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of the
LOGATION OF RAILWAIS

I, Bailway constpuction at its simplest.
When we want to sclve & general preblem, we must understand the

conditions as well as possible; when they are lmown we must male our survey
and choose a way for construsting. It is clear thst the way chosen must
bs as economic & way as possible, providing that nething be done which will
injure its permanent efficiency. "For exampls, a bridge must be strong
enough to oarry the load and last." But a little prectice and a little
Mﬁf;ﬂﬂtﬂlﬂlﬂﬂlﬂrmnnfuﬂmm.ﬂlﬂml
railway from almost anywhere to amywhers, which will aliow trains to run
with perfect safety and only in a few difficult localities will its
location present & problam of great difficulty,

The trus function and exeuss for being of an mglneer, &a
WM:MM.mmmmmmm;
mmmw;n-hﬂitm,mm,ﬁmm
revenue and operating ecpenses. In any case, our work wust be without
SITOT. mmmumtm.mmmmmmmm,
mmmwhm,u-mﬂmm.

ITT.Badlwey location sngineering.

In laying out rallway lines (as opposed to building) we must
mmmm#m.wmum,mh
redused to equations and formulae. Every lina is a problem by iteelf,



with its own peculiar physical and commsrcial conditions, so that the
engineer is the one who must be able to give the details of the project.
Under these ciroumstances, the difference of conditiona will be apt to
ba accepted by one o may have sinned against good praetice, aa the
reasons why ancther line, eme hundred or cne thousand miles off, should
have cost po much less and yet be so much better than his ovm, Such an
engineer must avoid complacency, The planning of rallwey locatleon mmst
be done by specially tmined engineers, In the mast, many reilwsy linea
have been planned by men who were really bullders. The location
sngineer is now as necessary in building railwmys as an architect is
necessary in erecting buildings, The railways of the world, in
general, have cost twice as much as they need have in labor and money,
because they ware not planned by eperts,

Fossibildty for weste.

The great world declines to talke much interest in such greater
waste in many things, &nd having something of that large indifference to
waste which pervades a1l mature. Nor would it be worth while here to
insist on it for the mere salkes of pointing out that it exists, but solely
to point out that, as the location of railways is the one department of
engineering in which waste on & gigantic scale is possible from probable
errors of judgnent, and as it is likewise the one department of
engineering in which no natursl check exists sgelnst such errors, it is
fitting that engineers should prepare themselves for it with especleal
m,mmu@mmwrmmmhmmnrm
mmber and ma;nitude of the errors into which they mey fall.



Highest rotives for economy.

Much of the success of anyene in any kind of work and specially
in work subject to the pecullar difficulties of that we are ccnsidering,
depends upon the spirit in which it is undertaken. It is certainly
true in a calling where the desire for personal gain or glory is not the
motive., The desire to do good work for its own salte is then the only
real guarantee that good work will be done.

As Emerson says "I lock on that man as happy, whe, when there s
gquestlion of sucoess, locks into his work for a reply - not inte the
market, not into opinion, not into patronage” &nd he says "len talk as
if victory were something fortumate, Work is victory. lherever work
is done, victory is obtained, There is no chance, and no blanks., You
vant but ome werdict: if you have your own, you are sscure of the rest,.”
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FARL 1.

For constructing reilways in a part of & country two considerations
are very important:

First, designing the roject, wsecond, finmancing it,

The railway systams of the world, taken as a whole, and especially
that of the United States, have been only very moderetely prefitabls in
ay direct form; owing not so much to mistalkes of judgment pure and
simple, as to the wery large propertion of lines which hawe been built
sisply to increase the value of land and to afford loeal transportatien
facilities, with a resulting gain to tha sommunity,

Often railway= are not profitable for goverrments, but for the abovs
reasons we have to construct them, However the ependiture must be
minimm, and we mast spend no more than we are obliged to spend to build
the line, Therefare, we must be able at first to control the enterprise
as wall as posaible.

The logical order of procedurs in the case of any new snterprise -
shich is, first, to detercine whether or not the project is a sound one
and may be carried outj and, secondly, to make the necessary studies as
to the mannar of carrying it out - 45 not always followed in this order,
The study may come first, A study of & plan for a mailway assumce that
the project is a sound one and that it can be carried out effieciently and
economically.

Ne expenditure is wise, howwver otherwise profitable, which

-h.-



endangers the successful cospletion of the enterprise with the funds on
hand or lmown to be available; but expenditures of any kind on new
projects are rarely wise and profitable, which can be postponed without
any very serious losa, such as costly works which can be avoided by
temporary lines,

Detepmiping if a line will be profitable.

The profit en a railway preperty depands, first, on the judgment
shown in selecting the region threugh which it is to be built; and,
pecondly, on the siill with which the line laid down in it is adapted
to be of the greatest use to the greatest mmber of people (giving large
gross revarue) at the mallest cost for the service rendered (giving
small operating epensas), The first is distinctively the province of
the projectors; the last is distinctiwely the province of the sngineer,
The engineer must lay out his work after the above considerations
considering only the effests of his dscisions upon thess three items:
1) The difference in gross receipts which will or may result from
chooaing one or ancther line,

2) The difference in operating egpenses which will or may result from
choosing onea or another line, ome or another gradient, one or another
limit of owrvature, eto.,

3) The differenca in annual interest charge which will or may result from
the differences in cost of occnstruction caused by differences in the
above details, Unless specific ressons to the contrary appear, the
cheapest line is to be bullt over which it is physically possible to
carry the probable treffic with proper safety and speed, using to this
and any grades and ocurves and length of line which may be most conducive
htﬁ;-ﬂﬂy-lﬂmmitbrmmmim.




wless the investment - not the investment as = whole, for the line as
a whols but each particdlar investment for each particular purpose ab
sach particular point = will be in one Wy or ancther profitable in
iteelf.

The most important or the governing consideration is simply an
avoidance of waste, either in ssving money or in spending it.
Lrzors to be aveided.

These two vital truths should never be forgotten:

1) because & line is expected to have a prospercus fNubure or is to be
bullt by the State for great yeasons of state (stretegic or political) -
or for any other reason, will have plenty of meney in the treasury -
there is therefors no justifiestion in that fact alone for making a costly
road, In difficult country when one must spend large sums per mile one
must be specially on one's guard to avoid spemding more than sbselutely
HUCSSBATY -

2) no road is so poor that it can afferd to economise when certain
additionel expenditure will be clearly very prefitable, In easy cowiiry
one must aveid the sdoption of wnduly high gradients to effect a reslly
trifling economy in mileage.

Preliminary considerstion..

The seloction of gemerel route, termini, er, as very often hajpens,
the selection of one or both termini as wall,

The question of general route is seemonly settled by the
Regopnaissance, which for this reasen is the most important duty of the
whm,mmnmmuummnﬂuﬂmth-
should qualify, The recomnoitering engineer must be trained in both
mm-m,mmgnmmmumm
questions as againat pecuniary advantages.
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CHAPTER IT
Ihe modern Railwey Corporation

Modern mallway corporsticns, even the strongest of them, have but
a narrow margin for mistakes. It is sbaclutely necessary to hawe thatl
faoct before the gyes, in order that the slmesphere of wesalih whilch surrounds
the periocd of constructicn may not lead us to foolish expenditures,

The hope in budlding a railway is that when it is completed, it will be
worth more than it has cost, so that a profit will acorve, Actually in
most countries, owing to increased population and rising costs, the
railweys that have been built have risen in value far above thelr initial
cost and tand to be very produstive,

The most important thing for medern milway corporatlons is thedr

econcedic aspscts and therefore we have te glve atteniien, first to the
sconcmic posaibilities, It has frequemtly happenwl that enterprises have
appoared to be of so sound a charecter that they have been almost immediately
sble to borrow on mortgage their enmtire capital for constructiom, or wven a
still larger sum and the original projectors and true "ownars" of the
property have not been required to inwest anything whatewer in the property
themselves beyomd their original sagnsity in initisting the enterprise - a
quality which has itz value in milwey business, as in wost other human
affairs, The speculative imterest in modern times is supposed to be
reprosented by the stocks or shares in the company or by reilwyy bonds.
In a country where the future is all wneertain, but where population and
traffic are advancing, lines are built, not for the treffic which exdsts,
but for the traffic which is to come even, This may take a spegulative
character, and may involve as much hazard as large imvestors can be

-T=




persuaded to consent to. So it was with the organization of United
States rallways,

Railways will centimue to be bullt in other parts of the world as
these are opensd to modern industry on bonds and also with faith and hope,
but with the mergin of financial pafety talen up by state finsacing,

As the real value of a railway property incveases, and i busineas
of rallway is profitable then begins the procsss of "watering”, i.e.
inoreasing the stock or bonds by new issuss uobtil their total amount bears
& nearsr relation to the present vnlue or produsiive capacity of the
property, as distinguished froz its eriginel cost.

Even in a state-owned and operebted mailway thoush its value shows
an "unearned increment”, the management must nee that its monepoly powers
shall not be used oppressively, to charge mors than a falr equivalent for
m,uu:uﬂdwmmﬁntwmmumﬂmrru,
under similar circumstances; but the just increase in value of & well-
located railway, which does not abuse ite menopoly powers to make unjust
emctions, is falrly the property of the ewners, bowever large, unlens and
m&-ﬂnmmhmmmnammm
return as well as dery them uncertain exceas profits. It mey be added,
mtmmﬂmmﬂnhmﬂdmhuﬂwm
in railway than other business slmply because, unlile most other business
m.nmmmmw-m.um
income of their property is in the nature of monopoly which no gcncelivabls
elroumstances cnn destroy.
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With the imvention of the milway began a new industry = the
Hamufacture of Trensportation, Transportation indeed, existed before
its invention but it was mainly produced on a mmall scale by each consumer
for his own use and his immediate neighbors, In ths Middle East this
chidefly took the form of the Caravan, later wotor transportation to a
limited extent,

A Rallway corporation such as has been just oonsidered - the typical
modemn corporation - axists for this purpose, Ii finds itoelf, on
completion of ita works, in possession of a certain plece of improwed real
estate, of certain buildings and fixed machinery (the track), and of
eertain tools and mchines (the relling-stock) for the mamfacture of its
commodities, togather with certain establisiments (the locomotive and car
shops) for the mintenance and repair of its machine-tools, which the
extent of its businecs requires.

Maldng a line short, though it may reduce the initial coet, may also
reduce the revenue in two ways 1) by missing certain towns vioge traffic
might bring in a good revenus and 2) by reducing the amount of revenus
caloulated on milsage - also, leaving aside strategic arguments, rail
connactions betwean smaller elties and the eapital furthar tha development
of the country eccnomically and commaerclally. Fanufacture" of
tranaportation differs from the manufacture of actual goeds in that what
is not sold (passenger seats or capacity in fredght cars) on one diy or
on one trip canmot be stored for later sale, Therefors, to put revemus
higher than operating costs and fixed charges, mo effort muwt be spared to
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ses that the maxtimm amount is sold each time,

Tha suggestion is put forward in respect to every part and kind
of rellwmy traffic that it 1s an slight differences of traffic and revemus
that the corporation growa rich or pocr.

1) The length of the line, All yetes except by special contrect are
nominally fixed by unit of distance,
2) The comparative welght allowed to seouring wey traffic frem smeller
cities (way traffic).
1) How near to run to cities, towns, and other sources of traffic, widich
are already wipon the line, and how much the traffic and reverws :dll be
thereby aflected,
4) Brunch lines: whether to build a brunch at all, or take the mala line
through the given point; whether, if a branch be decided on, the cormecticn
should be made at this or that peint, there being oftem much choice, and
the decision governed by comwarcial considerations to an unusual ectiant,
or at least by laws very different from those which might govern the laying
out of longer lines, ewing to the shortness and isolation of most brenches.
5) Comnection of isclated limes into a single grest systea of railway.
In a certain sense, in a certain smell part of its traffic, as alrsady
noted, there is a certain frection of the treffic of all railweys wiiich no
folly can destroy or throw away., Put in a larger eanse, the traific of
any and all railways is only to & wery limited extent a memopcly ef much
nature that to securs it the Company has nothing more te do than Lo put
up its buildings and man the stationa. Tho selling of transportation is
governed Lo a very large extent, whether there be nomimal competilion er

not by the same laws which govern the selling of any other mommodity; and

o 10 -



these laws require that the rallway compary like any one else wiih
something to sell, shall consult the convenience, and sven scimetimes the
unreasonable vhims, of the buyer, if it would sell its goods %o him,
For only a smnll proportion of the traffic must come to it anyhow, under
all circumstances, HNevertheless no railway is so prosparous and so
favorably situated that it would not, in lilteral truth, starve Lo deaih
on the minimm logical traffie, The traffic would be so very greatly
decreased that on most lines it would not be possibls %o run the trains
at all. HNegleoting altogether the traifie of which & very large
proportion of the businees of the mailway systed as a whole 1s made up,
as respects passenger business, not only of pleasure travel purs and
aimple, but of travel which is more or less a matter of whim or of fancied
or partial necesaity; and even as respecta freight busineas, of Iredght
which will not be shippesd ecoept under reasonably favorchble clreumstances,
or shipped enly at a lower rate, we mmt not assume Uhat: "I the milwey
does not go to the traffic, the traffic will come to the reilway', Thia
is & dangerous &nd false argument, Jven when a railwey can, or thinks
it can, cownt on permanent iLwmnity {rom competition, it should naturelly
follow from what has preceded that it is still exceedingly dangerous to
put the public to permanent inconvenience and wpemes under the false
jdea that "it will cost the Company nothing", Bven building a railway
two or three ldlometres from a town in an affort to shertan the line will
resdlt in slightly lower revenue, This five per cent difference majy
make all the difference between running this wsection of the line &i &
profit or at a loasa,

There is one peculiar phase of the question of Running by & Town to
mﬂmwhmnwﬁmmmtﬁhmm,
as 1llustrating what has preceded, than in the chapter on distance,

Hu-



let us suppose, to tale definite figures, that we have run by a
town of ten thousand ivhabltants in order to save a deviation of [ive miles
from an air line, involving a loss of & mile or two of distance., As we
have already seen previcusly, and shall more fully see later, the railway's
ravenus account suffers heavy loss dus to the decreassd mileage on most
of its local and through business, competitive und non-competitive,

Thus wder any possible conditions, in such a case there is a triple
loss: the tax om the public is greater, the recelpts of the railway are
less per passenger or ton, and the mumber of passengers or tons 1s
decreasad,

The net losses might be estimated something in this way, avsuming the
town, say, to be in Ohdo:

Iablo I.

Estimated Effect om Heverme of Removing Stations from the Centre
of Populstion of Towns

Ordinary Meodmm
Distance __ 10 per cent gper mile _25 per cent per mils Extreme Naximnm
Miles Difference Difference
Per cent, Fer cents  Pgr cent, Fer ceni.
D ssssans T L] 100.0 saEwd 100,0 ‘F..!’- -“M
L ssninve 10.0 90.0 25.0 T840 greatar under
rtain ciroum-
2 sersene 940 €1.0 18,75 5625 grances,
jlllillll !il 121-? Ll'-l--ﬁ H-E- Hp'hh m
oompeati 850
| AE— T3 6546 10.55 365 Sot'e dife
B ssesnas ) §9.0 T.5 23. 7% of tﬂé:ﬂfhﬂl
miles maang
'ﬁlliillll !l? 53-!1 Sl:wi 1?-*3 'ﬂl. l“ ﬂnf
T sswsssns ’d E'F-ﬂ hﬁﬁ 13-3'5 I_-I'JE' the whole
$. 23 hed 4340 T R
? TIrLLL] #-3 H‘T 21!’ T-ﬂ
20 oua i 38 3449 1,87 5.62

AV revenus
plrhllli $ 2,00 to § 3.00 § 8,00 to $5.00



Colum 1, = Average distanoce of station from centre of population.
Colwms 2 and 4, = Loss per cant of total natural revenus for each
additiona]l mile of distance.

Columna 3 and 4, = Femaining per cent of natwrel revernus left to the

COMPArg.
Making all allowances for possible errors in the precise figures used
in Table I, it represents an immense loas to all parties from running

railways by towme without going te them, vo far as the traffic of that
town above 1s concerned, separately oconsidered, There is, however, this
further disadvantage to be remembered: if we lengthen the line to meach a
town we necessitste that the whole traffic shall be hauled over this extra
distance in order to acoommodate the traffic of one town, 48 the actml
cost of such trifling extre haul is very little, the net effect of such
deviation for such a purposs is very apt to have a favoreble effect, wuron
tha net revenus derived from the entire traffie, independent of that from
the particular peint for the sake of which the deviation was made, ==

wall as upon the public interest.

Zmportance of the Engineer.
Rememibering also that errors in the ordginal laying out of the line,
wnlike errors in subsequent managsment, are madnly irremediable, = it will

be seen how large is the interest of the company whe employ and pay the
engineer in awedding all errors of the kind, and how particularly
important it is that no possible difference should be regarded as trifling
becsuse it will constitute a trifling part of the total receipts or
epenses, Tt is always trus that a heavy percentage of the swplus or
daficit which alene conoerns the cosmpany proper ls strictly dependent upon
the sngineer and upon thoss, by whatever name they may be called, who
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decide with him, or for him, the semi=engineering and sesmi-commereial
questions which we have here considered,

Therefore, with an end so important before us, any guide is better
than nene, in order that we may reduce the unavoidable uncertainty to its
lowest terms; and under these circumstances a rule which Wellington has
forrmlated a8 a sort of general average to estimate exceptions frem, is
thin:

As a minfwm: At the smallest and mest inert non-competitive points the
anpmal losa of revenue from placing the station at a distanee from town

may be taken &s equivalent to 10 per cent of revenus naturally eriginating
frow such a town, with the station in any given location, for each
additional mile that the statiom 1s moved off from the centre of ihe town.
As & maximgi At centres of considerable mamufacturing or cammereial
activity, exposed to conaldermble actual or potentinl competition, a fair
and moderats estimate of the probable loss of revenus froum removing the
station at a distance will be 25 per eent of the revenus naturally
originating at such a town, for each additional mile that the station is
moved of I £r om the centre of the town; and this ls froquently liable, in
sases of very sharp competition, to amount to as much as 50 per cent

of the natural revenus, including all the indirect effects of such

disadvantages,

The first of these estimates, Wallingten has considered to be applicable
to such towns as the average of interior Mmgico, The last is a fair
average (varying however within wide extremes) of all the busier towns

and cities of the United States.

The csuses of wvariations are:
1) Mamufacturing and specially mining towns are usually heavy shippers.
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2] Towns waich are the seats of specinl industries often make payments
to ruilways out of all proportion to thedr apprent slze and activity.
3) The muber of competing lines will greatly affect the proportlon
tributary to any one line.

The effect of this rule is prescnted mmmerically in Table I - the
percentagea being in geometricel ratio %o ewsh other, so that auy me=ber
in the columm, divided by the first or second or third mumber abows it,
gives always the same quotient, Of course it should never be forgotten
that: The towma will in many cases mows to the railwy, if the railwey
does not coms to the town, with ultimate benefit teo 2ll vartiss concerned,
this is especially common in Iran, but it is more or less trus everyuhere.

However, in the ocase of very large elties in Furope and imerica it
hes usually proved necessary to bulld railway lines, surface or imderground
into the centre of population to take care of suburban populsticn. Though
no such developmsnt as this has taken place ywut mor seams likely in the
{mediate future in Iran, yet it is possible that one day it may be
necessary to have a station in the heart of Tsherun at loast for passenger
traffic.

In very large cities like Mew York, Philadelphia, Chicago, the
distinetly suburban traffic, mldnz daily trips st commutation rates, is a
large slsmsnt, which especially requires the best attainable termirml
facilities and the largest possibls saving of timm.

