
TH-E CANADIAN ENGINEER.

speed of the piston dituiinishes tiutil, if it were possible
to hiave a counecting rod of infinite length, we should
have both halves of the piston stroke îerfornied in tire
saine t ille.

It is, perhaps, flot very generally kit )wi that the ac-
celeratiun of the piston, whicli is the quantity detceîîxiu.
ing the balance or wvant of balance lu ani englue, is con-
siderably greater at the head titan at the crank end of
the stro<e. Engines are built, such as tire \VeIls,
whîlchi profess to be perfectly baacdhecauise they
have two pistons of equal wveight on the saine centre
hune, on the sanie side of tire crank, and which act on1
cranks set oppositely to each other. Thiîs is tnt tire
case ; such an engine is out of balance at the ends of

rIxe stroke by the ainouint 2n1, where the syiols
gr

have the saine iiea'ing as above and M is tire mnass of
either piston.

For 'I'îîE CA\-A.îA. 1:%GtNsi iLlt

ROA) ENGINEERING.

l .n.MR(ITHALI tT,xt t.s.cE

The social and commneicial wvell.being alike of nod-
ern comuxnunities depends on the facility of cotututini-
cation. lI'lie cost of ev'ery tont of goods or produce
brouglit to a toîvu is dependent ou the quality of the
road over wvhicli il is hiauled. The construction and
maintenance of roads require special skill and care, and
Yet no departinent of putblic workis lias iii times past
been so frequently sliglîted.

l1'lie question of first cost is usually the great uni-
pediitieut in the way of obtaitxing good roads. It is
difficult to convince the average taxpayer of the fact
that a road, of wvhiclh te first cost is comparatively
sîiall, but of which tire maintenance anicunts. every
few years, Io as mucil as the first cost, is more expen-
sive, besidles bein- ntuch less serviceable, thati a prop-
erly buiit road costitîg lîttie to itiatitain. 'ixe road, or
p)avement, which is truly the cheapesi, is that wvhich
gives the best retturus for the mnoney expended on it.
'Tire mxaintenance, together witl i nterest on first cost,
of a good p)avemient, will getxerally aixotitt to less tlîan
tîxe like charges on a poor otie. Front tItis point of
view the question shotild be considered.

Tfire relative tuenit of different road.coverings lias
l)eetx made the subject of txxuch exjerintent and sttîdy.
Tire vast différence between good and poor road sur-
face is shown by the following table, which joins the
average cost of transporting one ton a distance of one
mile over différent surfaces :
.\sphalt pavement, good condition.................. 2.7 cents.
Bîrokien stone (Macadain).................... 5.2 t0 14

Earth dry and lxar<l............................... 16
Earth ruts and mud ............................ 39
(ravel loose...................................... 42

(;ravel conpacted...............................i2s S
.Sand wct ........................................ 32

sand dry ........................................ 64
As comipared with the above, it will be iiteresting

Io note that the average cost of transportation by rail-
ways is nowv six.tentlhs of a cent per tot per mile.

Could the average cost of wvagon transportation be
reduced to say five cents a tont pet muile, it would inean
an atînual saving of millions of dollars, and bring into,
mxarket inany tons of produce that canriot now be
tîxoved wvith profit.

In sontie European coutîtries it is common to iauil
on country roads three tons, and in the cihies frotu thre
to five tons, wvith one hiorse. On sucli roads tire cost of

wvagon t ransportatin is less than onc-third of what it
is iii general in Amierica.

lThe folIowvîng table gives tire tractive force, say in
nîîmnber of horses or horse pnw%%ers, rcquired to inove a
given load on a lcvel on différent road surfaces as coin-
pared to'asphiait pavements.
Asplialt pavemeintsi. gud condition ........ ............. ....
Gravel loose .................. ...................... 6

Gravel comminon road ....... ....................... 2

(iravel best. bard rolled ...... .... 4

'ITurf %ver .......... ............... . 1 6.6
Turf dry and hard ....... »... .................. 3
ï7artl ordinnry road................. ..... 13 3
liarth dry and )lard........ ............ 4.4 to 6
Macadami ordînary ................... ....... 3 8 t0 5.3
Macadain best .................................... 
Sieighis on snowv, temiperature .i~.............................4 44

Tire increase of tractive force dlie to grades is
shovn. in the next following table, whichi gives thc
resistance, lu potinds per ton l(2,oo lbs.), dute to gravity,
on different grades. Per cent. of grade is the number
of feet rise in a distance of 100 feet.
P'er cent. grade. . ..- 1 5 1 2t 2 ~

1<senf ermie .±4 70 F( 13z to 10 8 8IS 1 66 1 52

Rus. in lbs per toi 1 1 io (I 10 s 40 1 34 125 1 20

'fo these v'aluîes nitust be added the tractive force
on a level toobtain the cntire tractive force required.
On good macadam, for instance, the tractive force ce-
quired is 36 lbs. per ton. The required tractive force
on a one per cent. grade vouild then lie 56 lbs. per ton,
on a twvo percent. grade -76 lbs., &c.

The loss af tractive power iu grades is greater
than these figures show, for the reason that the power
of a horse is niuch diminished by fatigue in long
ascents. A horse can, however, for a short time, exert
more than twice lus average pull. So long, therefore,
as the incline is short. and not too steep, it is flot very
detrimiental. A sîeep grade, or a long tîninterrupted
one, is particularly objcct jouable on anr otherwîse good
road, in that it deteruxines loads wvhich, but for it, could
be several tinmesas large. In France, the c untry pre-
eniinent for the excellence of its roads, having a special
governinent organization for their care, and a corps of
engineers, styled engineers of bridges and roads (Ingen-
ieurs <les ponts et chauséés) wvho devote their wvhole
time to the construction and maintenance of the public
roads, the maximum grade adopted for highways is 5
per cent.

Trie kind of vehiicles uscd on a road lias much to
do with its endurance. Springs decrease the Ixamîner-
ing of a wagon. ]3road tires and large tvheels distri-
bute the load ov'er a greater airea, and thus diminish
%vear of the road-surface. For heavy hauling wvheels
%Vithl tires 2ý inches wvide, for instance, cause double
the wear of wheels with tires 4j inches wide. The
proper widtli of tire is dependent on the Joad to be car-
ried. In a number of Euiropean couintries this wvidt1i
is strictly regulated by lawv. It varies froni about 4
inches to 6 inches for freiglit wagons, the latter width
being for four wheeled wvagr'ns carrying six tons. In
France it is usuial to have the gatige of the rear pair of
wheels larger than thie front pair, so that the rear
wvheels ruin about an inch outside of the line of the
front wheels. Tîxis distributes the wear over twice tire
surface, and prevents ruts. On account of their ir-
regular tivisting motion, twvo-wheeled catis do niuch
more daniage to a roid than four-wheeled wagons,
carrying the saine load per pair of wvheels.

A properly constructed road consists of two dis-
tinct parts, the road-bed and the final surfacing. The
road-bed is made by bringing the natural surface of


