Vol. VIIL.

NEW YORK & CHICAGO, NOVEMBEL.

No. 11.

ELEVENTH ANNUAL CONVENTION

OF THE

AMERICAN STREET RAILWAY ASSOGIATION,

HELD AT
CLEVELAND, OHIO.

October 19, 20 and 21, 1892.

FARERS.

The President’s Address.

Gentlemen of the Conwention . — This is a patriotic year, and
its culminating point is close at hand. Friday of this week has been
designated by Congress as a national holiday in commemoration of the
discovery of America. Happily tor us, since we cannot be in Chicago
on that day to take part in the opening of the World’s Fair, it is our
privilege to meet together as the representatives of one of the foremost
American industries in the state, whose capital is Columbus. In this
way at least we are permitted to pay our tribute of respect to the mem-
ory of the bold and intrepid navigator who 400 years ago turned the
prow of his vessel to the Westward and sailed forth into the unknown
seas on the most fruitful voyage of discovery in the history of mankind.

It is a felicity to meet in Ohio this year, and it is a pleasure and a
privilege to come to Cleveland. We have heard much of the Forest
City, with its far famed Euclid Avenue, its viaduct of massive masonry,
its splendid Arcade and its beautiful Lake View Cemetery whose crown-

ing feature is the mausoleum which holds all that is mortal of the |

martyred Garfield.

But of deeper interest than any of the sights of the city, and more
closely bound to us by the ties of common interest, are the street rail-
way companies of Cleveland. Their officers have greeted us with such
generous hospitality, and have made such excellent arrangements for our
comfort and convenience, that we feel like reversing the usual order of
business and toextend to thema vote of thanks at the very outset. This
city offers a fine opportunity to study practical street railroading. Here
we see the most advanced ideas of construction, the highest development
of the electric system, and a splendid new cable plant, as near perfect
as capital, invention and engineering skill have been able to make it.
And by the way of contrast and historical interest, we find a few horse
car lines to remind us of the meetings a decade ago, when we used to
grow excited over discussions of the relative merits of the horse and
the mule as a street railway motor.

The street railway interests of the United States are assuming
wonderful proportions. Every day some new company is born, and
every morning paper brings us rumors of consolidations, absorptions
and syndicate purchases, until the statistician lays aside his pencil and
sheet in despair, utterly bewildered by the mass of accumulating and
shifting figures, Definite data are out of the question, and I shall not
attempt to tell you how great we are even in round numbers. But
while the street railways are legion, there is but one American Street
Railway Association, and I know you will be glad to learn that Mr. D.
F. Longstreet, one of the founders of this body, in compliance with
the request of the Executive Committee, has prepared a historical
paper, detailing the motives which led to the formation of the Associa-

tion, and giving due credit to the gentlemen associated with him in the
movement. We shall be favored with this paper a little later.

This is pre-eminently an electric age, and most of us believe that
as yet we are only standing on the threshold. The horse and his half
brother the mule are destined to disappear. The cable system, from
its very nature and cost, must be confined to the thickly populated
districts of large cities, but there seems to be no liniitations to the elec-
tric railway. It leaps over the city lines wherever there is a large
suburban town calling for rapid transit, it girds the summer lakes, it is
forcing its way through the scenic splendors of the Niagara gorge, close
beside the water's edge, and when the Convention goes to California,
as no doubt it will some day, we may expect to ride around the Yose-
mite on a train of trolley cars. And how rapidly it has all come
about !

It was just ten years ago that the president of this Association, at
the Chicago meeting, with a foresight, which must have been born of
intuition, ventured to predict that the lightning would some day be
harnessed to the horse car. We laughed at his visionary prophecy,
and dismissed it from our minds as a piece of optimistic nonsense.
But the prophet of a decade ago is with us to-day, and can take
revenge by saying “‘I told you so.”

So accustomed have we become to rapid strides and the complete
overturning of the existing order of things in our business, that I do
not believe that one among you would venture a doubtful smile were I
to assert that before the close of the Nineteenth Century, the three suc-
cessive Convention cities, Buffalo, Pittsburgh and Cleveland will be
joined together by a triangular electric belt line, with an immense
power house at Niagara Falls, where they are even now just on the point
of developing 160,000 H. P.

