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The question of the most advantageous
flnethods of impraving existing railway lines,
and the effect of such improvements upan
OPerating expenses, ks one to wvhich the atten-
tiOn of the railwav en gineer ai the present day
18 frequently directed. The abject of this
Paper ks to auttine methods by which the most
eCanamical results may be obtained in opera-
tiofl, and ta define a basis uipan which the'
Yearîy value af railway improvements may be
quickly and accurately estimiated ; at the sanie
lillie to epitomize a vast and varied subject

it uh brief space as to facilitate its ready
applcation in practice.
deprfession of civil engineering has been
efined as "lthe art of making a dollar earn

thle Mfost interest," a definition whichi in no
braneh af the profession should be mare close-
'Y: adhered ta as a maxitîî than in railway en-
gineering. Evidences are ta be iound on
'eVery hand of enterprises in which the finan-
Ctal aspect lias been largely lost sight of by
engineers who were desirous af building
Wrks of monu mental excellence rather than
a)F structural utility. The result, in many in-
Stances, has been the impaverishment af the
eomnPany before the line cauld be equipped for
economical aperation, or even comiplet ed.
The promaters ai railway prajects, on the

Ohver innd, in their zalta reduce first cost,

acharacter that the expense af operation bas
have krprted etepr that might otherwise
heed financially successful. Betwcen

teeext remes there is alwavs a happy mnean
"Ilich .%ill -ive the largest return for the
MuOney invested, and tipan the engineers abil-
tty to discover the wisest middle course may
d'epend the success af the vent ure. General-

'y peaking, the mast ecanomical line toadopt may be defined as that on which the
Sun Of the aperating expenses and the inter-

st Charges on the total expenditure are least.
Many existing lines, built under limited fin-

anejal conditions, in the expectation af a
Stt$iciently large traffic in the future ta war-
[cInt radical impravements, have been greatly
handicapped because ai the failure af the pro-

tfloters ta recognize the paramaunt import-
ance af adopting the lowest rate of grade
w'hich the country would afford. Uniortu-T

atelv engineers are prone ta work ta the ex-
t'nelimit oi grades and curves, even ta the

eXtent ai adopting a maximum grade in local-
't'es where a minar gradient might as easily
hlave heen obtainied. The result ai such lack

o uesight is that any atternpt ta imprave the
grea0es invaîves îracticaîîv the reconstruction
0nf the whole line. Until the traffic bas devel-
Oped suifficiently ta justify such radical
change, the lune is operated under mast un-

avarable conditions, which, in numerous in-
bCs as resulted in the appaintment ai arecelver However favorable the conditions

U tier Which a line ks projected, there is but a

_e f --

- -1 1

FIGURE j

t .9 /0

small margin for error either during construc-
tion or in later improvements. Mîstakes in
alignment may be rectified, structures rebujît
and local sags removed, but the ruling grade
ai a line, once established, is the limîting
feature wvhich gaverns largely the expense ai
operation.

Many uines and particularly traniscontiiejital
lines, have largely by their own agencies, de-
veloped the trafflc which they carry, and with
little hope ai immediate return have been built
in the cheapest passible manner with lteavy
grades and sharp curvature. Later on, with
the development ai traffic and the impettus af
camnpetitian, the line is inadequat e ta the busi-
ness, and means niust be saught for increas-
ing its facilities. Railways constructed under
such conditions sliould seldoni, if ever, be
dauble-tracked without the interniediate step
ai reducing the grades. This is particularly
true afilhues with but little more trafflc than
cati be handled ecanamically and expedlitiauis-
1>'. The canvenience and rapidity with which
trains cani be aperated on a double track line,
and the sentimental bias ai the public in their
tsavor, have been incentives towards the dou-
ble-tracking ai many lines, when ta have re-
duced the grades would have invalved a much
less expenditure ai maney. Viewed from a
financial standpoint, the latter course will
usually pay a greater percentage ai interest
on the investmient, at the same time facilitat-
ing the economnical hiandling ai a larger vol-
ume af traffic than was previously passible.

In the case ai lines with a heavy passenger
or suiburban traffic, the conditions are quite
reversed. The question becomes une rather
ai the number oi light trains wbich cati he
operated rapidly and in quick succession, and
without danger ai delay, than ai the number
ai tons that cati be handled itn a train. To in-
crease the number ai tracks as the business
justifies ks evidently the solution ai the prob-
l em.

