in nex.t issue.)

CosMîx'rsGon the botinty offéed by the Ontario
Goverrimeiît for iron ore produced ii flie Province, the
Hlamiltont Timtes wisely ad vises people flot ta lose tlîcir
lieads oveî' a iîiîgii craze. Suicli enterprises sliouid lie
tmnulrtakemi by experienced mien ; anal better for dictai
stili, if theu invest flieir owvn and n.ît other people's
mnoney.


