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PREFACE.

The following pages were written at intervals, during the years
1842-3 and 4, and printed in a series of numbers in the Journal of
the Franklin Institute.

The reader will find some slight changes in the values of the co-
efficients, which are to be attributed to the influence of facts and ex-
perience, which were obtained during the progress of investigations
always aiming at, and gradually approaching, the truth.
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ON THE
COST OF TRANSPORTATION, &e.

FHOM THE JOURNAL OF THE FRANKLIN INSTITUTE.

I have never yet seen any formula, derived from the experience of
active lines, by which the cost of transportation on railroads may be
determined with an approach to accuracy, The expenses of main-
taining a line of railroad are not all proportional to the distance trav-
eled by the locomotive engine, nor to the tonnage conveyed; neither
are they all independent of either of these considérations. But the
aggregate annual cost is made up of certain items, which are, in fact,
nearly proportional to the distance run by all the engines; of others
which are strietly proportional to the tonnage conveyed; and of some
which are nearly, or quite, independent, both of the trade and of the
distance traveled.

I offer the following rule for the determination of this aggregate, in
the belief that every well managed railroad, of ordinary construction,
carrying engines of ordinary power, where the transportation is ef-
fected at the usual speed, and which accommodates a respectable
amount of business, will exhibit results in close agreement with its
indications. This formula is derived from the considerations which
follow, and the constant quantities are supplied from the best experi-
ence I have been able to obtain from the past management of the
public works of this country. In course of time, when the velocity
of burthen trains is reduced to three or four miles per hour, and com-
Panies learn to know where and how to economize, it is probable
that some of the items may be reduced; but time and experience have
yet to decide how much.

. Repairs of Road.—The repairs of a railroad consists of two dis-
tinct divisions; the first of which is nearly independent of the amount
of the trade, and may be estimated, on the average, at about $500
per mile. The second division is dependent on the amount of the
tonnage, and represents the injury done to the road by the passageof
one ton of freight. I estimate this wear and tear at &, of a cent per
ton per mile.

II. Ezpense of Cars.—~The expense of repairing and renewing the
burthen cars is proportional to the distance which they run, or to the
tonnage of the line; and may be estimated at 4% of a cent per ton
per mile.
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1L The expense of agents, conductors, the force at depots, break-
men, and contingencies of all sorts, is lisewise nearly proportional
to the business of the road, and cannot be assumed at less than swx
mills per ton per mile.

1V. Locomotive Power.—The expense of repairs and renewals of
locomotive engines and tenders, the cost of fuel, and the pay of en-
ginemen and firemen, are nearly proportional to the distance run, and
may be estimated at thirty cents per mile traveled by the engine.

Now, to express the cost of maintaining a line of road, under good
management, for one year, let us represent by

N the number of miles run by all the engines;
T the whole number of tons net conveyed one mile; and
h the length of the road in miles.
Then, according to the foregoing data,
3N 14
% T 1000 T 500 A.
will be the aggregate annual cost in dollars, (where the business con-
sists exclusively of tonnage,) of maintaining the line and its equipage.

If the road accommodates a mixed business, of trade and passen-
gers, to obtain the aggregate expense, we must add 1y P—where P
represents the whole number of passengers carried one mile.

This formula takes proper account of the difference of grades, but
is not applicable to very short roads—to roads doing a very inade-
quate business—by which I mean less business than can be accom-
modated by one engine—nor to the first four years’ operation, while
the road, cars, and locomotives, are yet all new.

By applying this rule to the active lines of the country, it will be
found that the larger establishments—those which possess a valuable
trade—give very similar results.

There are none on which the expenses fall within the limit assign-
ed by the formula, excepting, perhaps, one or two which have been
recently completed, and on which the cost of renewing the iron, tim-
ber, bridges, cars, and locomotives, is not yet very sensibly felt. It
will be found to suit those cases better a few years hence.

On the Value of Gradients. In the preceding remarks I propos-
ed a formula for the determination of the eost of transportation on rail-
roads. I am aware that that expression is not in accordance with the
opinion which now prevails in regard to the economy of railroad con-
veyance; and that there are many gentlemen of experience and reputa-

tion who are prepared to adopt a much lower estimate than mine.
But, until some road can be adduced on which the experiment has
been tried long enough to exhibit a result which can be received as 2
fair average, and which authorizes lower constants, I cannot consent
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1o the reduction of the formula. In itspresent state it gives a measure
below the actual performance on any road in the United States.

I am also aware that, in not presenting the average cost of freight in
any particular number of cents per ton per mile; or in any particular
sum per mile traveled by the locomotive engines, L have deviated from
the popular and most approved methods of treating the subject. Butl
regard the aggregate cost per mile run as no guide whatever to the
economy which characterizes the management of a railroad; and deem
it an unauthorized assumption that because this sum is, in any instance,
unusually low, the work is conducted with more than ordinary suc-
cess. The fact, where it exists, can only be used to prove, if other
circumstances remain the same, that the engines have taken smaller
loads, and made a greater number of trips, and run more miles, than
was absolutely necessary. In fact, if we admit, what cannot well be
denied—that under similar circumstances, and with engines of the
same class, the cost of locomotive power is proportional to the distance
run—or that the cost of running one mile is not diminished by in-
creasing the load, it follows as a consequence that, cateris paribus,
the more economical the administration of a road, the greater will
be the aggregate cost per mile run by the locomotive engines.

Neither is the cireumstance that the aggregate expenses of a line
for one year divided by the number of tons conveyed, exhibits a low
average per ton per mile, any test of good management. The fact, by
itself, is more likely to prove that the tonnage was great than that the
administration was judicious.

I shall now proceed to deduce from this general expression of the
cost of freight, certain consequences of the utmost importance in the
location and establishment of railroad lines, which I believe have
hitherto been little, if at all, regarded.

What is the Value of Gradients? 1 mean by this question, how
much more is a railroad having gradients of thirty feet per mile worth
than thesame road with grades of forty feet per mile? Or, how much
money would good economy authorize an engineer to expend, in the
construction of his road, in erder to reduce the limiting gradient any
given amount?

I have seen various intricate and laborious solutions of questions
which involve the loss of #ime and the consumption of steam in the
ascent of gradients; but I have never yet met with any examination
of this interesting and all important problem. The loss of fime, in
this country, is usually a matter of little consequence in the transpor.
tation of merchandize; and experience teaches that the cost of
motive power is very nearly proportional to the distance traveled by
the engine, and very little affected, within the limits which ordinarily
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oceur in practice, by irregularities in the tractile power, It is no doubt
true that if we were to make observations under extreme circumstances
—as where the engines move on a perfeet level, and where they fre-
quently mount the steepest grades they can possibly ascend without
loads—the cost of motive power per mile run, wonld be found to ex-
hibit very considerable variations. The charges for fuel, as well as for
repairs, would be materially increased by the increase of the acclivity
of the grades. But we have no such extreme cases in practice; and the
following investigation is based on the authorized assumption that the
cost of running the locomotive engine and its tender, without other load,
is proportional to the distance run, and independent of variations of the
tractile force consequent on the ordinary irregularities of grade.

In the preceding remarks, the aggregate annual expenses of a line
of railroad under good management were represented by this formula,

aN 14T

16 +m+500/¢, (A)
In which N is put for the number of miles traveled, during the year,
by the locomotive engines, T the number of tons net carried one mile,
and % for the length of the line.

This formula, it will be observed, expresses the cost of transportta-
tion without any express computation of the effect of the grades over
which the tonnage is carried. Nevertheless, the result which it yields
is not independent of the grades; for they enter into the value of N,
and eontrol the number of miles traveled by the engines. The vari-
ation of the maximum gradient will not cause a sensible variation of
any item of the aggregate cost of transportation excepting that of the
locomotive power. -

Now, in deducing the changes in the cost of locomotive power con-
sequent on changes of grade, 1 shall assume that the circumstances of
the trade are such as will permit that the machine be always started
with a full train—that is to say, with the largest train which it is certain
to control on the limiting grade. Inmany instances this assumption is
not strictly in accordance with the facts; sinee it is frequently advisable
—particularly where the grades are light, and the trade inconsidera-
ble—to effect a portion of the transportation with imperfect loads. In
such cases greater ascents might obviously be encountered without
increasing the cost of carrying every train; and the effect of assuming
that the trains are .all full, when a portion of them is not full, will evi-
dently be, to render the estimated increase of cost consequent on the
gradient somewhat higher than it really is,

The formula is intended to fix @ &mi¢ within which the actual
value of the grade must always be found; and as it should be the ob-
ject of every company to do their transportation with the least possi-
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ble labour, and at the least possible cost, the number of miles actually
traveled ought to approach very nearly the number corresponding with
the assumption of full trains; and consequently, except in extreme
cases, the estimate should not be much in excess. But if the situation
and circumstances of the line be such as will preclude the probability
of loading all the tonnage trains to the proper limit, some allowance
may be made, in the application of the formula, for that portion of the
trade which it does not embrace.

Now, if the limiting gradient of the road be changed, the number of
miles traveled by the locomotive engines will also be changed. If the
load be reduced one half by the introduction of any plane, the number
of trips, and, consequently, the cost of locomotive power, will be very
nearly doubled by the admission of that plane.

But the number of miles traveled by the engines in the course of
a year, supposing them to convey full loads, and the transportation,
accordingly,to be effected with the greatest possible economy of power,
will be expressed by

2T
T =N,
7
Where » is put for the average gross load in tons, up the limiting
grade, and T" for the gross weight in tons carried in full traing one
mile in the direction to which that gradient is opposed.

We know, from satisfactory experiments, that an inclination of
twenty feet per mile, on a road in good adjustment, requires for its
ascent a power nearly double; and one forty feet per mile a power
treble, and one of sixty feet a power quadruple (or, for grades undexr
eighty feet, very nearly in this proportion) that which is required to
draw the same weight on a level. In other words, if W be the gross
load an engine is capable of drawing with safety and certainty on a
level road, and « the inclination, in feet per mile, of the gradient which
limits the load, then

20
2042
will be the load, near enough for our object, with which it can mount
the plane ascending @ feet in a mile.

If we now designate by C the cost of running the engine with its
tender only, one mile; by ¢ the additional cost of motive power per
mile, due to each ton grossadded to the load—then C 4 ¢n will be the
whole cost of motive power per mile run, This sum may be written
20 W
‘Go+a’
by substituting for » its value expressed in terms of the grade and'the
power of the engine.

¢+
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204z

the number of miles

1f we now multiply thissum by 2 T 30 W’

that ought to be traveled by all the engines in the course of a year,
we shall obtain for the whole annual expense of motive power
204+

w2 (CZO W
and for the whole annual cost of maintaining the line and transmitting
the trade which it receives

2T (C~200t$+c)+%0£+500 h; (B)

in which we have the aggregate cost of transportation, with the great-
est attainable economy of power, cleared of the number of miles travel-
ed by the engine, and expressed in terms of the particular grade which
controls the cost of power.

In order to determine the sum which we might expend for the re-
duction of this limiting gradient, which is the problem under consider-
ation, we must ascertain the value of this formula for different values
of @, and take the difference between those values.

If we now suppose z to assume the new value z', the correspond-
ing difference produced in the aggregrate annual expenses by the
change of gradient, supposing still that the trains are full, will be

~Z 0, 1
2 L 55W (C)

The increase of expenses is proportional to the inerease of the sine of
the angle of inclination of the gradient; and directly proportional
to the gross tonnage which ascends the limiting grade,in full trains,
and reciprocally as the power of the engine capable of running one
mile at the assumed cost of locomotive power.

The value of gradients, or the expenses which they produce on rail-
road lines, will diminish, therefore, proportionally to the improvement
in the power of the engines.

Let us now substitute for C its value—three-tenths of a dollar—
and put z'—z=1; and we shall obtain

3T
100 W (D)
for the increase of the annual expenses of a road consequent on the
addition of one foot per mile to the acclivity of the limiting slope.

It is not easy to assign the proper measure of the average pow-
er of the freight engines now in use; but if we assume 300 tons
gross for the maximum load on a level at all seasons of the year, of
engines of the medium class—f{rom ten to twelve tons weight—we
shall not be too low for the present condition of the machine,and the
average power of all good engines of that class.
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With this addition to the dafa of the problem, we shall have
(I"F
10000
for the annual value, in dollars, of one foot in the acclivity of the
maximum, or limiting, gradient.
If we now eapitalize this quantity, or determine from it the otigi-
nal outlay of capital which would be justifiable in order to avoid an
increase in the ascent of one foof per mile, we shall find it to be

()

1
e of a dollar, (F)
or 1% mills for each gross ton carried one mile—the value of money
being taken at 6 per cent.

In other words, to find the value of any reduction of the acclivity
of the limiting grade, on ordinary railroads,

We multiply the number of tons gross carried up that grade in
Jull trains by the length of the line (or by the distance run by the en-
gines which cross the grade in question,) and by the numberof feet per
mile in the ascent which it is proposed to save, and divide by 600.
The result will be the value of the reduction of the grade, in dollars.

There is one point in this annunciation, worthy of remark, and
which I believe is never regarded in the consideration of such subjects
~—if indeed this question itself has ever received any consideration.
The amount which may be paid, or ought to be expended, for the re-
duction of the maximum grade, is proportional to the length of the
road, if the engines run “through;’ or proportional to the length of the
“stage’* on which the gradient is found, if the line be very long and
divided into stages. And this law will continue to apply until it be-
comes more economical to employ one or more assistant engine to aid
in the ascent of such grades; in which case the value of these auxiliary
engines, or the expenses which they involve, limits the sum which
may be expended in the reduction of the acclivity.

For the purpose of an application of the rule which I have an-
nounced, let us suppose that the road is thirty miles in length; that
the duty to be exacted of the engines is equivalent to 20,000 tons gross
conveyed “through?” in the direction to which the limiting gradient
is opposed; and that the cheapest admissable line would present a
gradient of fifty feet per mile. How much could we afford to expend,
In the construction of the road, in order to reduce this limit to forty
feet? By the formula (F) we have

20,000 X 30 s 10 310,000
600 TRy
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The comparison of this result with the cost which would be actually
required, under the circumstances, controls the location, But if the
trade in this case had been assumed at 200,000 gross tons, and the
length of the line sixty miles, the value of ten feet per mile in the
limiting gradient would have been
200,000 x 60 x 10
600

= § 200,000,

The magnitude of this last result would, of course, bring up the ques-
tion of the relative economy of auxiliary power, which would be
wholly inadmissible in the former case. Should the comparison de-
termine in favour of assistant engines for the limiting gradient, our
equation would then become applicable again to the determination of
the value of the next highest gradient, or the sum which might be ex-
pended in its reduction.

In the preceding numbers I have offered convenient and appro-
priate formulas for computing the cost of transportation on railroads,
and determining the effect produced on that cost by variations in the
acclivity of the limiting gradients. 1 propese now to ascertain the
value of any increase or diminution of the length of the line in terms
of that gradej; that is to say, to determine how many feet per mile the
steepness of the limiting gradient may be increased for the purpose of
saving one mile of distance; or what increase of distance will be justi-
fiable in the development of a road for the purpose of reducing the
line to a level, or of saving any given amount in the rate of ascent
of the limiting gradient.

For this purpose we will recur to our formula (B), which expresses
the annual charges of the company, and write it thus—

2 o, .
(zc ”—20-“’;—\{7- # 4 et" 4+ % + 500)/1;

in which @' is put for the empirical, or accidental grade, in feet per
mile, which it is desirable to relieve; ' the number of tons gross which
annually ascend that grade in full trains; # the number of tons net
annually transported through the line, in both directions and in full
trains; " the number of tons gross carried through the line; C the cost
of ranning a freight engine with its tender one mile; ¢ the additional
cost of locomotive power for each gross ton carried one mile, and A
the length of the road in miles.

It will, of course, be observed that this formula is applicable only
ta roads which are used exclusively for the conveyance of freight,and
is obtained in the supposition that all the engines are loaded to their
maximum capacity on the limiting gradient. But in all lines used for
general travel, the passenger trains, at least, and sometimes a portion
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of the freight trains, are much lighter than the engine is capable of
conveying on this grade.