But this is an assembly of practical men who have come together
not to vie each with the other in making extravagant predictions, but
rather to contribute each to a common fund the results of his observa-
tion and experience. The congestion of traffic in our business centers,
the increasing throngs of passengers of the working class nights and
morning, as the day of tenement houses gives way to the age of su-
burban cottages, the safeguards against accidents required by the exi-
gencies of rapid transit, the labor question, the unjust and burdensome
taxation of corporations, the ways and means of increasing traffic and
reducing the cost of maintenance and operating expenses, give us
plenty of things to talk about. The principal subjects for discussion
cover a wide range of practical matter having an important bearing
upon street railroading as a business conducted for profit rather than
for philanthropy, and the reports of the special committees will be
worthy of your closest attention and most careful consideration.

While there are many other things which it would be a pleasure to
say, I must not now trespass further on the time of the meeting. I
thank you once more for the honor conferred and for your kind atten-
tion. Very respectfully yours, JNo. G. HoLMEs.

Report on a “Model Eleetric Street Railway
Roadbed and Underground Wiring.”

By Geo. W. BAuMHOFF, COMMITTEE.

Gentlemen :—Your committee on track construction and under-
ground wiring respecttully submits the following :

This subject, embracing one of the most important questions con-
nected with the construction and operation of a street railway, is one
that should have the most thorough consideration, for, upon the con-
dition of the roadbed more than any other item, depends the success of
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your enterprise.
too good.”

That we are all striving to obtain the best is evidenced by the fact
that reports in relation to this very important branch of street railway
construction have been earnestly discussed at former conventions of
this Association, and your committee feels inadequate to the task of
presenting at this meeting a report that will not bea repetition of what
has been so ably introduced by former committees of practical and ex-
perienced street railway managers, and the numerous articles published
by those interested in street railway publications.

The mistake is sometimes made in designing and equipping a new
road, or in changing from animal traction to electricity, of neglecting
the track construction by apportioning the amount to be thus expended
to such a sum that, in order to make both ends meet, it becomes neces-
sary to weaken that portion of the investment where, above all others,
strength and permanency are required.

Now, in no other branch of our business do the ends meet oftener
than at rail joints, and when these joints are improperly constructed it
results in meeting the bills for repairs to the same with monthly regu-
larity. It is, therefore, essential that in the construction and mainte-
nance of a perfect roadbed the best known type of rail be selected ; con-
sequently, your committee has decided, in submitting this report, to
dwell chiefly on the merits of various types of rail known as the girder
system, and in order to place the same before you in an intelligent
manner, will proceed with an itemized report in the order in which the
construction is proceeded with.

First—SURVEY.

Having decided on the style and weight of rail to be used, and the
chairs, fastenings and joints for the same, the first step, in order, is to
properly survey the route, if a new road, to estimate the quantity of
cut and fill where grading is necessary, and the most advantageous
manner in which to provide for the same, and to locate all curves,
switches and turnouts. In doing so, care should be exercised to pro-
vide for all curves the longest possible radius at points of entering and
leaving the same, and to provide for the proper elevation of the outer
rail of all curves, which should be elevated from one inch to two inches
higher than the inner rail, where the conditions of the street will per-

The motto should, therefore, be : ‘“ The best is none

mit ; particularly in any curve of short radius, and more especially
when such curve is located on a down grade.

The switches, or crossovers, should be located at such points along
the route as will best provide for the following contingencies : Bunch-
ing cars for large gatherings, and to insure the constant operation of
cars during fires, parades and all other blockades when, from any
cause, the terminus of the road cannot be reached. They should never
be placed with the switch point against the traffic ; and preferably, on
up grades, thus enabling cars to cross to the opposite track by
gravity.

** In ordering crossovers, care should be taken to specify that the
straight track rail be continuous, for in most work of this kind the re-
verse is the rule.” The aim should be to favor the track most used.

