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Waterways should be neither needlessly large, nor of too
small dimenstons, involving on the one hand unnccessary ex-
pense for first construction, and on the other hand, injury to the
rcad, washonts, expensive repairs, and delay to tratiic,

The materials available for culvert construction in addition
to timber, are sewer pipe, concrete pipe, iron pipe, brick, stone,
and concrete.  Culverts are sometimes made of one of these
materials alone, or of two or more m combination.  \When the
dimensions of a bridge are reached, concrete and stone abut-
ments and picrs, with iron or steel superstructure; or stone,
Inick or concrete, alone or in combination, are the materials
gaining favor,

For the small culverts, sewer pipe is very cconomical and
durable if well Iaid. To render them secure against the test of
a Canadian chmate, they should be 1aid with a good grade, and
the ends protected with concrete. stone or brick headwalls with
deep aprons.  The joints should be made water tight with
cement.  These precautions will provide against the action of
frost, and will prevent the culvent being undermined by water
prassing along the outside of the pipe, cither from the ends or
through the joints. Care should be taken to cxcavate a con-
cve bed tor the pipe to rest in, always laying the spigot ends
up grade.  The pipe at the ontlet should be set flush with the
surface of the ground. Ii sct higher than the surface the falt
of water will wash out a depression and will in time undermine
the end of the culvert. A oo rapid grade will cause the same
result. Tt s drequently well 10 cobble-pave the outlet, where
this undermining action is likely to occur.

Excellent culvert pipe of concrete can be manuiactured
cheaply in any gravel pit under the immediate direction of the
municipal c¢ngineer. The pipes are three or four inches in
thickness according to diamcter; which latter may saiely -ud
conveniently reach three feet.  The implements required are of
the simplest kind. The most important are two steel, spring
cylinders, one to set inside the other, leaving a space between
the two cqual to the thickness of the finished concrete pipe. By
* spring-cylinder.” it may be explained, is meamt such a cylin-
deras would be iormed by rolling an iron plate into a tube
without sealing the joint. With the smaller of these cylinders
the edges overlap or coil slightly: but are so manuiactured that
the cdges may be forced back and set into a pericet cylinder.

These two cylinders with joints flush, are set on end, the
one centrally inside the other, and on a firm board bottom. The
concrete mide of first-class cement and well screened gravel,
is then tamped firmly but lightly into the space or mould be-
tween the two cylinders.  The tamping-iron used to press the
concrete into place is so shaped as to it closely to the cyhnders.
The concrete is allowed to stand in the mould for a few hours,
when the cylinders are removed; the outer and larger cylinder
by inserting an iron wedge into the joint, and forcing the cdges
apait; the ner cylinder, by inserting the wedge into the jomt
and turaning the edges so as to allow them to again overlap, re-
turning to the shape of a coil. The outer cylinder having thus
been made larger. and the inner onc smaller, they can readily
be taken away, and the concrete pipe is then et until thoroughly
hardencd.  Just such a number of pipes as are actually required
for the scason’s work nced be manuiactured; the implemens re-
quired arc incxpensive, and the pipe may be made by the
municipalny {or actuai cost. which, aiter a little experience, can
be reduced to a very small amount.  Culverts of coucrete pipe
are laid in a manner similar to thosc of sewer pipe.

There is no departure which would more enrich the high-
ways than the general use of stone and concrete ior the con-
sttuction of bridges and culverts. They cost more in the first
instance. but the longer life, the fewer repairs needed, the greater
cenvenience, the lesser hiability to accident, render them in cvery
way desirable.  Concrete and stone arc the only materials with
which really permanent work of this nature can be coustructed.
Jridges and culverts of rubble masoury have existed in Scotland
and Ireland with scarccly any repairs for more than a century.,
since beiore the time of Teliord and  Macadam.  Concrete
bridges and roadbeds built by the Ramans nearly 2000 years ago
are still in usc in spite of cffortc to destroy, them in military
operatians. The cact of this class of work is constantly decrcas-
ing through the cheapening and improving of ccinent, through
the leseenied expense of pracuring stane and  crashing it, and
threugh growing experience in the use of coment. In Scotland

it is common for farmers to contract for rubble concrete
bridges, provide the stone, and hire masons to do the work. In
this way the entire expenditure is kept in the locality, amoug
the people who pay the taxes, and is therefore, in spite of a
slightly greater cost, not unpopular.  Up to forty foot spans,
this construction is not difficult.