In order, therefore, to express correctly the aggregate annual ex-
penses, on such lines, and to render the equation, which it is propos-
ed to deduce, as general as possible, we must add to the above for-
mula the cost of motive power for the number of miles traveled by
the engines which are not fully loaded, and the expenses incident to
the conveyance of the whole number of through passengers, which
are not covered by the cost of power. These expenses have already

ph "
been stated to be LT’ where p represents the number of passengers

carried «through;” and if we represent by N'the number of trips
made by engines carrying passengers and less than their full compli-
ment of {reight, and by C' the cost of running such engines with their
tenders one mile, the expression of the aggregate annual expenses, in
its most general form, will become

RS L P LY
(CN +~wa + ¢ +m+l(}0‘ .)U(})f.’. (_I

in which only one of the terms is affected by the value of the grade.

This is a modification of the approximate formula (A), given in a
previous number, and is expressed in different terms, though it yields
very similar results.

By means of this expression we may readily compare the merits of
two lines, of different lengths and grades, and accommodating the
same, or different amounts of tonnage, and determine the difference
between their values. For this purpose we have only to substitute
for the notation the actual values of the gradients, and the lengths of
the two lines, and calculate by the equation the annual charges which
they respectively involve.

It was from this expression in the simpler state in which it may be
presented for application to a road on which the business is restricted
exclusively to the transportation of freight, that we determined, in the
preceding number, the sum Which might, with propriety, be expend-
ed for the reduction of the limiting gradient. But we are not to re-
gard that expression as ..Luthmumg a diminution of the acclivity of
the gradient, at the expense of any augmentation of distance, unless
the value of the increase of the distance be taken into the account.
Any increase of the length of the line of the improvement necessarily
involves an increase of expense for its maintenance; for the locomo-
tive power which traverses it, and for the cars which pass over the ad-
ditional distance. The value of this increase of the annual charges
consequent on any augmentation A'—# is obviously
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i ] 120+£. (] L 14{ ]7 ' ? o
((, N' 4+ 2C oot ot oo + @*‘500)(’*_")’ (H)

an expression from which we are able to calculate immediately the
annual value of any augmentation or reduction of the length of the
road, and consequently the sum which it would be expedient to
expend for the purpose of effecting any given reduction.

But we have already seen that if we diminish the inclination of the
maximum gradient any quantity »'—a feet per mile, we simultaneous-
ly reduce the aggregate annual expenses the amount represented by
the expression

a—a

In order; then, to determine the change in the length of the line
which will have the same effect on the cost of transportation as any
given reduction of the limiting gradient, we must equate these two
quantities, and deduce from the equation the value of distance, or
#'—4 in verms of the change of gradient. This operation produces for
the expression of the quantity which we will be authorized to increase
the length of a road for the purpose of reducing the limiting gradient,
of which the ascent is «' feet per mile, down to any other rate z feet
per mile,

C it (2'—a)
. — 4 T ST P SR — ‘__h_(])
TOIW e S 14 ¢ P . =2/
CNb20SSow ¢ + " 550 F 155 + 500

The augmentation of the length of the road adequate to compensate
for any given reduction of the limiting grade, is therefore directly
proportional to the original length, and reciprocally, or very nearly so,
as the power of the engines used in the conveyance of the freight.
The greater the tonnage which ascends the limiting gradient, the
greater is the distance that the length of the line may be inereased in
order to reduce that gradient any given amount per mile; and the
greater the power of the engine kept in- operation at a given expense
per mile run, the less would beé the inerease of the length of the road
for the same purpose. The greater the number of passengers that are
carried in light trains, and the greater the proportion of the tonnage
which is conveyed by engines Joaded below the maximum dueto the
limiting grade, the shorter must be the line and the steeper the grades.
The measure of all these influences is deducible from the formula,
Whieh I regard as the true equation of distance. It isexpressed inas
accurate terms as it is praeticable to obtain with our present expe-
rience.  In course of time the co-efficients may, perhaps, be advan-
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tageously modified, to suit the more precise determination of the value
of railway constants, which we may anticipate from the increasing
facilities which are oflered, and the more aceurate observations which
such facilities will permit.

In order to apply the formulas, we must determine the values of
C, C'and ¢. Of the two first, C may be estimated, in ordinary cases,
at three-tenths of a dollar, and C' at a quarter of a dollar ; and experi-
ment will justify the assumption of a half mill permile for the average
increase of the cost of motive power, due to each gross ton added to
the load of the engine—a fact which is expressed by the equation
¢=34%5 of a dollar. In the formula #is put for the gross tonnage
of the line, consisting of passengers and freight and the cars which
contain both, whether attached to engines conveying full or partial
loads.

Let us take the following case for an example. The length of the
road, by the preliminary survey, is 30 miles; the limit grade which
the eye and judgment have established on the profile, is 40 feet per
mile; the anticipated freight is 60,000 tons net, and is likely to be so
divided in direction that there will be found an annual gross weight
of 40,000 tons ascending this limit grade. The tonnage trains are
supposed to be full, and the gross weight of cars, freight and passen-
gers is 130,000 tons. - The number of through passengers is 20,000,
and the power of the engines intended to be used is adequate to the
command of 300 tons gross on a level road. Now,

I. How much would it be good policy to expend in the constrne-
tion of this road in order to reduce the grade which limits the load
from 40 feet down to 30 feet per mile?

II. How much could we afford to pay for the reduction of the length
of the road one mile?

III. How much would we be authorized to increase the length of
the road in order to reduce the rate of ascent of the limit grade ten
feet per mile?

IV. How much would we be authorized to increase the length. of
the same road in order to reduce the limit grade ten feet per mile, in
the supposition that no passengers are to be conveyed, and that the
gross tonnage is all conveyed in full trains, and amounts, exclusive of
passengers and their baggage, to 120,000 tons?

Now we have C' = #; C = %; ¢ = ;545 £ = 60,000; # == 40,0005
#"'== 130,000, and for the fourth problem 120,000; p =20,000; A== 30;
@' =40; 2 = 30, and W= 300.

The appropriate quantities being substituted in equation (F') wil}
give, in answer to the first probl_om,

¢ 30 40 — 30
O ) e B 90,000:
GO0
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or, it would be worth while to expend 20,000 dollars in grading the
road to reduce the ascent of this limiting slope ten feet per mile, pro-
viding we do not thereby ineur any increase of the cost of main-
tenance, or any augmentation of distance.

Again, by inserting the values provided by our data in equation
(H) we obtain, for the solution of the second problem, in the suppo-
sition that the passenger trains make two trips a day, or that N'=730

730 3 20440 130,000 . 14 % 60,000 20,000
000 T e R
X 40,000 + 550t 1,000 T, °00 =

"4 75 20X 300 2,000
2,027 dollars, for the annual charge incident to each mile of the
10 f)
length of this particular road. We multiply this quantity Bty
to obtain the equivalent capital, which we find to be $ 33,783,

It would be worth about § 34,000 to reduce the length of tlns road
one mile.

Again, by inserting these values in equation (I) we will obtain in
solution of the third problem

Q

’U X 30 X 40,000 (40 — 80)

1200
e T A - 30,000 , 1460, 20,00 \ 3027
3000 (?JU 3 §i .an+1u 0 10,000 0 X 60,000 20,000 ) 2027

5 203500 zuuu 1,000 Tm_.puo

or about four-sevenths of @ mile. On such a road, the value of
ten feet in the limiting grade is only equal to four-sevenths of a mile
in distance, although that grade is not opposed to the heavy trade—a
fact which should prompt us to be on our guard when we attempt to
reduce the grades of a road by an increase of distance before we have
examined well into the character and amount of the trade which is to
be accommodated.

Finally, we shall have, for the solution of the fourth problem,

3 X 30 x 40,000 (40 — 30) 40
, e ) . 4
3 20440 120,000 14 % 60,000 55
3000 40,0( 4 — 3‘00)
( 30 % 500 = 19000+ =066+ 1,000 s

or about five-sevenths of @ mile:—showing that we can increase the
length of this road 25 per cent. more, for the purpose of reducing the
grade any given amount when we carry no passengers, although the
amount of freight is the same, than when the road is destined, in part,
for the accommodation of travel. This is simply to say that the value
of distance increases with the increase of every part of the business
of the line ; while the value of a gradient increases only with that por-
tion of the business which ascends it in full trains.

It may be objected to the method which is here pursued that the
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calculations are predicated on data which are exceedingly diffieult, if
not impossible, to procure, in anticipation of the experimental result,
It is certainly true that such inquiries are not free from some difficulty
and uncertainty; and it is also true that the engineer must overcome
this difficulty or proceed to his worl entirely at random, The values
of grades and distances turn upon these facts, and they must either be
regulated without regard to any principle, or by these, or some similar
equations. The application of the equations will, of course, be some-
what inconvenient, since they compel us to know something about
the thing we are doing; they compel us, when we propose to eut down
a hill or fill up a hollow, to know what it is {0 be done for, and to
judge how much we shall cut, and when we shall stop. DBut, how-
ever inconvenient it may be to answer such inquiries, it is not the less
important to study the subject, and learn how to answer them by
some better mode than mere conjecture.

It is unnecessary to make additional application of the formulm.
They are remarkably simple and obvious, and by supplying a ready
and convenient mode of comparing different lines, or different loca~
tions of the same line, they remove many of the difficulties with which
every engineer must have felt himsell embarrassed in the exploration
or establishment of important improvements. They indicate the pro-
per and only convenient general mode of estimating the aggregate
cost of transportation under different assumed quantities of tonnage;
and teach us, in the location of a line, the correct value of distance—
in the calculation of which the cost of freight is the essential element
—and at the same time enable us so to regulate the grades that the
transportation may not be improperly embarrassed, and that the com-
pany may not be induced to pay more for the reduction of the cost of
freight than the reduction is worth. These are all matters of great
interest, and questions which can never be overlooked by an engineer
who faithfully performs his duty. Indeed, they must all be met, and
maturely considered, at every step of his progress, or the work which
1s placed under his professional charge will be found to be a failure,
and in all probability soon pass into the hands of assignees, or come
under the hammer of the Sheriff. They are always objects of immense
consequence in the decision of the great questions of general location,
which arise in determining the proper routes for railroads of great ex-
tent, passing through districts where different lines, having various
pretentions, are presented, and where the comparisons of distances,
grades, and elevations are of constant occurrence, They are also im-
portant where no such general choice is presented, in dctm'mining on
the details of the location of every line. A road is searcely ever sur-
veyed on which there is not found some one gradient which controls
the average load of the engine, and which it is desirable to reduce.
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The first point to be determined, in all such cases, is the probable
amount of trade to be transported. This is the leading fact which
should govern all the arrangements which are to be made with a view
to its accommodation; and the one which has probably elicited the
least attention of all in the construction of the raiiroads, great or small,
of this country. There are some lines which were apparently in-
tended for the accommodation of immense quantities of frcighf, in the
design for which no computation was ever instituted for the purpose
of ascertaining the probable amount of the trade, or the sum which that
quantity would authorize the company to expend for the purpose of
removing given obstructions; and there are others on which the actnal
tonnage is so small that the directors have yet been ashamed to name
it to the public, although, in the construction of their road, they per-
mitted arrangements to be made for its accommodation, on a scale of
magnificence which could hardly have been justified in anticipation
of the trade of India. More labour has been expended in the trans-
portation of materials for the construction of many roads than would
have been required to effect the transportation without them of all
the tonnage which they are destined to transmit, for all time to come.

There is, accordingly, no return received for the absorbed capital;
these works are failures, and they have failed in consequence of the
disrespect of the parties by whom they were destroyed, of the first
principles which should control every application of machinery to
economical purposes—viz. to make the power proportional to the
duly to be performed—and to expend no more money for any object
than the value of the object will warrant. Had this simple maxim
been kept constantly in view in the prosecution of the enterprises
which, in this country, have characterized the last twelve years—and
been made the test of every plan and every arrangement—there
would have been no ruined companies, no railroad auctions, and pro-
bably no failures.

In discussing the important questions incident to this subject, the
object has been to obtain fair average values of the points at issue,
and to deliver the results of the investigation as fre¢ from algebraical
expressions as is consistent with the necessary accuracy. In this view
several quantities, of subordinate consequence, have been overlooked,
and the investigation is made to turn upon the essential considera-
tions which rule the result. And this is sufficient; for it is in vain to
hope for the attainment of perfect accuracy in questions of this nature,
where much uncertainty always prevails in the determination of the
value of the data; and the solution which comes within 10 or 15 per
cent. of the truth possesses all the accuracy that is neeessary to insure
the requisite confidence. It is not to sueh errors that companies may
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trace their destruction; but to the utter and entire disregard of all the
essential quantities, circumstanees, and considerations, on which sue-
cess was dependent.

The ruling faet, which ought to control every movement and every
plan, is the number of tons to be eonveyed one mile. This quantity
is made up of the absolute tonnage and the length of the line. Ifa
locomotive engine of 50 horses power be capable of conveying the
%aily trade on a road 50 miles long, it follows that an engine of five
horses power will be adequate to the conveyance of the same tonnage
on a road five miles long. And if an engine of 50, or any other num-
ber of horses power is able to accomplish the whole labour required
on the first road, the same engine will be occupied but one hour out
of ten in doing the work of the second road. The shorter road, there-
fore, requires less power—engines of less weight—rails consequently
of less strength—and admits, as we have seen, of steeper grades,

In short, the number of tons to be carried, and the distance which
it is to be carried, control the grades, establish the location, and de-
termine the power; the power required fizes the weight of the engine
which supplies it; the weight of the engine rules the strength of the
rail by which it is supported, and the strength of the rail limits
the weight of the car and its load.

There are certain obvious relations between the duty to be perform-
ed by the road and the capacity of the improvement, and the power
of the machinery to be applied on it; and if these relations be not re-
spected, both in the general design, and in all the detail, it can only
be by sheer accident that the enterprise is successful.

On the Value of Time.

In estimating the cost of transportation on railroads I have taken
no account, in the preceding numbers, of an item which is generally
considered of great consequence in determining the result; viz. tke
value of time. Speed is the peculiar advantage of railroads, and one
which is certainly sometimes deserving of much consideration in the
administration of the work. I propose to estimate its real value, as
nearly as it can be done, in the transportation of passengers and mer-
chandize.

First, then, what are we to Tegard as the measure of the value of
time on any article of merchandize? Is it not the interest on the capi-
tal invested in the commodity, at the rate at which the proprietor es-
timates his profits for the time, added to the rate at which his goods
depreciate in value in consequence of detention on the route?

If this be true—and I cannot well perceive what other value than
this the Zime lost in their conveyance can possess—let us endeavour

3
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to ascertain to what it will amount under different circumstances; and
for this purpose we will represent by

r the rate of interest, and depreciation of the value of the goods, per
cent. per aunum;

P the value in dollars of one ton of the commodity; and

V any velocity of transportation in miles per hour.

There are 8760 hours in a year; and if we represent this number by
m, the interest and depreciation of the value of a ton of goods, in thé
space of one hour, will be expressed by

T
100 m’

and during the time the goods are carried one mile at the velocity V,
it will amount to the sum

P
100m V'

This interest and depreciation, for any other greater velocity V',
will be for the time consumed in traversing one mile

Pr :
100m V"

and, consequently, the difference between the values of the two veloci-
ties V and V' (supposing that the time and speed be well employed,
and that the engine drivers do not waste at the stations and depots
what he gains on the route,) for each ton and for one mile, will be

B (Piind ®)
100m\ V'V

This expression represents the amount whiclt the goods would de-
preciate while passing over one mile, at the velocity V, over and
above their interest and depreciation while traversing the same dis-
tance at the velocity V'’ or the additional sum which the owner of
the goods would be willing to pay to have them carried at the speed
V' instead of the slower rate V.

Now let us apply this equation to the transportation of coal, and
assume for the velocity V' that which would be likely to have place
on a railroad, or ten miles per hour; and for that of V the ordinary
speed of a canal boat, or two and a half miles per hour; for the value
of the commodity, tiree dollars per ton,and for the value of the capi-
tal employed in the trade, 20 per cent. per annum.

How much per ton per mile would the value of a speed of ten miles
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per hour exceed that of two and a half miles? By the equation we
have here
3 x 20 10—2.5 1 of & doll
—— a ¢
8760 x 100010 x 2.5) = 18666 W

or a freation more than the fiftieth part of one mill per ton per mile.
It would appear, then, if this process be correct, that there is but lit-
tle encouragement to tear the road, and cars, and engines to pieces—
augment the risk of accident, and increase the actual cost of transpor-
tation 100 per cent.—for the purpose of delivering coal a few hours
sooner than it might be effected on a canal at a speed of two and a
half miles per hour. If the value of the coal be not more than three
dollars per ton at the mine, and the value of the capital engaged in
the trade not more than 20 per cent. per annum, the difference to the
proprietor could not amount to more than the £/¢h part of one cent
per ton for the whole time consumed in traversing a space of 100
miles.

