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Or that a 12° curve doubles the level resistance, or that a
1° curve is equal in train resistance to a .o025%g rade ;
strictly, therefore, we should lessen gradients on curves
by .025 for each degree of curve, to compensate for curve
resistance, but this would be scarcely enough, for when-
ever a train is nearly stalled, curve resistances due to low
speed will be much higher, and if the train is once stalled
it will be hard to start again on a curve just barely com-
pensated. For this reason it is customary to compensate
for curves at a higher rate than is theoretically necessary,
the usual amounts being .04 to .05 per desree of curve,
depending on how valuable a few feet are, in elevation, on
maximum grades.
Arr. 7.—Tne Cost or TraiN Reststances.

It must not be supposed that the expenses of operat-
ing a road vary with the total train resistances found ac-
cording to the rules given in Art. 6. Even the fuel con-
sumed is only affected partially by variation in train re-
sistances; some are affected very much, as car repairs and
rail wear, while others, such as maintenance, general ex-
penses, etc., are hardly affected at all.

{A4) Cost of Curve Resistances.—It is estimated that
30 per cent. of the working expensas vary with the curve
resistances, and taking the cost of a train mile at go cents,
and a continuous 12° curve for a mile = 633° curvature, =
one mile of level tangent resistances; then, the cost of
operating a train each way for a year around 1° of curva-

0
ture = 365 x 2 x 23—3 x 36 per cent. = 37y cents,

P . 100
therefore, we are justified in spending — x 37.3 cents =
5

$7.46 per daily train, during construction, in eliminating
each degree of curvature with money at 5 per cent., any
number of trains per day, or degrees of curve in direct
proportion, from which it is evident that the worst features
of sharp and heavy curves are more questions of appear-
ance, comfort and safety, than of actual cost in operating,
especially as the case is always on2 of more or less curva-
ture only, and not a question of curves or no curves.

With roads expecting light traffic and heavy grading,
it is evident that a very great amount of curvature will be
justified ; and then, too, it must be remembered, that it is
the total angle of a curve and not its sharpness that
counts in the total train resistances ; the only objections to
sharp curves are the slightly increased danger of derail-
ment, the necessary slackening down from very high
speeds, the slight lengthening in distance, and the senti-
ment of the public against them. :

(B) The Cost of Grade Resistunces.—Grades must he
viewed from two standpoints: first, as so many feet of
rise and fall, up and down which the trains must be car-
ried ; and second, as the limiting features to the maximum
load which a given engine can haul at a low speed over a
freight engine divisi.n. Under the first heading Welling-
ton divides them into three classes:

(1) Those which are so light or short as to be passed
over with uniform steam on and no brakes, the speed
only, fluctuatine. Such grades cost nothing appreciable
more to operate than level grades, as the trains goin,, each
way in a day gain as mueh energy as they lose. These
grades would be, roughly, anything less than o.5 per cent.

{2) Thosein which steam is cut off in descending, but
which do not need brakes in descending nor sand in as-
cending. It is estimated that ore foot of rise and fall, per
daily train per year on this class of grade, costs:

Eighty-four cents, if a minor grade, which equals
$16.80 capitalized; $1.67, if a maximum grade, which

equals $33.40 capitalized. These may be taken roughly
as grades between 0.5 per ceut. and 0.8 per cent.

(3) Those on which brakes are needed in descending
and sandused in ascending, These are estimated to cost per
daily train per year, per foot of rise and fall, $3.50, which
equals $70, capitalized at 5 per cent. These may be
taken as any grades over 0.8 per cent., unless of very short
length. By multiplying the above sums ($16.80, $33.40,
or $70) by the number of daily trains expected, we can
arrive at the total expenditure justifiable to save each foot
of rise and fall.

TasLe IX.
(See Wellington, page 544, for larger table.)

NET TRAIN LOADS OF VARIOUS ENGINKS ON VARIQUS GRADES TAKING
25 PER CENT. AS THE RATIO OF ADHESION.
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Remember the above sums are not supposed to be
precise, but to be as near as it is possible to arrive at the
truth. These figures refer to the cost of grades regarded
merely as so many feet of rise and fll, and are entirely
independent of -and distinct from the effect which the
maximum grade has on the train load, which is a far more
important matter. In rpecial cases, as on the N. Y. C.
and H. R. Railway, where the grades are very light, the
curves are the limiting features, but usually grades
limit and determine: the load which a given en-
gine can haul. The hauling capacity usually depends
on the weight on the drivers, and the ratio of adhesion,
although for high speeds the limits of boiler capacity or
cyilnder power may be reached first; for freight work, how-
ever, the former are all we need to consider. The ratio of
adhesion varies from 20 per cent. on slippery rails to 25
per cent. in ordinary weather, and to 33 per cent. where
sand is used, but falls at once to about 10 per cent. when
the driving wheels begin to slip. For any assumed ratio
of adhesion it is easy to compute the load which an engine
of known weight on drivers can haul up any grade. The
total load includes the engine itself, but on light maximum
grades it is not usual to haul maximum loads because of
the difficulty in handling long trains and making couplings
strong enough to transmit a very heavy pull when com-
bined with the severe jerks caused by the great amount
of slack in link and pin couplers. The increasing use of
automatic vertical plane ccuplers having very little slack
will soon do away with this difficulty and enable longer
trains to be handled with facility. Table IX. enables us to
compute the increased or decreased engine mileage due to
a change in maximum grades, for any given amount of
traffic. For light trafficsuch calculations must be modified,
as more trains will be run to accommodate traffic than arc -
strictly required to carry it, and only as traffic increases
so as to afford at least two or three fully-loaded freight
trains per day will such ralculations be rigidly true—even



