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than the rod or bolt to be driven. As a consequence,
there is much discomfort to men driving them from the
Splashing that is usually unavoidable. The writer watcl?ed
4 gang of men driving short tie-rods at water line, easily,
efff:(:tively and in comfort. In placing and starting the
T0ds a raft of 12 in. by 12 in. timbers had been used to
Work from. After the rod had been started the men
astened one end of the raft loosely to the cribwork and
Used th; fastening as a sort of hinge. One man on the
Taft pushed the free end away from the crib by a po}e,
A0d the rest by means of a rope pulled it back again,
Striking the bolt and driving it home. A more effective
Blow was delivered than could be done by a sledge, and
' Was more comfortable to the men.

CORRECTION OF ALIGNMENTS AND GRADES IN

EXISTING HIGHWAYS.*
By A. Fraser, A.M.Can.Soc.C.E.,
Engineer, Department of Roads, Quebec.

HZ importance of the alignments and grades 1s very

apparent to all engineers who have ha'd to do with

the building of roads. When making a spgclal

¢ study of this question I was impressed at .ﬁl’.'St sight

om the variety in the details of the many opinions ex-

Pressed and the practices followed. But, after a careful

SXamination of each particular case, I soon found that

Such variety has been mostly the result of the special cir-

SUmstances in accordance with which the many aspects of

‘13 question have been dealt with and the various problems
ved,

The methods used in the construction of roads vary

fo 5 Certain extent according to the political', 'economxcal,
commercial, topographical and climatic conditions of each
Untry and the different periods of history. Ior instance,
the famous Roman roads were, as a rule,.laxd out in-ap-
"OXimately straight lines. Mountains, hills and valleys
qr.r€ crossed almost without any regard to ‘topc?graphy.
s were cut through and deep ravines filled in. But
eY(;ry body will agree that the economical and political con-
ditiong of that time were quite different from those which
ave to contend with to-day and it would be absurd to
Mpt to follow their example. _
will confine myself to a brief discussion of the ques-
0 from the point of view of the construction (.)f our
Pun_ roads in the province of Quebec, setting aside the
1al conditions in mountainous country.

In the province of Quebec, as well as in all the other
pro‘.“nCES, as those trunk roads have mostly to go across
agrlCultural districts, settled many years ago, they have

Ollow the existing roads. y
he engineer who has to secure the best alignments
musF always keep in mind that as those trunk roads are
“Clally destined to promote agricultural develf)pment and
the Materia] welfare of the country through which they go,
bi]ey will also have to bear an ever-increasing aut(f)r?}(l)-
aue traffic. Everybody knows that a great many o f;
omobile accidents are due to bad alignments. O
Urse, we cannot make our roads “fool—prO_O_f»" b_llt the
1-.;,lmtr-v people and the careful tourist, unfamiliar with t.he
2d, have 5 right to protection against the speed lunatics
® drive at from 40 to 60 miles per hour.
i No hard and fast rules can be laid down about the
_Shments anq grades. Although I will try to give the

atte
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general principles which I have by experience found the
most practical and important. .

The curves should be planned to afford a sight dis-
tance; that is, the greatest distance at which the drivers
of two approaching vehicles may see .each other’s
machine—of not less than 250 feet. This is the most im-
portant rule.. I might say that the whole quest-ion of
alignment and grade is a question of the line of sight of
unobstructed vision

Radius of Curvature.—In the province of Quebec, we
have adopted the minimum radius of 3oo feet wherever
possible without incurring a prohibitive cost. If we have
to shorten that radius to 150 feet and under, we put
danger signs at 4oo feet from the B.C. and the E.C.

The pavement itself should be widened in the curves
For the widening, I found the following
formulee, given by Byrne, very useful:

4 W+ wl®
R/ = \/ [[\ 4+ - I-‘r-A‘] 3 lz

k! = minimum radius of outer curve.
R = radius of the inner curve of the road.
W = width of road on tangent.
w = total width of vehicles.
l = total length of vehicles, including teams.

il

For the banking of the curves, the following rules are
advisable: On a curve of between 2,000 and 800 feet
radius the outer side of the pavement should be 6 inches
higher than the inside one; between 8oo and 350 feet
radius, 7 inches; between 550 and 400 feet, 8 inches; be-
tween 400 and 3oo feet, g inches; and under 300 feet, 10
inches.

When a curve occurs on an ascent, the grade at that
place must be diminished in order to compensate for the
additional resistance of the curve. When it i$ necessary
to make a radius of curvature less than 300 feet, we
usually follow the principle of reducing the grade on the
curve at the rate of one per cent. for every 50 feet that
the radius has to be reduced ; so that where we are locat-
ing a five per cent. grade and have to put in a curve with
200 feet radius, we give a three per cent. grade.

As a rule, there ought to be a tangent of about 100
feet between two curves. Quick reverse curves are dis-
agreeable and dangerous with automobile traffic and are
to be avoided.

To cross all obstacles as nearly as possible at right
angles. The cost of skew structures increases nearly as
the square of the secout of the obliquity. ;

The road on each side of an obstacle should be
straight on a length of at least 50 feet when there is a
possibility of doing so without incurring prohibitive
expenses.

Do not overestimate the advantage of straightness.
The curved road around a hill is often no longer than the
straight road over it. In addition, a more or less sinuous
course is an advantage from a maintenance standpoint,
as on a winding road the wheel traffic has a tendency to
spread over the entire surface,

Carry the road along the southern or western slope
of ridges, if possible, so that it may be less exposed to
storms and dry out more quickly after heavy rains and
the melting of snow.

The difference in the length between a straight road
and one which is slightly curved is very small. On the
Montreal-Quebec Road, we have eliminated all the bad
curves wherever possible and through that fact we have
reduced the first 50 miles of roads from Montreal by only
400 feet. As a matter of fact, we generally follow the
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