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the ground to the desired grade by excavation or
cmbankment, and on this forming a foundation course
more or less substantial. It should, hike the foundation
of any structure, be pracucally permaneat, and consti-
tute the mam stability of the road.  The surfacing is a
cowmparatively thin weanng surface laid on the road.
bed, and must be renewed from e to time. The
road-bed must be kept diy, by sub-dranage if neces-
sary, and should be given as hard and unyielding a
top fimsh as is practicable.  For city pavements, for
mstance, it has now long been estabhshed that 6 in. of
Portland cement concrete 1s the best foundation for all
classes of pavements.  Stone block, brick, asphalt, or
even wou.d block surfacing, all wear best on a good even
layer of concrete.

In estmating gralmg, allowance must be made
for the shninkage, or increase, of the matetial from its
bulk before excavation, to that after 1tassettled in the

embankment.  Shrinkage of the different materials
ordinarily encountered is about as follows : —
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Rock increasesin bulk on being excavated, depend-
ing on the size to which 1t is broken, by an average of
about 30 per cent., sometimes as much as 8o per cent.

An embankment or excavation will generally be
stable when its transverse slope is the natural slope of
the material, 7. ¢., the slope at which it remans at rest.
The inclination of this slope with the horizontal is called
the angle of repose of the material. However, in prac-
tice i1 1s found preferable to use a slope somewhat under
the angle of repose.  The inclinations generally given,
for various materials, are as follows, m the usual terms
of horizontal to vertical projéction:
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Slopes of sand ate best protected by sodding, but
this is often difficult and smpracticable.

Slight moisture 1n carth tends to increasc its sta-
bility : but any considerable amount of moisture acts
as « lnbnicant, and dunmimsh-s stabnhity. until with ex-
cess of moisture the material is reduced to mud, and
1ts stability is entirely destroyed. It is evident there-
fore that the fitctional stability of material depends
largely on the case with which the water which it may
take up can be drained away. Broken rock, shingle,
gravel and clean sand allow water to pass through
readily, and are the safest materials for embankment.
The cleanest sand may., however, be rendered com-
pletely unstable if it is contained in a basin of material
which does not allow water to drain away. It then be-
comes quicksand. Clay alonc is better than a mixture
of sand and clay. Insuch a mixture the sand allows
entrance of water, and the clay prevents its escape.

In the drainage of roads separate provisi n must
generally be made for sub surface aud surface drainage.
Sub-surface drainage has for its object the keeping dry
of the road-bed, by the removal of undergronnd water.
Surfacing placed on a wet, undrained road-bed, hable
to destruction by both water and fiost, will always be
trouble~ome and expensive to mamntain,  Surface diain-
age provides for the prompt removal of all water fall-
ing on the surface of the road.
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Provision for proper drainage, both subsurface
and surface, is one of the most vital essentials in good
road construction.  No road, however well made other-
wise, can endure, or give good service, if it is not thor.
oughly drained, but allows water, the most potent of
all road destroying agents, to collect and remain on it.

Sub-surface diainage by special provision, 1s neces-
Natural soils are of the
following classes : Silicious, sandy or gravelly ; argil-
laceous, clayey: caleare s, containing lime; rock,
swamps, and morasses.  Silicious and calcarcous
svils, sandy loams and rock, are not retentive
of water, and therefore require no under-drains.
Argillaceous  sotls  and  marls  retain  water, are
difficult to compact, and are very unstable under the
action of water and frost. Sub-drainage of these soils in
aroad-bed is effected by tcansverse drains, or by longi-
tudinal drains with occasional transverse outlets, to the
side ditches. Transverse drains are placed, not at right
angles to the road, but in form of an inverted V with
the apex directed up grade. Sub-soil drains ate best
made of unglazed circular tile, not less than 3 inches
in diameter.  The joints are made by means of short
sections of larger pipe, forming loosely-fitting collars.
These sub-drains should be laid to a depth ol 18 inches
below sub-grade, i.¢., below the top of the road.-bed,
before surfacing is put on  In very wet soil they should
be about 15 ft. apart, when not so wet 25 ft. spacing
will do. They require a fall of about 1 inch in 5 ft.
Their outlets from the side of the road-bed should be
blind drains extending back 3 or 4 ft.  These blind
drains may be of field stone, laid to line.

Surface drainage is effected by having ditches,
gutters, or closed drains at the sides of the road, and
having the road surface of such forin that the water
rapidly drainsoff. The cross-section of the rozd should
be kept so that there is a regular fall 1o the sides, unin-
terrupted by hollows or ruts.  Side ditches should be
sunk 2 or 3 feet below the surface of the road. They
are given such cross-section aud fall as to readily carry
away all the water that comes to them. \Vhere open
ditches are objectionable, paved gutters may take their
place. These should, at proper intervals, empty,
through gratings, into closed drains.  Or the ordinary
ditch may have a strong, loose jointed, tile drain in the
bottom, or a box drain made of flat stones, and be then
filled up to the ground surface with loose stones. A
drain of this kind in the middle of the road covered by
the surfacing, also makes a good sub-drain. Ditches
on inclines on which the velocity of water, after heavy
rainfalls, would be greater than the nature of the soil
can withstand, are mmproved by having weirs built
across them at intervals.  These weirs are of stone, in
sufficient quantity, laid dry. They arrest the flow of
the water, and so prevent destructive scour of the
ditches. A velocity of 30 ft. a minute 13 not detri-
wental; 4o ft. per minute will move coarse sand ; 60
ft. per minute will move gravel; 120 ft. per minute will
move round pebbles, and 180 ft. per minute will move
angular stones 13 inches thick.

{Concluded in next issue.)

sary only with certamn soils.

ComuuxnTING on the bounty offered by the Ontario
Government for iron ore produced in the Province, the
Hamilton Tumes wisely advises people not to lose their
heads over a miming craze.  Such enterprises should be
undertaken by experienced men; and better for them
still, if thevinvest their own and not other people's
money.



