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SPeed of trains when the sharpness of the curves is over
3 certain amount varying with different conditions. On
Competing lines, however, this may be a serious matter,
ot only on account of time lost, but also due to the ap-
Prehension of danger, and because the curvature may pro-
Uce rough and unpleasant riding. These objections to
Curvature may he almost entirely eliminated as regards
the number of trains required to handle the trafﬁc. as t-he
only feature which might control this is the possible in-
Crease of 5 ruling grade by an uncompensated curve, and
. ;S Mmay readily be eliminated by compensating Curves on
tu Ng grades. On minor grades uncompensated curva-
ol;re has but little effect, as it merely increases Fhe rat:
in grade, and unless the original grade plus th‘f mcreaaje
it gr:ade due to curvature does not exceed the ruling gr:
Will not limit the tonnage of trains in any way-. )
s‘oweve"» the combined effect would be to make Hig e;
IStance more than that due to ruling grades, then trai’
2aded up to the maximum for those grades would be

li
able to stall on the curve.

Grades on the lower side of a sto ;
Not he compensated for curvature, because the_reswtapce
"€ to the curve will reduce the work required i brali"::%
ite trains. When a curve occurs above a stopping p: .
should be compensated in an even greater degree i
ordmarﬂy_

o Curves should evidently be compensated an anriol;:f
S?Ual to that grade which would produce e ture

“tance as the curve. The resistance due tO Cufr;zin L
cog:g a variable quantity depending on the Speed(t)) made
. Pensation for fast passenger trains may De€

Quite 1, : ioht trains, which
1€ th W, but for slow and heavy freig i increased.

W, € Most important, it must be gra 'ualf ordinary
g advises 0.04% to 0.05% per des 01’of curva-
ur'ge,rees o.f curvature. The maximum degr}f'eh opinions
diff, Permissible on any road is a matter on Whic ineers to
a o© Considerably. Some roads limit their engi this to
he XImum curvature of 6 degrees, 9thers lez.lvjs objec-
tio Judgment of the engineer. There 1s 1O i) here the
1 UP to 4 certain limit to a few sharp curves ¥

amq 5 s introduc-

Moy, g : eir introduc

tiog | L.Saved may he sufficient to JU:‘;"U: curvature i
axii

. One lim. .
: iting feature of the m . ade
one l‘u‘lmg grade. gFor instance, where the 5 UIl?qgasgtl;een
8 line i 0.4% and the rate of compensation a ten-
it is obvious that
his degre€

pping place need

a
t0.4% per degree of curve,

eoy i,
ag €€ curve ig the maximum permlSSlble, ;f/ tgradev an
H €orety . » as'a .4/~
if etically the same resistance s

the y the same ruling grade to

€ co To-degree curve was located on a
€lim; 'rectly compensated the grade Wou
ated entirely,

|d have to be

Cu n the mainten-
an Vature has a very marked effect ‘I)Qails on curves

d o i f a line. .
Perating expenses O on tangents; it has

Weg

r

bee (T:T;Uch more rapidly than those 4 on a 10-degree

Cupy, + DPuted that the wear on a rl f: under similar
b

1S 9 . n
COngs,:° 226% of the rail wear on a tange imately propor

+ditig NEE
tiongy oS Of traffic, and that it is approx! el
aﬂ::tl to the degree of curve. Ties are g ?iveany
the,, ed by Curvature owing to increased rail cu:oln gs:tates
that the 4 nOre frequent respiking: Wel]ltqgnal to the
degree ; eterioration of ties is also P:;’}fodr :mder sharp
S (V) opadbe! .

e s, | That g ther:;ballasted, espec'a!ly

Een gy, . 0D frequent]
€n e more frequently >
2nd l‘ene Superelevation is high. 'The expense
< boewa_ls becomes greater owing '@ |
expense;n otive tires and wheels, thus 1€
et

resistance due
e ption of

The ;
e :
"atura“y ‘tnCrease of tracti pedb

ends to increase the fuel €
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motives. Webb charges 447% of the average cost per
train mile for an addition of 528 degrees of central angle
into a mile of track. In some mountainous regions where
a number of sharp curves are unavoidable operating ex-
penses may be sometimes increased by locating these
curves in deep cuts, thus necessitating the use of watch-
men to warn trains of obstructions due to snow slides,
etc., or, as an alternative, the speed of trains must be
reduced as they pass these places.

The following table (abbreviated from Webb) gives
some idea of the items affected by curvature, being based
on the addition of 528 degrees of central angle into a

mile of track.

TaBLE VII.
Normal Cost per mile

) Item. average. per cent.
Maintenance of way ............ 20.09 5.93

Maintenance of equipment ...... 22.74 28.70

Traffic €XPEeNnses «...covvesecnss 3.08 0.00

Conducting transportation -...... 50.44 5.02

General eXpENSES ... ve.evvieis 365 0.00

100.00 39.65

It will be seen from this table that an addition of 528
degrees of central angle into a mile of track increases the
expenses per train mile by 39.657% of the average cost per
train mile. Assuming that the increased expense is
directly proportional to the amount of curvature, which,
in the majority of cases, is very nearly true, then one de-
gree of additional central angle per mile would increase
the train expenses by .o75%. If, again, we assume that
the average cost per train mile to be $1, the cost per
annum per daily train would be 27.375c. This result ig,
of course, entirely approximate but will give a better idea
of the value of a proposed change than any unbaseq esti-
mate, and will show whether the improvement will be
justified, due to possible increase in business.

Grades.—The effect of grades on train expenses is of
the greatest importance. 'Tonna.ge of trains is. ﬁxed_ by
the ruling grade on the section of line under c?nsxderatlon,
a heavy ruling grade necessitates sht?rter trains and con-
sequently more of them. Gross receipts frm:n traffic is a
fixed quantity regardless of the number of trains necessary
to handle it, while the cost of handling .the traffic w1ll.be
nearly proportional to the number of trams: A re@uctxon
of ruling grade, on the other hand, redu01r}g as it does
the number of trains and th.erefore the operating expenses,
will justify a large expenditure to acc9mplxsh this result.
Where the line runs through compara.tlvely level stretches
of country with light grades, very little can be. done to
favorably affect the grade, but pufnps and sags in other-

grades may be'eliminated. No figures on

ise uniform 4 2
311: resistance to movement of a train on straight level
track can be considered accurate for all cases, as they

eed, length of trains, character of cars, and
g:gg?t?ogno?pweathergand roadbed, _bflt 10 1b. per tc_n} is
uently taken for average conditions and velocities.
f;ﬁ?s is equivalent to the retarding effect of a 0.57% grade.
The rate of ruling grades are necessarily lir.nited by
he general character of the road. A road designed to
i gthe requirements of light traffic would naturally not
e tified in a large expenditure to reduce the rate of
cmar rade, whereas on a road built for heavy traffic this
rulu;g Ee of })rime importance. Methods of operating the
e will, to a large extent, minimize the effect of ruling
tral(riis th’e road being divided into divisions, at the ter-
griiizsfywhich sorting yards may be located, and the trains
m