The cost ai double-tracking will seldom be
less than 5o% ai the first cast ai construction;
and ini rough country, where it mav be nleces-
sary ta comipletely divert the second track, it
will more aten approach 75%. Rails and fas-
tenings, ties and ballast, will be appraximate-
ly ioo% ai the cost ai such items in flrst con-
struction. The cast ofgradingmay varvfrirom
40 ta 6o% ai the first cast, dependingK upon
the topography ai the country ; the cast ai
bridging irom 7i ta g0%. Fromt this it is evi-
dent that the traffic ai a line must be very
considerable, and greatly congested, if the
heavy expenditures thus entailed cannat be
pastponed for a number ai years by a re-
duction ai the grades. As an illustration
ai the advantages ai the latter course, a
reduction ai a ruling gradient from 1 % ta 0.47/
practically doubles the haulage capacity ai
locomotives and reduces the number ai freight
trains abaut 5o%, and the expense ai opera-
tion about 25%-a course which, on lines with
a moderate traffic is usuially warranted by the
cansequent reduction in aperatitîg expenses
alane, aside irom the advantages afforded for
handling an increase ai business.

Simultaiîeausly with grade reductions, many
other impravements may be effected without
adding miaterially ta the cast, at the same
time placing the line in a fit condition ta be
double-tracked in the future. At no time is a
better oppartunity affered for puitting in tran-
sition ends ta curves which have not been
previausly eased. Objectionable features ai
alignmnent may be removed and curvature
eliminated. In many cases it will be found
possible ta consolidate a number ai heavy
grades in one sectian, which may then be
operated with comparative ecanomny, but
which the traffic wauld not warrant reducing,
and thus full benefit may be derived from
impravenients in adjoining sections. It will
usually be iound mare econamical ta operate
heavy grades in the vicinity ai divisi6inal
points %vith the assistance ai the yard engines,
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reducing the grades an tîte retnainder ai the
sectian ; and at points where it wauld be
tiecessary ta canstruct several miles ai new
line, ta avoid a short beavy grade, it will
aiten be found more economnical ta double
the train.

Little advantage is ta be obtained in opera-
tion froni impravements which are not calcu-
lated ta increase the engine rating for the
whole section. An excessive ruling gradient
at one point, the necessity far stopping an a
grade, or insuflicient compensation for curva-
turc an a ruling gradient, jnay appreciably
limit the rating ai the section. In arder,
therefore, ta abtain tlhe mst economîcal re-
sults in aperation, impravements should be
designed to make the rating uniiarmi on ail
ruling gradients.

The extent ta which freigbt and passenger
receîpts will be affectecl by inuir changes in
distance depends largely upon the nature ut'
the traffie, and upon tbe gea.graphical position
ai the liue in relation ta its competitars. The
relative proportions ai the different classes of
traffic vary greatly on different roads or on
different parts ot the same road, sa that each
case must be carefully studied %vith reference
ta the peculiar conditions wvhiAi obtain on
that particular section. It is evidently ini-
naossible, in a generai discussion ai the sub-
ject, ta obtain resuts which may be applic-
able ini ail cases. W~e mav, however, define
a basis uponi which ta proceed intelligently ta
estiniate the effect ai sncb changes uipon
treiglit and passenger revenue, a-s well as
upon operating expenses, which latter we
are able ta determnine witb considerable ac-
curacy. For titis purpase we divide the traffic
into three distinct classes. Traffic o ai ay
otîter nature will, so far as this estimate is
concernied, be found ta belong ta one or the
ut lier class :

Class t.-- Local and exchange traffic, non-
competitive, betîveen points on one line, or
passing over twa or more hunes, but havitîg nu
aption as ta route.

Class 2.-Local traffic, competitive, between
points an une line, but having an option ai
twaoor more routes.

Class 3.-Througb excliange traffic, coim-
petitive, passing aver several lines, with an
option ai twa or mare rautes.

Nan-campetitive traffic, class i, ustially
represents the majar proportion ai the tatal
on ail raads, and a shorteuing ai the line will
at once result ini a direct loss ai revenue.
This loss is praportional ta the aniount by
which the line is sbortened, and mnay be ob-
tained as follows :MNultiply tbe total number
ai revenue tons and passengers passing uver
that portion ai the line in a 1'ear by the aver-
age revenue per ton, and per passenger mile,
from suchi traffic, and by the number ai miles
by which the hune is shortened.

The rates on local competitive freight
traffie, class 2, are ustually arranged on a
mileage basis, unIes'. arbitrarily fixed on
act-ount ofi boat or ather conîpetition, with a
more or less disregard ai the actual distance
traversed. In the latter case the revenue
will be neither increased nor decreased by
slight changes in the lengtb ai the line. In
the case ai local comrpetitive passenger traffic,
the rates are determiued by the mileage ai
the shortest line. If based an the mileage af
the home hune, the revcnue frani this traffic
may be tnaterially reduced by slîortening the
liue, which loss mray be estimated, as in the
case ai class t.- If the home line is one ai the
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