At almost all peints in the United States the probabilities of future
pwbhmth_nﬂ.iﬂ.ditﬂl-—t-i—,umlﬂhﬁ:,hﬂngl
polnt which is, for the time being, considersbly outside of the centres of
population into the very heart of 1t,

It should never be forgotten: it is unsafe for any engineer to enter
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upon the work of laying out & railway with no more thought of its
financial future than a vague idea that the passenger revenue is obtained
wamum.mmmmhwwmmum
m,wmmmnwmdmlmwhmm
to get the shortest, cheapest, and straightest line, - the phrase has
almost hardened inte a formila, - and that when he has got it he has done
his whole duby.



To determine the probable volume of traffic with scmotness iz of
course impossible; nor is it, fortunately, particularly important to do
8o, if we male g reasonably clese approximation; for the reason elsewhere
discussed, that, with a judisclously located line, the saving by adepting
a poerer line than one maturally adapted te the topography is erdinarily
not so great that any probable deficiency in the sstimate of traffic would
permit of it; while, on the other hand, the cost of defying the natural
topographical conditions is ordinarily teo great for any probable axcess
in the estimte of traffic to permit of it wrongly. In other worda, the
danger lies in having no criterion, or in a false parspsctive as to the
relative importance of various emds, or in purely arbitrery decisions
based en no investigation whatever, rather than in a certain percentage
of error in our eriterion.

In & rude way it can be done at once by any one at all famdliar with
railread work, Ve know at once whether a line is more likely to have &
light local traffic or a trunk-line traffic. Tt is but a stop further to
determine with very approximate exactness that a line will have somewhai
more traffic than this or that or the other line near it, or similarly
situated in other regions, and less traffic than as many cthers; from
which the establishment of & mean for the immediate traffic and ita fubure
growth is with scme kmowledge of railread business a siuple matter,

The greatest diffioulty in making such estimates is ordinarily the
fact that to make them it is essential to estimate and allow for the
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probable future growth of traffic, since it is rarely the case that a
railwmy, sspecially in the United States, is built sdwply and only to
acocmmodate the tmaffic "in sight", as miners say, OUn the contrary, it
has been and will gontinue to be frequently the case that the railwoy is
relisd upen not only to accommodate but %o create & great part or the
whole of the traffic for which it is built, Even when the populatlen ol
the region treversed cannot, as it can in most parts of the United States,
be mxpected to rapidly inerease, exporience has shown that if the
surrounding territery has heretefore been but scantlly provided with
railwmy facilities, the treffic of the first few years will be but a small
proportion of what would mormally be expected irem a eimilar population
elsevhers, and that it my be epected for the first few years to have an
abnormally rapld growth.

In all but the rerest instances, it would be sbeurd to claium that
no allewance should ba made for future growth of traffic, and often it
should be a very large ena, It is sufficient to bulld for the astimated

traffic of the next tan years,
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If, for exnmple, we expect the traffic to double in ten ywars, wa
my spend for & betterment worth §l to the present traffis, i + the sum
which will produce #1 &t the end of ten years, which latter is at 7 per
cent 50,8 centa; so under these conditions we should be warramted in
spending 50.8% more money to effect glven betterments than we would for
the traffic "in-alght",

Yot the mate of growth of traffic is execessively variable and
uncertain - lislile to oesase altogother abt arny time for many yoars, and
during periods of war or of political and economic erisis, for exmmple
during the present oil crisis ip Iren, traffic may alter in & way
juposaible bo have been predicted a few years before.

It is at such times especially to be remembered that the curve aof
traffic may drop sharply at any time, and that even il it does not, one
mﬂhl.ﬂgnudrﬂ:untuhﬂ.lﬂa.um in anticipation of much heavier
traffic.

A sequence of events which has been again and again repeated is that
th-mlhﬂlmtarwth-hﬂﬁﬂnmmmutmmm
prosperity, and lock with certainty to securing "all the money they need";
shell eancourege their engineer in a costly style of congtruction wiich,
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with the naturel preference of an enginesr for massive, dureble, and
stately works, he is all too ready to adopt; and fimally, often within

a ridicvlously short time of the pericd of their brightest hopes, be left
stranded by the ebb=tide of speculation, a complete and helpless Cinencial
wrecl,

Finally, there is another and still stronger reason why the growth of
traffic should not be counted on for many years ahead in designing the
works, It is vsually a simple matter so to design large parts of the lins,
ineluding most of the more expensive works, that thelir construction may be
postponed until a more convenient seasen - & possibility so important that
1t is separately discussed hereafter, By so doing we at least make sure
of keeping the capital sceount at & mirdmm and of (usually) retaining the
14ne in the hands of the original companyj while, when all causes are
coneidered, the loss from postponing the emcecution of all more costly work
vhich can be postponed will met be very great, even if one's brightest
dreams are realiged - which will raraly be the case.

We may conclude,therefore, that although & reilwey corperation which
has in truth as well as in imagination unlimited meens; which is able teo
look ahesd with certainty for a leng peried of years, which is able without
doubt to tide over leng perieds of depression without danger to its
nhhmw,mdmiﬂ:humuﬂatrtummmﬂt, or even avoid
present losses, on investments which will be ultimately profitable; -
although such & corporetion my legitimately =make a large increase in its
imvestments for the sake of & traffic which 1s still in the distant fubure,
yet that no ordinary corporation ean afford to loock ahsad more than two to
five years for the treffic to pay intsrests on increased investments, and
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that even in that case they take much risk in doing so. Traffic should
therafore, in all ocases, be rather under- than over-estimated, to the end
that in no case extravagant expenditures shall be made for a costly
perfection of aligmment which the treffic will not justify; bearing in
mind that an under-estimate of admlssible expenditure is simply a failure
to invest a small (or it may be, large) additional sum of geney which would
heve samed good inmterest, but which may be invested later at nearly if not
quite as good advantage; whereas an over-liberal investment of sdditicnal
sums on which interest camnot be earnmed greatly andangers, in the trying
years which usually come scon after the line is cpened, the cermanency of
the vhols investment,.

In the one case, our econcmy only endangers a minor loss, if the
enterprise as a whole turms out well; and if it does not, may save it from
ruin. In the other case, our extravagance only gives us a fair investrent
for a little more money if all goes well, and if it does not, may be the
ounce of sdditional load which breaks the back of the enterprise. Cur
only grave danger, therefore, is of error in ene direction only; which
makes it the easier to make an estimate of traffic sufficlently exact for
ﬂqunnmthtnﬂ,wﬂm&hﬂm@rm
too large.

The most sccurate and satisfactory method for estimating both traffic
mmuhwghmw,m.hmﬂmmmu
dmmdmammmr.mﬁnm
mmmm.uﬂmumm“urmmﬂuﬂwrm.
than to estimate the absolute traffic independently.

Experdence has shown that the probable musber of trains per day is
ltmnmmtmnrmimtmmmmmuhrnmmgnt
eptimates of probable future traffic, and especlally expenses. It is
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th-mstnnmmimt,b-umitmbammuﬂhm&mnmrmﬂr
anticlpated than any other item of future busineos, - as tomnage, for
example, - and also because we use the same wnit for all our traffiec, both
freight and passenger; and it is the most mmmct, because it is by very smch
the most uniform, measurs of operating expenses, the cost of a train-mile
being very nearly the same whether the trains are rm full or empty, or
long or short, and not being materdally different for freight or passenger
service, although wsually less, by one third to one fourth, for the latter,
as we shall see hereafter.

Assuming, therefore, this basis for estlmatos, it may be always
anticipated that there will be one passenger trein per day each way, and
that, unless the traffic be exceedingly limited, thie train will be
exclusively for passengers, Mixed trains, so called, arw in but little and
decreasing faver with milway managers, althowh it is not always poasible
to avoid thems. 'hen used at all, they are vwsually nothing more than
freight trains under ancther name - accommodations for a few passensars
being added chiefly as & convenileice to special classes of travel, in the
hope that such additional convenience may have, as it wually does, &
fevorable inflience on the volume of travel, Iith freisht treffiec of
couree no such motives intervena to modify the mmber of trains, so that
mixed trains are always freight trains carrying a few passengers, and
never, in regular service, passenger trains carrying freight,

Therefore, under the most unfaverable ciroumstances there are pretty
sure to be two regular trains per day, one passanger and one freight or
mdxed” train, over lines of any length. Less than this is certainly never
centemplated on lines built as private business enterprisecs, unless on
very short branches built as feedors.

The point &t which it becomes reascnable to anticipate running two
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regular passenger trains daily is more difficult to determine for
different countries are differemt, It is impossible, in fact, until the
volume of travel becomes larpe and the mumber of passenger trains at least
two or three per day, to malio any attempt to regulat the mmber of trains
sc &3 to have them run full, without serious injury to net revenus.

Bayend thres or four trains per day there is much less necessity,
as a rule, to add traina to accomednte and develop travel until the seating
capacity itself becomes too smell; this bedng one of the many cases in which
tthe destruction of the poor is their poverty". HNevertheless the results
of eperience with even the heaviest traffiec is that i1t does not pay to
econcmize too much on train facilities. Certain trains carry enormous
loads and bring up the average sabterdially, but a multitude of treins
earrying much lighter loads are run with the heaviest traffic, at frequent
intervals, bringing about the elose correspondence in average train-load
on roads of widely different character.

It is not epedient, nor indead possible, therefore, to base eslimates
of the probable mumber of passenger trains on estimates or etatistics of the
probabl s numbar of passengers to be carried, further than to assume that the
amallar the traffic the smaller will be the average mumber of passengers
per train,

The same is true, in less degree, even of estimates of the probable
number of freight trains. It is not correct to assume a certain tonnage
to be moved, divide that by the load of a car to get the number of loaded
caprs, divide that again by the number of cara per train, and se get the
mmber of treins, There is always, in the firet place, o certain wastage
of capacity amounting to amywhere from tem to thirty per cent according to
cireumatances, which, if the traffic is to be estimated on the basis of
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tonnAge, must be allowed for. This wastage also, as with passenger
business, is & much less serious matter on lines of large traffie,
sspecially thoss with a heavy excess of tonnage in ons directiomj for in
this case, although the average car-load in both directions is umch
reduced, yet in the direction of heaviest traffic the cbtalning of full
loads is facilitated, A very heavy disproportion of traffic, from throe
or four to one, exists on nearly all east and west lines in the Undted
States; and most of them susowed in filling wp their aversge car-load and
trainsload, in the direction of the heaviest traffie, to very nearly its
nominal eapacity. Nevertheless, even on such lines, fluctuatiens and
irregularities of traffic are always so great, that it is no infrequent
spectacle to sve trains rmning lisht in the direction of heaviest traffic;
and the difficulty of fully filling up trains, of course, becomes much
greater as the tomnage is less, or, oe already stated, when 1t is nearly
squal in each direction. There is also alwys one train per day, the way-
frelght, which averages litile more than cne half an erdinary train-load,
owing to the irregular service.

Neverthelsss, it still remains true that in the main, excepting the
my=-fredght?, the freight traffic ean be and is regulated in close
ascordance with the volume which offers frem day to day. So many fredght
m;mrﬂmh:ﬂmpﬂmﬁlﬂnm“ If more are
m,nm"-ltrﬂmmmmrmmﬁmihuu",
wab idth & certain mumber of minutes interval - are added, esch susceeding
nmnﬂ;ﬂ“,ﬂﬂiﬂgl:ﬂ"ﬂl"ﬂlmmm
train having its time=table "rights" is followinge

hhnﬁhnhml,ﬂinltﬁimmuﬂﬂﬂ:mnpp-rnnthn
sehedils, such and such trains are abandonsd for the day - often for days
and wesks together, even when other trains are running extras, A near
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approach to conditions vhich actuwally obtain in practice will be given
by asswming that the number of daily fredght trains will always be one

more than is nominally required by the tomnage, and more often the office
of the extra trains being simply to serve as equalizers,



fpamting Bpenses

The average operating expenses for the whole United States is &
little under 90% of the receipts, leaving but little more than 107 prefit en
the gooda sold to be distributed to the mansging companies, Under
favorable eiroumstances this profit is as much as 15 or 20 per centj very
rarely more,

Bayond the operuting expenses this 108 must be mearly all, all, or
more than all, distributed in fixed charges that is interest on borrowed
moneys (bonds) and dividends on shares, The ratio of expensss to receipts
may be a smaller ratio when there is little or no competition, as in state-
owned railwayd,

The cpereting expenses proper are very irregularly affected by the
amount of business or by the character of the alignement, A wvery large
proportion of them are, lilw the remtal or fixed charges, independent of
both, such as the salary of the president and other officers; maintenance
of works and plant against the deterlomation which cosws with time,
irrespective of worl done; salaries of loeal freipht and passenger agents, a
large proportion of whom must be employed anyway, whether considerable sales
are made or not. This lmmense class of the expenses amounts, as we shall
asa, to nearly one half of the operating mxpenses proper = the other half
only varying mors or less closely with the detalls of the line and grades,
and very much less than balf with slight changes in volume of traffic,

An inorease in revenus by increasing traffic represents dlmcet & pure
inorease in profit, Therefere, if traffic can be increased by a different
aligmument, the engineer's work in this respect is very important.

The operating ecpenses of railways divide, naturally, for the purpose
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which we have immedistely in wiew, and in the main for all purposes, into
the three great classes below,

1) Maintemance and Renmal of Way and Works, including all permanent
structures apd bulldings, exoept engine and car-shops.

This has wntil recently averaged very uniformly 25 per cent of the
total expenses on all Amerisan railways. It is now decreasing both
relatively and absclutely, but far less repidly than might be expected,
becauss of both temporary and permanent causes below mentioned,

2) Train Expenses, incluiing nll expenses of every nature and lind
cormected with the running, handling, maintenance and renewal of motive-
power and rolling-stock, but not including any station or termimal expenses,
woept switching, These expeanses have heretofore avernged very closs to
L2 per cent of the total operating expenses,

3) Station, Terminal, and General Expenses and Taxes, With these we
are very little concermned, Most of them vary more or lees (for the most
part,less) with the tonnage or volume of businese; but &ll of them are
w#.wmmw.wﬂmhm&mm
m,ﬂm,nrmmtm.whmlnhdwm
neglected, except as to their aggregate, Taxes at first sight appear to be
affected by ths aligmmeni, in so far as they might increase with the length
of the read; but taxes are based upon value and not en cost, and hence,
although mominally based upem distance, are in realdby much more truly based
wpon low grades, large traffic, and good retes, They are, morecvaer, too
mall and variable an item to justify their consideratlon as ome of the
expanses affeoted by any of the detalls of aligmment, Station epanses
also, and all the other expenses mentioned, are the sams for the swse
wm.-,ﬂtwwhmm-rum,mum
mbﬂwﬂﬂiﬂﬂlwhminmjhﬁmthnmmﬂumﬂr
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ba sufflcient appreciably to modify the station expenses,
Gest of Fuel

The cost of fusl per gross ton en American reilways in 1880 ranged
from & minimm of $1.20 to $1.50 on roads obtaining ccal at mines on thelr
own road, to a mascimm of $4.00 to $5.00 at the lsast favored points east
of the Missourl River, and in scme cases to 6,00 or more at points west
of there.

The consumption of fuel was as an average about L5 to 50 lba, per
mile mmn for heavy passenger trains. A passenger engine running light,
:d.ihuutnwinh,hmmﬂrumﬁuthh.wrmmwjnlh.pur
mle. A heavily loaded freight engine of the “American" eight-wheel type
will burn almest 75 lbs, per mile, & heavy "Mogul" sbout 90 lbs, per mils,
and a "Consolidation" engine from 100 to 120 lbs, Several aswly invented
tmﬂmhmtiﬂmgiﬂ-,hﬂl-,mﬂhﬂih-wmlmm
mqﬂ.ﬂmnﬂuﬁnﬂﬂhhﬁﬂmﬂiﬂmﬂm,ﬂmﬂﬁ,
very satisfactory resulis.

The consumption of fusl on English railwaye in general, however, was
lower then prevailed in the United States, although very much less so than
commerily supposeds The proportion of switching is very heavy on Inglish
ﬂlﬂl,mﬂmdwhtndn-ﬂluhﬁngﬂmtuﬂhm
um“mshm.mhmm.umulﬁhm.

On German railways the averaje conswmption was about 50 lbs. per
revenus mile, costing about slx centa.

The cost of fuel per mils run csn be caleulated frem the above data
for any partiocular lins. In absalute cost, it is by far the most variable
elezent in the running expensaes of milways, but its percentage to the other
expenses is considersble leas variable, owing to the fact that the sama
caugen vhich make fuel more expensive,also increase the cther expenses to
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a considemmble axtent.
Becadrs of Imgines

The fall in the cost of this item, of late years, has been very rapid,
but it is probably now at about its mindmum, unless and untll some new
process of manufacturing steel and iron shall materially reduce the cost
of the raw material, especially in shapes. For this pupose solid o
castings in lieu of forpings seam to be already on the verge of coming
into general use, From 5 to & cente may be considered as aboub average
at that tise for all cdlasses of englnes, on roads with sufflcient traffie
te have proper facilities for econciyr in shop worl, Wages do not very
widely in any part of the United States, and no cases exist for very wide
fluctvations in thls item,

Repairs of course vary materially with the class of englne and it
would be quite imposaible to glve emmct statistical evidence cn this point
which could be regarded as satisfactery. It may be estimated, howsver, with
a very considerable degree of certuinty, as follows:

About one-sighth of the cost of engine repairs is fer repairs of
hﬂiﬂ,ﬂﬁhﬂﬂwuwmmfnrwﬂuudm.
The remaining cost is almost equally divided between material and labor.
The cost of the labor is but very slightly affected by the weight of the
angine and its varicus parts, although in aseordance with the wedght, tut
not fully so, meny of the mors expensive parts bedng substantizlly the
same in all engines, If, therefore, we say that half the total coat of
mm{mmm-m}m&&mmmmmu
irdependent thereof, it will probably be very nearly wmect, for sngines
engaged in the same service,and equally well adapted mechanically for that
service.
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Water-supply cost about half a cent per trailn-mils as an averags,
sonstimes running below that on reads of very aeavy traffic, but oftenar
running nearer to ome cent per mile., On all bmt roads of very considerable
traffic one cent was the safer estimate. The guantity used was very
considerable, Practically the conmmption of water, as of ccal, was
irregular, and a full tank might in cases be used up within fifteen miles;
requiring, for practical convenlence, tanks every ten miles, which ia the
average on roads of thin or average tmaffic, On lines of heavy traffic,
tanks are placed at sverage inmtervels of hardly mere than five or six miles,

Cost ef Hovaiys
Repairs of cars can be estimated with meet correctness per car-mile,

(in 1880) and not per train-mile, For emuasple, the figures myy be roughly
placed, with a very fair degree of correctness, at 1/5 cent per freight

par~mile and 1 1/2 cents per paseenger car-mile, on the larger roads. On
small roads 1/2 cent per car-mils for freightecar repairs iz mors nearly

correct. llowever, &2 in the case of engine repairs, this includes only

lebor and materdal directly applied to the cars themselves, and there is a
gonsiderable amount of incidental expsnditure, which is really a part of

the actual cost of maintaining the cars, but which is yet, for very preper
reasons already stated, not generally included in the reported cost of car
ropaire, Such general and ineidental expenses amount to from 10 to 25 per
cent of the total cost of car repairs proper.

The established mileage rate for interchange of traffic is 3/i cent
per car-mils, this rate having been attained by a greduwal drop from J cents
to 2 cents, to 1 1/2 cent, to 1 cent, and at last to the present rate,
3k cent, and including (or being intended to inclule} a certain profit en
the use of the cars sulficient to take mway all inducement for keeping
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forelgn cars in home service, if not to place a certain penalty on such
use, It is probable that, as an average of several years, the price
stated is sufficient to do this, especially as in additien to this sum the
road using foreign cars is required to make good, at its own expense; any
deterioration which parts of the car other than the wheels and axles may
suffer while on its lines. liovertheless, whenever business is brislk and
cars are soarce, which may be one helf to two thirds of the time, the price
fixed is not sufficient toc cause cars to be sent home, and esarmest efforts
are now making to bring about a change.