Again, let us suppose that the article is flour, of which the value
is six dollars per barrel; and let us, at the same time, assume that
the depreciation would be 100 per cent. per annum; which is
equivalent to the supposition that it would be entirely destroyed if it
were detained one year on the passage, and that the depreciation is
uniform during the whole period. We will also suppose that the
speed on the railroad is infinitely great, or thata mile might be passed
by a locomotive engine in a space of time so short as to be wholly in-
appreciable; while the speed with which the same article would be
transported on a canal is, as usual, two and a half miles per hour.

What is the value of the time lost on the canal in this case? Here
we have » = 100, P = 6, V' = infinite, and V = 24; which quanti-
ties being substituted in the equation yield

100 X 6 1 1
8760 X 100°2% — 3650

of a dollar,

or about the fourth part of one mill per mile per barrel.

This will be recognized as rather an extreme case; but still it does
not justify a high speed,—for three mills per ton per mile is generally
not very perceptible among the quantities which enter into the aggre-
gate expenses of a railroad line, :

Let us next suppose the commodity to be groceries—such, for in-
stance, as sugar and coflee—of which the value may be assumed at
two hundred dollars per ton; and that the interest and depreciation
are equal to 20 per cent. per annum. In this case we will find for
the difference between the value of a speed of ten miles per hour, and
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one of two and a half miles per hour—between the speed of a loco-
motive and that of a canal boat,

2 20 10 — 23 1
il ( of & dollar,

8760 x 100\10 x 28/ ~ 730

or about one and a third mills per ton per mile. The difference be-
tween the value of a speed of five and one of ten miles per hour,
would not in this case have exceeded a half mill per ton per mile.

A high speed, then, is not justifiable in the transportation of gro-
ceries for the purpose of saving time in the delivery of the freight. If
it be adopted at all it must be because the condition of the road, or
some other part of the business which it accommodates, renders it im-~
perative, or because the injury which the work sustains in consequence
of the greater velocity is not properly appreciated by the parties in
control of the line.

We will next take the case of dry goods, of which the average
value may, perhaps, be assumed at 2,000 dollars per ton; the interest
and depreciation will again be put at 20 per cent., and the respective
velocities at two and a half and fifteen miles per hour.

By the formula we have, in this case,

2000 x 20 (15 —2§) 1
8760 x 100\15 x 247 — 66

of a dollar,

or one cent and a half per ton per mile.

This sum is nearly equal to the actual cost of transportation on a
road in good condition; and it is therefore apparent that in the con-
veyance of trains composed exclusively of the most valuable goods, a
greater velocity than two and a half miles per hour is always proper;
but when it is recollected that there is never more than a very small
proportion of the merchandize passing over a line, which possesses
anything like the value here assumed—2,000 dollars per ton—the
adoption of a higher velocity must still be regarded as of very doubtful
utility. Even in the case before us—where the value of the goods is
assumed at 2,000 dollars per ton—the difference between the value
of a speed of fifteen miles per‘hour and one of six miles per hour,
would not amount to a half cent per ton per mile—a sum which
would by no means justify a high speed even if the train were load-
ed entirely with such goods.

If we apply the same method of computation to the conveyance of
passengers, and estimate the average value of the time of all the in-
dividuals in the trains, at twelve cents per -hour, we shall have for
the difference between the value of a speed of fifteen miles per hour
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and the usual speed of freight boats on canals, or two and a half miles
per hour,

B Q
12 (i: ;;t) = 4 cenls per passenger per mile.

If the average time of all the individuals traveling be worth twelve
cents per hour, the charges on a road where a speed of fifteen miles
per hour is adopted, may be four cents per mile higher than could be
demanded on one where a velocity of only two and a half miles per
hour is maintained. Of course there is a great diflference between
the values put on their time by different individuals, and, of course,
too, there must be much uncertainty in fixing upon a general average,
But twelve cents per hour, including the expenses incident to the
trip, is, by no means, a high estimate for the time of all the individuals
traveling in the public conveyances; but yet, low as it is, it shows for
the value of the time of one person—exelusive of what mere impa-
tience would prompt him to pay—a sum nearly two thousand times
greater than that of a ton of coal, thirty times greater than that of a
hogshead of sugar, and nearly three times that of a ton of ordinary
dry goods, transported at the same rate.

We may perceive, then, why the superiority of railroads is so much
greater in the transportation of passengers than of heavy freight; and
how it may happen that a velocity, which is, in the highest degree,
economical when adopted for the convenience of travelers, may be
ruinous when applied to the transportation of minerals and produce.
Indeed, it is difficult to over-estimate the injury which is inflicted on
the interests of stockholders, from the continuance of this evil in the
management of railroads, although it has been materially abated
within the last four years. The value of the additional time which
is consumed at the slower rate, is absolutely unworthy of considera-
tion in the conveyance of merchandize; and the only question which
ought to occupy the attention of the directory, is the reduction of the
actual expenses of the line, and the selection of that velocity which
corresponds with the greatest possible economy. The great and con-
stant effort should be to reduce the cost of transportatien to the lowest
limit. It is not railroads nor canals that increase the trade of a
country, or add wealth to the districts which they traverse. Itisthe
teduction of the charges for conveyance which these improvements
permit, from which these great advantages are derived: and high
speed on such commodities offers no compensation for the high charges
which it exacts.

These considerations are applicable only to the value of time op the

goods transported. But the loss of interest, and depreciation of the
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value of the freight, are not the only losses involved in the adoption

of an insufficient speed. The value of the time of the ¢rain, and of

the train hands, is also to be considered, and enters into the complete
expression of the actual cost of transportation. If the engines and
cars, and the men who conduct them, do less duty than they might
accomplish by the adoption of a higher velocity, the value of the time
of the increase of stock and force which will be required to effect the
same duty at the slower rate, must obviously be charged against that
velocity.

[t is true that there are cases in which the speed to be adopted is
governed by the necessity of accommodating ‘a certain amount of
trade, or making room for a large passenger conveyance, which could
not be adequately provided for on a single track, without maintaining
a speed determiued by the circumstances. Of course the company
must submit to this necessity ; they must adopt a high velocity where
these or other imperative conditions exact it. But the question now
is, what is the value of velocity or time, where they have the power
to exercise their own discretion in the selection of the speed ?

In all such cases, the slower the motion of the train the less will be
the expenses of the company, unless it be reduced so low that the in-
terest on the cars and engines which convey the freight, and the loss
of the time of the engine and train hands, more than compensates for
the reduced charges for repairs of the road and machinery.

We will designate by F the value of the locomotive engine in dol-
lars ; by fthe value of the stock in cars for each ton of freight; by m'
the value of the time of all the hands in the train for one hour; and
by g the number of tons of merchandize in the train.

The value of one hour for the whole train will be, at 6 per cent.,

0O
e U e ) S ’
100 22 Lr ; ./f/; + s ( )

and if we represent this quantity by H, the difference between the
values of the velocity V* and that of V, will be for each ton, and for
one mile,

H/V' —V :
_(_\_\_ i (M)
q
This is the difference per ton per mile to the company between the
values of these velocities, where no imperative conditions obtain.
Now let us see what value this expression exhibits under different
circumstances; and for this purpose we will put F'=50003; /=100;
§=350; m=87603 m'=1, all of which are very common values, and
suppose, in the first instance, that the business of the line may be
transacted by an adequate supply of engines, men and cars, at some
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exceedingly slow rate—as half a mile per hour—how much more
would it cost the company, in the value of time, to carry the trade at
this rate, than at a speed of ten miles per hour ?

Equation (L) gives us

11
H=E of a dollar,

for the value of one hour of the time of the train. This value of H
being substituted in equation (M) will yield,
11 10— 3 209
40 X 50 10 X 4 . 20000
or more than one cent per ton per mile.

Now, in this case, the value of the time of the train, exclusive of the
goods, is equal to half the actual cost of transportation on a well man-
aged road with ample trade ; and it is perfectly apparent that, even
overlooking the loss of time and depreciation of the price of the goods,
such a rate is wholly inadmissible. But let us apply the equation to the
determination of the difference of value of a speed of five miles and one
of ten miles per hour, under the same circumstances. In this case
equa tion (M) gives us

11 10 — 5 11
40 x 50 10 x 5~ 20000
or only one half mill per ton per mile—or less than the tithe of the
actual difference of cost—consequent on the destruction of cars, engines
and track—risk of accident and damage to goods, incident to the adon-
tion of the greater velocity.

The whole difference between the value of a speed of five miles per
hour and one of ten miles per hour, will rarely exceed one mill per ton
per mile, in its effect on the interest of the value of the train, together
with the depreciation of the value of the goods conveyed. Howeyer
great, then, may be the inducement to carry passengers ata more rapid
rate, there is no sufficient cause for transporting freight at a speed of
more than five mils per hour, unless, as already premised, a higher rate
is absolutely essential for the accommodation of all the trade which is
commanded by the line—a condition which, on ordinary roads in this
country, very rarely prevails.

We are not likely to overrate the injurious effect, or too strongly to
deprecate the continuance, of the mischievous practice which still pre.
vails in this country in the transportation of heavy commodities. The
iron rails are rapidly destroyed by it; the wear and tear of the cars
and engines are greatly augmented, and the useful effect of the power
applied is materially reduced. There is no corresponding adyantage
obtained. The value of the time which is saved is almost too small to

of a dollar,

of a dollar.
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be estimated for the freight, and the value of the time lost by the train
bears no perceptible proportion to the injury which is done to the road
and its furniture.
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FROM THE JOURNAL OF THE FRANKLIN INSTITUTE.

COST OF TRANSPORTATION ON RAILROADS.

BY CHARLES ELLET, JR. C. E.

The importance of ascertaining the expense of transportation on
railroads, to a large portion of the population of this country, has led
to many discussions, and many inquiries, with a view to its determi-
nation. No general method has, however, yet been produced, by
which it can be ascertained with any tolerable degree of accuragy.,
The difficulty appears to have arisen, in a great measure, from the
fact, that these expenses consist in a variety of elements, which
increase and diminish in value by different laws, and at rates which
depend on the combinations of these elements in each particular case.
It has, also, to some extent, grown out of the fact, that during the
progress of this system, every year has produced some new work of
improvement, which has supplied new data to calculators—and, un-
fortunately, data which have preceded the effect of the two createst
causes of expenditure—the destruction consequent on use, and natural
decay. Without referring to another difficulty —the extravagant esti-
mates of the friends of particular projects, and, sometimes, the gross
misrepresentations of the enemies of others—we see that the snbject
is much too complicated to be unraveled without close study, and
mature reflection, To make a general solution, we have, obviously,
to allow for differences of grade, differences of tonnage, differences
between the amounts of travel, and have due regard to the length,
and even the age of the improvement.

Now, to attempt to go through this whole subject, and produce and
analyze the data on which are founded all my conclusions, would
require much more labor, than 1 have a disposition, at this time, to ap-
propriate to the question. What I now propose to do, is again to point
out the raw which governs railroad expenditures, and to fix, with
greater accuracy, the values of the constant coefficients than was
practicable when I first offered the formula which are here repeated.

It is my intention to submit, in the first place, the law which gov-
erns the expenditures on a new road, and attempt to offer a reasonable
explanation,and a just estimate, of the difference between the expenses
incident to a new road, and'an old one. If my method be true, the
reasons, and the values which I assign for this difference, must be ob-
viously just. The general law must first satisfy the mind, and the rate
of increase, in passing {rom a new to an old road, must likewise be
rational and convincing. If, after this preparatory evidence, I bring
forward a certain new road of great length, and show that the caley-
lated cost corresponds well with the actual result, it will certainly he
a strong confirmation of the general correctness of the method. Bt
still, for a prudent man proposing to risk his fortune, this alone ought
not to be sufficient. This particular example might be selected be-
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cause it was accidentally found to suit the object; he would have a
right, therefore, to call on me to produce a shoré road; and show that
the rvenlls still correspond with my calculation. His intellect might
not vet be IIIH_\’ satisfied ; it would be fair for hin to call for another
u,\-:u'ullle, in which the trade and travel were both unusually great, in
order to be assured that the method is applicable to works of that
character also ; and, even after finding this result to be coufirmatory
of the method, extreme prudence would dictate an additional appli-
cation to another road with very small trade.

All this appearing satisfactory, he conld not well retain a doubt;
but, when men stake their fortunes, and the comfort and indulgence
of their families on the issue, they have a right—they are bound—to
exercise great circnmspection. Such a party might, therefore, well
call for an application of the method to an eld road—or to one that
has arrived at maturity, at least,—in order to see whether his invest-
ment is likely to be pum Ulen[h’ good.

If this doubt be also satisfied; if he finds that the application may
be safely made to a road of this description; if, in addition, it is made
to one of thissort with a great trade—next, to one with a small trade—
then to one with great travel and no tonnage; afterward to a long
one, and, finally, to a short one; to some roads with light, and to
others with heavy grades—and, if he find that it gives consistent re-
sults in all these varied applications—as a reasonable, and as an in-
telligent man, he will ‘be compelled to admit, that the method is in
accordance with TeE AW, and that its results are the TruTH.

It is such testimony that I propose to offer the reader, and I solicit
his attention in order that he may judge fairly of my consistency—for
consistency is a test of truth.

The following propositions are what I designate as Laws:—

I. The cost of motive power, with engines of the same class, is pro-
po"liun'll to the distance which the engines run. The cost per mile
is nearly the same on roads of all grades—the difference in expense
on roads with different grades, consists not essentially in variations.of
the cost per mile run, but in variations of the number of miles which
must be performed to do the same duty.

IL. The repairs of the road, with equal trade, are proportional to
its length ; that is to say, cateris paribus, it costs twice as much to
keep up a road 200 miles lony, as it does to maintain one in the same
condition, of which the lenzth is 100 miles 5 just as it costs twice as
much to run engines 200,000 miles, as it would to run the same class
of engines 100,000 miles.

I11. The repairs of carsare proportional to the number of tons con-
veye d, and to the distance to which they are conveyed. It coststwice
as much to tepul cars which run two millions, as it does those which
run one million of miles per annuwm. \‘_Idlti it costs twice as much
to repair cars Which convey 20,000 tons a given distance, as it does
those which convey 10,000 tons the same distance. The same prin-
ciple applies equ .:lv to the conveyance of passengers; il ‘r‘!'r\u also
to '\Uul(l(.l].[b incidentals, and contin gencies—for these thll"\ lncrease
with, and are proportional to, the increase of business.
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These may appear like self-evident truths, and they are, in faet, so
glaring that they scarcely appear to have been looked on at all. The
custom now is to regard the expense of cars as proportional to the
distance the engine runs, It is here made proportional to the dis-
tance the cars run. It is customary also to counsider the repairs of
the road as proportional to the distance traveled by the engine—
whereas it is only proportional fo the length of the road. :

These are simple principles, and such as cannot well be doubted, or

denied. It remains to state the values of the constants.
Lepairs of Rouds.

The repairs of a railroad, I have stated, must be divided into two
classes—those which are dependent on, and those which are indepen-
dent of, the amount of the tonnage. Of the first division, the wear of
iron depends entirely on the use, and the wear of the wood, but par-
tially on the use, The rotting of timber, the cleaning out of ditches,
the repairs of culverts, embankments, &c., are independent of the
trade. But theseitems are not independent of fime; the expenses of re-
pairs inefease but little until the wood in the sills, ties and rails, begins
to decay, and require removal, when they usually soon attain their
maximum, and afterward diminish, until they reach a second mini-
mum, 3

The following table exhibits the cost of repairs on six of the most
successlul roads in this conntry, which I have purposely selected from
different sections. The table embraces three roads of each of the two
great classes—three wooden superstructures with plate rails, and three
iron roads with T or H patterns.

By casting the eye down the columus, the progressive increase of
expenses will be easily recognized. It must be borne in mind, how-
ever, that these numbers do not include the renewal of the iron—an
item always charged to « extraordinary repairs,”’ or “permanent
improvements”—as thoughiron rails were ever permanent, or theirde-
struction extraordinary. Eventually, the cost of the new iron passes
into capital stock, or funded debt.