Second. —EXCAVATION,

The depth of excavation must be determined by the thickness of
the cross tie, height of rail and height of chair, if chairs are used, plus
the space allowed for tamping. The condition of the soil must govern
the latter exclusively, but in the reconstruction of the roadbed, where
the operation of cars will permit, and in all new work, unless the soil
is of a sandy character, the following plan will not only provide a suit-
able sub-drainage, but insure permanency: Remove all earth to a
depth of eight inches below the bottom of the cross tie the full width of
the trench, then roll thoroughly with a heavy four horse or steam
roller, then spread with a layer of cinders,crushed rock, gravel or
furnace slag from six to eight inches in thickness, and again roll until
the same is well bedded and leveled. A trench seven feet in width.
with a layer of eight inches, will require for one mile in length 24,650
cu. ft. of material, estimated at 3}, cents = $862.40, and will require
the removal of gr2 yds. of earth, estimated at 25 cents = $228; add for
rolling, $50 ; total $1,140 per mile of single track.

The fact that the material so placed provides a splendid sub-drain-
age is the best argument in its favor,and one that will commend its
adoption where soil demands it ; for it must be remembered that it is
far more expensive to open up and re-tamp poorly constructed track
than to properly construct and provide with sub-drainage at the outset.

For surfacing, care should be taken to procure machine crushed
rock or gravel, as it insures a more even bed under the tie than coarser
material,

Third.—CROSS TIES.
Under this heading we have the metallic tie and various kinds of

wood. The committee’s remarks will be confined to the latter exclu-
sively, for it will be seen by reference to former reports on track
repairs and construction, made to this Convention, that the life of a
wood tie when buried to a depth of eight inches or more is the best
argument in favor of its adoption, as against the former. The various
kinds of wood, and discussion of durability of the same, have also been
submitted in former reports, and it is generally conceded that in the
selection of the particular kind and quality of timber, the purchaser is
influenced by his own knowledge of the timber best adapted for vari-
ous climates and sections of country, exclusively.

The fact should, however, be borne in mind in the selection of
cross ties, not only to keep in view the selection of such timber as is
calculated to insure the longest life, but due consideration should be
given to the particular kind that will best hold the spike ; and for this
reason, the white oak possesses advantages that should merit its con-
sideration.

The size should never be less than 5 8 ins. for rail fifty-six
pounds and over, and if laid as closely as good tamping will permit—
say twenty-seven inches from centers—will materially strengthen the
roadbed and assist in holding up the joints.

For joints where wide joint chairs are adopted, one tie of suffi-
cient width is preferable, as it is impossible to insure good tamping
where two small ties are used at the joints.

If the above size is decreased, it should be in thickness rather
than in width, to insure the tie from splitting, which is often caused
by the spike being driven too close to the edge.

Fourth.—RAIL.

In the selection of the rail depends largely the success of perfect
construction ; and a road, whether built for speculative purposes or as
a permanent investment by the projectors, should not be slighted in
this respect.

The requirements of a rail for electric traction are strength, jolnt
connections, durability. In some localities there are municipal
requirements specifying what the head of the rail shall be.

For strength we rely chiefly on the weight of the rail, and the
thickness and depth of the web.

For joint connections, that rail which affords the best method of
keeping both ends of the rail in perfect alignment is the best, and as
the girder rail possesses peculiar advantages in this respect, its almost
universal adoption is due to that fact.

For durability we depend on the height of the head of the rail at
the gauge line over the lower flange, and the quality of the metal. The
former is invariably considered by the purchaser, but your committee
is not aware of a single instance in which the quality of the metal has
been specified, other than the mere mention of whether the same shall
be of iron or steel.

In former years, when the old style stringer construction was in
vogue, when a good stringer and cross tie would outlast two or more
flat rails, iron was chiefly used, owing to its higher market value as
scrap. Inthe construction of an electric railway, where the girder sys-
tem has superseded the flat rail, steel is more extensively, if not
exclusively employed ; therefore, when we have closed our contract,
having duly specified steel, we feel assured that the best possible
rail has been provided for.