The apparent cost of car repairs, to an even greater extent than the
sost of engine repairs, has been and will continue to be far smaller than
it really is because of the constant additioms of new stock, made necessary
by the rapid grewth of traffie., As the repairs on new cars are smell for
many years, if the stock of cars be doubling every four or five years, as
has been the case in tha United 3tates for the past tweniy years, the
apparent cost of repairs cannot but be greatly affected,

We are less concernsd, howewer, as in the case of engine repairs, with
the total cost of car repairs than with its ordgin and subdivisions; as in
that way only can we properly detemmine what effect differences of grade
and line, or other specific causes, w1l have upen the cost of this item,
Few railwsys keep, and none publish, any detailed record of the coet of
the various items which make up the enormous aggregate of "repairs of cars”,
that being the only one which appears in the reperts, or, as & rule, on the
books. It is therefore difficult to determine precisely the ratio of the
various items to each other. Nevertheless, from the information given in
Table IIT we may conclude that the actual cost of repairs and renewals of
freight cars is divided very nearly as follows:=-
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FiR.a s B Ba D

Axlee ,bracses, and axle-boxXes

Springs
Trook frens mnd fittings
Total truck

Draw-bars
8ills and aticchments

Car body,peinting, ete.

Blwbu #)puy

Torap Total Averege Annuval
Labor Materdial Tetal Valus Deprec'n, Life Deprac'n

Passenger-car repairs are,for wheels, axles, and brasses, all slightly
more than for a freight car per mile, Hwact information as to the comparative
mileage of passenger and freight vheels is diffieult to obtaln, owing te
the fact that as soon as wheels show any noticeable defect, which yet does
not make them wmsafe, they are withdrawn from passenger service and put
uﬂufrﬂﬁtm,nﬂnﬂll&pﬂﬂphﬁnhﬁnﬂﬂm
sorappsd. The genercl tendency of the available evidence is that there
is but little difference, and that differsuce in favor of passenger ocars,
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the effect of the higher speed being counterbalanced by less injwrlona
brakes and better springs, The extra cost of repairs and renmwals of
passenger cars is mainly in its decorations, better painting, and interior
fittings; and bearing in mind that passengsr cars are not exposed teo
anything like the rough service, blows, and shocks which comewpon freight
cars, we may say, without amy error of moment, that the average cost per
pasasnger car-mile is about as follows:

Frt.car, Pass, car,

m.'- P“ Iﬁl‘l
Runnding gear, draw-bars stc. 0.3 0.5
Sills, frames, etc. 0.l 0.2
Painting and vamishing car body - 0.2
Interior fittings and upholstery - 0,5
Total Ouly 1

In cther worda, the cost of maintaining a passenger car for those
items or parts of items which are affected by difference of distance,
curvature, and gradients is not so much greater than for freight ears, but
that it is noticeably smaller per passenger trainemils, but the TOTAL cost
of repairs per train-mile is about the same.

Train Wages, the sole remaining considerable item affected by line
and grades, are less diffiocult than the preceding to state with correctness,
m:mm;mlmnmpmﬂuummth-nmtiuhmpraﬂlin
Anmeriea for averass runs of a hundred miles. In 1870-74 they were
naturally higher than this, say 25 per cent, and higher yet in the preceding
decade. In 1875-78 they were about 10 per cent lower, They vary
mumhlrindiﬂirﬂhpuhntthlmrr,hﬂilnnthmwﬂhu
item of train expensea:

Engineman $3.50 ta $3.75 $3.50 to 00
Firemen 1275 to 2,00 1075 to 2.00
Conductor 2,75 to 3.00 3.75 to 5.00
Brakeman (sach $1.75) 3.50 to 5.25 3,50 to 3.50
Baggrpe=-men es o 2400 to 3,00

$11.50 to 14,00 $14.50 to 16.50



General &and Station Expenses are but slightly affected by arny
probable variations in the line and grades, so that it is unnecessary
to consider them in detail, although, for many questions connectad with
the operetiona of rallways, such arwlynls ia highly important. They mmount
altogether to about thirty per cent of the total operatiny expenses,
ranging from tweniy to forty per esmt in @xireme sases,



GHAFTER VI

The Winor Details of Adismment
The nature and relative importance of the

minor details of alisment,

The three details of allgment which are properly to be classed as
minor detalls are the following:

1) Distancs, or length of line

2) Curvature, not sharp or so ill-placed as to limit the length or
necessary speed of trains, but only to increase the wxpecae of running
trains,

3) Rise ami Fall, or elevations overcome by the engine on gredients
not exceeding in pesistance the maximm of the road, and hence not limiting
the length of the train,

We have two other details of overwheslming importance, vis:

1) The amount of traffiec which the lins has been or may be adapted to
secure,

2) The miling gredients or other causes, whatever they may be, which limdt
the weight and length of train, and so play the chief part in fixing the
cost of handling the tmaffie.

We may further snferce the very important moral of the comparative
wimportance of the mimor details of aligmment by what is really a close
parallel from ordinary business lifa,

Lot us assume the case of a large wholesals house which sends out 1lte
traveling salesmen to all parta of the country to cbtain busineas. Ewvery
tims it sends one out it has o reasomable certainty of selling samething and
& possibllity of selling a good deal, Such a house m&y be compared to &
railway corporation, which sends out its trains to securs & certain mindmm
but varylng muodmm of treffie.
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How in the corduot of such a business there are three ends:

1) Teo sell all the goods pessible,

2) To dispense with &ll the milss of travel possibls,

3) To reduce the cost of travel per mile,

So in planning & railway there are tiiess thres snds, presisely
analogous to0 the former in their mature, and as nearly as may be in degree:

1) To sell all the trenspertation possible,

2) To dispense with all the train-giles possible,

3) To reduce the cost of rwming trains per mile.

Of all the three ends sought in the drumming business, the least
{mportant = the minor detail of the druming business, is to reduce the
direct cost of travalling; the sxpenditures for reilwey and sleseping-car
fares and to hotals. Not that they are umimportant, for the firm which
was reckless about them might readily be ruined; but they are a minor detail,
of small effect upon the ultimate result, whether they be largs or emall,
ﬂthlhminlﬂuunhbhhﬂlpﬁlnnadmdmﬂmmtﬁd}aﬁthl
five which should concentrate its abtention upon them, glving its thought
to selectins routes shere the travelling expenses per day or per mile
nunall,tuthamglﬂhﬂthﬂmniwnﬂmtmn:mm
business or reducing the amoumt of travel required, whether it cost per
dl-nprdqnnhmnrmn,mﬂdhjuﬂrdemumuh
ruin,

No doubt many have been so rulned, for the peity end which the dullsat
mind eannot fail to perceive and comprehend may £ill, from that fact, an
wnduly large are in the mental horizen of many.

And, finally, the second most important end in the drwming business
is o obtain the most business with the least possible apgregate of traval,
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because avoidable travelling is expensive, not only from its direct cost,
but from ik waste of the salesman's time and pessible earnings in more
productive localities, If in amy possible way one saleaman can be made fo
do the work of two, or two salesmen the work of three, the economy is so
great that any probable or possible difference in the salesman's spenses
per mile will hardly affect the question at all., 3o with a rallway
corperation; the second most important end is to do their business with the
least number of trains per mils, because maling one train do what two did
before saves all the expense of the extra trein, whereaw eutting out soms
purvaturs or distanes will only save a part of it - and a very small part.
Until a1l hes been done which can be done, therefore, to reduce the number
of trains reguired, it is hardly worth while to glve a thousht to reducing
the expenses per train-mile, Aftemards it becomes proper and important
to reducs the latter also, to the extent that is permissible without
mmﬁimmthtwmﬂmtm]tnﬂtmmlmm
and to male a few trains carry it.

The student can do no more profitable thing to qualify himself for
the correct comduct of lecation than to ponder over the parallel thus drmwm
wtil it is clearly perceived to be essentially true, not only in substance
but in degree; until he clearly perceives that the three ends of getting
wm,urmmm-uumm,mummmmm
sxpenditures should cocupy aboub an equal proportion of the atiention of an
wmﬁmnmﬂwmaﬂmme. Each is
important. le one of them can be safely neglected; but each in the order
ﬂmhhrm‘immtﬂﬂthlwhw.

wmunh“hﬁmummhmmm

threa following chapters.



CHAPTER VII

Dlotangze

The effect of a varlation in the length of a railway on the value of the
property we have sesn (Chap,III) to be peculiar in this - that, alone among
all the details of alizmment, it has a direct and material effsct, not
only on expenacs but on the revenue or recsipts, which tends very materially
to reduce its financial disadvantage,

The erigin lies in a saris of plausible fallacies, which are, in a
fow words, these = no one of them being true.

1) Rates are (wsually and lensver poseibls) fixed at so much per
mile, because (fallacy I) it costs so much per mile to transport the
passenger or freight. Ten per cent mere or less distance means ten per
cent more or less fare, and "pecessarily” (fallacy 2) ten per cent more
or leas axpenad,

2) But on our particular railwsy the service rendered ls Just as
valuable, if transportation be furmished frem the point desired to the
point desired, whether the intermediste distance be 90 miles or 100 miles,
and himos we shall "of course" (fallacy 3) receive the same momey for it,

3) All extre distance adds greatly to the cost of the service
(fallacy I,2) adds nothing to the value of the service (trus enough with
certain limitations), hence adds nothing to revenue (fallacy 3) and hence
is among the greatest of disadvantages,

It has heppened that the distanee transported has been made the
wf“w:n{mmqunmu-hmmmmm
which 1t is possible to c-ollect), as measuring in a rude way, not the
cost of service, but consumer's idea of its wvalue, Grades, curvature,

cost of comstruction, terminal expenses, volume of traffic, hether tha



cars return full or empty - all these have very much more to do with

the cost of service than the mere distance tranaported, but they are
antiraly neglectsd in fixing sdhadiles of retes, simnly because the
consumer 13 nol consclous of receiving ary value when he is transported
ovar curvature or gredes, but is conscious of recelving waluns whan hacis
transported over distance,

The cost of operating additiomal distance not only is not the sane
per mile 8a the average opst but it is not even a constant quantity per
unit of additional length; that is to eary, is by no msans the same per
mils vhen tha addition to be considered is one mile as when it is twenty.
With the small changes of distance which most frequently occcur, the number
of yearly trips of rollinge-stock, the number of buildings and sddings, and
the considereble class of mependitures which vary therewith, renain
practically constant, &s well as (very frequemtly), trein wages, and are
not perceptibly affected until the change of length amownts to a considerable
pereentags,

Maintegence of wEy.- The entire cost of maintenance of vay proper
(exeluding yards and structures) may, without any serious exagmeration, be
considered as varying with changes of distance as great as 2 or 3 miles,
Fuel, - A very considerable percemtags of the consumpiion of fusl is a
constant wastage independent of the exact distance run.

Repairs of Bngines apd Cars. = It is exceedingly common, and for certain

purposes proper enough, to assume these expenses to vary directly with
distange, tut for our present puwrpese this is very erronecus,

Generel @penses and Taxss, - Taxes are nominally assumed at so much
per mils, and no doubt really vary with mileage to some extent, in fact as
well as in form., As they are in the long=run,however, based on value and
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not on cost, it can hardly be proper to consider them as varying with
distance to any important extent, and unless a longer line between two
given points increases the velus of the property, they should not increase
with distance at all.
Zhe effsct of digtance op recedpts.

Al radllway traffic is in general roughly divided inte "through"
and "local®, but what is through and what is local is a matter of werying
definition. The literal interpretation of the word "throwgh" freight
pasaing over the entire distance between terminl, whether exbhanged with
other lines or not, and this definition is often followed in clessifying,
Another basis for subdividing treffic into through and local is that
sdopted in the Massachusebts Failroad Reports; vis. to call all traffie
"peal" which is confined to the home road and simply passes from one
stationdf the road to another, vhether those stations are the termin or
pot; and all traffic "through" which is not loeal, but passss over parts
of two or more lines, although the total haul may be only & few miles
between small non-competitive stations; where as "local" traffic may be
hauled the entire length of the read at competitive rates, and befor all
practical purposes, what is ordinarily understood as "through" busineam,

Meither basis of division, therefore, ia a particularly happy ane for
acconplishing the end sought, and the reasen wiy neither can be is easy
to see, The diffioulty is that each of them is an attenpt to include under
only two classifications five distinet classes of traffic, each ane governed
by different laws as respects rates and other busimess corsiderations,
These classes are:

1) Non-competitive local
2} Non-competitive exchange

A
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. 32 Competitive local

4) Cempetitive exchange

C 5) Partially competitive (i.e, Competitive only with the
id:l.ndnnu_glnrl local haul in addition)

Here in detall, the mature of these sub-classifioations is as follows:

A Non-gompetitive (1. Local or home traffic proper,having no choice of
route and eonfined to cne line

2, Exchange tmaffic or (by Massachusetits classification)
Uthrough" traffic,baving no cheice of route,but
passing from one line to another,

B Competltive . Locsl or home traffic, confined to ons line, but
having & choice of another route (a class of traffic
onoe amall but reapidly increasing with the
miltiplication of railways)

ke BExchange or "through" traffic proper passing betwesn
the more important rallwsy centres,and with a choice
of two or more routes,
¢ Partially 5. Traffic (usually exchange or "through" between non=-
AT competitive locz] points and important reilwey
centres having a choice of route only at disadvantage,
by paying a local rate in additien to tha "through",
This class does not exist,practically, for
passenger sarvice,
Kon-competitive (class 1 and 2), Traffic betwsen non-competitive way
points, whether these points are on the same or diflerent roads.

There is no real nesd for making a distinction between these two
glagses in respect to rates, the "through" being made simply by the addition
of the two local mtes, and divided in the sawme proportion.
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This class of traffic, which is what is popularly meant by "way"
traffic, is an Limsnse factor in the freight rewenus of any rallwey,
varping ordinarily frem 50 to 75 per cemt of it; and rarely falling below
50 per camt, cccept on linss of heavy through trafiic rumning through
sparsaly settlad district.

Competitive traffic, whether confined to one line or notj (classes
3, & and 5 above), The totsl through rates on all competitive traffic are,
in nearly all casss, arbitrarily ficed, with little regard to the mlleage.
For this ressan it may appear, and may be too resdily taken for granted,
by engineers not fazdlier with opevating practices, that for this class of
traffic at least, ary additional distance must be a pure disadvantage,
increasing expanse, but not affecting revenue, And this is literally
true with respect to such competitive traffic as begins and ends on one
line, or on cne systen of lines with interests whelly in common, But, in
spite of the prosent tendency to congolidatich, & very large proportdlon of
mmhtmfﬂnmqﬂlﬁm,uﬂmuﬂuﬂrthumnhnritmmlmﬂir
lines, is through freight proper, which passes over parts of severl lines.
On all such traffic the tokal rste frem shipping peint to destinatisn is
indeed arbitrarily fixed, without regard %o mileage, and ofiten in faet in
inverse matio to it; but of the division of this total rate between the
participating companies, which Is bl yracbieally concarns us, this is Ly
no neans the casa,

Certain considernbls allowanees for terminal charges at pointa
Wheps sush charges are heavy are very commonly and very justly deducted
fpom the through rate before the latter is distrliluted, as notably 1in Few
York, where the terminal allowances are very heavy (4 to 5 centa per 100 lbe)
ﬂwwmmmﬁadhuﬂmmimtwhma
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terminal road,

In fact the variations and exoceptions in the fixing and division of
rates are endless, but through them all the general law holds good that =11
"through" rates betweeh cennecting lines are divided procisely according to
the actusl milesge, and to a very large axtent directly as the mlleage,

These facts result in a curdous and apparently contradictory law, as
mpnnhthuthmghtﬂ:ﬂunfamwulﬂm,tinhitwhhim@*
immtﬂmtthlmnrﬂnuldmﬂlﬂtnﬂi. That law may be thus
expresasd:
1a It is extremaly desiralle that any new line sheuld form a part of the
shortest routes between important cemtrws of traffie.

2 Itinmtdnhﬁlu,lﬂurtmthiw-ﬂmimlllﬂltﬂuhuﬂd
pake ary sffort to bring about ihis resdt, axsapt in selectilng ita
cennections.

The reason for sach half of this law is not difficult fo see,

ﬂuugtmtﬂc,humr.ilmth:wmntumlﬂrb:th-
mﬂ.u;mrwﬂﬂmrdlurthiﬂcufaﬁ-pungnwmult,mﬂh
mmmmmm,mmmmimmm.

mmmmwﬂmmm.uﬂmm.mhruumm
mum:.mﬂdh-nrmmﬂipmm.nummum.
mmtmm.mlurmhﬂnwﬂmmmmwumu
ummmmmdmn-W;MMhmnmmm
pmzﬂ.n:mm-uﬂ-rmmm;mrmmmmu:
the stockholders and the genersl public.

mwmmmm-wummuﬂhm
&IWB.—IMHWIHmewwtﬁHM
mwnmmmitmlmmhmdpﬂiqmﬁnn.
mhwmlm-mmﬂlmmyﬂmm-
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is alpogt all clear prafit, Of passenger business this is literally trus
Mﬁmllmm,Mh&B.hﬂWMﬂnlmni-
Miﬂﬂﬂlﬂﬂ.tﬁﬂﬂhlﬂﬂpﬂtﬂ-' The incresse of
length, if the road were all a streight line, would be as nearly as may be
hﬂnl;nﬂmmHmtdrmﬂn;thmtwﬂHMIﬂﬁr
hmminmhp-ri.ndn.,uﬂnurm

fud
“///E,f"\
T F-|

The doubting engincer mey safely tske the two following as prima-facis
m;hhmnﬂuﬂ;uqﬂhlmhthmm-n:
1) dmy deviation whdch will inorease the averge per mils of read
of tribubary population (weighing the latter, of course, im properiicn o
thedr revenus-produsing capacity) is all bub sertainly expedient, because
1% is mthemstically demonstrable that the longer lins ought them to be for

the joint advantaze of the community and the railway,

2) Bven if the gain be considerably less tian this, the deviation may
sasily be (and probably is) for the intersst of the milway, ahtough not
in that oass expedient in iteelf, ss a quesilon of public policy .

A1l the preceding conclusions as to the comparstively elight
{mportanse of distance (and the same is true of all the minor detalls of
aligrment) may well lead to ruinous conseguences if thoy are stretched
ﬂmmum—mﬂmmm-m
modifying the cost and m&m&munw
traffiag for it must never be lost slght of, although it's disadwvantages
iy be more than made up to one party by the gainsj the danger of permanent
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disaster to the property is great.

The point whiech it has been sought to bring out is, that even in
axtrems cases there always ia a credit side of considerable importance to
increase of distance - contrery to the idea which preveils to an unfortunate
axtent, that a short and direct line is the first desideratum, to which
almost everything elee must bend,

There is another argument, of much the same vague lind as that last
referred to, but of & more reascnable and tangible characier, which is
sometimes brought up as 1 reason for saving distance, viz. the "Moral
Effect” of a short line in helping to secwre traffic. MNer is this argument
wholly unjustified, for there ars numerous linss throughout the country which
do apparently suffer simply frem the length of thelir line frightemdng away
passangers and fast-freight traffic,

Many lines which are not particularly direct, however, do not do thias,
and the prosperity of a single comspicucus line, the New York Central & Hudsen
River Railrcad, will show that there is nothing in distance pure and single
to deter travel until, as in the case of the Grand Trunk Railwey in
coupeting for American business, the difference of distance beccmes so
great as seriously to lengthen the Tctal Time of the trip - a result not
commenly to be feared from probably engineering medifications of any given

time,
The difficulty is (par.5l) that the lines lesst favored ms to distance

are genarally less desirable in other respecis. There are more connections
to make, less favorable through-car arrangements, a less mmber of and
slower trains, etc. ete. At the very worst,mereover, this objection only
applies to a very small portlen, and that the least prefitable portion,

of the traffic of a road; and it does not apply at all to those amall
changes,of o few miles more or less,uhich the engineer is most frequently
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called upon Uo consider, and to which this chapter has mainly referred.