TUABLE showing the Increase of the Cost of Repairs of Railroads.

Permanent Roads—T' Rail. Wooden Roads—Flat Bars, |

Year. | Boston &|Boston &| Boston & “Utica & |Pelersburg| S. Caro- |

| Lowell. (Provid’ce Worcesier |Schenee’y.| Road. [lina Road.|
1836 | J 251 | 870
1837 | 546 285 206 || 354 664 880
1838 ‘ 611 411 281 530 ’ 542 ‘ 1040
1839.] 731 209 406 || 450 5839 | 982
1840 816 334 830 i| 618 794 | 592
1841 | 1200 597 784 | ‘sar 857 547
1842 1350 514 903 || 935 503

1843 I ] 875 |

I may add the following notes of the cost of motive power pey
mile traveled by the engines, Which are extracted from documents
that were not in my possession when I first stated the cost per mjle
for passenger engines at 25 cents, and of freight engines at 30 cents.

* Finished in 1833, when the expenses were very low,
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TABLE showing the Cost of Locomolive Power for 1842.
G T '"l".—. e e
Name of Rond. Milesrun.| l']xpensc.;‘ 0t PET Y ear \ Remarks.

| mile. |
Baston and Providence. [ 355,031 [§ 11,899 | 324 [1842 Freight engines.
Boston and Providence. | 77,77 1 {1842 | Passenger 1'ljgirlos.
Western Road, 397,295 1842 | Execlusive of wages,
Wstern Road, 367,295 1842 | Wages included.
Utica and Schenectady. | 155,828 1841 | Exclusive of new engines.
Utica and Schenectady. | 155,828 | 1841 | Tneloding new engines.
Reading Road, 83,717 1841 | With new engines.
Reading Road. 198,055 | 34 1842 | New, but heavier, engines. |

This table entirely confirms the previous estimate (vol. iv, p. 307.)
Another table in my possession (derived from reports of 1842) gives
for the average value of repairs of locomotives, 7 cents per mile run ;
my impression is, however, that this item is worth not less than 8
cents, and that future observation will maintain it, for engines that are
not fresh from the factory, at about that average.

We may now pass to the method and the rule which I propose for
computing the aggregate annual expenses of aroad. Inthe first num-
berof this investigation, I proposed a formula which was published in
this journal, for determining the value of these expenses—stating,
however, that there was no line in the country which had yet exhib-
ited results as favorable as those expressed by that formula. The
present paper is intended to show these expenses as they are ; the
same formula is used though the constants are modified to suit the
actual condition of the system.

For new Roads.

The aggregate annual charges on new roads® are made up of the
following items, Viz..—

For every mile traveled by the engines, 24 cents; for every ton con-
veyed one mile, 9 mills; for every passenger conveved one mile,7 mills;
and for every mile in length of the road, 300 dollars, a fact which is
expressed by the formula,

i SRR : P+ 3004
100t 1000 T 1000 f

Now, new engines consume as much, ot nearly as much, fuel and
oil as those which have been used ; and they require the same number
of enginemen and firemen. The only reduction in the cost of their
maintenance, consists in the item of repairs. The bill for repairs for
the first year or two, is only about one-half its mean value; and as
the average cost of repairs is about 7 cents per mile run, the aggre-
gate cost per mile run on a road which has passed its fourth year,
should be 273 cents, instead of 24 cents.

The Zimber in the superstructure is worth, on the average, from
1000 to 1500 dollars per mile, and lasts from 5 to 7 years. The decay
of timber in roads of mature age, is, therefore, about $200 per mile—
so that ordinary repairs on such roads will be about $500 per mile.

The wear of cars after the road has been a few years in operation,
is equivalent to about 43 mills per ton per mile; and on a new road

* T designate as new, roads less than five years old.
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it is scarcely appreciable. The difference between the perceptible in-
jury to the road and cars, on a new and old road, is about 5 mills per
ton per mile. The rule then is,—

For old Roads.

For every mile traveled by the engines, (passenger engines 25 and
freight engines 80 cents,) an average of 274 cents; for every ton con-
veyed one mile, 14 mills; for every passenger conveyed one mile, 7
mills ; and for every mile of road, $ 500.

If the principles and the values here offered be correct, they will
stand the test of trial, and in order to make the test the strongest pos-
sible, I will add, in a subsequent paper, an estimate of the probable
results ona road in active operation, and the subject of much specu-
lation at the present time, the correctness of which estimate can be
verified at the end of the year.

This rule, if applied to the business of a line in activity, will give
only those expenses which are usually denominated ¢ ordinary ex-
penses.”  In order to arrive at the frue cost of maintenance we have
to add, of course, the extraordinary expenses, which we can likewise
estimate with some, though not very great, accuracy, by data now
supplied by the improvements of the country.

Application of the formula to Aetive Works.

I shall apply this method of computation, in the first place, to a
railroad in Georgia, 1474 miles long, with easy grades and little busi-
ness ; next, to one in Massachusetis, 156 miles long, with grades of
more than 80 feet to the mile, on which the engines travel nearly four
hundred thousand miles per annum, and where the trade and travel
are both great; I will then apply it to a short road in the State of
New York. which carries no tonnage at all, but which derives its
revenue entirely from passengers, and which has moderate grades,
and a moderate business; next, 1 will make the application to a road
in Maryland 70 miles long, with grades of 84 feet, and which derives
two-thirds of its revenue from tonnage. Finally, I will apply it to a
road in Pennsylvania 56 miles long, with favorable grades and mod-
erate business—and again to the same road the next year, when ex-
tended 38 miles further, and having an inerease of business.

The following table gives the length, grades and business of these
roads; and, in the two last columns, are placed, side by side, the actual
and calculated expenses.

TABLE exhibiting the actual and computed cost of maintaining

New Roads, calculated from the formula,

% N4 2py T pisook
—— 1 = 3004,
160 T 1000 - T Tooo
BADE T T L B 5 - :
Name of Road, LengthG dlil":olml by Thro' | Thro' | |Calclatd Year,

"
' v 8|
tonn'e.| mwcL_prense

iles. lin
riles. ey
mil¢ lengines. |

o ——

e —— i — | i

l
exXpenses, [
|
|

Georgia Road, 1474 | 37 1152,873(10,000/12,000 $109,819 [$106,605 | 1842
Western Road, 156 83 |397,205(40,000/53,000 256,619 256,187 | 1842 |
Syracuse and Utiea, 53 | 84,000 I70,769| 62826| 62315 1842 |
Baltim’e & Susqueh’a.] 70 84 |128,349|23,000 16,500; 75224 | T4,379| 1842 |
Reading Road, 56 19 | 83,717 24.00(1;31,453; 62,635| 61,818 1841

Reading Road, 84 |1198,055 55.6“0533‘7_20 13_!‘!.‘_3(_)@ 7 152,911 1842
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The roads named in this table are all those which have been com-
pleted less than four years, of which I have been able to procure the
trade and travel, aggregate expenses, and distance run by the loco-
motive engites for the year 1842. In some of these I have been
compelled to deduce the through tonnage from the receipts and prices
—the reports giving only the aggregate tonnage ;—in general the
through trave] is given with precision.

The agreement between the actual and calenlated results in this
table, is most remarkable, and exhibits a degree of uniformity in the
administration of the lines, which could not have been anticipated.
Indeed it is most probably because the roads are so new that the agree-
ment is so perfect. When they begin to feel the effects of time and use,
they will give way unequally, and exhibit much wider deviations from
therule. This fact is exemplified in the following table, which exhibits
the resuits of experience on ten important railroads, selected from dif-
ferent sections of the country. The roads in this table vary inlength
from 14 miles to 136 miles; in grades {rom 10 ft. per mile, to 83 ft.
permile; in freight from nothing to 94,000 tons; in travel from 7,000 to
180,000 passengers ; and in expenses from 30,000 to 225,000 dollars
per annum.

ABLE exhibiting the actual and compuled cost of maintaining
rouds whick have been completed more than four years, calculated
by the formula,

YEBLL g

7
N ——T4——P 4 500A.
100 +-IUOO +1000 +

| IL'gth |G'de . Thotah | | ’
| Name of Roada T onr Il'.l';‘m ‘( i:i"j Miles [Thr gh‘r Thr'gh | Actual ICu]culmd!
g Y. i | tun. |tonna'e| travel. lexpenses. expenses.|
lmlles_‘ feet. | f | | | |
| | {

Boston and Providence, 1842 | 42 | 38 [120,000/21,200/11%,129 $101,596 smu,ss;';'j
|Baltim’e and Washing’n, 1841-2 | 303 | 91,428127,369/114,260| 73.684| 76,166 |

|
{Petersburg Road, 1842 | 61 | 50 (131,160/22,000 16,000| 96,598 - 92,489 |
‘Nashun and Lowell, 1841 | 14 | 10 | 44,040/28,663| 85,737 30,708/ 33,131 |
Baltimore and Ohio, 1842 | 82 | 824(299,617/44,477] 34,380( 220,135/ 192,925 |
Portsmouth & Roanoke, [1842 | 79 { 96,000) 5975 7,662 73,345 76703
Boston and Lowell, 1842 | 26 | 10 [148,607/93,927(179,819| 131,012| 119,409 |
{Philadelp’a & Columb 1,(1842 | 82 | 45 (261,844 | | 116,000 112,979
{S. Carolina Road, 1B42 (136 | 35 |260,324 27,000 24,000/ 225743| 213,945
Boston atid Worcester, (1942 | 444 | 42 |241,319/61,911/165.720] 168,509/ 176.815
Utica and Schenectady, 18412/ 78 | 152,764 J114,527] 154,436/ 143,542 |

[Nore.—The miles ran on the Pelersburg Roadare assumed to be
the same as in 1841 ; the tonnage is estimated from the tonnage of
1841, with an allowance for the increased receipts. 'The results on the
Baltimore and Ohio Road for 1841 are preferred, because those of
1842 are complicated by the extension of the line to Cumberland.
The report of the Philadelphia and Columbia Road contains only
the expenses of motive power and repairs; the freight and passengers
areconveyed by other parties ; we have, therefore, in the formula to
make P=0and T=0, for this case. The tonnage and travel on the
South Carolina Road are deduced from the printed reports. The
actual charges on some of the lines will be seen to differ from other
published statements ; this will be found to arise from the fact that
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these statements contain charges for interest, ferries, cars, and motive
power on branch roads, which are rejected in this comparison. ]

Here is presented a list of eleven roads, situated in different sections
of the country, and offering every variety of length, grade and
business that could be desired, in order to put the formula te the se-
verest test. The greatest difference which is exhibited in the whole
list between the actual annual cost of maintenance, and the estimated
cost, is 12 per cenl.; certainly no closer agreement could be expected,
since the actual expenditures fluctuate to that extent—and, perhaps,
through wider limits—f{rom year to year; the removals of decayed
timber, and various contingencies, being found much more extensive
some years than others, Inlooking over the list I am able to aceount,
in almost every instance, for these departures from the formula, b
my personal knowledge of the situation of the line. It will probably
be seen on some future oceasion, that those roads whieh now exhibit
expenses above the formula, will fall below it for other years—a re-
mark which is applicable to the Boston and Lowell, Baltimore and
Ohio, and South Carolina Roads.

It is no part of my object to flatter the expectations of railroad com-
panies, but to exhibit to them and the public the truth; to those
companies whose works are now new, and who seem to be making
money, I would suggest the timely formation of a contingent fund, to
prepare them for a contingency which will as sarely reach them as
the next new year. Itis bad policy to divide the annual expenses
as if they were real profits ; the money that is earned at the expense
of the rails, cars, and machinery, should be hoarded to replace those
things, and not distributed, as if they were to last forever. It can be
shown that every company should annually store away, in times
of prosperity, while their work is new, at least 6 cents for every mile
travelled by their engines, 1 cent for every ton conveyed one mile,
and 200 dollars for every mile of road, to replace decayed materials,
and injured iron and machinery. If their profits will not permit that
reservation, then the prudent man will avoid their stoek ; and the
company should cut down their expenses to the limit assigned by the
trade. Where these expenses do not consist of interest on debt, this
retrenchment is almost always possible.

In the firstof these tables the Reading Railroad appearsto escape the
application of the rule; the calenlated expenses exceeding the actual
charges, as stated by the company, some $14,000, or about 10 per
cent. There has probably been a division made between the current
and contingent expenses on this line ; indeed, on inspecting the pub-
lished exhibit, I find that the whole sum set down for Zimber used in
repairing 94 miles of road, including rails, sills, &e., is just $2,431.
Now, I know personally, that twice that sum wonld not pay for the
timber required for repairing the bridges alone; the bridge account last
year must have amounted to more than $§12,000,and seems not to be
included in the published statement. This sum being added to the pyp-
lished lOt:tl,bl’illgs the ycm"s eéXpenses up to $151,000, or wllti:m 13 per
ct. of the formula. Perhaps the company regard the loss ol a bridge as
so extraordinary an occurrence, that it can never take place again; but




8

their report already points to another which is found to be «less
permanent than the rest ;” and time will show that no part of rail-
way superstructures will long remain permanent under the action of
heavy engines and their trains. Besides there will be freshets, and tor-
nadoes, and fires; and on a road which has a great many bridges con-
structed of perishable materials, and which is travelled by 25 or 30 lo-
comotives every day,or about 10,000 trains a year—with engines using
pine wood for fuel—many accidents must be expected. One bridge
per annum 1s a small allowance for the average loss; and if the
bridges happen to be fortunate, there will be rotten sills, or crushed
iron, enongh to compensate for the difference,

* We perceive then that the formula applies also to this road; and I
will now insert a table exhibiting its application to all the roads of
which I have been able to obtain the amount of trade, and annex a .
cohunnsho“dngthc}mrcmnﬂguofcrnnﬂbrcuch;nothaVMgthcnun%
ber of miles run by passenger and freight engines separately in every |
instance, I make use of the mean value 274 cents per mile run.
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Une word more in reference to this table. I offer here a list of 17
tailroads, presenting almost every conceivable variety of length,
grade, and character. It is not a selected table, but contains the re-
sults of one year’s operations on every road, without exception, con-
cerning which I have been able to obtain the necessary data—mate-
rials which have only been procured by dint of great exertion. It
will be seen that the management upon these various lines is very
nearly uniform, and that they are a// obedient to the law. The greatest
departure from the formula is 12 per eent.

Now, this list embraces roads which are situated in every one of
the sea-board States from Maine to Georgia: the aggregate length
of line exhibited is 1251 miles; the engines traverse annually a space
of 2,886,300 miles, and they carry no less than 33,360,560 tons, and
67,726,006 passengers one mile. The aggregate ordinary expense of
maintaining this length of line, and accommodating this amount of
tonnage, is actually 82,109,188 annually, and the calculated expense
$2,068,165. The difference between the calenlation and the fact is
$41,023, or less than two per cent.

['conceive, therefore, that T have authority sufficient for announc-
ing this formula as expressing the law of railroad expenses—a law to
Whicli all the roads in the country are obedient. If stronger evidence
of its correctness could be offered, I know not in what it would cor-
sist. It is in vain to urge here that a certain road has peculiarly
steep, or peculiarly light, grades, which should exempt it from the
application of the rule. The formula which I announce, accounts for
these differences, When the grades are easy, the engines make fewer
miles, and the rule looks only to the miles.

There is yet another point of great importance connected with this
subject, which ought not to be overlooked, viz., the “extraordinary
expenses.”” It is the custom among too many of the parties interested
in the railroads of this country, to jook upon the suggestion that iron
may be worn out, as a thing so chimerical and visionary, as to be
entirely unworthy of their sober thoughts. In the course of a few
years they are surprised by the fact—the certainty—that money must
be raised, and that their iron must be renewed. Instead of being
warned by experience, and commencing immediately the work of
retrenchment, and the provision of g surplus fund to meet the recur-
rence of the contingency, they look upon it as extraordinary in the
extreme—a sheer accident, Which cannot occur again, or which can
be warded off by a heavier iron. Sxperience and common sense
teach that heavier iron will be attended with heavier expense ; but
they have not yel taught that the wear will be less. A heavier rail will
longer resist a given trade ; but will each dollar put into the heavy
rail go farther? This, however, is a subject which must be reserved
for a future number of the Journal.