That there is a very great variance in the mixture of the metal be-
fore being rolled, is beyond contradiction. That there is also a differ-
ence of opinion among the various manufacturers as to the limit of
percentage of carbon and other elements, particularly carbon, to be
employed in attaining the most satisfactory results as to wearing quali-
ties of the head of the rail, and yet prevent brittleness, is attested by
replies to communications on this subject from a number of inquiries ;
and whilst the matter is of sufficient importance to warrant its intro-
duction in this report, yet we do not deem it advisable from the data
now before us, to assume what constitutes the best composition for a
rail. There are other elementsto be considered besides carbon, as
witnessed in the report of Dr. C. B. Dudley, from the proceedings of
the New York meeting of the Iron and Steel Institute, October, 1890,
a synopsis of which is herewith given, as follows :

“ My own criticism of this work, after the lapse of ten vears, and
after all “the discussion which followed the publication of the papers
above mentioned, may, perhaps, be fairly summed up in four
conclusions: |

«¢ 1, If I had the work to do again, I would certainly determine
the sulphur in the rails, since all our studies during the past ten years
on the influence of sulphur, point strongly in the direction of indicat-
ing that the sulphur has an important influence on steel, especially in
its effect on the carbon.

5. The influence of silicon, and especially its influence from the
metallurgical standpoint, seems to be much better understood now
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than at the timme when these studies were begun, and if an ideal for-
mula, representing our views as to the best possible composition for
steel rails, was to be mmade at the present time, the silicon limit would
be raised somewhat, possibly in the favorite figure of Mr. Standberg,
namely, 0.10 per ceut.

‘“ 3. 1t is possible that in the first paper published, the influence of
the chemical composition on what is commonly known as crushing or
disintegration of rails in the track was made more prominent than the
facts would warrant. More mature or riper studies would seem to
indicate that disintegration or crushing of stecl is largely a resultant of
lack of soundness in the ingot, and is more mechanical than chemical,
except in so far as chemistry may be responsible for the soundness of
the ingot. However, upon this point of sound ingots, we have seen
little reason to modify the views held for some time, that time is more
important in securing sound ingots—especially time and certain critical
parts of the process—than any other single element. If our views are
correct, sound ingots, with consequently sound rails, can be made from
steel of varying composition, provided time is allowed at the right
points in the process, and the claim that high manganese and high car-
bon are essential to secure sound ingots is, in our judgment, not well
founded, provided that time enough is allowed to make the steel
properly.

‘4. Inall our later studies on the wear of metal, we have, as far
as possible, avoided a method of deciding which metal is best which
attempts to give what may be called absolute reuslts.

‘“ Especially has it been hoped that some methods of chemical
analysis would be devised which would enable us to determine, not
only the total amount of carbon, phosphorus, silicon, manganese, sul-
phur, etc., in these various steels, but also how these substances were
combined. For example, does the phosphorus in any given rail exist
as phosphide, or partly as phosphate, or both? Is the silicon simply
alloyed, or chemically combined with the iron? Does the carbon all
appear as strength carbon, or is some of it graphitic, or combined with
the iron in such a way as to form a crystalline body whick adds nothing
to the strength 2

One of the largest steam railroad companies in this country,
whose extensive testing laboratories enable them to thoroughly test all
material purchased in the construction and operation of their railway,
require that all steel rails furnished them shall be subject to specifica-
tions adopted by said company. Surely, if experience has taught them
the wisdom of this precaution, where their rail is entirely above
ground, and therefore more cheaply replaced than that of street rail-
ways, would it not be advisable for us to pause and reflect on this sub-
ject?

A copy of the specifications adopted by the company referred to is
as follows:

SPECIFICATIONS FOR STEEL RAILS.

As it is the desire of the Railroad Company to
have on the roads under their control none but first class tracks in
every respect, and as the rails laid down in these tracks form an im-
portant part in the achievement of this result, the — — Rail-
road Company have found it necessary to make certain demands in
regard to the manufacture of their steel rails, with which the different
rolling mills and rail inspectors will be required to comply.