CHAPTER VITT
Curvature

It is the pecullbrity of curvature that all its disadvantages lie

upon the surface, visible to every eye and comprehensible by every mind,
A visible defect or danger is alweys more keernly appreciated and dreaded
than one which it requires special treining to detect; it is evident that
this simple fact must always have a powerful if undetected influsnce while
human nature remains what it is,

And vhen we come to conslder whaet are the more sclid objections to
ourvature, we find &t once that a formidable and undeniably true list of
cbjections to it may be made, consisting of many counts; aa thus:

1) It esuses & considerable loss of power and considerably more wear
and tear on rolling-stock and road-bed, thus increasing stpenses,

2) It does or may limit the lemgth of trains, and thus still more
incrense sxponses,

3] It causes a consideratle expenss for extra watchfulnses and track-
wallding, and thus indirectly still mere increases expenses,

These three are what may be called the definite and positive objecticns
to curvature, But there are still othors which are essentially indeberminate:
L) The danger of derailment im increased, and the consequences of such

derailmaent when it occurs are mors likely to be serious,

5) The danger of cellisiom is increased by the obstruction of the view,

&) There is more diffioculty in maling time, and thus psssenger travel
1is liksly to be affected,

7) It injuriously affects the smooth riding of cars, and thus deters

tmavel,
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8) It impresses the imagination of travellers with a feeling of
danger even if none exists, and thus in a third way affects travel
unfavorably; and, finelly,

9) It is more or lees an obstacle to the use of the heaviest and most
powerful types of engines,

It is therefore not wmnatupal that a very penersl course of reasoning
on the question should bet "Hach ona of these cbjections to curvaturse
amounts to something; plainly,therefore, in the aggregate they must amount
to a great deal, although no ome can ever determine exactly how much,

If the curvature be sharp they will be several times more serious, and in
fact will then become emtirely inad=missible for such & line as ours,”
Thenos may follow, perhaps too quickly, & conclusion in the form of an
order to the englneers who are to mmamine the country, to the affect that
"the minimm radius of curvature permitted on this line will be,” etc, =
an order from vwhish thereafter thers will be no retreat,

The Danger of decident from Curvature

Railway acoidents come from a great varisty of causes, of which
curvature is ono., How great a cause it may be is made diffiecult to
determines by the fact that accidents are rarely reported as directly
chargeatle to curvature, ite effect being rather to aggravate them or to
prevent timely discovery that there 1s danger of accidents from other
causes, than to cause them itself,

The genaral character of the lins is irrevocably fixed by the
topographical conditions, The engineer is net called upon to decide
betwsan the crooled solid line and the stralght dotted line in Fig.2, but
betwoan a little more and a littls less curvature as indicated by the solid




If we could eliminate all ewrvaturs from reilways we have to
deereass by 25 or 50 per cent the danger to life and property.

Unfortunately, from the very fact that curvature plays so small a
part as a cawse of accident, no general statistics oan be given as to the
mmber of cases in which it does have an influence,

The truth ls that mothing but a standing miredle keeps eltbher
curvature or any other cause of accident from being a fruitful source of
disaster., The marvelloua safety of railway trevel in the face of such
nusberlass chanees for disaster is one of the most impressive triumphs of
human oare and skill, and it is this fact alone which gives our argument any
force vhatever, No ene could have foresesn it, and hardly amy cme can
fully realize itj but the fact belng as it is, true wisdom requires thal
wo should recognize its consequences, and not inslst on trusting to the
imgination for argwsents in a purely practical question.

mwmmmummud B0 mEEnY
chains (66 ft,) radivs, The radius of & 19 eurve in chains is

= 86,813 chains, so that the cne method of designation may be
ponverted into the other by the formulas

Rinﬂ.-.nitu-ﬁﬂm,, un-*.ﬁ
Continental engineers designate curves by the redius in metres. The

ﬂmhnﬁmdnl‘mhﬂg%ﬁ w 1746k metres, we have, for
mﬂmwﬂmddmmmmﬂﬁmr.muﬂlﬂrum,

om0 0 P

American engineers, and thoee adepting American practice, when working
with the metric syshem, use, &8 the wmit chord, a chain of 20 metres
(65,61 &) divided into 100 links of 2 elacimetres (.656 £t) each, The
radiug of a curve having 1° of eentral angls for a chord of 100 of any unit



is 5730 (5729.65) of that unit, so that the redius in metres of a 1°
motric ourve is 5729.65 x 0.2 = 1145.93 (1146) metres, or one fifth as
gany metres as there are feet in the radius ef a 1% foot curve - as is
naturml from the fact that there are only ona fifth as many wnits in the
chord.

In stationins wnder the metric system, however, the best practice is
to use 10-meire stations, setting stakes ai every cther station only
(or 1 chain apart) om tangents and easy curves, and at every statien
(or balf-chaln) on sharp curves, In practice this produces littla
inconvenisnce.

hthwﬁthkgunhnrmtﬂum.mmmmmﬁnr
10°, the chord becomes so much shorter than the subtended arc that it
hmni.nnmmﬂhhnuum*hhu:ﬂiuuj}ﬂ To obviate this
:I:I.rﬁuu:l,t.:,ithmhnnﬁnawlmthuhutpnutiu-tammma
nhwthmﬂ“uﬂhhnlithlulﬂlmitdmrd.nrﬁﬂﬂ.,uﬂhmm
curves sharper than 16° with one fourth usual undi chord. It then becomes
umw.tnmmnm!m,thtthlnﬂmufﬂlmu,ar
watever degree, is given by the formula: i-@_.

hﬂ-ﬂﬁmthuﬂiiinrmt,nhﬂm,mmhmnrthhnmm
mm“ﬂmwmmrwdmrmhmmm. Wa
mmm-ihrntiqnurmmunhjmimutnwmtm
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TADLE IV
Radii. of Curves of Various Degrees in Feet,Chains,and Metres

D;f“ Curves run by English Msasures Curves Tun by Metric IHeasures

Curre ~fadius in  Redius in Endius in fadius in Radius in

Faot Chadns _____ lNeires lstres Feet

0° 30 11,450 1734626 3,492,8 24291486 7,519.2
o 50 6,876 100.408 2,095.7 1,375.12 by 51145
1° Unit 5,730 86,813 1, Thiels 1,145.93 3,759.6
12 40" Chord 34438 52,089 1,047.8 687,56 2,255.8

[a} =

2 - m 2.%5 uﬂ miz 5T2I* llmiﬂ
22 30¢ 2,292 34726 698.6 L58.28 1,503.8
k5 1,910 28,938 582.1 381.%98 132502
3 200 1,79 26 .04 52349 33,78 1,127.9
L 1,433 21,70k h36.6 286.48 939,9
59 1,146 17.363 349.3 229,19 751.9

83 955 Lh o469 %i 190,99 626,
7 09 12,402 163.70 537.1
a° Y 10.852 218,3 3.2 L70.0
o 637 9.606 194,0 127.33 177
e 573 8,681 17hab 114459 376.0
p h 1 521 T892 158.8 104,18 1.8
129 Unit 478 7236 145.5 95450 313.3
142 Chord 509 6,201 12T EL.85 268,5
160 =50, 358 5el426 109.1 TL.62 235.0
180 314 14823 97.0 6366 208.9
200 Unit 286 la340 87.3 5730 185,0
2 Chord 239 3.618 T2.8 LT7.75 156.6
| 30° -25 19 2,89, 58,2 38,20 125.3

revel= or rather,

the moral effect of known excellence in that as in every other detail to

encourage travel, is in not a few cases, = a4 consideration of more importance
than appears. Advertising is generally regardad by all business men as a

profitable outlay, even when it is all outlay., Then the advertising is of

guch & nature as to in part pay for itself by saving expenses, even if

only to-a limited extent, it becomss of course still more desirable, and in

the case of railways has the peculiar advantage noted in Chap IIL, that any
additional sales theyr may thus make cest almost literally nothing,
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In the case of pome few roads which have an immense, an almost
unlimited, traffic to contend for, thia consideration alone may becoms of
such great importance as to Justify wvery heavy expanditure.

One of the "almost faneiful" expenditures referred to is to secure
abgolute perfection of appearance, as well as real excellance, in the track
and right of way by dressing the edges of the slopes of the broken stone
ballast to an oot line, stone by stone, and by elaborately neat and
tasteful road crossings. Ancther, and the one more particularly referred
to, is the egpernditure of occasional large suma in bold lines to eliminate
curvature and trdflins amounts of distance,

‘The mechanics of curve resistance
mnmmmbiﬂmctgmmtnla:ﬂhlymudnhmhuﬂ;hut
simples as the subject appears, the mechanies of a rolling truck on a curve
ja = to determine it correctly - & very intricate problem, the solution of

which we must attempt to make clear,

The forces arising from the fact of curvature are of three classes:

1]" Forces originating in and confined in their action to the truck
itself, causing the slippage of the wheel on the rail which is the ultimate
source of all curve reslstance, The following two classes of forces can
only act by sugmenting or diminishing the former:

2) Centrifugal and centripetal force; acting upon the car as a whole
Mumﬂutdhmtmkﬂmmmwmm;

3) A force due to obliquity of trection originating within the train as
a whole and commmicated to the car-body and thence to the truck,

Lurye resistance

1) Obliquity of traction and the length of the train have no appreciable
effect to modify curve resistance.

2) Centrifugal force within the limits of practice has but little
affect on the resistanca, but that little is to increase it.

w52 .



3) Centripetal foree from superelevation within the limits of safe
practice has but little effect on the resistance, but that little is to
reduce it,

L) The best rule for superelevation is to elevate for the festest
ﬂguluapudwtnlmﬂmhnﬂtntﬁtnﬁimhumﬂi,

5) Rail wear and curve resistance over rails in the same condition are
umlruwhﬂmﬂyuthmﬂcmtm.ﬂthmmr
elements which are independent of redius,

6) hﬂr‘uuﬂmrﬂiﬂmm“appnﬂnﬂylﬂ:ﬂthmmﬂa
thanﬂthn!d,amm;-umuth-uﬂarnﬂismmawuth-
shape of the flange,

7) The pressure of the flanges against the reil is the sane on all
ﬂﬂﬂﬁﬂﬂpﬂﬂmﬁﬂrﬂiﬂrhﬁhhﬁﬂm;tﬂyutnrmmthu
nﬂuth-muahurpur.uﬂnkmlhﬂiﬁqhﬁ-rm the
lﬂﬂﬂfﬁhlﬂilhthl_:ﬂﬂihﬂhﬂtﬂﬂﬂﬂlﬂﬂdﬂaiﬂlﬂﬂiﬂghﬂtur
mth-lmﬂnnfﬂnndl‘inminathndmgurnfd-nﬂmtmnmw
w@mmmm.mmmrmmpmmtmamunm
curva,

8) The lowest probable limit of curve resistance at cidinary freisht _
speeds and in ordinary curves is about 1/3 lb. per ton per degree of ourve,
with all in perfect order. Vith womn reils and sameshat rough treck it
may be as hieh as 2/3 1b.per ton.,

9} While so obscure a point cannot be consldersd as sstablished by
the existing experimental evidence, all the more trustworthy escisting
evidence seems to combine with theery to indicate that curve resistance per
degree of curve is very much greater on easy curves than on sharp curves;
so that when the resistance is I 1b. per ten on a 10° curve, and not more
than 15 to 18 lbs, per ton on a 40° to 509 surve,
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10) It may be considered established that curve resistance is affected
somswhat by the speed, and probably by a very considersble percentace; to
thtﬂth-Mundamﬂipmumhmn.mtmitmyhuhigh
ullllb.plrtnnunmrlﬂn, for speeds of lesa than 4 or 5 miles per
m.ummmmwmmlumtmmum. As a
mmemhﬂmnmsmw,mmhmmMmt
be forgotten when reducing grade on ocurves, especially near possible
stopping points.

11) mumdidﬂﬂmtdmﬂmmpmhmlumthum
lanrth of whealbase, With a 3-ft gauge as against a 4.7 ft.gauge, with

& wheal-base of 4.7 ft., it is about as (not emctly as)
6.3

LT s P = ﬁ_.%; 1/6 Less,as outlined in Fig.3. Vot i inat st
F o ur R

um.m:#ﬂmmuwh'%

per cent lesa, If, however, the length of wheel-base

decrcases with the gaupge the gain is directly nluthlm.
12} Inoreasing the length of wheel-base,say, from gauge to 2 gauge

mmm'{ﬂuﬁiﬂummmm mthuuthufﬁ_.ﬁ
THERE A

per cant,

Al At .-l.-"'l.f.l'.
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Having now investigated the nature of rail wear on curves and the
causss of curve resistance, weo are better prepared to take up and estimate
at thelr true worth the positive objections to curvature, as suwmwmrized at

the beginning of this Chapter, which are:
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1) The direct cost of curvature of various radii; that is to say, the
pummuuitu_-rafmd—hdmdmlling-ﬂuuk,nﬂthumhr
consumption of fuel,

2) 'The limiting effect of curvature on the wedght and length of trains,

A moment's censideration will show that these two causes of expense
mmmm:mmmhu* For every ourve, whether sharp eor
ﬂlt,mdﬁmldtﬂm.mﬂﬂmlcmmﬂmuﬁtﬂr
lndufhﬂrpnhur. although it may not cause any shorter treins to be
Mﬂﬁ,ﬂnhuiudimtlﬂmmmn;MitE-mmtmh
very sharp or very unfavorably situated, or if the line be very nearly
lnnln:thltthmmmhmgmdutnlinﬂ.miminldmwnt
curvature, there will fimally come a point where too much or too sharp
curvature will not only cause wear and tear, but likewlse gause the length
of trains to be ocut down,

Fusl. About 33 per cent of the cost of fuel goes for getting up steam,
Idndling fires, running to and from treins, stopping and starting trains,
standing idle, ete, and is hence & constant wastage, independent of the
distance run., A1l of this may be conaidered as likevise unaffected by
curvature, and in addition thereto is another and impertant source of loss,
vig, condensation due to radiation of heat, which varies with the time of
exposure, and hence with the distance run, but is in-appreciably affected
by the power developed per hour. Ivery part of a locomeotive, even the
lagping, is hot enough to burn the hand in the coldest weathar.

Ihlﬂ:‘-bu:inuullrl_nﬂ.ﬁﬂ‘h'md,mdﬂnl:ﬂlbfth-
cylinders are protected ocnly by metal plates. As a oconsequence, the Rverage
amount of fuel consumed in winter is about 20 per cent greater than in sumer,
or about 1 per cent for sach 2°F, difference of tempsrature.



A partioular form of bad practice in respect to curvature, and one
of the most prevalant and indefensible of the minor errors of location,
is a wealmess for wery leone tangents and a readiness to spend money to secure
them, A reasonably leng tangent, say not less than 400 feet, is always
very desirable, if not absclutely essantial, in order to taper out the
superalevation and afferd room for proper tranaltleon curves; but beyond
this thers is no justifisation, theeretical or practical, for expending
more than a very small sum to avold any number of short and gentle curves,
The difference in distance resulting from even very considermble and
frequsnt breaks in a tangent is too trdivial to be a sarious consideration
on lines of small traffic (although it may look as if it were conalderabls,
especially on the ground), and the same is at least equally true of the
ourvature,

Many a tangent has been broken up improperly to effect less saving
than this; but, on the other hand, a sawving of 8000 to 10000 cubic yards of
exoavation is enough to balance it; and if we reduse the sstimated traffic
by two thirds or three quarters, in all ordinary country the saving by
brealdng up the tangent would far more than justify deing se, even in
light work, for the above figures fully represent every measureble
disadvantage from & moderately curved line of that character.

Especially if the general character of the work is heavy, the caution
not to sacrifice afficiency for the sake of effecting trifling econcmies
becomes of vital moment on such aligment if the most careful engineer
would aveld error.




w
Hise and Fall

The expense of gradients, as we saw in part in Chapter VI, arlses from
two causes, which are totally distinct and mst be kept so to form any
gorrect estimate of thedr cost or of their proper adjustment.

The first of these causes is the direct cost, for wear and tear and
fual of ascending to and descending from any given elevation, instead of
running on & level; in other words, the cost of Rise and Fall,

The second objection to gradients is the effeoct which the mmcluum or
rather ruling grade (since the ruling grade mmy, owing to the effect of
variations of welooity, be either gre ater or less than the nominal mascimum
of the profile) has to increase the cost of operating the entire line,
however short the ruling grade itself may be, not by increasing the direct
axpanse per train-mile, but by limiting the mumber of cars to a train.

This latter objection to gradients (i.e. to one particular gradient,
the worst ona on the line) is vastly more important than the former, but it
has no real commection with it whatever, being different both in its nature
and in its effect in detail on the operating expenses,

Soms time in the future the locamotive engine should be so improved,
or such a new motor discovered, as to be able to exert an indefinitely
varyling power according to the need at various points on the line, all
objections to both grades and curvature except such as is inherent in them -
the resulting wear and tear and waste of fuel would diseypear, and they
mlght be introduced with great freedam; for nedthar of them would then have
in addition to their own inherent disadvantages the further effect of
limiting the weight of treins.
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To some extant the cost of rise and fall, as well as the limiting
affect of gradients, depends upon the rate of grade, for it must be divided
as respect cost and disadvantazes, into three quite distinet classes,
sccording to the grades on which it occurs.

Thess classes &re:

A, Hise and fall on grades sc light or so situated as never to require
the use of brakes nor variations in the power of the engins,

B. HRise and fall on grades heavy snough to requdre the alight use of
brakes or shutting off steam, or both, in descending, but not such as %o be
a serious tax upon the engine in ascending.

. Rise and fall on maxisnm grades, requiring the full power of the
enzine in ascending, with more or less use of sand, danger of slipping
drivers, and the use of brakes in descending,

Fhen a milway trein descending a grade, or any other falling body,
is agted upon by an accelerating force which resains uniform, - like the
tragtion of a locomotive or gravity, = like the resistance of a train =
the wveloocity of motien will continmue to inorease until the retarding force
becomss equal to the scoslereting, and thereafter the body will continme
in motion indefinitely at & wniform weloocitys The net resultant eof all
the forces acting is then szero, and consequently the body continues
indafinitely in metion at an unvarying welociiy.

Fran the interconvertibllity of welocity and wori results the fact -
too little considered Ly engineers = that train resistance, in practical
operation, [1.-.umh;thtmimmthtd1“-hrntﬂu
logomotive, or grephlcally recorded by & dynamoneter) bears no very close
end apparent relationship to what may be called the dead resistance, as
determined by adding the nominal grade resistance to & osertain rolling
friction, without paying amy regard to the sffect of differsnces of welocity.
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This is well understood by all those who have had occaslon to deal with
dynamemeter experiments and is the greatest difficulty in deducing valuable
results from sush experimenta,

Now the object before the engineer in laying out a railwy is,
sbviously, to lay out his line so that the demand on the lecomotive, and not
the absolute grade resistance (which latter is in itself a thing of no
moment ), shall be as nearly uniform as possible, under the conditicns which
actually excist in the daily routine of cperaticn, If, at a certain point,
the velocity of the trains has certainly to be increased, in addition to
overcoming the normal grade and rolling resistances, the gradient is in
affect increased at that point, If st a csrtain other point veloecity can
pafely be scquired befors reaching it and then surrendered, the grades are
in affect reduced,

The danger in using such & process as this as a basls for laying out
grades is solely one common to most engineering and other work - bad
Judgnemt as to the practical posslbilities and necessitiea, Thus, a stop
may be required where one is not anticipated, or & velociiy may be assuned
which, owing to curvature or other cause, may not be practicsble or
wipedient, The possibls use of sand in starting or at particular points,
or the varying powsr of the locomotive, may be forgotten, or a speed may
be aspumed at sumits so low as to leave an insufficient margin for head
winds and similar contingencies,

We have to remember that a train may be, as respeots to its couplings,
in threes conditlona:

1) In tension, its normal condition, which, vhether greater or less,
will only extend the springs a little more or less, but male no material
difference in the vhole length of the trein,

2) In nelther temasicn nor compression, the two adjacent cars tending

for the moment to move with the same welocity, so that no foree of any kind is
-r_H-



communicated from one to the other. This condition can only be momentary .

