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niîents %witlx an exterior covcring of longitudinal strips or
tinibers is tiscd, until the kcystones arc inserted. They
should bc dcsigned for the Ivciglits they are to carry and
rigidly supported so that absoltitely no seutlement înay
occur. But lit the saie timie each point of suppot t should
bce ither on îvedges that can lie slackened, or on cylinders
fihled with sand that cati bc draîvo off gradually lit the
proper tinme. S)on afler the Iccystones have been inseried
the easiing process slîotld begin and shot0d hie in tvo
stages. First, a slight easînient sufficient to bring ecd
joint untder pressure, and in a îvcck or twvo later Mien the
mortar lias l)cCouie bard thcy iuay bic graduially and uni-
fornily lowered so as to iîhrow ail the load on the arch.
FIgUres 41, 42, 43 aînd 36 illustrate types of centres, and
the wedges are sh'ovn in Fig. 41.

Specification for Stone -i'cit Culvert iMa(sozr.-lt
îvill be laid in ceinent inortar of approvedi quality, the
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arch sheceting :stones shahl be of the length, depth and
thickness shoivn on the plans, or suich as the engineer
shall prescribe, and shall be cnt accurately on tlheir
intrados, beds and joints according to teniplate, and shail
lic carcftilly laid with a thoroughly good bond lengthwise
of the arch. Tilt face ring stones shali be left rougit on
the face, e\cept c. iý inch intrados draft, and no projection
allowcd of more than 3 inches froni snch draft. T1hîe
*paindrel filling shaîl b)e:rotigh*rubble'siinilar to good box
cuilvert mnasonry, l)ut of good bed, bond and quality of
stone. The abuttments and îvings, or ýiead îvalls and
parapet walls shahl be cither first.class or second-class
bridge înasonry as the enginer nmay direct. (Sec bridge
muasonry spe)cifications.

,te cost of arcil clvert mnasonry îvill Vary îvith the
price of stone cuitting, price of brick and labor, but may
be taken ordinarily at $0 per cubic yard for rubble arches;
S8 to $to for second-class arcli abuttncnts ; $o to $t4
for cut arcli shecting ;$8 per cnhic yard for ordinary
brick arches.

The rquantit)y of masonry ici arches of even the sanie
span and rise îvill lie so cntirely dependent on the lieighit
of abuinents aînd depth of foundations that no table îvill bc
given. lThe tables given for purposes of approximate esti-
mates in Tratwine Il Eîîgineer's lPocket b'ook," îvill bc
found very tiseful.
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So0 izntch lias been liitten on this subjeut and the
design of large arches for rivers or roadîvays, or for
carrying, roads over railways, etc., lins receivei. snicl
elaborate-stifdy, that it is outside the range of this work,
but types ol such structures are given on Plate XI., and
rnany of the renmarks on archi culverts îvili apply to the
larger structures with even greater etuphasis, (e.g.), the
importance of imîniiovable founidations, and taking care of
the uine of pressures below the haunch ani in rte abut-
clents, for this purpose the abutintnts are often built wvith
the beds inclined to the horizontal and nearly at right
angles to the pressure, sec Fig.- 36, and in any case shotild
itever bc further froin sucli a riglit angle than the angle of
friction of stone on trortar.

\lîether in a given case an arch or tIvo abutnients
and a plate girder spanc îill be preferable, depencis on the
depth of the batik and widîlî of streanî, as far as economny
is concertied, but other considerations are the greater dura.
bility and safcîy of an arch, ats finer appearance and
an absence of repairs.

'l'le use of concrete with steel rods or %vire ernbeddcd
in tlie tension side of the arch sbecting lias lately conte
loto use for arches of simili rise, especiaily where roiting
loads tend t )distort the arch, the possibilit), of this forcit
of construction lies in the fact that steel andl concrele have
almnost identical co-efficients of expansion.
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As the size of îvaterîvay increases. the cost of an arch

soon biecoines excessive, oîving to the heavy abutments
necessary for arches of long span and small heighit. On
the other lîand th'e cost of bridge abutinents increases very
rapidly îvîtl the deptiî of bank, s0 that we have tîvo
limuiting features to guide uis in the selection of the style
of structure inost suitable for a given mnail streani or
creek, c..,îitil a 3o.foot span. and embankment 30 feet
high the costs abolit equal cadi other. But wlienevcr the
arch does not cost appreciably more than the open span
it should be selected, oving to the absence of floor repairs
and to increased safety given. It inust be remembered
that tlie addition of a solid buckleplate floor and ballast to
a plate girder will, hioevcr, inake it practically safe ard
almnost chuninate repairs.

When the streain to be crossed is of considerable
magnitude the question of span lengths îvill be the ftrst
one t, decide uipon, îvbich must be donc with dite regard
to mIe probable life of iron work and thie cost of replacing
and painting it, as îvell as to the total present mnininmum
cost of structure.

The approxitoate minimum cost of structure is ob.
taiticd Mien the cost of the trusses, miot incluiding the floor
systerni is equal to the cost of the inasonry, îvhich should
inchide th,~ cost of foundations, etc., but excinde the cost of
those portions of abutnien ts of vhuich the function is ta retain
tlîe earth wvork and not to support the bridge, i.e., the îvings,
etc ; but il is usimlly safe to arrange the spans so that the