1. The steel used for rails shall be made in accordance with the
‘‘pneumatic” or ‘‘the open-hearth’ process, and contain not less than
thirty nor more than fifty one-hundredths of 1 per cent. of carbon.

2. The result of the carbon test of each charge, of which the rail-
road company is to receive rails, and of which an official record is kept
at each mill, is to be exhibited to the rail inspector.

3. A test bar, three-quarters of an inch wide, and about ten inches
long, to be taken from the web of a rail made from each charge, is to
be furnished to the railroad company’s inspector, for use in making
analysis and test of the steel whenever required.

4. The number of the charge and place and year of manufacture
shall be marked in plain figures and letters on the side of the web of
each rail.

5. The weight of rails shall be kept as near to standard weights
adopted by the railroad as it is practicable to do so.

6. The sections of the rails shall correspond with the respective
templates, showing the shape and dimensions of the different rails
adopted as standard as near as practicable, after complying with section
Se

7. The space between the web of the rails and template represent-
ing the splice bar shall not be less than one-quarter of an inch, nor
more than three-eighths of an inch.

8. Circular holes one inch in diameter shall be drilled through the
web in the center thereof, at equal distances from the upper surface of
the flange, and lower surface of the head, and one and one fifteen-six-
teenths inches from the end of the rail to the center of the first hole,
and of five inches from the center of the first hole to the center of the
second hole, and of six inches from the center of the second hole to
the center of the third hole.

9. ‘The lengths of railsat sixty degrees Fahrenheit shall be kept with-
in one-quarter of an inck of the standard lengths, which are thirty feet,
twenty-seven and one-half feet, and twenty-five feet. When specially
mentioned in the contract, and not otherwise, 10 per cent. of rails of
shorter lengths, and 5 per cent. of second-class rails will be accepted.

10. The rough edges produced at the ends of the rails by the saw
shall be well trimmed off and filed.

11. All rails are to be straightened, in order to insure a perfectly
straight track.

12, Tue CAUSES FOR A TEMPORARY THE RAiLs

ARl—

REjrcrioNn or

1. Crooked rails.

2. Imperfect ends, which, after being cut off, would glve a
perfect rail of onc of the standard short lengths.

3. Missing test reports.

4. A variation of more than onc-quarter of an inch from the
standard lengths.

13. Tue CAUSES FOR A PERMANENT REJECTUION OF A RAIL, AS A
FirsT-CLASS RAIL ARE—

I. A bad test report, showing a deficiency or excess of carbon.

2. The presence of a flaw of one-quarter of an inch in depth
in any part of the rail.

3. A greater variation between the rail and splice-bar than is
allowed in paragraph No. 6.

4. The presence of such other imperfections as may involve a
possibility of the rail breaking in the track.

By order of the General Manager,

........................ Chief Engineer.

The subject relative to the quantity of the various elements enter-
ing into the manufacture of steel, which shall produce the rail calcu-
lated to give the most wear. and yet avoid brittleness, is one in which
there is a great divergence of opinion, and the most expressive method
of summing up the numerous replies received, is, that it appears to be
a case wherein ‘‘doctors disagree.” .

The rail over which electric motors are operated through thorough-
fares in various cities throughout the country is certainly subject to as
much, if not more wear, than that of many of the trunk lines ; and as
we have patterned closely after their method of construction, we may
perhaps profit by following their example in other details.

Of the various forms of the head, the center bearing rail is the
most desirable, because, with a lower tram on each side, the head is
kept free from dirt, and, consequently, offers less resistance to the car
wheels.