Repairs of Engines and Cars.

It is the custom of many companies to publish the cost of répairs of

their cars.and engines in a single item, so as to malke it impossible for

the reader to determine, from their accounts, what portion of the bill
B
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was created by the engines, or the difference between the repairs due
to different sorts of cars; but still an industrious investigation of the
subject gives us facts enough to estimate these separate items for or-
dinary cases, with all desirable accuracy. I have stated in a former
paper that the repairs of burthen cars are worth, on the average, 43
mills per ton per mile; and that the repairs of the engines averaged,
during the year 1842, seven cents per mile run. I have also observed
that the repuirs of passenger cars vary from three-fourths of a mill to
a mill and a half, and sometimes exceed 2 mills per passenger per mile.
If these facts—all of which enter into the formula which I have of-
fered for the determination of the aggregale annual expenses of a
railroad company—be well established, they will not only stand the
test of trial for the aggregate, but they will apply indetail. Not only
should the formula for determining the aggregate expenses be correct,
and correspond with actual results—as we have seen—but the separ-
ate iterns of which it is composed, must, likewise, bear the test, and
give results in agreement with the average results of experience.

It is not pretended that a formula could be offered which would
show the exact cost of every item of every company for every year—
because the actual expenditures due to each item fluctuate from year
to year; but it is maintained that these fluctuations are above and
below a certain average line, from which they may depart towards
either side for a certain time, but to which, and beyond which, on the
opposite side, they are as sure to come as the pendulum is sure to
approach the vertical in its vibrations. Although it was not my in-
tention to enter so minutely into these details, probably more con-
fidence will be yielded to my statements when the data on which they
are founded are presented. These data, for the repairs of engines,
are exhibited in the following

TABLLE.
| Cost of

r | .
1 Miles run | . Repairs pr
. | repairs of |
by engines. mile run.
= | ensives. |

Name of Roads. Year Remarks.

NIV i |

Philada, Wilm. & Balt.[1842 177,859/ 17,071 | 9.6Ces. [O1d Road.

Weslern Road, 1842 397,295 | 22,177 6,1 New road.

§ Ordinary & extraord'y

Georgia Road, |1842 152,873 IU,!.’J.’}‘I 6.7 ? repairs & improvem’s.
Balt. & Susquebanna, [1842 128,349 7,198 | 5.6 New road

Utica and Schenectady, |1842 150,000 | 10,546 | 6.9 Passenger business.
Baltimore and Ohio, 1841 299,617 | 20,640 7.0 2 Oldroads in good
Baltim'e and Washing’n, 1842 95,817 | 7,973 7.2 5 condition.
Philada. & Colambia, (1842] 261,744| 21,915 | 84  |Generally frei't business

: |
Boston and Providence, (1842 112,805 7,257 6.5 .
i : eRailinsn " ) 5 od
Baltimore and Olio, 1843 ' 509,765/ 25941 | 7.0 El”;]m:g?lt:;"lﬂ go

Wash, and Ballimore, |1843| ‘JEZ-,'.'16| 6,714 7.0
|

| | T2.392,840(8 169,350 Avr7.1

This table exhibits the cost of repairs of engines which have tra-
versed a space of 2,382,840 miles; and shows that the average 1s
* This Company have added to the usual division of their expenses into ordinary and ex-
:mord_innry 1epairs, the new classification of “improvements to engines;” not bcin;.; able to
conceive that a small stock of engines could run 153,000 miles, and be materially improved
by it, I regard theso “improvements” as expenses.

e
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within one-tenth of a cent, per mile run, of the mean value at which [
had stated it. It ismy impression, however, that the average on these
same roads will be greater for the year 1843.

Now, if we call N the number of miles traveled by the locomotive
engines; T the number of tons of freight carried one mile; and P the
number of passengers carried one mile, the average aggregate cost of
repairs of passenger and burthen ears, and locomotive engines, will be
shown, very nearly, by the formula,

7N 4.5T ‘g
——— |
100 ° 1000 ' 1000

By expressing the cost of repairs in this way, we are able to deter-
mine, at once, the expenses of repairs for an entire train composed of
either description of cars, or of both sorts, and in any proportions.

Although this, and all my other, estimates might be much strength-
ened, by bringing forward facts resulting from former experience, I
prefer, with one or two exceptions, to limit my examples, on this oc-
casion, to those works of which I have obtained authentic informa-
tion for the year 1842. Of course, I exclude those lines which have
been so recently completed, as to require no repairs at all for cars.

The following table presents the number of miles run by locomotive
engines, and the number of tons and passengers carried one mile on
eight railroads for the year 1842, and two for 1843—which have been
recently published;—and in the two last columns will be seen the
actual expenses of repairs of cars and engines, and the expenses of the
same computed by the formula.

TW1BLE.

[ iRA e . . Possengers| , . [Compul'd

- | Miles run|Tons earried : Actual cost t

{f Road. |¥es > X arrie | St i ;
Name of Road Year oy angPm |~ one fatle;. | © arried one of repaits. | cost of
s | mile. | | repairs.
Petersburg Rond, ium‘ 131,160 | 1,342,000 | 976,000 | § 16,513 | $ 16,196
Boston and Providence, (L842] 120,000 | 890,400 | 4,919,418 13,506 17,326

Baltimore and Ohio, |IS-III 299,617 | 3,647,093 | 2495911 | 45,534 39,881
Baltimore and Ohio, 113-5'3 334,519 | 5,085,425 ‘ 2,738,770 44,368 | 44,189

Baltimore and Ohio, ]3-1-3| 509,765 | 7,109,310 | 6,062,455 62,862 | 73,738
Baltim. and Wnnl)illgt(m.:li-hl-f!l' 96,716| 805,420 | 2,646,710 17,453 | 14,801
Baltimore and Susque'a,, [1842] 128,549 | 1,610,000 | 1.165,000 13,570 17,390
Balt. and Washington, 1842 95817 | 877,138 | 5,188,048 17,058 | 15,864
Utica and Schenectady, |1842| l.ili.lVrUl 8,413,704 15,849 18,914
Boston and Lowell, 1842] 143,007 | 2,442,102 | 4,675,294 28,916 05716
Georgia Road, 1842 152,873 | 1475000 | 1,i70,000 19,899 | 19,107

On inspecting this list we Will observe that the actual charges on
some of the roads are a Jittle above, and on others a little below, the
indications of the formula—but that the deviations are in no instance
too wide to render the rule, as far as it goes, a safe test of the value of
an investment. The actual cost on the Baltimore and Ohio Railroad
falls considerably below the computed cost for the year 1843. In
1842 the agreement was very close, and in 1841 the result was nearl
as much above as that of 1543 is below the rule. Indeed, in 1841
the sum of § 9,766 was expended for newburthen and passengercars,in
addition to the § 45,534 charged to repairs of cars and engines, - The
aggregate expenses for repairs of cars and engines, on that work, for
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the three years amounted to $152,964—and the expenses calculated
by the formula to § 157,808. If we add the sum paid for new cars,
to the actual cost of repairs, the actual expenses, for the three years,
will be $ 162,730, 0r 3 per cent. above the computed expenses.

The formula simply exhibits what it is intended to show—the
average for a succession of years. I do not include the Boston and
Woreester road in this table, because the result on that work is en-
tirely anomalous. For previous years the agreement between the
calenlation and expenses was sufficiently close; but in 1842 there
was a material increase of business, an extraordinary reduection in the
expense of repairing the cars and engines, and a simultaneous aug-
mentation of the capital—or charge for construction—of $ 390,000,
I am obliged to suppose that new cars and engines were added to the
line, and that a portion of the business was performed by new stock.”

We may now pass to another very important division of railroad
expenses, which are usually, though very improperly, denominated
«extraordinary expenses.” I refer chiefly to the

Wear of Iron Rails.—There is, perhaps, no subject of interest to
the engineer which has attracted less serious attention, or has been
more vaguely and indefinitely considered, than the wear of railroad
iron. Instead of attempting to find some correct and rational measure
of this wear, the public, and in a great measure, the profession also,
have persisted in regarding the visible destruction of the iron on rouds
which have been some years in operation, as a consequence of the in-
ferior quality of the particular specimen, or of the inadequate strength
of the particular pattern. It is the custom to say that the mashed and
splintered iron ol the Camden and Amboy, and Columbia roads was
bad ; but no argument has ever been adduced to show that good
iron, in the same situation, and subjected to the same sort of treat-
ment, would do better.

So long as railroads happened to occupy positions where they
would be used for the mere conveyance of the travel, and a few
thousand tons of goods, between adjacent cities, the durability of iron
was a question of subordinate interest. An engineer could be satis-
fied that his rail would last 10 or 20, or 30, years, and could generally
count on a suflicient increase of business consequent on the increase
of population, to compensate for its destruction in that space of time,
Bat railroads are now projected to take the place of important cauals,
and to furnish the means of transport for the heavy products of the
earth at exceeding low rates. The question assumes, therefore,
another aspect. The trade of the Erie canal in New York, and of the
Sehuylkiil Navigation in Pennsylvania, may be estimated at 700,000
to 1,000,000 tons per annum ; and there is no railroad in the United
States worked by steam power, which accommodates more than the
one-ninth, or one-tenth, of this amount, with the exception of the

* The cost of repairs of locomotive engines for this road, for the year 1841, was 93 cents
per mile run, and in a space of seven years, from 1835 to 1841 inclusive, the engines per-
furmed an aggregate distance of 850,809 miles, at an aggregate cost of § 84,183; or within a
fraction of 10 cents per mile run, The repairs of cars are fluctuating, but the average isin

aceordance with. the formula, ‘This road is not an exception to the rule, though the formnla
does not apply for the year 1842.
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Reading railroad, which has not yet been long enough in operation
to yield any useful practical resnlts.

The common hall-inch flat bar, under ordinary circumstances,
is adequate to the trausportation of about 150,000 tous of freight.
Such a bar on the Pelersburg road, where the freight amounts to
some 25,000 tons, would resist the wear of six years’ business; but
it one year’s trade of the Schuylkill canal were poured along it, the
iron part of the track would need entire renewal siz limes in one
year.

The same remark is applicable to any of the same sort of wooden
roads in the country. They would all bear about 150,000 tons net,
drawn at the usnal speed of ordinary freight engines, but would be
completely destroyed by about five weeks’ business of the Schuylkill
Navigation, in the season of active trade.

It must be admitted that we have not yet sufficient data for esti-
mating, with entire certainty, the probable durability of many varieties
of rails. We have, however, data sufficient, il we use it properly, to
malke a much nearer approximation than is generally supposed to be
practicable. The durability of the half inch plate rail can be deter-
mined with all desirable accuracy, and we can judge from analogies,
which the problem presents, the probable wear of other patterns.
Great errors have been committed in the consideration of this subject,
by overlooking the fact that the progress of the wear is rarely ascer-
tained, or, in the least, appreciated, until the rail is destroyed. The
annual charge for iron is very small, because, in general, the track
does not appear to give way until it is nearly unfit for use. When
repairs really commence, the destruction is so far advanced that the
iron must be renewed ; and if the directors assert, as they usually do,
in their next report to the stockholders, that experience has shown
that the original iron was very bad, and has all been erushed, the ex-
planation is satisfactory, and the cost of the new iron is forthwith
charged to the account of construction.

We accordingly find, in looking through the reports of railroad
companies, that the average annual increase of capital, generally ex-
ceeds the dividends even of the most successful enterprizes ; and Zhere
is not now (o be found in the country a single road which has re-
newed its iron oul of the proceeds of transporiation. While the
trade continnes to be small, and this extraordinary outlay is needed
but once every 6 or 8 years, the sel{-deception can be practiced with
considerable success, But there are now works constructed which
are intended for a very great business, and which will reduce the ex-
traordinary charge for renewal of iron down to a very ordinary cir-
cumstance. The Reading Railroad is contemplated for the convey-
ance of the present trade of the Schuylkill Canal—from seven to eight
hundred thousand—and which will very soon reach one million of tons
—and should the experiment suceeed, £/e cost of iron will be more than
equal to the entive rencwal of a single track every year. The ques-
tion of wear, is, therefore, of immense importance, and can no longer
be lightly disposed of by companies of this class.

This, as every other item of railroad expenses, is subject to a cer-
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tain law, which must be recognized before we can make any effectual
progress in our investigation.

The destruction of iron depends on the grades of the road, on the
tonnage, and on the travel. Every ton of freight that passes produces
a certain amountof injury ; every passenger car and every passenger
does some injury, and every engine that traverses the line produces its
share of mischief; but the number of engines that traverse the road, in
conveying a given amount of tonnage, depends on the limiting gradient
—and,consequently, the destruction of iron, celeris paribus, is greatest
on those roads of which the grades are most unfavorable to the useful
effect of the power.

If we call N the number of miles traveled by all the engines on the
line’; T the number of tons net conveyed one mile ; and P the pas-
sengers conveyed one mile, for one year, then

aN+bsT 4P,
will be the form of the expression which represeunts the amount of
injury which the iron has sustained—e, b, and ¢, being constants to
be supplied by experiment. It is assumed, of course, that the weight
and form of the rail, as well as the weight, construction, and velocity
of the engines, are uniform.

The point, now, is to determine the values of the coeflicients, a, ,
and ¢. For this purpose I take, in the first place, a road on which
engines are not used, and but fow passengers are conveyed. The
wear of iron on such a road gives us the vaine of 4, or the injury done
by the tonnage.

There are two works of this description of which we can find pub-
lished reports, and which have been long enongh in activity to destroy
a portion, or the whole, of their iron.

The Chesterfield REailroad, in Virginia, constructed with a flat bar,
and using horse power and light cars, has required, for some years
past, about $ 200 per mile for new iron, to replace that which is des-
troyed by the passage of an average trade of about 50,000 tons of
coal. The destruction is here equivalent to four mills per ton per
mile.

The Mine Hill and Schuylkill Haven Railroad was originally
constructed with a flat bar, and six miles in length of the road had
been renewed with a heavy edge rail, before 400,000 tons had passed
along it.  Assuming the value of the flat bar at $ 60 per ton, or
$ 1200 per mile, which is below its present value, and that the iron
was worl out by 400,000 tons, the result will be three mills per ton
per mile. But this road is provided with a double track, and the track
which was destroyed was not used by the ascending cars.

The injury produced by the empty cars is certainly more than one-
third of that effected by those which are loaded; and the result on
this road, therefore, corresponds very closely with the previous ex-
ample. The wear then obviously will not be less than 4 mills on a
road sustaining locomotive power—where the velocity is much greater
thaln on the Chesterfield and Mine Hill roads.

I will not, therefore, be above the mark in assuming b=4 mills.
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The flat bar on the Pelersburg Roud may be considered to have
been worn out in six years, by use which was equivalent to 12,000
trips of locomotive engines ; 130,000 tons of freight, and 100,000 pas-
sengers carried over each mile. If we consider the injury cansed by
cars carrying 5 passengers, equal to that produced by those carrying
1 ton of freight, and the value of this iron equal to $ 1200 per mile,
we shall have

bP+c¢T=4§600

for the damage due to the freight and passengers.
The remaining sum of $ 600 is the destruction produced by the
12,000 miles run by the locomotive engines ; whence we have

60,000

(= ——— = H cents:
12,000 y

or 5 cents for the injury done by the passage of the locomctive en-
gine over every mile of the road.

We obtain, then, from this procedure, @=>5 cents ; b=4 mills ; and
c=4 mill, and for our formula

BN« 4T. 4P
100 " 1000 " 5000’

If these values be correct they will apply to any other similar case.

The first iron used on the South Carolina Road, was destroyed in
less than six years—after it had borne about 130,000 through tons,
and 120,000 through passengers, and the locomotive engines had
made 10,000 through trips. The formula will give for this case,

€ 2] 8 -
10,000x 5 130,000 x4  120000X4 _ g 1
100 1000 1000
for the destruction of the iron per mile. This is, no doubt, very near
the true value of the first iron used on that road, estimated at the
present prices.

There are several other roads, of both descriptions, for which simi-
lar computations might be made, and which would confirm the
estimate—and I shall take oceasion, at a subsequent period, to present
much data of the same character in a tabular form. But without
discussing this branch of the subject further, at present, it may be
stated in round numbers, that the average destruction of the half inch
plate rail, caused by engines, freight, and passengers, 1s equal to about
8 mills per ton net per mile; and by comparing the above expression
of the wear of the rail, with that previously obtained for the wear of
the cars and engines, we will perceive that 1lw.y possess very neatly
the same value—or that the injury done to this iron, by the passage of
a train, is but about 10 per cent, less than the wear and tear of the
engine and cars composing the train.