3) In compression, the cars behind crowding upen those in front.

In the transition from the first to this last condition lies the whole
danger. 9o long as %o do not pass the second (which is more properly
meraly & line of demarcation betwesn the first and third) we are safe.

iion of the mature of rise and fall, we have

found that it may be divided into the following classes, having a very

different effect on operating expenseo:
Clags A, Rise and fall on minor gredients and for amall undulations, not
ﬁufﬂqimttuukuitmnuﬂtnnrythlpnmnfthlunglnn,huturﬂl?
causing & momentary, gradual, and unobjectionable fluctuation of speed.
Clasg B, Rise and fall similar to clasa A, in its effect on speed,
provided steam be shut off in descending, but not requiring the use of
byeles in descending, nor seriocusly taxing the powor of the engine on the
ascent,
Class C. Rise and fall requiring the use of brakes in descending, in
addition to shutting off mteam, in order to aveld excessive welocilles, ard
sonsequently, in almost all cases, more or less use of sand in asecending.
Ine copt of rise and fall.

Fuel, - Except as wasted by brakes, there is no loss of power (energy),
and except as wasted by brakee and radiation combined, there ia no loss of
either fual or power, from any amount of rise and fall of class A, if we
neglect the slight differonce in fricticnal reasistances resulting from
a (so to speak) regularly irregular speed instead of from & uniform speed
averaging the same in miles per hour. This necessarily follows from
elamentary dynamic laws, DIven if there be a difference in the level of
the two termini, what power is lost in going in cme direction is regained
in retwrming.



When, in the case of rise and fall on easy gradients requiring no
brakes (clams B), we run a part of a distance of cme or two miles (the
ascent) under steam and another part of it (the descent)with steam shut
off, assisted by gravity only, = or in other worda, assisted by the energy
gtorsd in the train during the run over the up grade by the act of lifting
it against gravity, - the total time that the locomotive is exposed to
exterior radiation is the same, amd probably also the loss of heat., The
loss frem interior redistion in the erlinders is a very important loss and
we have to remember it, ‘The loss by extermal madistion durlng the last
mile will be a net loss.

From all these causes combined & locomotive rumning without brakes
or steam down grédes too steep to contimue the steam-power unchanged, but
not steep enough or lomg snough tc require the use of bralmes, will burn
probably one fourth to one fifth more, and certainly not over one thinml more
fuel in ascending one mile on the grade equal to the grede of repose
(assumed at 26 feet per mile, or 0.5 per cent), and the descending one mile
without steam, than in ronning two miles on a level., Allowing one third
more, B0 vertical feet of rise and fall on such graden will waste fuel =yual
to the average consumption per mile,

ihen brekes are required, owing to the grade being either too steep
or too long to permit of operating it without them, the power used in
sscending is entirely lost, except that portion of it which is just sufficient
to keep the train in motion on the gmade of repose,

Bapaire of care ard locomotives - The use of trakes is excessively
destructive to wheels, Brakes, however, are ussd even more for stopping
and starting than on grades - sometimes very much more and the whole cost
of wheels 1s cnly some 30 par cent of freight-car repairs and very much
less of passenger oars,



If we should consider only such facts as these, we might reach the
eonclusion that the wear dus to grades must be & very important elemsnt in
the cost of freight-car repairs, if all grades were levelled down flat sc as
not to require in any ease the use of braukes, eccept for stops, vheel
renewals would not be reduced more than one sixth ner car repairs as a whole
more than orw tanth, The only item of car repairs other than the vheels
affected to an irportant excbent is the cost of drawegear and links and pina,
argl the loss in this respect Arises more frow lack of proper vertical curves
at breaks of grade than from the grades themselves,

The cost of locamotive tires will be affected in much the same way and
to the same extent as the cost of car wheels, The life of the boiler is
likewise unfavorably affected by an imtemudttent instead of regular d=uand
for pewer, although this effect is slight in comparison with the injury
suffered from the cooling off of beilers at the end of the trip, from the
effect of bad water and marny other causés not connected with the grades
betwesan stations,

Mear of radls, = The effect of grades on the wear of rails is wmggerated
in popular beliaf for want of a proper distinction between the effect of &
heavy ruling grade, which increases the mumber of trains and the properticn
of englne tormage, and the affect of rise and fell simply on which the
mmber of trains and proportion of engine tomnage is the same as on

ad jacent sections of level track,

Maintenance of road-bed and tpack,~ In the former edition of this treatise
the cost of these itoms was estimated as increased in about the same ratdo
as the rail wear, vis. 5 per cent for each 25 feet per mile (0.5 per cent
nearly) of rise and as much for the corresponding fall, A liberal estimate
in such a matter is proper, and we may continue the former estlmate for
class O, although it is probably somewhat too high for average conditions.
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On class A and class B the disadvantages and advantages of the grade
may be fairly considered to balance each othar as respects maintenance of
road-bed ard track, A great compensating advantage from the gradas,
besides ths lower speed, is the more perfect drainage, glving a firwer
road=bed anl prolonging the life of ties and ballast as well as preserving
the surface. Creeping of rails is an amnoying effect due in part to
gradient, but has been largely done away with in recent years by improved
forms of joints.

Irain wagea, = It is quite concelvable that one or more additional bralemen
may be required on a line of mach rise and fall, yet it would ordinarily

be quite impruper to imclude this as one of the expenses arising from it,
for this reason: whether or not such additional foroe will be required is
uwsually determined by ths general character of the line beyond hope of
change by the engineer.
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GHAPTER X
The effect of grades on train-loed.

The sbsolute aeffect of gradienta to increass the load on the engine is

constant and easily determined. Under the theory of the inclined plans
{or rather under the general theery of the equilibrium of forces) any body
W, (Fig.5), resting on such an inclined plane, is acted on by at least two
forces: the force of gravity, vertically downward; and the resction of the
esupporting planes, acting at right angles thersto,

F1Gads

Since & body acted on by two forces only cannot remaln at rest (see
any treatise on mechanics) unless the forees are (1) equal in magnitude,
(2) opposite in direction to sach other, and (3) lie in the same right line,
motion must ensue under these conditions down the planes; and the force &.
nscessary to resist motion is represented by the length of any lina t.,which
will suffice to close the triangle of forces. The direction of this force
is ordimarily fixed by the conditions, and in the case we are now considering
it must lile parallal with the plans ., a5 represanted in the cutj but a
fores acting in any other direction, as t' or t", (Fig.6), will suffice for
the sams end, provided it will form with the forces g and w' (Fig,5), &
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closed triangle; the magnitude only of the force t. required varying
thersby.

If the body W, be an angular bedy, this necessary force ¢ will be
suppilied by the frictien of contact between the body and the plane, and the
mrﬂ]lr—inﬁrﬂtmmmmﬂ-hu—lmmmnﬂ-.um
sliding & brick down a board, If the body be a whesled vehlcls, the
jmmll:ﬂrﬂurmllmﬂaﬂmaﬂbNHﬂthnﬂlpumuu,nm“ﬂ

FIG,6
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m,ummmmm;mmmnﬂm—mnunh
Ihﬂmilpwumnrthlumﬂghtntthahndy.th-mghnfthlﬂnpl
on which the relling-friction alone will suffice teo maintain equilibrium
must be very emall, When 1t doea not suffice for this purpose, the body is

impelled down the plane by the difference between the force t of gravity
and the retarding force of friction.

When & body is caused to move up the plane it is obvlous that the
resisting friction, whether much or little plays no part in reducing the
force +, tending to cause the body to move down the plane; for in that case
the two forces resisting motion coincide with each other in direction, and
their sum instead of their difference has to be overcome by the impelling
force, whatever it my be.

These are the conditicns under which the locomotive acts in hauling &
tredn up & grade; and in Fig.5, if g be made to represent the weight of any
vehicle W or all the vehicles, W' w1l represent the force with which they
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press against the rails; t, the "grade resistance” of foroe Lupelling them
dovnward, or resisting motion wpward; t the ratic of the grede realstanse
Mﬂuﬁﬁt,mﬂinghthnﬁlr‘ﬂmmmhn,thum
resistance in pounds per ton, W' , the ratlo of the reaction against the
muuunmunmtnr‘w,ﬂmmmm.furwnd-.
All grades are, in the technical works of American and Continsmtal
enginsers, epressed in the rate per cant, although in common American
practios the words "per cent" are (somevhat wnfortunidly) cmitied, the
grades being kmown as & 0,5, 0.8, or 1.0 grade, A grade so expressed is
independant of the particular undi of medsures employed, whether feet,
motres, miles, or amy othar. In popular American and English language
grades are exmressed by feet per mile, which (since there are 5280 feet in
a mils) is 52.8 times the rate per cent. The use of this swiomrd wnit,
aspecinlly among englneers, is in every way to be regretted. English
enginears are alse much given to a still more awioerd habit = expressing
grades as rising "I in 80", or soma other horisontal distance. These may
be turned into grades per cent with a table of reciprocals, In Fig.5 the
nhntnuduingi.fmhrﬁ. If we let d = 100 (vhether feet or any other
mit), then r will give, in the sams unit, the rate per cemt of the grade.
Since gravity, g, in the diagram of forces in Fig.5, is represented
by the hypothenuse of & right-angled triangls, it follows that the pressure
of the wheols on the rails, W', can nover be quite squal to the weight of
the body. hlhu,hﬂntr;hmt.murﬂﬁmm-nﬂmu
oven an appreclabls cne. It may be determined as followsi
Ration of pressure on reils to real weight If'= d; but s = d%+?, emetly,
Or,approximmtely (1) ""‘-ﬁ—’ g

Whenca (2) l'é_‘id.
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Comparing the two similar triangles, drs and w'tg, Fig.5, we have,
aince r1 d1 1 W,
ot 1

w! bedng, as we have seen, not the true welght or gravity of the body, but
the component thersof at right angles to the plane, or the force with which
it presses against the plane,

On any grads practicable for locomotives, however, w' and g are
practically equal to each other, the difference even on a 10 per cent grede
being only one half of 1 per cent, and on & 1 per cent grade (52.8 feet per
ﬂ]ﬂrhum.wﬁﬂlmm. Therefore it is wniversally
custemary to consider that for all prectlical purposes r: d:: t: g, whence

i

This last formula should likewise be indelibly engraven on the memory
of the englneers having to do wlth rallwey work, making refersnce to a table
nesdloss,

From the preceding it follows that the effect of grades wpon the grade
iesistasce is directly as the rate of grade, On & grade of 1.0 per cent,
the grede reslstance is just twice as much as on & grade of 0.5; and by
whatever percentage the rate of grade be reduced the grade resistance will
be reduced as much,

To determine the effect of the grade resistance on the power of engines,
the rolling-friction, a constant slement per ton on both gredes and levels,
mwst first be considered, in addition to the grede reaistance,

So far, we have considered only the gross weight of traln, including
engine; bub it is apparent that the trus messure of the cost of gradisnts is
theirefsct upon the net op revenue-eaming load of cars and freight, and



the ratio of the nat loads on any two gradients depends upon an additionable
nm.m..mﬂmdhmmtuqmmm{u
rather, of engine, tender, and cabooss) to the trective power of the
aengine, Whatever the absolute weight of the sngine, if its ratio teo the
tractive power be the sams, the retio of the net leads will be the same en
wmﬂmm,mmMHthhﬂw.
Mthmumdmmmmgimmhmmum
tractive power, and if the ratlo of the weight of engine to the tractive
mrhmm,ﬁlmﬂmmm.uﬂlumum,dﬂ

be to sach other directly as the tractive power.

We can readily determine from the special table, in the mamner below
outlined, the two following laws, which are the foundation for a eorrect
agtimate of the value of reducing grade:

If the eitire weight of the engine be considersd a part of the train,
this law is esmot, regardless of the actual welght of the engine, and the
sngine-tonnagn varies, precisely with the change in rats of grade.

Second, The amount of this percentage of increase or decrease in the
angine~tonnage required varies considersbly with each grade, being mearly
five times as much on & lewel as on & 3 per cent grads,

Ordinarily the changes of grade which the engineer is called upen
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to conslder are not very great, The typloal percentage for amy ordinary
change in any grade, for use in estimating the walue of a reduction or the
coet of an increase, may thorefors be taken to be that dus to & changs of
0,1 per cent in it, For extreme differences of conditions of any lkind,
the actual percentage of change in engine-tornmage should be directly
computed from the relative train-loads,
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The effect on train resistance which results froa an increase of
ruling grade can be, and is, overceme in either of two ways: (1) by an
increasa in the weight and power of engines; (2) bty decreasing the weight
and inoreasing the number of trains,

The first of thess = insreasing the wedght of engines - is by much
the cheaper , but is only posaibls to a limited extent and under special
circunstances ordinarily, it is not fair to assume that heavier engines are
used on one alternate grade than on another, because, whatever advantage may
be gained by using heavler engines on cne grade mey be equally well gained
on the other grade. As it is far more frequantly possible fairly te
agsums the wse of heavier engines on heavisr grades with passenger than with
freight service, we will estimate the cost of each separately,

The following items will not be increased at all by an increase of
weight of engines to suit the requirements of & higher grade, the wedght
of train remaining the same: The ocost of (1) repairs of cars; (2) train
wages; (3) geperal expenses; (4) maintenance of way and worlm, emdluaive
of rail and tie renewals and lining and surfacing; (5) that portdon of the
malntenance of way ecpenses last expected which is caused by the cars and
not by the engines.

The most reasonabls estimate which can now be made of the relative
affect of engine and cars upon the track is that conslderably over half of
the deterioration of treck comes from the passage of engines over it, and
the remainder only from the passage of cars, which may wedgh tem or twenty
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times as much. Asswming one half only, we are led to the conclusion
that more than three quarters of total expenditure is unaffected by an
increase of the weight of engines in ary visible and direct way,

The effect on gost of maintepance of track of increasing the weight
of engines has been greatly modifisd and much reduced since the publication
of the firet edition of the voluwre (propared, 85 it necessarily was, from
recorda which were some years old in 1876) by the now universal use of steel
rails in place of iron. The causes and extent of the changes thus brought
about have been already sumarised before. The most important of all,
as respects the use of heavy engines is that the nature of the wear of reils
haa changed., With iron rails, the wear tcok the form of a erushing or
lamination, which destroyed their surface long before the direct abresion had
become a sericus mitter. This crushing was very greatly hastened by heavy
loade per wheel, and inereased in much faster ratio - to the extent that
iron rails shich would swtain the passige of light engines for mary jyears
would be crushed cut by heawy sngines in a few months. On the other hand,
with steel rails (excluding these of inferior quality, of which far too
many have been and are lsid) the wear is merely direct abrasion, which is
not materially increased per ton by train either by load per whesl or speed.
As respects the last at least, there is wery good reason to believe that it
inoreases in much less than direct matie,

Of the remaining items of the cost of treck, lining and surfacing, in
spite of apparent resscns to the contrary, is effected by increased weight of
engines in & considerably greater ratio than the rail wear, and tie renewals
to a verr comsiderable extent, although not quite so largely. We may not
improperly take half the tetal cost of rails, ballast, ties, adjusting track,
and switches, frogs, a.d sidings, as varying directly with the averags weight
oen drivers, car-tonnage being constant,
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The remaining items of maintenance of way, for Eridges and Buildings,
mw:ﬂ.ﬂ:ﬁhdfntﬂ.uﬁiﬁhmﬁm,innmuﬂwwu,m
1/h ct. per train-mile, the whole being an allowance for interest and
maintenance charges on heavier bridges.
Wmmmmmmnuwwm
wadght of engines,

The remaining ependiture, for rew materials and for wheels, axles,
and tires, will vary nearly, but not quite, directly as the weight.

It would appear from these facts that 50 per cent of the cost of
npunmr,ﬂ.thrdﬂﬂmbmm,hunndtﬁﬂﬂﬂmﬂrﬂth
weight of engines, the remainder being constant, as has been stated before.

The cogt of fuel for heavier engines hauling the sams trein behind
them will not be largely increased. In mot a few cases thers would be an
actual decrease. It is to be remembered that, even if heavier engines are
used to overcoms a somewhat higher grade, it is emly for a short distance
that the extra power is required, Ophll up gredes below the maxcimm, and
in descending all grades, the power required and ecerted will be no greater
than with the smaller engine, except the slight addition due to the wedght
of the engine itself, and this power will be somewhat more economically
axerted, owing to the heavier engine being less pushed.

For all these reasons together, on something like two thirda of the
length of ordinary railways the fuel burned per mile would be but slightly,
if at all, affected by moderats (not over 20 per cent) differences in
welght of engines, and on the remaining distance not more than 50 per oemt
of the fuel burned would vary directly with the weight and power emsrted.
hnm:l;-nfuﬂnm,ithntirﬂrdquhtnumthntzﬁp-r
cent of the total fuel consumption varies directly with the weight of
mlhﬂdn:thimtnhmtarthlmtplrtth-mm,uﬂ
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the remeining 75 per cent is waffected. On this basias, an engine 20 per
cent heavier would average for entire muns not over 5 per cent more fual
to haul the same trains, The cost of supplying oll and vater would
vary in about the same propertion.

The cost of increasing the mmber of engines to haul the same trafiic,
on accomt of a heavier grade, may be estimated as follows:

The mmber of trains 1s supposed to be increased by a change of
macdmm grede only, which will not ordinarily extend over one third of the
distanece. lhile running over the remaining distance, the work donme on the
train behind the engine will wary according to the weight or number of cars,
While running on the maxisum grade the power exarted by the engine will
be the same, since in each case the englne is supposed to be fully loaded
on that grede.

Fuel,~ For reasons already emmemated, about one half of the consumption
of fual will vary directly with the tommuge of the truain; the other half,
coneisting of the fusl bumed in stepping and starting (in part), getting
up steam, loss by radiation, losp by head resistance, eto,, making wp in
the aggregate the 50 per cent whlch is wmaffected by the length of the train.

If, therefore, the mAximm grade be increased on about one third the
length of the road, while on the remainder the grades remain about the same,
about one half the consumption on two thirds of the distance, equal to all
the conswptlon on one third of the distance, or 33 per cent of the entire
consunmption will vary directly with the net welght of the train, so that,
if the grade were so inoreased as to take two locomotives instead of cme
to handle the same traffic, the fusl consumption would be as 1.0 to 1.67
at most, and not as 1,0 to 2,0, as might be over-hastily assumed., The
aggregate coet of oll, waste, aml water will vary in about the pame
proportion,
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Train-vages will of course vary directly with the pumber of trains,
unless the change of prade in contemplation were so great as to shorten
up treins so as to dispense with one braleman, which can rearely happen,

Jtation,Terminal ,and Gensral Dxpenses will remain umaffected by any
moderate change, but there is nothing by which they are so quickly affected
as by & decided increase in the mmber of trains, and a full 20 par cent
of their aggregate may be considered as warying directly therewdth,

Engine Repaira should apparently wary directly with the miles run;
but the indications are that as a matter of fact it is much less likely to
do so than maintenance of way, owing in part to the large proportion of
incidental expenses which are not by any means doubled to maintaln & deuble
mmbar of engines. There will also be a certain diminution of wear and
tear from stopping and starting, estc., from the fact that the trains to be
handled are shorter, Taldng both of these causes together, it is net
probables that doubling the mumber of engines to move the same mmber of
cars would inorease engime repairs in the ratio of more than 1.00 to 1.75,
and probably somewhat less.