In the construction of a stone arch, the first consideration
is the foundation. The depth to which the excavation wnust be
wade will depend chielly upon the span of the arch, and the
nature of the natural soil on which it will rest. The ciiel ob-
ject is that it shall be secure. If bed-rock comes to the surface
it may be safe 10 rest the base of the arch upon it without
any further excavation. A firm hardpan may exist a short dis-
tance Lelow the surface of the ground.  Bur a quicksand, or
other insccure footing, may necessitate the sinking of piles, or
the placing of a wide, and perhaps deep. concrete base. Bat
the {oundation must be sufticient to provide that the washing of
water camnot undermine it, that the lateral thrust of the em-
barkments cannot move it, nor that the weight of loads cannot
cause it to sink. No more definite rule can safely be given
than to make the most of local circumstances, with always a fair
margm for safety. Full-centre arches, that is, entire semi-circles,
are wasily formued, possess great strength, and have little lateral
thust, but with wide spans, they necessarily rise to a corre-
spondingly great height, and canunot always be employed. A
segmental or fat arch will lessen the rise, but has a consider-
able lateral thrust which necessitates very stronyg abutments.
A compound arch, made up of a number of different circles,
when rightly proportioned, combines the advantages of the two,
reducing the height, and at the same time having an excetlent
appearance.  The thickness of the arch and abutic s depends
on a number of details, the chicf of which are: T ue form and
size¢ of the arch, the quality of the material composing n, and
the character of the workmanship. The haunches or shoulders
sheuld be buailt from the spring of the arch half way to the top.

With regard to the masonry, first-class hydraulic cement
should Le used. The arch stones should be full-bedded in
cement, and cach course afterwards thoroughly grouted. Each
stone should be cleaned and dampened before being placed in
the arch.  Improperly dressed stones should be re-cut, as no
hamumering should be allowed aiter the stones are set. The
ring-stones should be dressed mto a wedyge shape, so that they
will radiate truly from the centre ~f the circle, and should be so
dressed  thut the joints need not exceed three-cighths of an
wch in width.  The ring-stone should be of such thickness as
tu expuse ten inches on the anside or face of the arch. The ex-
tertor oi the arch should be Hushed with 4 one inch cost of
cemem and surface then smoothed off.

Arch-culverts and brdges oi cement-concerete can be more
cheaply constructed than can masonry arches, and, if careful
werkmansiup 1s employed, are quite as serviceable, T hey are
formed by consiructng a curbing and thoroughly ramming the
concrete mio 1t in successive layers, The manner of mixing the
concrete depends on the character of the cement used, some
cerents bamng slow setung, others quick settmyg; some will set
well v water, while others will not; some will allow a consid-
crable proportion of water 10 be used in forming the mortar,
while other coments should be but shghtly mosicned.  One
frature in conncction with concrete culvert work is that, with
the curbing and centres n place, any mtelhgent workman can,
by fullowing the mstructions of the enginceer, lay the concrete.
Manufacturers complain that masons, in the great inajority of
cases, cutircly disregard the instructions given them with
respect to the mixing of camem, and jollow their own methods
of mixing common mortar; while 2 man totally unaccustomed to
work of this description will obey instructions carcfully and
wminutely.  Coucrete cannot be mixed and put in place like com-
mon mortar, and by overlooking this fact, much concreie work
has iailed, and has brought the material into disrepute in some
lecalities.

The most substantial substructures of bridges arc of cither
stene or concrete. In their construction sullicient excavation
must at first be made to properly contain the abutment, and this
carth may be refilled again so as to forin approaches to the
bridge. The cxcavation completed, when concrete is used in
whole or in part. the portion thus constructed must be boxed
and curbed in a substantial manune: the cxact size and shape