In the application of this formula, however, the fact is not to he
overlooked, that it is derived from the destruction of the plate rail,
and is intended only to be applicd to that description of road, 7%e
destruction of any form of 'l or H rail, which I have yet seen, will
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be greater, 1tis true that the expenses of maintenance for some new
rotltls, pwvulc-(! with heav y iron, are yet very light, and they will pos-
sibly continue to be light until they have carried from three to five hun-
dred thousand tons of freight—when, if the rail is still in existence,
they will be very heavy.

It requires but little experience, and no speculation, to bring us to
this conclusion. Let us take the ‘L\m patterns, fig. 1, and fig. 2, for
the purpose of illustration. Fig. 1, is a common form of edge rail,
of 60 pounds per yard, of which ilm head, or upper table, A, wunln
20 pounds. Fig. 2, is a common plate m]L 23 inches \VILIL., by § of
an inch thick, which also weighs about 20 pounds.

This flat bar is supported along its whole length and breadth by
the wooden string, S, and the (d"l' rail is supported only in the centre
by the vertical stem, P. Is there now any reason why the unsup-
ported flanch, /£, should do more service than the supported flat bar,
B? The vertical stem and base of fig. 1 never wear out; it is the
head of that rail which is erushed and rolled to pieces. When the rail
is destroyed the lower portions are untouched ; but when the head is
bruised and split, the whole rail is rendered useless—and when the
rail is ruined, 60 pounds of iron per yard, are lost to the company.
The flat bar will bear just as much—indeed, being supported, a_little
more—hammering, and when it is destroyed, but twenty pounds are
lost. DBesides it may be welded when broken, the ends may be ¢«up-
set,”” and restored when split; new holes, when necessary, may be
punched, and it can be returned to the road until the lamination and
splintering throughout render it wholly unfit for useful serviee,

But it is not my intention to speculate here on the relative merits
of rails. The present object is to adduce facts and conclusions based
on observation of many roads of various descriptions, in relation
to the destruction of such rails as are ordinarily adopted. I know
that my opinions on this head are not those of the public, nor of many
professional gentlemen of much experience ; but I believe they are,
neVC!‘ThL]c\e, correct, and I therefore submit ilu-m to a test which will
speedily be applied, and by which this question will be most conclu-
sively settled.

The rails of the Reading road are, by common consent, acknow-
ledged to be good ; the pattern is considered, by the advocates of edge
rails, to be unexceptionable’; and the mode of manufacture adopted—
that of making the lamina horizontal—is considered to render them
almost proof against wear.

In regard to these rails—with all their merits, and all their superi-
omy-l affirm,

1st. That they will not withstand the rolling of the trade of the
Schuylkill valley for one year.

e WLy




'

2nd. That before 800,000 tons of coal have passed down, and the
empty cars have been returned on them, the present track will be
entirely unfit for safe usage.

8rd. That it will cost from 50 to 75 cents to replace the iron which
is destroyed by each ton of coal that descends from Pottsville to
Richmond, on the present track. And,

4th. That before next August, if the company succeed in ob-
taining the trade which they desire, this rail will be pronounced Zoe
light by the very parties who now think it will last forever.

The fault, however, is less in this particular rail than in iren, which
is not tough enough for such usage at such prices:

I know that the Providence road will be adduced as evidence
against me, where the road has been some six years in use, and the
iron is yet sound ; but the Providence road actually passes but 30,000
tons per annum on a single track, and must vet stand 25 years before
itcan do one year’s business of the Schuylkill canal.

The Georgia road may, perhaps, be quoted as evidence, where
experience, they say, has demonstratéd, beyond all question, the abil-
ity of railroads to compete with canals, for the conveyance of heavy
freight ; but the Georgia railroad has been less than three years in
operation, and has not yet carried as much Jreight as has some-
times passed along the Sehuylkill canal in three days. Pour the
trade of the Schuylkill, or Erie, canal, on parts of that road, with
such engines as would be needed for its conveyance, and the track
would be crushed in less than four weeks.

The Boston and Lowell road will be quoted. This road has not
yet carried, in the eight years of its existence, an aggregate tonnage
equal to the Schuylkill trade—and that tonnage has been sufficient for
the destruction of the first track of edge rail, and the company are
now,and have been for some time, using the second and third tracks.*

The Camden and Amboy road was originally provided with a
“permanent” track. The aggregate trade has not yet reached
800,000 tons net—the reader who feels any interest in such matters
can cross the Delaware to Camden, and examine the old rails, and
form his own conclusions; he will then be able to judge whether
these have given out because they are too weak, or because the ma-
terial, in this form, is inadeqate to a much greater effort.

In England,however, itis contended, people have more experience.
The best experience there, is that of the Liverpool and Manchester
Railroad, a work which was opened to public use'in the fall of 1830.
This road was at first supplied with two tracks of edge rails, weighing
35 pounds per yard. The rail answered very well until the fall of
1833, when the work had passed about 300,000 tons on each track,
at which period £ 150 were expended for new rails. In the next
half year, before they had transported 850,000 tons, an additional
outlay of 3000 pounds sterling was required for new rails, and the
adopted pattern was pronounced fpo light for the service. A rajl

* It is proper to say that the rails of this road were taken up afler six years' use, bpcause
they wera too weak ; but we never meet with rails that are strong enough after they havf
sustained the passage of 600,000 tons,

a
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weighing 5¢ pounds per yard was next tried, and subsequent expe-
rience showed that that also was Zoo Zight. A new pattern was then
projected, weighing 62 pounds per yard, and forthwith submitted to
the same rough usage. The trade on this road is great, and soon
tests the merit of a fancy. This pattern was also found inadequate,
and another, weighing 70 pounds per yard, was fixed upon, which
was, last year, regarded as the pattern rail. I have not vet heard
how it wears, but one year more will test its strength on that road,
where there is really a heavy trade,although the net tonnage does not
reach one-half, nor much exceed one-third, of the average trade of the
Schuylkill, or Erie,canals. 1do not believe that either pattern would
resist the action of one year’s business of one of those works, if it
were confined to a single track.

I trust that those who have made observations on this interesting
subject, will communicate them for publication in this journal. If
there be an edge rail in the United States, which has sustained the
passage of amillion of tons of freight,* conveyed by locomotive engines,
it could not but be regarded as a most encouraging circumstance, and
its history ought to be known ; such a rail—weighing 60 pounds per
yard—would show the practicability of reducing the average cost of
this item for such rails down to 6 mills per ton per mile; and, there-
fore, below any result which L have yet beenable to obtain. My im-
pressionis, from the comparisons of the actual destruction whichI have
been able to make, that its value may be reduced, by the adoption of
a suitable flat bar, and a moderate speed, to 34, or 4, mills per ton per
mile.

I propose now to continue to produce those details of the cost of
transportation on railroads, which enter into the approximate formula
for the computation of the average annual charges, preparatory to the
indication of certain modifications, which, in time, will be found ne-
cessary, in order to adapt the expression more strictly to the various
cases which occur in practice. A reference to the table contained in
a previous number of this journal, (vol. vi. p. 323) will show with what
accuracy the formula, in its present state, applies to almost every
variety of roads in the Union.

But it will occur to the experienced reader, that there are certain
sections of the country on which the cost of fuel is exceedingly light ;
others where it is very great; that there are some lines provided with
a dounble track; some on which the engines are unusually large, or
on which the company are exposed to peculiar causes of expenditure.
It will be readily conceded, therefore, that a formula s¢rictly applica-
ble to all these cases, ought to be expressed in more terms than the
mere length of the line, the tonnage, the travel, and the miles run by
the locomotive engines—which are all the quantities that appear in
the rule which has been presented. But yet we have seen that that
formula, as it is, does apply and give consistent results, and results

* In areport on Herron’s cast-iron rails laid before the Committee on Science and the Arts of

the Franklin Institate, about two years ego, I stated that no roud in the United States hads
yet susteined one million of tons of freight: 1 have not yet heard of such an instance.
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quite close enough for almost any useful practical purpose, without
any correction for these varying conditions. This circumstance, there-
fore, needs explanation but before explanation can be advantageously
offered, I must lay before the reader certain details which have been
used in the construction of the formula. In anticipation of this ex-
planation, however, I may observe that the true cause is, that these
circumstances, Which disturb the action of the general law, have very
little influence compared with the value of the great items which
compose the formula. T shall return to this stubject again ; but at
present we may proceed with the determination of the values of the
detail of expenses, and leave the slight corrections to be applied in
consequence of these irregularities—irregularities chiefly in the prices
of labor and materials—for the sequel. The reports of the various
companies for the current year, will shortly be published; and by in-
troducing the results which it is to be presumed they will exhibit,under
an improving system of economy, I hope to be able to make a still
closer approximation to the truth, We shall have also, in a few
weeks, the results of the year’s operations on the Philadelphia and
Reading Railroad, from which we shall be able to verify experimen-
tally, the influence on the cost attributable to a very large trade con-
ducted under remarkably favorable circumstances.

I propose to consider next—

The Cost of Fuel—It is obvious to every one that the consump-
tion of fuel depends on the construction and power of the engine, the
gradients of the road on which it operates, and the load which is
conveyed. The cost of fuel really depends, in some measure, on
these circumstances, but chiefly, in practice, on the price of wood ;
for in this country the price of a cord of wood is much more variable
than any other element which affects the value of fuel, or the value
of motive power.

The following table of the distance run by locomotive engines in
different parts of the country, together with the annual aggregate ex-
pense of fuel, and the reduced expense, per mile run, will serve to
exemplify this point.

TABLE of the Expense of Fuel.

[Distanee run| Cost of |
Name of Road. Year. ! by engines E;['_"nre ii‘ucl per |  Remarks.

| in miles. of fuel. mile.
Georgia Road, :g:j 152,873 | § 6,405 | 42cts.
Central Road, 4. 102,145 | 4,810| 4.7 5 ’
South Carolina Road, 1842 | 96,324 | 13,950 5.3 ‘S‘;’“‘h" R,,":f:’
Portsmouth and Roanoke, 1842 96,000 4,700 | 4.9 e
Petersburgh Road, 1842 | 131,160 8,200| 6.2
Baltimore and Ohjo, 1343 509,765 | 83,547 | 6.6
Baltimore and Susquehanna, | 184 128,349 8,981 | 7.0 q i
Utica and Sclwnectlady, 1841 | 155828 | 11,000( 7.1 Rogﬂuslgt;hd
Philadelphia and Columbia, | 1842 | 261,744 | 22,000| 8.4 Average 9 ol
New York and Erie, 1842 | 24,564 2,744 |11.1 s
Reading Road, 1842 198,055 19,002 | 9.6 |
Norwich and Worcester, 1842 | 144,321 14,662 102 |) New England
‘Waestern Road, 1842 | 597,295 | 60,774 [12.8 Roads,
Providence Road, 1842 120,000 17,648 |14.6 | Average 13 cts,
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[Nore.—The expense of fuel on the New York and Erie Road,
includes the cost of sawing, and the loading of the tenders. The
engines on this road, as well as some of those on the Reading and
Western Roads, carry very heavy freight trains.]

On ins ;mun*r this table we observe that the cost of fuel for each
mile traveled by the engines, increases very uniformly as we proceed
from south to north. We know, also, that the price of wood likewise
increases on the route, though not precisely in the same proportion.
Wood is worth, on the aver: 1ze, two and a half times as mnch in New
England as it is in Georgi a—but there are roads in New England on
which the expenditure for fuel is from three to four times as ‘much as
it is on some of those in Georgia. This inference is not wholly at-
tributable to variations in price, but depends, in part, on the size of
the engines, and the magnitude of the trains conveyed. The engines
on the southern roads, are, in general, not quite so heavy, nor so
heavily loaded, as those used on several of the northern lines—a cir-
cumstance which somewhat, though not very materially, inflnences
the result. Waiving the influence of this consideration, and regard-
ing the engines as of nearly the same average weight on all these
lines, this table will supply us at once with a correction to the for-
mula, which we may apply when we desire to approximate more
closoly to the actual expenses.

The formula, for computing the aggregate annual expenses of a
railroad, is based on an average cost of fuel of 9 cents per mile run.

In making the dpplltﬂ.[lOIl, from year to year, we shall find that
the results which it supplies will need to be modified, and that this
modification will be equal to an addition of 4 cents per mile run for
the New England roads, and a reduction of 4 cents per mile run for
the Southern roads.*

Wages of Train Hands.—It is the practice of many companies to
include the wages of enginemen, firemen, conducters, breakmen, &e.
in the item of fuel and salaries; of others to combine them with oil
and repairs of *engines and cars. Indeed, the heterogeneous mixture
of items, which are presented to-the lmhhc ina Iump, cannot but lead
sometimes to the conclusion that it is the object of the report to con-
ceal thessimple truth. It cannot be supposed that any company min-
gle such dissimilar items together in their own i:m)l\s; and as it is
really easier to copy off the items under their separate heads, than to
add them together and present them in a mass, it must bassupposed
that the Oluvcl of the condensation of matter is to prevent an intimate
acquaintance with their affairs. This inference is strengthened, in
my estimation, by the fact that the accounts of those companies which
pursue this course, exhibit an annual, and sometimes vast, augmenta-
tion of capital. Bv keeping the items concealed, the publlc are for-
bidden from ascertaining what portion of the o1r1mary current charges
go to swell the annual char ge to construction, and the deception
is thereby practiced longer with impunity. There are certainly some
remarkable exceptions “which might be named as good models for

* 1 propose to pregent, in a future number, 8 more, accurate and general formula for the
determination of the consumption of fuel.
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imitation. The accounts of the Georgia Road are always presented
with clearness and accuracy ; and though they might be gréatly im-
proved by the addition of the net and gross tonnage, and travel con-
veyed one mile, they exhibit, in their present state, a much better
appreciation of the imporfance of knowing the precise and detailed
condition of their business, than is observable in the statements of
other similar institutions. :

The report of the Baltimore and Ohio Company, for the current
year, also stands out conspicuous amidst the general confusion; and,
as ought to be expected, every item of expenditure on that line com-
pares advantageously with the corresponding item on any other roadin
the country.

The directors of the Norwich and Worcester Road, have pub-
lished a table which might be made valuable, but it is actually ren-
dered almost useless for want of the amount of the business transacted.
The number of tons of goods, and the number of passengers conveyed
one mile, ought to have been stated, and the different classes of wages
should have been separately given. It is of little use to tell us the
exact amonnt of expenses incurred in the transportation of freight
without informing us of the amount of freight transported.

The directors of the Western Road have also produced much val-
uable detail ; but they have failed to present the item of ¢serviees”’
under appropriate heads. No correct judgment can be formed of
the economy of the administration of a line on which the salaries of
agents and superintendents, president and engineer, train-hands and
wood-eutters, clerks and ticket-men, are condensed into one total.
The separation of this column—the accurate addition of the number
of passengers carried one mile, and the guantities of each sortof fuel
consumed—would render the report of this company a most valuable
document. I trust that they will not be deterred from continuing this
detailed exhibition of their affairs, when their road and machinery
begin to manifest some of the effects of time and use.

In consequence of this mingling of items, I am unable to separate,
with the desirable precision, the sum paid on many roads for wages
to the engine-hands, from that paid to the conductors and breakmen,
For this reason I find it convenient to include the wages of all the
train hands in the item of locomotive power. This item must, ac-
cordingly, be expected to vary with the magnitude of the train, and,
somewhat, with the acclivities of the gradients: heavier gradients
and the larger trains requiring usually a greater number of breakmen.
The variations consequent on this cause, are, however, very small ;
and we will come exceedingly near the truth by this formula,

t
74 +35
for the value of the wages to the train hands, in cents, for each mile
traveled by the train—¢ standing for the average number of tons of
freight in each train. The correctness of this approximation will be
seen by a glance at the following table.
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TABLE.
I T L e T TR | w Wages |
Name of Road. ’ Year. .Miles run.:[mi[ﬁﬁnm_ n;:f]i- Remarks.

Reading Road, 1841 ‘ 83,717 | @ 5,785 7.0 | With moderate trains.
Reading Road, 1842 | 198,055 | 17,752 9.0 | With heavier traing,
Boston and Providence, | 1842 | 182,229 10,799 | 8.0 |Medium trajns.