Car Repairs are certainly affectsd beneficielly by having a less
number of cars to a4 tmin. By referring to the table below, it will be
seant that more than ome third of the tetal cost of car repairs can be
directly traced to the concussions of stopping and starting and wmaldng wp
traine, Much of this expmse may disappear with the introductiom of
better couplers; but even this is doubtful, as an automatic congpler will
permit of much mere viclence in running sars together, since a brakeman's
life between the cars will no longer have to be considered, A dimdnution
of at least 10 per cemt migy fairly be estimated as & result of running
enly half as long trains.



INIE WV
Matribution of the cost of Freight-lar repairs to its various

__conbribubing caunes
Tistance
Effect of Terminal: only
Total Tims and Stopping Makdng Curvature between
Ttem Cost of ine and up and Jtationa
Ttem Starting Traina, Gradea on
of Work abo, atraight
and Traok
sdlenze
Dalla Fela = Paca PaTa -
Iheals 30 == 5 2 13 10
Axlas,brasses and bexmes 30 an= 5 2 5 18
Springs 10 — 2 - | 1 o
Truck frame & fittings 5§ 2 1 1 _— : Y
Bralas 5 — 2 1 - =
Draw=bars 10 — 4 L 2 -
31ills & attachments 5 1 2 2 s ki
Car-body,painting,ete. 5 3 0.5 0,5 . 1
Topal 100 640 2.5 13.5 23.0 36.0

To these expenses, properly so salled, is to be added an interest
charge on the cost of the additiopal motive-pover required by the higher
grade,unless the first coet of these engines be included in the estimated
coat of constructing the higher grade-line, before determining the
differences in the capital imvestment,

This should be done because the addition of the required numbar of
engines is really so much added to the origimal investment. Bafore the
line is ready to handle the required traffic it is as necessary to have
them as it is to hafe the track lald om the high gred-line and not on the
other, In considering differences of distance (if not too great), or
curvature, or rise and fall, this is not so, The total amount of equipment
will be the same whatever the differences in that reaspect. We therefore
estimate the mgemses regardless of interest on the plant, and only considar
differences in the cost of comstruction. Of the car equipment the same is
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trus in the case of gradients, lhatever the grades, the mumbar of cors
will be the same; but as the mober of engines is increased becaused of

the gredes, and not for any difference of traffic, we muwst either inclwude
the difference in the cost of equipment as & part of the cost of comstructiomg
or add an interest charge to expsnasa, On the whols, it i1s more conmvenient
to add the interest charge.

Putting together all these items which have been jJust considered, we
obtain the sumary given in Table VI, as the sffect on oparating @penses
of so increasing the mate of grade as to double the mmber of engines
required to handle a given traffic, ‘hen and if it can be fairly essumed
that the weight of emgines can be increassd instead,Table VIIgives tha
percentage of increase in expenses.

TABE V1

Estimated Average Cost per Treip-=ile, of Doubling

the Mumber of Treins to handle a given Traffic; or

Froportion of Expenses vhich variss directly with

the Number of Trains, the car-tomnase remaining
Conatant,

‘Average Per Cant Added by ki'[-d

Ttem Cost of Item., Doubling Numbaer

Cents or of Trains l:mtl or

For Cent, Per Cent.
Fusl Tab &7 par cent Sel
0il,wnste, and water 1.2 " 0.8
Ihdm ropairs 540 75 per cent Iy
Switching engines 52 Unalfected =——
Train wages and supplies 15.4 100 per cent 15.4
Car maintenance and mileage 12,0 10 p.e. (= 1.2)
Renevals, rails 2.0 100 per 2,0
Adjusting track 6.0 o 6,0
Ranevals, ties 3.0 L 3.0
Earthword, ballast, ete, .0 . 50
Switches amd 2.5 . 2.5
Bridges and buildings 5.5 Unaffected P
Station,terminal and gensral 30,0 20 per eent 6,0
Total of operating itoms 1000 47.8 per cant L7.8

To this 1= to be added the interest on the cost of one extra

ot gt e g R B R
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Brought forward T8

and the interest thereon at & per cent as about

600 tiwmes the cost of a trein-mile; and estimating

the average passenger-engine mileags to be 40,000

miles per year, we have, as the interest charpe,

per mile — Y
Haldng the grand total L9.5

Ave Per Cent Added Added
Ttem Cost of Item, Doubling Weight Cost
Cents or of Engine Centa or
Fer Cent, Pgr Cent
Fuoal Tb 25 per cent 1.9
0dil,waste,and wamter 1.2 o 0.3
Engine repairs 546 50 per cent 2.8
Switching=ongines 52 Unaffected PR
Train wages and supplies 1544 " ——
Car maintenance and mileage 12,0 . -
Reala, ralls 2,0 50 per cemt 1.0
Ad justing track 6.0 " 3.0
Renevals, tisa 3,0 R 1.5
Earthwork, Ballast, etc. Uo0 s 2.0
Switches and s 2.5 4 1.3
and b 5ab 0.3
Station,terainal ,and general 30,0 - .
Total 1000 14l per cemt 1h.l
TABLE VIIT




Gross Load Prige per  Price per 1000 tonnes

1.2 230 1.208 Sa25 «36

According to the character of the road, this way vary under certain
congelvable elrcumstances between the wctreme limits of O and 100 per cent,
for both passenger and freight traffic, Freight trafCis is by far the most
affected, but there are at least occasional instances in which the freight
traffic is so light and so little lisble to greow that no apprecisbls value
whatever can be assigned to redustion of grodes below a certain limit, For,
as the whole objection to gradients, properly so called, lies in their
effect to limit the length of trains, a reduction of their rate has value
enly for such trudns as they do in fact so lindt, One train at lesast,
the "way frelght", 1s very often not so limited on all reilways, and many
minor railweys are not so fortunate as to mun anything else but way fradght
over their lines,

As respects passenger business, although it is much less directly and
imediatealy affected by a change of grade than fredight traffic,because of
the higher speed, and the large surplus of motive-power required thersfor
amd for stoppling and starting, yet in the long run,whenever the passenger
business becomes considerable in wvolume or largely competitive, either
the nuber or the welght of passenger engines must be materially affected
by the rate of grade. Thesifect in the case of passenger traffic ia
far more lrregular, but not therefore the less certain, A train, for
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example, might haul an extra car or two over any given grades, or haul
the sams cars over a heavier grade, as well as not, when the additiom of
Yot anothar car to the train of seyr ten cars might require to be cut in
two, and oo immediately double the motive-power required by inereasing the
load hauled only ten per cent. It is certain,morecvar, that, whatever
the margin of power deemed necessary for emarpeneies, if we redvee our
grades and train resistance by any fixed ampunt, the welght of engines may
alwiys be reduced, or the weight of train increased, in the same proportion,
and yet leave the sare margin for ererpgencies or anticipated growth of
traffic as before, however mch or little that may be. Hence & reduction
of raling grade has a positive and present cash velus, even if every
passenger train on the road will habitually run light for an indefinite
nuber of yeara.

Keeping all these considerations in view, the effect of changs of
grade on passenger traffic may be summariged asiollowm:

For roads having considermble passenger traffic, say over feur or
five troins per day each way, the passenzsr trains will be affected
essentially as freight trains are, unless the ruling grades are short aml
undulating, and the estimated number of each class of trains ghould be
ndded together.

For roads having only one or two light passenger traine per day run
at no very emmcting apeed, the passenger traffic may not be affected at all
by a moderate change of grade. hether it is 1likely to be or not, must
be determined by tables,

For suwch ordinary passenger traffic as most new American roads look
forward to in the mear future, say from two to five trains per day, half
the estimated number of passenger treins may be added to the freight, for
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estimating the value of reducing grade, for the resscn that at least half
the trains are liable to be affected by the gradients,

For still another reason than those just memtioned, it can rarely
be eanential to enter into mimutely accurate caleulaticns as to the minor
detalle to decide on one line or the other, Then the combarison between
tmﬂmhmamﬂmthﬂitwﬂdnﬂurﬂﬂhummury,thu
possible effect of the two linss on volume of traffic ought alons to out-
weigh it, and the prudent mile bscomes -

1) Uhen the company is or sccn My be poor (and it is no more than
coimon prudence fo assume that it will be embarregsed for meass at some tine
i.nthtnmrhl‘hurl,hhu:.thnﬂthuhdhrumtmtmnfprutimﬂn
lines in operaticn), fals the line of lowest first cost,

2} Vhen immmity from finaneisl embarvmssment is asstured, take the
line which offers the most promising corditions for future growth of traffie,
3) Only when the twn lines are substantially equel in both thase
respects enter iito such minute ealeulations as these just suggosted, and

wiichever line be salected no serious harm can then result,

Having detendned the justifisble espenditure to obtain low gredes,
-hlhmhumtmﬂutuhpmu:ﬂrpmmjum. Some of
the worst sacrifices of gradients are made without e ffecting any saving of
cost whatever, simply frem inattention to its lwportance, or from attaching
eaggerated lmportance to losses of distance or curvature, or from
insufficient etudy of the topography, leading to a too hasty conclusion that
lﬂhablﬂdnuﬂduhmh-dﬂu,mthﬁnmuuhlhﬂrw
lead to far better resilts,

mmumuthﬁu-m;mmmmmu
of, at & given cost, has been discussed before.



The four fellowing sub-departments of the gemeral problem of
gradients yet remain to be considared:
1}Ihnuunruihhmwmuﬂhhhmmmuhu"m,
2) The balance of grades for wiequal traffie,
3) Limiting curvature, ani the proper compensation therefor,
§) The limit of maximm curvature,
These questions we will consider in their order.



CHAPTIR XI1

Asgistant ‘ngines

The generel use of assistant engines, commenly called pushers. As
recently as 1873, Gen, lierman Haupt, in a paper on gradients, felt compelled
to say that he was malding "an attempt to prove, contrary the gsnerally
received opirdon" and"that the use of higher gradiente for part of a given
distance will often result in greater economy of operation than a lower and
wniferm gradient for the whole distance".

The adoption of the opposite poliey, sttempting to get a line of &
low miform gradisnt through a country of any difficulty whatever, is very
apt to be snormously expensive, and to be possible at all enly by frequent
undulations, considereble detours, and much higher gradients over mecst of
the line than there is any necessity for using. This resulis from the
fact thet it sets at defiance ocne of the broadest and most nearly universal
hﬂﬂﬂrﬂmw,-hﬁnhthn-tmrwmdmmﬁma
on the whole face of the globe - that long stretchew of easy plains or
mnmmm:mmmmmmmnn—mﬂ
even roughest regions, leaving short sections only over which high
gradisnts are unaveldable, By following these easy routes as long as ™
can we accomplish over most of cur line three desirable ends at cnce:

1) We get the cheapest line,

2)  We get the lowest through gredes; and,

3) More than all else, wo concentpate the resistances into the
remaining more difficult section, so that the metive-power on it can be
mwmmtummﬁmmmmrﬂh“mmm
distance where it is used, thus making it almost a matter of indifference
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what rate of ascent we adopt on our more diffieult sectiona (Figa7)s
Bruﬁ-:-nmmhln:nrmrmmrnuwth-ﬂnqmm
mmmummmu;nrmtﬁm replons, as for

0. 7

5
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instance vhen the velleys are impracticable, or are less rracticable than
the rdges, it i still trus that pusher gradients will dmoot inveriably
fit the country better. The all but wniversal low of tepogecgrephy is
ﬂnt,lhlntmg:wndhnﬁtuﬁuﬂhul.tnnﬂ.tmrmmlnﬂh
wﬁw,ﬂtﬁwmtl&pnﬂswmlﬂuﬂu, are of the form
shown in Fig.8 and 9, If on a mmall
acale, we may simply adopt the dotited
profile AB, and maice the fill % C
or out at By If on a larger scale,
say for a total riss of 50 or &0 or
80 feet, it becares lmpossible to do

this,sspecially if ithe necessity
ccours at many peinmts, and we are
reduced to adopting the profile AC3,

ﬁ---—f}-‘“'?' malding BC the ruling grade of the line,

or alse to cne of the two apenditures



shown in plan in Fig.,9 = either to run right over the obstruction with
almost a tangent=line, giving the dotted profile AB, in Fig.l0, eor te
FIGA0 sacrifice curvature and distance and obtain
the full-lins profile, Ths firet has been
done to a most wnfortunnte extent in the
e prairies lines of the West; the lnat is almost

always the proper cowrse, if it saves an inorease of ruling grade, even when
necessary at many pointa on the line.

The seorst of the vast economies which may often be roglised by
the slkilful use of assistant emgines is this - that as respects constructiom
we work with mature instead of against her, and that as respects operation
we gain a like advantage by keeping every engine while running fully =t word,
the greater portion of the hard work in feot-pounds being done on a small
portion eof tha division, with such favortble through grades, in many casss,
that thera is little more noed for an englne on the remainder of it, than
to keep the longest trains moving and under control.

The advartages of the use of pusher gredes are not at all confined
to high grades, but on the contrary are even gmbter proportionstely for
low grades, provided only that there be business enough to fill wup the
traina, anc douplings good emough to permit of handling long trains, On
roads of 1light and irregular traffic there may be no grest advantage in
them; but mary reads having large traffic, which must be hauled cheaply
because it pays little, are habitually using pushero on gradients as low
as 0.5 to 0.5 per cent.

The power of assistant encines

By the use of assistant engines the awailable motive-power is
approxcimately doubled or trebled; and it is evident that economy in motive-
power requkes that the rates of these gredes should be proportionsd to sach
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other as nearly as possible, in order that nelther grade may be
disproporticnately low, but that the true niing grede may be - not
necessarily sither the higher (pusher) grade or the lower grade, but that
one which invelves most difficulty and expense in reduction.

With certain provisos which we will shortly consider, the determination
of a practically exact balance of gradients for the use of ope or more
assistant engines is a pimple matter, If the assistant engine be of the
sams welght an the through engine, the load to be hauwled by each engine is
reduced ons half, If thers be two pushers, the load to be haulsd by sach
engine is reduced to cne third of what it was,

The grade on which the through engine can haul that per cent of its
load on a given through grade will therefore be the corresponding pusher
grade for pusher engines of such welght.

The economy will ordinarily dictats, therefore, that the ywaistance of
S0 .l (R G L Bl
with the fellowing proviso:

If the rate of the pusher grade be, from its cost or othsiwlae, the
fixed element beyond control, as often happens, then the ra&be of the lower
through grade should be reduced at any reasonable cost (it is usually
more At the cost of care than money) to and a little below the full extent
which an apparent balance requires; in accordance with the sound general
principle, that the links in a chain whose strength we cannot control nor
exaotly foresee should be the weakest, and not those whose strength we

can control and can foreaee.

A variation in the weight and power of the assistant engines affords
a mean of equalising minor inequalities in the balance of gradients, should
such be discovered, but this should be counted on with caution in original
location.
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To comnt on using pusher engines lighter than the through engines
would ordinarily be very bad practice, It would be preferable to save money
and length of pusher grade by using a steeper rate of grade.

The duty of assistant engines

1) Vhen traffic is wery light, pusher grades, if not too long, may be
operated by cutting trains in two, leaving half the train at the botiem of
the grade, placing half of it on & siding at the top, returning for the
uﬂnrhﬂt,ﬂﬂiﬂpﬂflnﬂrpﬁhﬂm,mﬂmm.m
coupling up, with the emtire irain once more,

2) At short pusher grades meer stations, yard or switching engines
can often perform a part or all of the required pushing service at very
moderate cost = or, vhat amounts teo the same thing, the pushing engines can
be so utilized for switehing service as to greatly reduce the cost and
inconvenlence of using pushers.

The instances are many where yurd engines are utiliszed in this way,
if only to help trains through yards at which thers would be no difficulty,
except for the fact that it is a yard, because, for obvious topographical
and commercial reasens, it is very cosmon to find large yards near short
stretoches of objectionable gradienta.

The convenience of the service must be considered a=s well as the
theorsticel requirements in estimating both the probable duty and probable
gost of the assistant-engine serviee, as also of course in laying out the
grades. Unless a station be situated immediately at the foet or tep of
the greds, the servise must be assumed to begin at the nearest considerable
station, if there be one within three to five miles of either polst,
because that is where convenience will require that it should begin in
practice.



lo stop is requirel at the top of the grads for uncoupling the
pusher, tut for coupling on a stop is necessary, and a single etop of &
heavy train costs more then & five « or even ten - mile run of a 1light
engine, which would otherwise be standing idle with steam up.
The gost of assistant engines
This may be divided into three elementas:

1) ZInterest chargse on the original cost, special to the use of pushers,
including extra engines, engine<houses, if agy; sidings; block signals, if
any, eic.

2) QCgst per duy for wages and a certain portion of the fuel and repair
charge all of it indeperdent of the mdleage run per day, as is also the
cost of maintaining bleck signals, if any.

3) Cost per mile run for fuel and repairs,and for woar and tear of
road-bed, track, and sidings,

The maintenance-of-tay egenses must also be estimated at a considerzble
flgure,

Accurately to estimate the cost of pusher service, then, we mst
determins:

First: The langth of pusher run in milas,

Secondly: The probabls mmber of daily trips por engine, and hence
the mmber of engines required for the given traffie,

Thirdly: Deter=mine the annual interest on their first cost,

Fourthly: Ooopute the cost of the mileage made, according to parts,

The sum of the last two items will be the total cost of the pusher
service,

With reference to the passenger buainesg on this particular line, if
enly a moderate through traffic is to be handled, the difference in the
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gradients will be, with well-arranged stations, a matter of little
consequence, If only a little heavy passenger traffic is to be handled,
uder otherwiss favorable conditions, the uniform gredient of 1.25 per
pent will have a certain advantage; but if any really heavy passonger
tyaffic is to be handled, the pusher line will have much the same
advantage for it, and for much the same reasons as it has for the freight
traffie. It is & much pore indetermlnate problem, but the financial
WﬂMwmmﬂlmmmuﬂntmit
of low gradiants and sasy curwature is generally over-estimted,



That the most elemantary conditions on which the success or failure
of reilsay enterprisss depend are often radically misunderstood, almost
mmumlyrﬂlmfmthnmﬂtﬂntthﬁwﬂdi;mhﬂlnfmlﬂn
of misdirected emterprise - of lines built with great hopas of profit
which have proved miserable failures; while, on the other hand, there are
so many cxample of roads bullt for lecal purposes, or otherwise withiout
particular expectation of a brilliant fubure, which have proved magnificent
properties,

Let us suppose a mailway to be projected, say 100 miles long, to
commect twp traffic poimts of goms important, A, B (Fig.dl). Ve will

FIG.1l

assume for simplicity that there 1s little or no intermediate local traffis,
as often happens. ‘e will consider A and B to be equal, not mecessarily
in populatien, but in treffic-contributing eapacify te this particular line.
The traffic which the railsay has to suppert it may be then represented by
the combination AB, being that which maturelly ewists between tvo traffic
points of the importance of A and B,

Let us now suppose that another alternate route may be chosen which
by & slight detour will strike an intermedlate traffie point G, (Fig.l2) of




equal potential masnitude with A and B how have w= affected the revenue-
saming capacity of the line?

A most natural answer - beyond all queation a very common answer - is
that we have incromsed it just 50 per cent. Inatead of serving perhaps
100,000 peopla in tha two towms A and B, we now serve 150,000 pesople in
the three towns 4, B, C. Fifty par cent more paople, [ifty per cant more
traffie, fifty per cent more earnings - seem naturel corollaries of each
other.

On the contrayy, it may be shown at once that we have doubled our
probable traffic, and really we have tripled ocur traffie, and rather more
than tripled it, Instead of having only traffic AR, (Pig.ll) we have
traffic AB, Traffic AC, Traffic CB (Pig.l2),

The value of the latter is obwlioualy twice, and really considereble
more than three times, that of the fomer.

To have the traffic tripled weo must assume that Traffie AB, Treffic AC,
and Traffle PO, (Flg.l2) are of equal finmancial walue - which they are, as
nearly as may ba,

in objection to this statement will maturally siygest itogelf - that
in Fig.l2, although the traffic points A, B, C are equal in magmtuds,
yet the Haul on the Trefflec AD is twice that on Traffic AC or CB.
Therafors, if the volume of sach be the same and the mtes bo the sane, we
apparently have Treffle AB = JTraffic AC + Tvaffic (B, so that we have only
doubled instead of tripling our traffic from a revenue-producing point
of view.

But these lekter asswnptlons are not correct, eithar as reapecia
tha volume of or mtes on tmffie,

As respects the effect of distance, it may be sald in & generel way
that, if we conslder only great and decided differences of distancs, the
volume of traffic, both passenger aml freight, will be at least inversely
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as the distance: that is to say, if two given traffic points 100 miles

apart, could be moved up to a distance of only 50 miles from each other,
and remain otherwise wnchanged, the volums of traffic between them will
be at least doubled.

We see, therefore, the reascns why, assumimg the points A, B, C, to be
of inherently equal traffic-preducing capacity, the short-haul traffies,
AC and CB, should each one of them be of more rather than less volue than
the long-haul treffic, ABj from which it follows that the sggregate of
the three traffics AB, AC, OB, (Pig.l2) will be worth mere rather than
lesas than three times as much as the traffic AD alone.

This beirg determined, let us now extend the inguiry by determining,
in the same manner as shove, the probably comparative traffic an five
different lines of ary common length, Figs.ll, 12, having two, three, four,
five, and six traffic points on them, esach point being assumed for ths sake
of simplicity, to be of equal traffic-producing capacity.

f
.ﬂﬁ"gp“%?ﬂc :;..-—"f-""“"-r-.-.ﬂ
Comparing Fig.ll with Fig.16 by multiplying our traffic peints by
thres we have multiplied the traffic by fifteen, or have increased the
productivenesas of sach separate treflic point five times.
- g]., -



Irunk Lines.

Trunk or main lines msy be roughly divided into two clasees:
those which are, amd those which are pot, llable to be subjectsd to close
competition at almost every important point.

Almost all lines in the United States belong to the former class.
Their only permanent protectlon against competition, in moast cases, is to
throw out a shirmish=-line of branches and parsllel routes so as to cover
spourely a considerable territory; and this is ono great reason for tha
tendency in that direection which is so neotable, and which has already gora
so far that more than half the mileage of the United States is controlled
by a dosen managements, with every prospect that the tendency to
consolidation will grow still stronger,

Hevertheless thare ares certain mountainous or sparsely populated and
poor regions, in this and all other countries, where reascnable freedon
from competitive linea is assured, as in Metico, the lines in which afforded
soms instructive emmples of the right and wrong way of laying out main
lines,.

Bearing in mind what we have already seen as to the smell expense of
operating extra distance, the appreciable additlons to revenue which may be
expected to arise from it, and the small effect of moderate additiona of
distance to discourage traffic, there can be no question that the
fundamental rule for laying out such lines - deviated from only for good
epecial reasons = should be to link together the largest possible pepulatien,
regardless of minor losses of distance, provided the aggrogate population
per mile of rosd is not diminished, or even sometimss if it is. An
ultimate 1dmit, beyond which it would certainly be unwise to go, and hence
which should not be clesely approached, 1s that the increase per cemt of
distance should not excesd the increase per cent of probable revenua,
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The most marked exception to this ruls is when the difference of
distance becomss sc great &8 sericusly to discoursge traffic, or sncourage
the construction of & mere favorably situated ecmpeting lins,

A further sxception is when, by passing oddway betwwen two traffiec
centres, neither of which can be reached readily by the main lins, both
my be served fairly well by branches or otharwise,
and ables to comand
enly & narrow belt on sach side of them as their matwral tributary
territory, nor that, unless they afford almost as good accormocations as
it is possible to give, can of course afford no such sacrifice as this,

We may suwarise a few of the more important conditions of sucoess as
followm:=

1) They must reach by their own lines the largest traffic point at
sich end which is at all within reach by an extension of 20 or 30 per cent
ef their length, aml there must stand on squal terma with their commections
ag respects benafits and injurdies to be given and received,

2) They must reach without fail every considersble intermediate traffic
peint along their line which can be reached by any reasonsble detour or
even sacrifice of grades, their presperiiy being about as the sguare of

the tributary population,
3) They can in no case attempt to create new chamels of trads, as by

attempling to make a seaport out of some neglected roadatead, without the
grestest risk of falluwre. The attempts in this direction have been many;

the successes as yet none,

4) Bearly or quite half of their traffic must prectically begin amd
end on thelr own lines, either because it goes no farther, or because it
is delivered at some groat competitive distributing point,

5) It is of little avail to run a line even frem & great city to
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novhere. The apex to the pyramid is eloguent and truthfuvl in this respect.
Without a good trafficepoint at each end of a linme the conditions for great
prosperity are not present.

Branch Lines
That brunches are in the main profitable imvestrents is evident frem

their very rapid rate of increase, which is largest, up to & certain point
pt least, on the most prosperous lines, That they are rarely very
profitable when considered by themselves, and apart from the main line,
and as & rule do little more than pay operating expenses, is aburdantly
shown by the reports of almost every limne which has brenches and reports
their traffic in detall, This fact is so clear and so generally admlited,
that it hardly needs statistics to prove it, As a ruls, the earnings
per mile of branches pange only from a fifth to a ternth of the enmings of
the main items.

Tt is not to be wondered at, therefore, that branches snd exbensions
are much sought for by prospercous cempanies, even in rerions whare there is
not the likeliheod of rapid inerease of tralfic which prevails throughout
the Unitad States, lNelther is it to be wondered at that the seeiting for
then is often overdone, so that the bmnches become a burden wideh threateus
to swamp the main line, snd often does so, For there is this to be said
against branches,: their traffic is usually thin, while they cost as much
or more to build and not much less to keep up than the main line,

Therefore 1t 1s easy to lese all that is galned on the main line Ly
the axtra cost of handling the traffic cu brunches and paydng thelr rachals;
although it still remaine universally true, that brenches ar= far more
profitable than appears on the face of thedr retumc, spparately considered,

These facts malce it easy to see what should be the governing rule
in laying out branches, The one wnivarsal rule, to be deviated from only
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when speclal reascns to the contrary appear, is this: Strilke the main
line as soon &s possible. In laying out a branch to A from the main line
ED (Fig.l7) (which represents to scale an actual instance), B is in all
ordinary cascs the point to strile the main line, if possible, evern it
soms disadvantage in gredes and constructicn. It 1s not correct ieo
compare the entire line ABCD with the alternate ACD, Vers we building a
line to handls a main-lins traffic between A and D, that would be the
proper course to propose; but with brancheline tyaffic, when we have got
it to the main line we may say, for preliminary ernd approxciate purposss,
that we ghall handle it thereafter for nothing.

Branch-line traffic is lipght and fregmentary. Orades and curves
then become wminor considerstions within pretty wide limdts, especially
when one, two, or thres engines must bte lept on the branch ampmy. On
the other hand, the extra cost of keeping uwp
the track on AC Instead of AB is so much dead * 3
loss, )

Any traffic AE is seriously burdened K"
by the additional distance via ACE over AHE, whils
the gain to the traffic AD is but trifling.

Faspenger traffic is almost invariably better served If delivared
on the main line with the shortest possible haul,

It is therefores bad practice to lengthen out branches to get cheap
conatruction and good pgrades, even when the difference favers most of the
traffic of the branch, unless the axtension is justifled by the cardinal
rule laid down: by which route is the treffiec delivered on the main line
at amy point, most cheaply and advantagmously, regardless of vhere?

To the preceding is to be added another still more impertant and
sometimes conflisting rule:




pogsible, If there be a town of some size at either B or C (Fig.17),
that wlll be the point to terminate the branch at, or to consider it to
terminate in compardng the alternate routes, for the traffic of the branch
will be very apt to be delivared at thim town even if the brench strikes the
main line elsevhere, if it does not add mare than 20 per cemt to the haul,
When the purpese of the branch is mot to reach any particular poimk,
but to develop & tract of territory, the conditions are of courss somsvhat
changed, but even then the same gepsral principles apply, It will as a
rile be more econemical, &nd more convendent to the traffic, to concentrete
it upon the main line as soon as possible., Therefore 1t 1s not as a rule
good practics, even when the purpose of the branch is to develop a long
strip of parallal territory which has treffiec relations mostly in ona
direction, ¢, (Fig.l8), to construct branches aleng parallel lines, The
method outlined in Pig.l? is far more likely to sccomplish its purpose
advantagecusly, ewen when branches like D E F bscome necespary; the
governing rules bedng, firet, to link togsther neighibering towne having
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natural treffic relations as directly as possible, and secondly, te
reach the main line gquicidy.

When the traffic of the bmanch is equally divided between EZast and
West, or nearly so, as respects destination on the main line, then Fig.20
glves what is abstrectly by much the best system for laying out branches
other things being equal, Cther things rarely are emctly equal, and

hence conaiderable deviations from this plan are often required in the
laying out of such branches, but in sl] cases branch traffic ne=ds to be
quite differently comsldered frem what it would be if we were laylng out &
pain line to the same point,



CHAPTER 2TV
Mo Lrproversnt of old lines

Itd:mﬂdrnuwfmmnbmhnwﬂrmdylmhmnpnnttnthl
srrors Whilch may be committed in the laying out of new lines, that magy
existing lines, built in haste and without adequate study of conditions of
greatest econcmy, should be capable of materinl imprevement at a ocost far
within the added value to the property. That this is so 1s a mtter of
common observaiion and belief, and many lines are alrsady acting uwpon it
to their great advantage. Undoubtedly the muber of sush lines w11
continue to increass, influences by the sharp spur of neceasity if nothing
alse, and it is probable that this would be more gemerally dene if it were
fully realised what great improvements may, in oases, be effected at very
moderste cost, and how readily the possibilities in that direction msy be
determined without elaborate amd costly surveys.

mummtumﬂﬁﬂmﬂmﬂ@muﬂrﬂim,mh
IﬂfwmmmrurMWlmﬂmmmJJh
mhrﬂm,ﬂﬂhﬂtmtmulurhrﬁmﬂ,nhrmmpnniuﬂy
ligat and whegw the most improvement oan be effected for the least money, so
lltnﬂuidﬁuung-rthnt,ﬂmwlnmhrﬂm,th
wpenditure w1l not be given the right direction, and so scoomplish a
part only of what might have been accomplished, or, on the other hand, will
include much that was not sssentisl and so not retwrmn interest on the
capital invested,

In attempting to improve an old line, as cospared with a line which
is still om paper only, we are at cnoe better and worse off., On the cne
hld,ﬂhnulpﬂiﬂﬂhﬂﬂﬂpnfihﬂm,mu.uﬂwm.
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and far more definite premisaes for estimating the possibility and walue

of any change therein. Ve know how much locomotives do and can do on

the line, how much they are now assisted by momentum in paasing over their
hesavy grades, and where they are most taxed, Above all, perhapa, we hive
time fully to consider and investigate all the condiiions.

Also we have the disadvantage that any changes of line or grade, or
of positions of stations or watertanis, ets, ste,, involve thethrowing
away of a certain amount of work already done, instead of the mere addition
of & new red line to the maps and a new line of stakes on the ground. For
this reason, a change which might have bean in every way axpedient in the
beginning may not be wpedient when loaded with the cost of two lines
instead of cne. We have, moreover, the disadvantags that the value of
property and mumber of bulldings are liksly to have greatly inoreased,
often to a prohibitory limit, especially near stations and large towns,
where changes are most likely to prove mgpedient. Moreover, in cases of
censiderable changes, invelving the abandonment of certain sections of
line or even the moving of minor stations or sidings, legal difficultlss
may arlse, with empensea of unknown magnituds resulting, perhaps, from the
more whim of a jury, and requiring the maintemance and operation at heavy
cost of work intended to be abandoned, It has been successfully disputed
in some instances, at least for a time, whether a corporation has the right
in law to abandon sections of unprofitable lines to the detriment of
vested interests without payment of heavy damages as compensation for
contingent as well as actwal injury.

The disadvantage of having to bulld a line twloce over is one »hich
1s liksly to affect the imaginmation far more than its resl importance
warrants., The constant loss from operating a bad line, on the other hand,
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being so gradual and continuous that it does nmot affeet thea imagination
at all, the two causes may unite to indispose responeible officers to think
of entering upen a policy in which the outlay is certain and seems larger than
it is, while the gain is problematical, and even its possibility does not
force itself upon the attention,

The defects which are most comepicucus in old lines whieh it is
desired to improve are, in penerwl, these:

1) Ihe passing by of laprme towms or other sources of traffie which
should have been approached more nearly, This affect, althoush a great
one in the laying out of old lines, is ordinarily not one for vhich alone
it is expedient to change the main line, but it is often an element in
sonaidering changes which are desirable for other reasons,

2) Hxzoessive curvaturej a defect vhich forces itself with quite
sufficient force, as a rule, upen the attention of all concerned, so that
ﬂ:mhmﬂmgnrthntmﬂitmmyhiﬁuuﬂdinuﬂumhm
this evil which might better have been given some other direction,

3) Improverents in gredients, which are generally at once the cheapest
and the most important to effect, and to which this chapter will hereaftsr
be devoted.

The defects in gradients, of a remediable character, which are most
likel y to exist in old lines, are as follows:

1) Stations on heavy gredes, including as heavy gradee not only those
which appear heavy on the profile, but those which are sufficient to
prevent starting a full train, although easily emough passed over by trains
under normal headway,

2) Grade-crossings of other reilroads, which have often been added in
great mmber since the original opening of the line and seriously modified
the handling of trains,



3) Heedless wdulations of grade, awvidable by slight detours, and
originally introduced only becsuse the importance of Low grades in
comparison with a short line ar cheap construction was undarestimated,

L) Failure to use pushers, or asnistant engines: in some cases from
mere oversight, but more gemerally becausa the 1ina is illesuited for their
use without modifications alaméiore.

On very many lines it has heppenad that thare wms soma ome shord
stretch on a division where a 50 or 60 ft, per mila jrade wms wnavoidabla,
Grades approaching this limit were then used en cthar parts of tha line
vhich were easily avoidable, and can easily be taken ocut, fron an ldsa
{eorrect enough il the use of pushers is not ronsidered) that they ware of
no impertance i nos ecteeding ihe nwoclmm, Conepequently, when the
line was opened, traing had to be galte shert, Jlaticns wece laid out
or have been added from time to time, without reference {o the uss of any
other than the short treins then hendled, and new roads hove frem time to
time put in level=orcssings, at wilsh all tmins were compelled to stop,
with similar indifference to comsequences, provided the new stop did not
require a still shorter tmain than was than handled,

Thus it my have coms about, in the course of years, that there will
be a dosen or tweniy points on the divislon where the demand upen the
power of the locomotive is almost as great as, and frequemtly grester than,
the resistance on the meoccimmm grada, so that no advantage, or very little
advantage, would be gained by the use of pushers ampvhere, and the
cheracter of the line sesus fimd, withoumt entire reconstruetion, Yet
the whole may be often remedied by some among the following simple waye,
at very moderate total comb:

1) The point or points offering most original difficulties and having,
probably,the heaviest work and grades (say 60 ft.) may be in some cases
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avoided altogether by a detour of a few miles, but in general can more
ad¥antageously be cpemated as it stands with a pusher, thus about deubling
the posaible trains over it,

2) The peints of next heaviest gredes - there may be six or eight of
them, having grades of 30, 40, and 50 to 60 feat per mile = will in seme
instances be so short that they are now, or can well be, cperated as
mopentum grades, with or without some slight modification. In pome cases
the regrading of considerable secticns will be necessary, enabling the
line perhaps to strike some new town Uy a detour, but endangering legal
complications for damages unless both lines are mainteined,

3) The disadwmntageous effects of lewel-crossings may now, happily,
be immedistely removed in all cases by talking advantage of the lawe elrendy
existing in some States, and to be easily obtained by effort when they do
not exist, pemmitting such orossings to be operated by interlodking
signals without requi-ring treins to stop at them regularly, It is now
wiversally admitted by intelligent and welleinformed men, that this is a
much safer and cheaper saleguard than the storping of tmins,

4) The unfavorable gredients at stations - very often the chiief ewil
to be cured, although nene but the treimmen may fully realise the fact - can
bs remadied by one or the other of pumerous ways, as follows:

(a) By moving the station or the freight tracks only a little ahead
or back, so as to reach & more favorable point; if necessary, at Lmportant
stations, by completely separating the freight and passenger yard and
station, and incurring some extra expense for extra cperators, switchmen,stc,

(b) By modifying the gradients of the station, or of ome or two
tracks thereat in the manner indicated in Fig.2l, viz, meising the track
8, at the lower end of the yard, so a8 to give & lower grade for starting
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trains, at the expense of a somerhat higher grade for stoprdng them, the

Fig. 21

..:-:E::":'F:%"IL/

hthrhrhgmutthnﬂgmuﬂwhﬂmtﬂnhukﬂnMufa
mmmanmmmﬂ;m-,tnmmt.umm
is to stop.

{n}hmumg-mmmmmmuhu.mm
-ﬁmthmnitrufltnmmppimmmmﬂwnbhpaintmm
or shut them, On large roads and at large stations this is not a
ditﬂnulhuhutltﬂhﬂpni:ﬁaitiumﬂhiﬂh“thlmmin
rdnd,

(4) By brealing through, if necessary, general rules as to which
trains shall talce the side track, and oven (in effect if not in form)
which traina shall have the right of way, The latter, of course, cannct
uful;hﬁnnn!nfn:l,hutthlduindmdmhamuqﬂ.uhﬂhrt-ﬂdag
care in despatching, to have the lightly loaded trains, or those which the
md-nhm,hﬂdfurthmtiuhmtﬂlmpltmmmmmnr
only with difficulty, A peneral rule on this subject is commenly
ntnhu.ﬁﬂlndpubhfumwmdiﬂuhmnflugnm-um
mmtmmmﬂmﬂwmmt—m.mﬁ
latter, consequently, are by custom of the despatchers commonly held so
as to favor the east-bound trains, But while such 2 rule may work well
mﬂimmuﬂninm,itwmrknnwd“nnﬂrinnthm,

(@) umﬂmtm,mmtmnummhhmaimmw
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or great expense in adopting any of the preceding methods a switch-engine
which it is found necessary to keep at the stations, but which is not kept
very busy, may be utiliged to halp trains through the yard, and perhaps
also over scme unfavorable grede=crossing, which is particulasrly likely to
come near te such & station, If the traffic of the line be very heavy
this may be possible; but in that case, as a last resort, an engine my be
stationed at the yerd for the scle pwrpose of helping trains through it.
By modifying the position of the telegraph office it mey in general be
arranged that the use of such an engine shall cause no extre stoprage of
the train,

The best method of determining how much can be effected in theses
various vaye is by cbservations of the variations of veloeity in the
bandling of heavy trains on the present line in a manmer shortly to be
described. In this way we elimirate the necessity of considering and
allowing for a long list of doubtful elements = which throw a haze of
meertainty over any computation in vhich they must be separately estimmted
or guessed at - by simply determining by direct cbeervation the resultant,
80 to epeak, or net effect of them all., For lack of definite knowledge on
a mmber of variable elements, it is diffieult, if not imposeible, either
to compute or to ocbserve separataely edther the power of the engine or the
whole resistance of the train, but we can deteruine, very acourately and
simply, the relation which the one bears to the other - which is all that
really concarma ua = in this way:

I) Vhen the engine at any given point on the open roed loses spesd,
it 1s proof that working with the given stean~pressure and point of
cut=off it is overloaded, and the amount of velocity lost can be made a
measure of how much it is overlcaded,
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II) Conversely, if the engine galn speed at ary point on the open
road, under given conditions of steam~pressure snd cut-off, it is a proof
that it is underloaded, and the cbserved wvariations of welocity can be made
agourataly to indicate how mush,

III) If an engine soquires speed in starting very quiskly, wnder given
conditions, without slipping the wheels or using sand, etc., or, on the
contrary,

IV) If the engine start very slewly, or not at all, withowt slipping
the vheaels or uwsing sand, or both - the cbserved facts may be made a
measure for acourately determining what train it could start under similar
conditions with fair working efficiency,

By veloclity observations of the nature above imndicated wwler varying
conditions of wind, weather, temperaturs, long and short trains, loaded and
epty cars, etc. sto. (all of wiich can be observed on trains by sisply
vaiting for suitable opportunities without affecting or imterfering with
normal operating practices), we have a positive baais for detersining from
vhat is done under those conditlons whether or not the somparative ratic
of power to resistance on varicus parts of the line is pericusly imperfect.