: ; i 21 S e Light trains and
Baltimore and Ohio, 1843 | 500,765 | 31,161 | 6.1 ’Eem “’;:des_
Eastern Read, 1842 | 184,127 14,774 8.0 |7 The trains on both
Georgia Road, 1842 | 152,873 | 12,666 | 8.3 | (‘]'::Zfe""“’-‘ are mod-

| | .
| | The Petersburg road
Petershurgh Road, 1841 | 131,160 14,558 | 11.0 Iwna worked at dis-
advantage in 1840
New Yorkand Erie, 1842 | 24,564 2,814 | 1L5 | fr’:]?n;“;““ﬁ ff};tﬂ};'
| ! & Erie road are unu-

F | _ [ |.) sually large,

The average value of wages, excepting for roads on which the
trains are excessively large, may be safely and justly assumed at 8
cenls per mile run.

Oil and Tallow for Lngines—The expense of oil is certainly a
very small matter, when compared with the aggregate yearly charges
against a railroad company; butitisa very important matter for
every company to know exactly what this, and every other item of
expense really is, and ought to be, in order to judge of the possible
ameliorations of their management. On the Georgia Road, in 1840,
the mere greasing of the engines amounted to more than 4 per cent.
of the aggregate charges of the company. In 1842, this item was re-
duced down to less than 14 per cent.

As another example of the effect of the same sort of economy in the
detail—in small matters—may be adduced the curious fact, that the
sum paid for oil by the Philadelphia and Baltimore Railroad Com-
pany, in 1841, amounted to $6,131, and 1842 it was reduced down to
$2,151. In the year 1842 it amounted to 3% cents per mile run, and
in 1842 it scarcely exceeded 11 cents per mile run by the trains.

The expense of oil is generally included under the head, « fuel,
oil, salaries, general and incidental expenses, &c.;”” “fuel, oil, salaries,
wages, loading merchandize, and miscellaneous expenses ;”’ «wages,
fuel, oil, &.””  This method of condensing accounts is so general,
that out of the reports of more than thirty railroad companies for the
year 1842, now on my table, I am able to select but the three follow-
ing, from which the cost of the oil consumed by the engines, can be
obtained separate from other items.
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TABLE.
Miles run|Cost of
Name of Road. Year. by oil for
engines. engines.

Cost Perl' ‘
mile run. | Remarks.

7 Cotton waste is includ-

Georgia Road, 1842 | 153,873 ($1,411 Hcts. | | edin the charge on the|
| #Balt. & Ohio, and be-
Baltimore and Ohio, 1843 | 509,765| 4,399 | .9 || lieved to be included in|

| that of the Georgia ro'd|
Philadelphia and Columbia,| 1842 | 261,744 | 3,104 | 1.2 Including oil for station-
i | ary engine. |

This table would seem to justify the assumption of 9 mills per mile
run, for the consumption of oil and cotton waste by the engine and
tender alone.

There is to be found a considerable list of reports in which the ag
gregate consumption of oil by engines, tenders, and cars, may be
separated from all other items. I have also some manuscript state-
mehnts from which these items can be obtained. The following table
exhibits the aggregate cost of oil for various lines, and the cost re-
duced to the mile traveled by the train.

TABLE.
0 | Cost of oil | |
Name of Road. Year,l l]:;rﬂfr!a;::‘ for tmqi_m‘-a - :T“':itr{::r Remarks. [
1 ‘ and trains, |

Central Road, 1842 102,145| $1,103 | 1.0 |Light trains, .
Reading Road, 1841 | 83,717 1,621 | 1.9 [Heavier trains, T,
Reading Road, 1842 198,055 3,936 | 2.0 |Sulllarger average trains.
South Carolina Road, [1842| 260,324 2,784 | 1i1
Utica and Schenectady, (1841 155,828 3,500 | . 2.2 Not strictly accurate,
Philada. and Baltimore, {1842 | 177,859 2,161 | 1.2 |Chiefly passenger trains.
Georgia Road, {1842 153,873 1,821 | 1.2 [Trainsequal the preced'g.
Norwich and Worcester,[1842 | 144 321 L947 | 14 |Wei'tof trains unknown.
Western Road, 1842 | 897,295 9,215 ‘ 2.3 |Heavy trains
New York and Erie, 1842 | 24,564 481 2.0 H_l.'.nvy freight trains.
Baltimore and Ohio, 184:;{ 509,765 7,201 [ 1.4 -|Lighter trains.

The consumption of oil and tallow may be estimated, in general,
at 9 mills per mile run for the engine and tender, and an additional
allowance of 4 mill for each ton net conveyed one mile,

I have also the consumption of oil and tallow for some other roads,
but as these statements manifest great and censurable extravagance,
and cannot be used to show the necessary expenditure on a well
conducted ‘work, I have not included them in the preceding list.

Sawing Wood, Pumping Water, and Loading Tenders—It is
not easy to collect facts wWhich will exhibit the actual cost of the
items included under the present head for many roads; but it is very
easy to estimate their average value by direct caleulation. Weknow
that it is worth, on the average, about 40 cents per cord to saw the
wood suitably for this purpose: and we know also that a cord of
wood is sufficient to supply the consnmption of the engine while
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running about 40 miles. It is, therefore, worth one cent per mile
run, to cut the wood for this object. To load the tenders, where
the business is regular and great, is worth about 20 cents per cord, or
a half cent per mile run. The cost of raising the water depends
more on the conveniences afforded by the situation. If we assume
the average lift at 30 feet, the labor of a man will be equal to raising
about 40,000 pounds per diem. Engines usually evaporate from 300
to 400 pounds of water per mile run, which brings the cost of pump-
ing to about the 114 of a day’s labor—or about 8 mills per mile run.
These items make together 24 cents per mile run.

The result of experience for twa roads is given in the following

. TABLE.,
(' ~; % | | Miles run|Cost of sawing,] Cost
| Name of Road. Year.| by loading, and per
[ i engines, | pumping. Mile.
i |
| Boston and Providence, | 1842 | 120,000 $ 3,266 2.1
Ph_ilndn. and Columbia, 1842 | 261,774 5,989 2.3
1
| | Average, 2j cts,

Locomotive Power—~We have now gone over the items in detail
which compose the cost of locomotive ppwer, and are, therefore, pre-
pared to sum them up, and compare the aggregate of the averages
with the amount at which it is stated in the formula, proposed for the
computation of the aggregate annual expenses. These items are

{ Cents,

Repairs of engines and tenders per mile run, : 7.0
Fuel, per mile run, : : . ' 9.0
Wages of .train hands, per mile run, ‘ . 8.0
Oil for-engines and tenders, per mile run, ! 9
Sawing wood, loading tenders, and pumping water, per

mile run, A AL et ‘ . 2.5
Cost of locomotive power per mile run, . 214

It will, of course, be recollected*that this result is independent of
the injury to the road, which we have considered under the usual
head of «extraordinary expenses.”

The only division of these expenses which is liable to material va«
riation, is the cost of fuel, the price of which varies with the localities.
I have already offered an approximate correction of this item, which
may be employed -for general investigations; and shall shortly take
occasion (0 present a more accurate formula for its computation, based
upon a very extensive experience.

It might seem to the general reader, that after presenting the cost
of repairs of the road, engines, and cars ; the value of fuel and wages
of train hands; the consumption of oil, and the injury te the iron,
that there would remain but little more to adduce in the premises;
but I have yet a very important division of the subject to discuss,
which is much too frequently overlooked in investigations of this
character. >
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There are other extraordinary expenses, and certain contingencies
which go far to swell the annual charges on every line—without any
exception in behalf of the most favorably situated, or of those which
are most economically administered.

I proposed, in a former article, to offer an estimate of the probable
expenses for the present year, on a railroad in active operation, which
is now the object of much attention and interest, in order to exhibit
an application of the formula in anticipation of the publication of the
company’snextreport. 1take the Philadelphia and Reading Railroad
for this purpose; and assume that it will this year give transit to
250,000 tons of freight, and 40,000 passengers., The application of
the formula to this work—making proper allowances for its gradients
and drawbacks, the facilities for unloading, and having due respect to
its age—~will produce, for the aggregate expenses, the sum of $265,000,
_ This estimate, of course, refers only to the apparent expenses, and
ineludes no part of those reserved charges—such as the wear of the iron
—which are usually denominated “extraordinary expenses,” because
they are not generally of annual recurrence. The durability of iron
rails 1 assume at about 800,000 tons—while they are estimated by
the enthusiastic friends of the road, at 12,500,000 tons, and sometimes
at infinity. Where such immense differences exist, time must decide
the question. I trust that time may not show that I even am too san-
guine, and expect more from the railroad system than it is capable of
rendering.

Wear of Iron rails—It was not my intention to deviate from the
course which I had marked out as proper to be observed in the dis-
cussion and development of the important subject which I have at-
tempted to exhibit, for the purpose of disposing of collateral points,
or of refuting any objections that might be urged against my argu-
ment. Buat the matter presented in the December number of the
Journal is of such deep interest to all concerned in the rail road eause,
that 1 have been compelled to make frequent oral explanations and
estimates, which could be more advantageously and more appropri-
ately offered in their place in these articles. 1 propose, thevefore, to
récur briefly in the present paper, to the momentous question of the
prabable durability of the iron rails, and the pecuniary loss conse-
quent on their destruction, for the purpose of presenting facts which
it was my wish to postpone to a later period.

It is as impossible as it would be dishonest to attempt to promote
the cause of internal improvement, or any division of that cause, by
deceptive estimates or the expression of extravagant hopes, It is the
duty of the engineer, as well as of the statesman, to look at things
as they are, at this great system as it is. He must first 1‘0003“1_"'("
the weak points before he can hope to fortify them. If companies
or their officers, fail to estimate their expenses truly, they will im'_-\-'ll-
ably fail also in their great objects, and instead of bringing blessings
and prosperity into the country, public improvements “'i.“ continue to
be, asthey have hitherto frequently been, the bearers of private ruin

and public dishonor.
D




26

The prevailing fault of all writers on rail road policy is that of
yialding up their judgment to the dictation of their wishes, and ex-
hibiting the facts as all desire them to be, and not as we find them.
Henee the proverbial errors of companies and their agents, in under-
valueing the first cost of their work ; in over estimating its business,
and underrating the cost of its maintenance. Their opinions are but
the picture of their hopes, and rarely deductions from an extensive
and systematic investigation, and a wide experience.

Jut we are now in pursuit of truth and shall endeavor to avoid
this error,

The rail road system is new. It is not yet twenty-five years since
the locomotive engine has been used with any decided success, and
it is not fifteen years since its first employment on lines of general and
extensive 1ntercourse.

We have, nevertheless, much experience of the wear of iron rails;
for a heavy trade—a trade vastly inferior to that of some of the ca-
nals of this country—is suflicient to produce great and obvious effects
in a very brief space of time.

We cannot seek this experience, however, on the great rail ways
recently finished in England. These carry but little {reight. Their
business is nearly confined to the conveyance of passengers; and
though they really transport many tons of parcels and costly mer-
chandize, and malke a considerable show of business, the actual ton-
nage, compared with that of some of our important canals, is insig-
nificant. Indeed, the public have not yet become accustomed to
compare the actual weight of the trade which is transmitted along
existing lines of rail roads, and that which passes noiselessly through
the old eanals, and there are consequently few who have yet formed
a just conception of their relative magnitudes.

The London and Birmingham rail way has already cost about
$30,000,000 ; and was graded with a view to the heaviest traffic; but
the speed and accommodation which it offers are but slight compen-
sation for the price of carriage at which they must be purchased. With
all the labor bestowed upon this work ; with all the outlay encounter-
ed to reduce the cost of transportation—the annual net tonnage upon
it is not greater Zkan five or siz weeks trade of the Schuylhkill Navi-
galion.

The Greal Western road has cost some $32,000,000. The net
tonnage upon this line is still less than that upon the London and
Birmingham, It does not reach 120,000 through tons per annum.

But the traffic upon these works, light as the tonnage is, has been
sufficient, at the high velocity permitted, to produce great destruc-
tion.

The former commenced with two tracks of edge rail of 50 Ibs. per
yard, and wore much of it out before the line was finished.

The latter commenced with a 44 lb. bar between London and
Maidenhead, and had rendered it unfit for safe service nearly a year
ago. The still heavier iron which they are now using is not, of course,
yet entirely destroyed. But before this time next year—if my calcu-
lations do not fail—I shall produce evidence in this Journal, that a
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portion of these 75 |bs. bars, has also given way under less than 500.-
000 tons net.

At present, however, we will confine ourselves to past experience,
and endeavor to ascertain from that, what sort of expectations we
have a right to entertain for the future. The new English roads
have added but little to our previous information on this head; but
still we are not without a great deal of valuable experience ; and it
is the duty of those who seek for truth, and who seek to exhibit it to
others, to profit by the best experience they can find.

In reference to the subject before us, we know,

1st. That some eight or ten of the rail roads of this country, have
worn out the common half inch flat bar, with an average :Ig-L_’I‘L':__;:llv
trade of 150,000 tons net, drawn by locomotive engines.

2d. The Camden and Amboy road has, in places, worn outanedge
rail weighing about 40 lbs. per yard, with a trade considerably less
than 400,000 tons net.

3d. The edge rail on the Columbia road, weighing 33 Ibs. per
yard, has not yet borne the passage of 350,000 tons on one track,
and is nearly destroyed.

4th. On the Boston and Lowell road, a 36 lb. rail was so much in-
jured, or so much weakened, as to need renewing and replacing before
it had sustained the passage of 600,000 tons net.

5th. The Liverpool and Manchester road wasopened in 1830. In
1835, the first two lracks of edge rails, weighing 35 lbs. per yard,
were destroyed and renewed ; and the trade was less than 600,000
tons net, on each track.

6th. In 1835, the Liverpool and Manchester Company relaid the
portion of their road next to Liverpool with edge rails, weighing 50
Ibs. per yard—or just five pounds per yard heavier than those of the
Reading rail road. Before the close of 1840, these new rails (weigh-
ing, I say, 50 lbs. per yard,) were worn out, and taken up, and sub-
stituted by two other tracks of iron, weighing 64 lbs. per yard. These
50 Ib. per yard rails were destroyed by about 700,000 tons net on each
track. So thaty in the brief space of nine years, this Company de-
stroyed four successive single tracks of edge rails with an average net
trade of about 300,000 tons per annum.

7th. The 64 1b. rails next introduced on this road, were found to
be foo light, and a 75 Ib. pattern was substituted, which is now the
ad opted weight. These rails of 75 Ibs, have already begun to give
way at unsound places—the injury «showing itself chiefly in lami-
nation and oceasional splitting at the edges.”

sth. The Stockton and Darlington road, considered as a single
track, has been ironed with edge rails from six to eight times.

Business commenced on this line about the year 1825. In the
year 1834, the trade had reached 338,248 tons. In 1840, it had at-
tained the extraordinary limit of 803,784 tons, and up to the year 1842,
there had passed along the work a net weight of nearly 6,500,000 tons,
At that time six tracks had been destroyed and taken up and repla-
ced, besides the rails that each time were introduced, before an entire
change of form was resolved on, IHow many tracks this patching
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may have amounted to, it is probably impossible now to ascertain.
The cars on this road are very light, and the velocity but siz miles
per hour.

It is probable that each track of this road has sustained neatly
1,000,000 tons ; and with such cars, and at such a moderate speed, it
is not improbable that a 50 1b. bar would sustain from 1,200,000 to
1,500,000 tons.

9th. The London and Birmingham 50 1b. iron which was destroy-
ed before the work was finished, sustained about 350,000 tons, on
each track, ‘The velocity here was, however, exceedingly great, and
the cars unusually heavy.

10th. The net tonnage on the Great Western road, which destroyed
the 44 |b. iron, did not reach 300,000 tons of {reight and passengers
per track. The engines and cars are still heavier than those of the
London and Birmingham road, and the average speed 25 miles per
hour.

Now, these are facts; and this, whatever it is worth, is eaperience.
The intelligent reader must judge from the facts, whether or not, the
cost of renewing iron ought to be regarded as one of the current ex-
penses, or as a thing so extraordinary as to require to be excluded
from the annual charges altogether, aud added, as is now the univer-
sal custom, from year to year, to the cost of the road.