In other words, we can, by the simple observations susgested and to
be described, construct a virtwml profils of the roed under all axtrenas
of external conditioms, We can then compare these virtual profiles and
detaermine whether or not a given set of improvemsnta which produce a desired
uniforsity of reslstance under one set of conditions, as fair summer
weather and heavy-loaded traina, will have as great comparative value in
stormy winter weather with leng tralns eof empty cars,

Foeltive determinations of any one of the followdng doubtful elements
ws save the need of altogethar:
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{ The ratio and amount of adhesion
Ehuq:ﬂi.ndw
The steam~poimer
As respeacte the engine ( The head resistance
The relling=Triction end frictien of machinery
The pain from using sand
The rolling=-friction
As respects the cars {mnvmdnui-t-l.nn
The effeoct of nunber and load of ocars
The effect of temperature, state of reil
The extent to which momentum may be relied wpen
to help trains over short heavy gredes,

Az respects the train
as a whols

Teking an actuwl profile (which need not necessarily cover the whole
line, but may show only the impertant points; a cammen profile to worling
scales is the best), lay off at each point vhere time records have been
talen the vertical height in feet corresponding to the velooity whisch the
train had at that point. By an asswption which is practically correct,
the average speed which 2 train has between any two stations is its actual
speed at a point mldway between them, The vertical heights should thersfore
be laid off at corresponding points on the profile,

In this way we cbtain owr virtual profile, parts of which may be
something like the dotted line on the following Fig.22, the selid line
being the actual profile
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This virtual profils, as we= have soen, is that shich alone needs to
be gonsidered. It presents a line over which, if it were actually
constructed, & locomotive, exerting at every peist the same energy and
overcoming the same frictional resistances, would move &t every point
without elther gaining or losing speod. On this profile what appears to
be and what is colneide, If the virtual profile shows a low enough rals
of grade we need not be distwrbed if the aciwml profile below it showa a
considerably higher grade, On the other hand, if the virtual profile
shews a short heavy grade in pulling out from a stution, which cannot be
reduced by taldng more time in starting trains, its disadvantage is not at
all lesa because it is short or because the agbual grade below it is almost
a level,

The virtual profile will differ ascording to the direction the train
is running, as well as more or less with each record talen; but frem all
these notes together & sale averags is supposed to have been determined at
anch polnt,

<Studying how to reduce this virtual profile, we recognize thres ways:

First (and simplest), To vary the walooity by inereasing it in the
hollow of gredes and decreasing it on the swmits ard by elimineting ey
taldng longer time for stopes. By carrying this process far enough, we
may reduce the virtual profile of an undulating line having wvery heavy
grades to a level, a3 we have seenj but, practically, only minor warlations
of this kind are admissible,

Secondly (and next simplest), by using pushers,

Thirdly, by reconstruction or amendment of the actual profils.

Lot us suppose, as ewuples are most readily followed, that these
obsarvations have been talém and the virtual profiles made over a given
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division with the results at various points cutlined on the Fig.Z3.

j.lnn;hardpu]lma.l.ﬂpurumtgﬂnuI[&j.jﬁfn-rhpur::ﬁll]
m&-ﬂuthh-;immgmumhlnﬂuiiuu,mﬂurlnu.mﬂﬂl
gﬂ.ﬂnﬂthputum.mminwmrﬁmﬂhmthum Under fuirly
fayorable conditions the velocity gained without overtaxing the boller
upluitr:l.undlumimimhaﬂﬂmlmﬂupﬂuurl.npumt,
or evVen More.

The sams is tros at & mumber of minor points on the same divlsion.

In pulling out &t stations, by cvsparisom of mary observeiiens, it
is found undsr average conditions that the virtual grade vas 1.3 to l.5
without using sand (being sommdiat lower bacause of the greater jowrnal-
muﬂm,mdlnhrhmmthuﬂﬂlndhuinnmmﬂmmwm
thare wes less air and other velocity resistanee), while when sand waa
used the virtwl grade was raised to 1.6 or l.8. Cn the other hand, with
very unfavorable weather and a bad mil, the virtusl profile in starting
is 1.2 to 1.4, even with use of cand.

Undar thess condltions we havs, in the first place, an indicwtion
that the trains now handled on the road as it stands are sousst ssaller
thmthqrﬂiﬂhthn—mirﬂiuﬁmﬂﬂ.ﬁhiiilﬂn&mﬂhthuLrnuhluu_‘m
hmati;utimtrmhm,nndmmmmnthnrmrhmmmtﬂ;
detarmdined, FPassing that question, however, as not now wdler considemnilicn,
we have a very positive indication that we shall be safe in assuming that
tu'uh;lpuhirnflqmlpummﬂwmﬂtgmde,wmmaﬂmt
reduce it to the equivelsnt for a single engine of a pusher grade of
1.2 per cent, If we find it essy of accomplishment, we mey consider
reducing it st11l lowsr and using & hoevier pusiar engine, but such 1
sourse is to be adopted with caubtiom,
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The actwml prade at stations en this grede should nct be merw than
0,5 for at least 700 ft., and 1,0 for 1000 £5. Deyond, but by woe of sand
moy be somevhet higher for short distances.

Over the remminder of the divisicn we are lilely, at variouws peints, to
have cases like the following:

A station grade at A (Fig.23), on &n actual grade of 0.6, is operated
wwmiwm.mtﬂinqﬂdﬂ:mﬂmu:ﬂurwmuuhmtthamn
of sand, By taking more tims for starting heavy trains (say attaining
full workding speed at ¥ ) the virtusl grade might be reduced, perhaps,
to «75, but it is necessary to reduce it to 0.5 ai least, and if possibla
to 0., the actual grade needing to be considerably lees,

The neatest and most effectual method is to remove the atation &t
once from A to B, this slone having the offect of faverably medifyling the
virtual profile far more than was desired, glving that shown in Flg.24,

If this be ispossible, the next best methed is to take out the bad gradient
in the virtual profile by raising the grade at A on the sotual profile %o
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l'.,givhwitmarumahuminﬁg.ﬂi. Changea of this kind are apt to be
axpenaive becavss of their leeality; but, on the other hand, they are
inexpensive in that they are seldesm very long. The effect is Lo substiiute
(in the lower half of the diagrem? a brolen sctusl but zood virtuel profils,
in place of a pood actual bub bad virtwl profile, as 1ln the uwpper halfl
of Fig.25.

A modiflcation of the sams case =ay be as follows: & station
originally well situated, as 5, (Fig.26) but which has been complicated by
subsequent additions of gra de-crossings for other limas C apd C', at vhich
all trains have to stop and start again on a grods,

The first and best remedy for this evil is the use of interlocking
signals, saving the necesaity of a stop etcept to lat mnothoer tredin pasas;
but as that is & contingency which may happen mot infrequantly, it can
naver be a perfect, nor in same cases suffleient, remedy,

The evil my also, in cases, be remedied by mising the grade of the track
approaching the crossing as outlined at C and C', provided the virtual

grade of the approach be not increased thereby to an inedmissible rate,

The only remaining course is either to use a yard engine as a helper over
tha crossings or beldly to lewwr the grade by passing under sach road, and
grading a new road-bed or lowering the ecisting one, for which room miy be
so scant as t0 require retaining-walls, This will make the improvensnt a
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costly one, and yet the cost will probably be small in preportion to the
gain, unless it is only one among mamy oosily lmprovesents required for the
desired end.

At large tovma it is a very common thing to find the station located

at some point 5 or 3', Pig.27, which wes originally fixed more with
reference to the copvenience of the town than to the grades, This is of
sourse the proper thing to do, and a decrease of station facilitles, or a

FlGy 27
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changs causing inconvenisnce to the patrons of the lime, will in ganeral ba
inexpedient., Such larpe stations, morecver, are gmnerally well provided
with slde tracks, se that the result is that they are largely used by
train-dispatchers as passing points,

The proper remedy in such cases is to establish sidings, Y or ¥', to
serve as passing points for through trains only, with a separate telegraph
affice, leaving the local failities undisturbed, This requirea the
parvices of two operators to do the wrk of one, and perhaps one or two
other otherwise needless employesa, but the wages of ome truin crew for a
single trip, it should be resssbered, will pay the wages of a good operater
for a week.

The case sketched in Fig.27, moreover, 1s one of those where the
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shole difficulty in handling heavier trains may be made to wvanish by a
modification of the system of dispatching, to the effect that only trains
going down grade, or say east, shall be hald at this station and compalled
to take a side track (except, of course, in smergencies), especially if
there be another regular station near to it, a8 T or 1", which may be used
as & passing point, by holding ene or the other tmain, in case it is
lspoasible for the eastwnrd train to reach S ord' first. It is not essential,
although it is convenient, thai a dispetcher should feel at liberty to
held any train, bound althsr way, at amy station, in {he regular routine
of business, provided that to do so interferes wiih a material addition to
the train<load. It is the rule and mot the mwception, howsver, that he
oan and does do so.

The decision as to what course to adopt for modifications of gradients
on the open road is & much simrler matter than at stations, The vital
point to be determined in the beginning, belore studying the detalls of
the various difficult pointe at all, is wvhat rate of wpeed is practicabla
and allowable at the foot of the grade, which largely depends on the
alignment, The modern tendency is very decidedly to permit of higher
speed in handling freight tmins, and it is essemtial to do so at points
to handle the mascimum train en w1l undulating gredients. It has been
tolerably well determined befors that higher speeds than 15 miles per hour
are more economical for fraight trains; and the not uncommon feeling that
any speed of over 15 or 20 miles per hour verges on the dangerous is in
part a relie of the old days of ireom rails, poor ballast and road-bed,
and less solidly constructed rolling-stocic,

Therafors, When required for reducing virtual gradisnts by taking
& "run at them" as part of a general gysteos of isprovemsnts, a speed of
jﬂmdlnplrhﬁ,ﬂthfahﬂdmt;mﬁmlhngmtiuthlhﬂlnw
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35 miles, if that speed seems essential, Thess speeds ad even higher
ones are novw frequently used in handling freight treins on many lines,

By attacling the work of improving old lines in the Method here
outlined, halving the more forvddable and inevitable gredes at once by
using a pusher on them, without spending meney on thes,and spending all
our money on what were before the very easy grades, and hence are usually
in light work, the average train-load may be doubled at small cost on
thousands of milss in this country; whereas by merely attacking the heaviest
grades vwhich show on the profile with force and arms, so to speaic, & great
deal of meney must be spent, and there will be 1istle to show for it.



As a consequance, many important lines have little or no Assuance
that crossings may not be dwanded of them sooner or later on any single
mile of their track, #nd it becomes of great importance to determine how
they should oppose such orossings, what expense they =y and should inour
to avoid them, and what can be dene to reduce their disadvantages to 4
sdnium when unavoidable,

In Englard thers are pmotieally no grede ervesings of milwmypra, and
thls apparatus is used chiefly for yards and junectioms, In Amerisa there
Are & great many grade-crossings, even on important lines; and the clumay
and costly precaution of a full stop of every train abt cvery crowaing was
still the ruls, although it can hardly be that such an absurd relic of
barbarism would linger mmch longer, when there was a considersble and
ingreasing number of grade-orcsaings opersied without a stop by the aid of
interlocking apparatus, and always with papfect salsty and guogera,

In the part, the alow progress in this matter is easily explained,
The great loss and delay frem grade-crossing stops goss on quistly,without
interfering much with the routins of operation,

Nevertholeas, from an econcedeal point of view, abolisling the shap
at grade-oroocings is by far the noot Loporioct, sepecially when, as is
8o frequantly the case, theyr reduce the mmber of cars hauled below what
it otherdse would be.

Hith the lightest ordinary traffiec, the loweat reasunable astimated
cost of stop, and the lilghest probable rate of interesi, the sum saved
annually is far more than enowsh to cover the additiomal expense of
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thoroughly protecting & prade-crossing se that no stop need be made,without
considering the greater safety and commnience, /it more important
orosaings it would be hard to fiml a clearer case of an mpedient improvemant,
even if the stops do not cut down the length of the train,

If the length of train is out dowm, eo as to talm, say, 21 instead
of 20 trains per day to handle the traffic, the very lowest cost for which
the extra train can be run is 35 to 40 cents per train-mile,

A fact which explains rether than ecuses the prevailing negligence
hmlmtﬂhmiu,nmtmumﬁmﬂmdmmm
the joint action of two roads, usually under different and often wder
antagonistic mmnagement, and it requires no little negotialion, and a
soncillatory spirit en both sides, to armnge the details of the distributien
of the expenssa,

It oan hardly be doubbed that this difficulty is a serious one, and
1t 1s largely the fault of the laws which autherize the use of interlocidng
as a substitute for stopa,

To require that grade-orossings should never be permitted weuld be
going too far, especially nmow that interlocking apparatus has been invented
and perfected, but the unrestricted freedom with which, in most of the
M,MMmh-nﬂﬂmerntﬂmwpﬂm,
regardless of the injury inflicted, is an unfortunate and shameful state of
things, which pressingly requires eorrecticn, and which perhaps might
readily be corrected if the older and more important railways would make
a united effort to secure reasanable amd proper restricticns. Unfertunately
they overreach thenselves by asidng fer too much,

The solution of the whole matter seems comparatively simply, All
railiays alike are supposed 4o be of pressing necesaity to a certain mmber
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of people - gamy or few, as the oase may bej; and thes necesaitiss of even
a very few are given greater welsht than a loss and inconvenience which is
comparatively trifling to each individusl affected, and cmn only becoms

vory large whon distributed mmong 2 large mmber of peonla,

1) Bvery mailway hereafter attempting to crosa ancther at grade shall
be obliged to erect and pay for a system of interlocking signala, to be
thereafter maintadned at the joint epense of the two roads, unless it aball
appear that less than twenty trains per day pass the crossing,

2) Any rellway may at any time erect imterlocling apparatus at any
grade-orossing, with certain provisions for eweptional casesj; and also
provided -

* 3) Edither party wishing to sveid a grade~crosslng should be at liberty
%o locate an over-or under=crossing on unobjectionable gredients, and teo
demand the appolntment of arbitrators in the usual menner, It should be
the duty of these arbitrators, first, to determine that the grades and
aligment of the new line are of a suitable charaster, secondly, to determine
the excess in cost, of the overcrossing over the grade-croselng, and,
thirdly, to assess thia differsnce in ocost upon the two lines in properticn
to the benelit to each of avelding a grade-crossing.

These three provisions sesm caleulated to accomplish what every good law
ought to aceomplish, They would make it for the interest of both parties
to take that course which would be best for their Jeint imterest, if thay
were cne corporation. Thus, suppesing a new road which will run say [ive
trains & day wishes to oross & trunk line runcdng 50 trains a day. The
actuwal loss to the commnity of a grade-cressing at such a place is the cost
of stoppdng 55 trains a day, and no one has & right to enforce such a loss
upon others to save an investument of a few thouwsand dollars, On the other
hand, if the new project wanted to ercss ancther minor line like itsalf,
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running, say, five trains @& day, nedither road would be likaly te move for an
over-crossing, nor perhapa even for interlocking signala; nor is it for the
i{nterest of the commmnity, considered as a vhole, that they should do so.

It is net true at all that every alement of danger must be wholly eliminated
before any saving of expense, however great, is permisaible, but that mothods
vwhich are at once more dangerous and more costly should have continued in such
wide and all but undversal use so long will seeam in later yoars & sirange
coment on our civilisation.

-u?-






	epsn-129-0102
	epsn-129-0103
	epsn-129-0104
	epsn-129-0105
	epsn-129-0106
	epsn-129-0107
	epsn-129-0108
	epsn-129-0109
	epsn-129-0110
	epsn-129-0111
	epsn-129-0112
	epsn-129-0113
	epsn-129-0114
	epsn-129-0115
	epsn-129-0116
	epsn-129-0117
	epsn-129-0118
	epsn-129-0119
	epsn-129-0120
	epsn-129-0121
	epsn-129-0122
	epsn-129-0123
	epsn-129-0124
	epsn-129-0125
	epsn-129-0126
	epsn-129-0127
	epsn-129-0128
	epsn-129-0129
	epsn-129-0130
	epsn-129-0131
	epsn-129-0132
	epsn-129-0133
	epsn-129-0134
	epsn-129-0135
	epsn-129-0136
	epsn-129-0137
	epsn-129-0138
	epsn-129-0139
	epsn-129-0140
	epsn-129-0141
	epsn-129-0142
	epsn-129-0143
	epsn-129-0144
	epsn-129-0145
	epsn-129-0146
	epsn-129-0147
	epsn-129-0148
	epsn-129-0149
	epsn-129-0150
	epsn-129-0151
	epsn-129-0152
	epsn-129-0153
	epsn-129-0154
	epsn-129-0155
	epsn-129-0156
	epsn-129-0157
	epsn-129-0158
	epsn-129-0159
	epsn-129-0160
	epsn-129-0161
	epsn-129-0162
	epsn-129-0163
	epsn-129-0164
	epsn-129-0165
	epsn-129-0166
	epsn-129-0167
	epsn-129-0168
	epsn-129-0169
	epsn-129-0170
	epsn-129-0171
	epsn-129-0172
	epsn-129-0173
	epsn-129-0174
	epsn-129-0175
	epsn-129-0176
	epsn-129-0177
	epsn-129-0178
	epsn-129-0179
	epsn-129-0180
	epsn-129-0181
	epsn-129-0182
	epsn-129-0183
	epsn-129-0184
	epsn-129-0185
	epsn-129-0186
	epsn-129-0187
	epsn-129-0188
	epsn-129-0189
	epsn-129-0190
	epsn-129-0191
	epsn-129-0192
	epsn-129-0193
	epsn-129-0194
	epsn-129-0195
	epsn-129-0196
	epsn-129-0197
	epsn-129-0198
	epsn-129-0199
	epsn-129-0200
	epsn-129-0201
	epsn-129-0202
	epsn-129-0203
	epsn-129-0204
	epsn-129-0205
	epsn-129-0206
	epsn-129-0207
	epsn-129-0208
	epsn-129-0209
	epsn-129-0210
	epsn-129-0211
	epsn-129-0212
	epsn-129-0213
	epsn-129-0214
	epsn-129-0215
	epsn-129-0216
	epsn-129-0217
	epsn-129-0218
	epsn-129-0219
	epsn-129-0220
	epsn-129-0221
	epsn-129-0222
	epsn-129-0223
	epsn-129-0224
	epsn-129-0225
	epsn-129-0226