But the rapid destruction of iron under the action of a heavy trade,
and the measure which, in the December number, 1 have assigned to
its durability on the Reading road, where the velocity is from ten to
fifteen miles per hour, is now but faintly denied : or; if denied at all,
only by inexperienced parties, and in anonymous communications.

A new view is accordingly taken of the subjeet, and the impor-
tant question arises to determine the amount of loss to the company
consequent on the destruction of the iron. I mean to offer no con-
jectures on this head either, but refer to known and admitted facts,
as a guide to my conclusions.

[ find in the last report of the Boston and Lowell rail road compa-
ny—the only company in this country, which has renewed a consider-

able portion of a track of edge rails in one year, and published the
cost,—the following charge: ‘

“For labor and sundry materials, in taking up twenty miles of
track laid with 86 Ib. rails, and replacing it by rails of 56 lbs, per
yard, exclusive of the cost of rail iron, $34,162 09.”” The year be-
fore the expenditure for this object was $14,608, so that for changing
253 miles of edge rail, the company incurred an expense of $48,770,
or $1,900 per mile,

There are seventy-one tous of rails in a mile of the track of the
Reading rail road, and the cost of taking up the old iron and putting

down new, is, therefore, $1900 for 71 tons==per ton, $26.75
A ton of new iron delivered in Philadelphia,
Will cost, under the present tariff, $60.00

. The old iron is supposed to be worth, along the
line, per ton, about 25.00
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Difference between the value of new iron in Phil-
adelphia and old iron on the ground, per ton, 8 35.00
The cost of changing the iron track of the road will then be as
follows :
Seventy-one tons of iron, taken up and put down, at $ 26.75 $ 1900
Difference between seventy-one tons of new iron

bought, at 8 60, $4260 2485
And seventy-one tons of old iron sold at 8 25 1775
Seventy-one tons of new iron transported to,and ——

distributed along the line, at § 5 355
Cost per mile of changing iron, 8 4740

This sum of $4740 will be the amount due to the trade which will
destroy the iron, or render it unfit for safe usage. 1 know of no iron
which has yet withstood the action of a million tons; and I know of
no iron of 50 lbs. or less, that is likely to resist that weight, If we
consider the rails of the Reading Road to be capable of that effort,
then we shall have 43 mills per ton per mile for the value of the iron
destroyed by each ton of coal descending the line—or 443 cents per
ton for the whole distance of 94 miles. By adopting the rates of
speed of the Stockton and Darlington Road, it is probable that the
cost of the iron could be brought down to 50 cents per ton, or near
that limit; but if the company adopt the heavy cars, (74 tons when
loaded) and powerful engines,and heavy trains now contemplated, and
continue the high velocity now permitted, the destruction of iron
will probably be scarcely compensated for by seventy-five cents
per ton. This is a calculation from such data as we are able to ob-
tain. But was there ever a calculation of such work, which was
not exceeded by the practical result 7 One of the data assumes that
there will be as many tons of iron to sell, as were originally bought.

Jut the weight will not hold out. It is useless to inquire why ; yet
we cannot spread 70,000 bars of iron along a road 100 miles in
length, and beat them and roll them for one or two years, and then col-
lectit allagain. Thisisa practical difficulty which mustalways be en-
countered under such circumstance. The caleulation assumes that it
will all be collected; and, besides, that the 140,000 bolts, and the
70,000 chairs to be distributed and replaced, can likewise be f{ound
again,

Many visionary estimates have been made on this head, by parties
of little experience in the handling of heavy materials, and in the per
formance of mechanical work ; but the following practical facts are a
great deal more foreible, and will be found to furnish data which can
be applied with much more certainty than any speculative estimate
whatever;

The Sowuth Carolina rail road was opened in the year 1833 ; the
trade averages about 25,000 tons, In the semi-annual report for
December 31st, 1838, five years after the completion of the work, we
find the following ;—s deduct the following expenditures, as being
rather for permanent improvement than current expenses, viz -

Machinery, $ 26,888 12
Spilkes, 4,582 34
New rail ivon, 3,940 00 &c.
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This hint, to the experienced reader, is symptomatic of the con-
tents of the next report, (June 30th, 1839,) from which I extract the
following :

« Amount paid for rail iron in Charleston, $571,679 12
Liess old iron sold and unsold, 92,902 27

— - $278,776 85
Cost of transportation of the same on the road, and

laying down, including spikes, 74,400 00
Net cost of new iron, $353,176 85

Here we perceive that the entire sales of the old iron (when it was
all disposed of, it yielded precisely $92,325 71,) exceeded the cost of
putting the new rail in the track, but by some $18,000, while the net
cost of the new iron, after deducting the proceeds of sales was 8353,
176. Such is in fact what is to be expected. The old iron will bare-
ly pay for putting down the new, and the loss to the company will
be about equal to the cost of the new iron delivered at the sea-port.

A writer in the Railroad Journal proposes a scheme for the Read-
ing rail road company ¢o make money, by procuring rails free of duty,
and selling the old material, after it has been worn out, with the ad-
vantages of the duty.

The operation was conducted under precisely those circumstances
on the South Carolina road ; but the above balance will show that
the speculation did not turn out so well in that case. Indeed I have
known many instances in which the iron has been renewed, but I
have never heard of a company, here or abroad, that found the
speculation a prefitable one.

In the accounts of the South Carolina road, the new iron is charged
to ¢ permanent improvements,” (the old iron lasted five years.) and
the company recommenced with augmented capital.

I have but one word to add in reference to the durability of iron
rails subjected to the action of a trade like that of the Schuylkill. 1
have already stated that if the Reading rail road company expect to
abtain the whole trade of the eanal, they must prepare for the entire
renewal of a single track every year; and Inow add, if the company
carry 500,000 lons of coul during the present year, as they now pro-
pose to do, the new iron cannot be put down, before that now on the
track will be so nearly destroyed as to be unsafe.

It is understood that this company has recently obtained an addi-
tional loan of $1,000,000. With this it is proposed to stock and
equip the line, and procure the additional track, and prepare for the
conveyance of the whole trade of the Schuylkill.

I therefore advance this additional proposition.  After this money
is expended, and the company shall have put themselves, by its aid,
in the position which they seek to occupy, they will neither, in the
first place, be able to carry more than Aalf the tonnage of the Schuyl-
kill, and, in the second p'mr:n‘ if they suceeed in obtaining half the
tonnage, they will not be able to engage vigorously in the business of
1845, without a new loan of a million of dollars ; and, finally, if they
continue to operate through the present and the next year, they can-
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not engage in the business of 1846, withont another loan of at least
one million. In short, it is tmpossible for them to carry the Sehuyl-
kill coal trade, without borrowing ene million of dollurs per annum.
And when they cease borrowing they must cease carrying. 1 now
dismiss the consideration of a road, which, in my opinion, was most
unwisely commenced—swhich has been prosecuted in folly, and which
can only terminate in disaster. On this result I desire to rest my claim
to the puhlil_: confidence. :

Additional application of the formula.—In the November num-
ber of the Journal, I oflfered a formula for the computation of the
annual expenses of lines of rail way, and exhibited its application
and agreement with the actual results on seventeen of the most im-
portant roads in the country.

The greatest deviation of that formula from the actual result was
12 per cent., which occurred in the case of the Baltimore and Ohio
rail road for the year 1841.

In speaking of the deviations, I added these words: «It will prob-
ably be seen, on some future occasion, that those roads which now
exhibit expenses above the formula, will fall below it for other years;
a remark which is applicable to the Boston and Lowell, Baltimore
and Ohio, and South Carolina roads.” Since the publication of that
article, I have received through the politeness of Mr. Latrobe, the
able engineer of the Baltimore and Ohio rail road, the report of the
operations on that work, for the year 1843, together with some valu-
able manuscript details, of which I hope to make useful application
in the further prosecution of my present study. I am also indebted
to Charles S. Storrow, Esq., the valuable superintendent of the Bos-
ton and Lowell road, for similar statistics in relation to the excellent,
and I believe, prosperous work under his charge, in anticipation of
the publication of the report. 1 have also received from Mr. Stor-
row, similar information relating to his line, for the year 1841,
which I had not before obtained, and from the report of the Balti-
more and Ohio rail road company, I find the facts necessary for the
application of the formula also to the Baltimore and Washington road
for the year 1843.

These results have all been procured since the publication of the
formula ; and I therefore proceed to test it by making the application
to those lines.

It will be recollected that I offered, in the first place, a formula for
the determination of the expenses for a new line, viz:

24N 9T 7P
100 T 1000 * 1000 +
And in the second place, a rule for the computation of the expenses
of maintaining an old road, or road which had been opened more
than four years, viz :
27.8N 14T {4
T100 T 1000 T 1000 °

In both expressions N stands for the number of miles run by the lo-

comotive engines; T for the fons nel conveyed one mile; P for the

300 A.

t 500 A
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number of passengers conveyed one mile, and A for the length of the
road, in miles.

In applying the formula to the Baltimore and Ohio road, it is to he
borne in mind, that of the 178 miles in use for the year 1843, but 82
miles were opened previous to 1842, and that the whole of the re-
maining 96 miles is new road.

The result of the application to these several lines is exhibited in
the three following tables:

TABLE.

g | S

P 2 | =55 |

¥ - s TR LA

| 38 [ A

—_—— | —]

J | bl | : |

Bast'n&l,uwosl,i:ml 96 (10{125,296] 90,113 | 170,057 |§119,469 $111,207 | I
| |

| |
Bost'n & Lowell, 1842 26 [10/143,607| 93,927 | 179,819 | 131,012 | 119,409 |
| |
| ; ' |
‘]305{‘{[ & Lowell, 1843| 26 [10/134,982] 114,711 | 176,537 | 109,367 | 124,004 |

| Aggregate for these three years, 403,285, 208,751 | 526,413 | 559,848 | 354,620 | —14
| |_

r
|
iisn ol osndios el 4 |
|

It will be recollected that I anticipated, in the November number,
that subsequent results would be more favorable to the Boston and
Lowell Road, than that of 1842. We here find it se. In 1842, the
formula fell 11,603, or nine per cent. below the actual expenses. In
1843 the caleulated expenses rise $14,637 above the actual expenses.
But my remark in the December number should be recollected in
these comparisons:—The formula exhibits what it was intended to
show—the average for a number of years.” And hence, we have
another test. The aggregate expenses on the Boston and Lowell
Road for three years are, as we observe by the table, $359,848. ‘The
calculated expenses $354,620. This is surely close enough.

Again, we will take the Baltimore and Ohio Road, for the year
1843, for the purpose of an additional application.

TABLE.

’ lalzadeed o biag it
: 15| 25 | |84 | 8% 5% |
Name of Road. o= g2 |32 | &8 =8 |
[ slem | S8 88| <g Mg
| P @l a3 [ | < il . F ‘
Mt LA
e} | | :
| Balt, end Ohio, 1841 82 824/299,617 -l-l,-'r?'r‘l 34,380 $220,135 :5192,9‘35 ‘
i | I \ ' I8
Balt. and Obio, 1843 178 |824/509,76539,519 | 83,670 287,153 ‘ 322,076

| [ ‘ ‘ SRR L

Aggregale expenses for two years, 507,288
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I have taken no notice of operations on this work for the year 1842,




because during that year the line was opened, in p-'n'is,ll‘n'm Harper’s
Ferry to Cumberland.

The application for the year 1841, gave a result of $27,210 below
the actual expenses. I stated at the time that the subsequent ex.
penses wonld be likely to fall delow the caleulated expenses. We
accordingly find the result for the next year comes $34,000 below the
formula. IHere, then, is another, and most conclusive, confirmation of
the correctness of the formula, and of the principles on which it is
founded. If we take the sum of the expenses for the two years, we
find the calculation $515,000, and the fact $507,288.
1se: the Baltimore and Ohio Railroad
t

But we have yet a third e:
report for 1843, exhibits, as has been stated, the results on the Balti-
more and Washington Road, likewise for that year. These, together
with those of 1841 and 1842, are presented in the following

1T4BLE.

Length|Gr'de|

| { | les \'Thro" “hro' A ctur lCatontat’d B |
[Name of Road.| Year.| in | in |Miles [Thro'h | Thr 3| Actual [Usloulat'd| Ercor pr.
| wmiles | foot | rud. (tonnae.| travel. expenses |expenses. | cent. |
| I niles. | feet : ‘ J |

| ! | | e
(Balt. & Waih,[1841-2| 350} 1,428 (27,369 {114,260/$ 73,684 | 76,166 | I
| | | i | | | ] ]
.i”u]l. & Wash.|1843 i 304 1 {96,716 {26,470 ia'r'-,: 80 |' G8,866 | 71,676 [ 4 }

Here is an agreement within 4 per cent.

When I presented this formula in the November number of the
Journal, and exhibited its application to seventeen lines of railway, I
stated that these seventeen lines were all the roads Jor which I had
been able to collect the statistical information necessary for the
application. I had written to many companies, and had generally
been supplied with the facts required, and which were not given in
their reports. In some instances, however, they were unable to
furnish the information which I needed ; in two instances I received
no reply to my letter ; and in one—and I am happy to say one instance
only—the officer declined making the affairs of the company public.

Since then the three companies above named have published their
reports; and zhey are the only reports for the year 1843, which 1
have yet received. These reports add confirmation to the previous
proof. Still, I advanee the formula as an approximation only, which
[ hope, with the aid of my professional friends, and future facts, so to
modify and improve, as to render its application general and certain.
It is the expression of the true Law : but the constants are to be built
up by multiplied facts, until there can no longer be room to doubt its
indications.

I have endeavored, so far, to conform to the method which modern
science points out as proper to be pursued in practical inquiries,
Much injury has been inflicted on the great cause of internal im-
provement, and especially of railroad improvement, by the erroneous
opinions of enthusiastic, but unwise, advoeates. But o new order
of things has grown up, and a new system ol "”‘l”i"_\" is rapidly

B




gaining Qmund I'he seed of true principles have been sown, and the
roots have struck dee p into the soil of this e m'!m}.ﬂ Under the control of
these principles, and the direction of cool and honest advocates, the
railroad cause will srowth, and flourish with a vigor and
'hemhlullww% which it i Some visionary and extra-

vy upon it, will sink nnder
've, even in their ruins, as

thc plc.s.‘,un' of their own weicl
salutary guides for the future.
During the trar

sition, T

mrr will be {

r a time obscured, and pos-
sibly borne down ; I sustained by a
power whic e, no ¢ ‘15!;‘1‘-‘):11].-\,{ f ]a‘,uuiﬂr_e
--yil:!rizt nothing for the sake of present popularity—contributes
nolhiwr to the cause of public dece s fearlessly, surely,
and, in the fhrI‘ all l‘-rmfwill!ﬂ". to its mark.

[ 1\0’1 B.—In the January number of the “mrml I offered an e 4;1‘1-
mate of the probable expenses on the Reading Railroad for the year
1843, 1n anticipation of the publication of any facts on that sul I‘J"L'“
assuming the travel at 40,000 passengers, and the trade at 250,000
tons. This estimate was $265,000. I regret to find, on perusinge the
last report, that the company have not thougl lE it ¢ nt to pub-
lish their expenses for the whole year; rred to exclude
the last month, along with the e close of the yeax
usually brings with it. The expenses published, for eleven months,
amount to $221,060 89. I 1 exceedingly gratified
to know the amount m expen

t it cannot be ov

3 in Truth malk:

tion—and mox

WU
1
|

ex ‘h

The indebtedness of the company ¢ he date of the previous
report of .me, , 1843, has been increased, % 1,252,659
The receipts for the first eleven lhf}l.t]m of

the year, amount to 385,195

Aggregate ¢

I eleven months,

A stateme 1“11
would certainly |
to be regretted, L ;
cwccecdm"ly anxious for truth and
deemed it Imprudent to publish it.]

Nore.—The writer has expre opinions gn an imp ortant
subject without reserve, or concealment ; should his fuzeis be publicly
disputed, or conflicting facts EH- presented, by any of" his profession: al
I)Aatiilnn-hi— trusts that they | to do it over
their own signatures— y have _ ntee of a name foi
the facts which ¢hey contribute. He will be found as frank in cor-
recting his errors, if he has committed
expression of his opinjons.

1 this enormous sum
; and it is greatly
1en the public are
» directors have

sideration

he 1s sincere in the

il , o
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