In many localities the use of this form of head is prohibited. This
was at a period, however, when cars were operated by animal traction,
when at least 75 per cent. of all vehicle traffic along streets where cars
were run were accustomed to use the track. If there ever was any
valid objection from this source, the introduction of rapid transit has
certainly overcome it; for drivers of vehicles generally shun the
tracks of roads operated by rapid transit. The public now demand
that the quickest possible time be made in transporting them to and
from their homes and places of business, and where once the unruly
teamster held sway for blocks at a time, ahead of aslow going horse
car and patient passengers, he is now compelled by the change of
motive power and a strong public sentiment, to keep to the right as the
law directs, and the public demand. Passengers now figure on the
exact time required to reach their destination, whereas under the old
order of transportation, the street car ride was looked upon as a neces-
sity only for the convenience it afforded. What is, therefore, of most
service to the railway company, is likewise beneficial to the public ;
and your committee would earnestly recommend that in communities
where objection is made to the use of the center bearing rail, that the
authorities be asked to give the subject careful consideration, at least
for a comparative test. We claim that it does not impede vehicle
traffic, nor would it be objected to by owners and drivers of vehicles,
when properly laid, to the extent of prohibiting its adoption.

Next to the center bearing form of head, the side bearing head is
by far the most desirable, from the operator’s standpoint ; for the only
other form made, of the girder type, is that with a groove, instead of a
lower flange. The latter form of head is suitable only for curves and
crossovers, when rolled with a wide groove, and should never be
adopted for straight track, owing to the tendency of the groove to hold
dirt, snow and ice.

In the selection of a girder rail of any form of head, and more
particularly the style known as side bearing, it would be well to
remember that the rail having the widest base offers the greatest
resistance to turn over ; and care should, therefore, be exercised in the
selection of the rail, to secure the widest possible foot. This sub-
ject requires no argument to demonstrate its necessity, and your com-
mittee, knowing the desire of various manufacturers of rails not only
to keep abreast of our wants, but who are constantly employed at
large expense in devising new and perfecting existing styles, would
urgently advise enlarging the rolls at the base of the rail, in order that
the same shall at least equal in width the combined width of the tread
and lower flange.

Fifth.—CHAIRS.

The less number of parts about the construction of a roadbed the
more economically it is laid and maintained, and the use of a chair, the
only putpose of which is to provide for the required height to the top
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of the rail for paving purposes, is not recommended. It is much better
to secure this height by the adoption of a rail having a higher web, thus
enabling the rail to be spiked directiy to the cross tie by means of a tie
plate, which tie plate should be provided with a brace extending upwards
to the bottom of the outer head of the rail to prevent the rail from turn-
ing. Where a plain tie plate is adopted, a cast iron brace should be
spiked to each tie. No girder rail should be laid without making pro-
vision to prevent it from tipping, and the above plan, being more eco-
nomical than the use of a tie rod, is preferable, as its bearing at the
upper portions of the rail is more serviceable in checking the strain
than a tie rod secured through the web of the rail.

If chairs are required, care should be exercised in selecting such as
will insure the greatest possible bearing on the tie, and such only as
will not spring under heavy loads. A chair with a narrow base is apt
to cut into the cross tie,and in time work loose or cause the rail to
cant. All intermediate chairs should be provided with a brace extend-
ing well up under the outer head of rail, which is the best safeguard
against the rail turning or canting.

Sixth.—JOINT SUPPORTS.

There are a large number of joint supports now in the market and
in use, some of which are offered by the manufacturers of rail, and
some devised and manufactured by others, and it would be unfair to
dwell on the merits of those of any particular manufacturer ; but your
committee would very urgently recommend the adoption only of such
joint supports as are of sufficient length to cover at least two ties, but
we consider such as secure a bearing on three ties preferable. The
holes in the web of the rail should not be less than one inch in diame-
ter, to admit the use of a bolt having a large size nut, which should be
tightly secured by the use of a hammer and wrench. A six hole fish-
plate of sufficient height to reach from the foot of the rail to the bottom
of the head, twenty-six inches or over in length, securely fastened with
large size bolts, is considered by many who have used the same to be
superior to all other joint fastenings.

We must bear in mind that cars, as ow operated by electricity, are
not only heavier than horse cars, but are operated at a much higher
rate ot speed, and require the most thorough construction. The
slightest spring or looseness, will gradually result in a low joint, which
if not soon attended to will ruin the end of the rail beyond repair. It
would, therefore, be well to relieve the fishplate of much of this strain,
by providing a support for the bottom of the rail extending over two or
more cross ties.

The rails, when laid in hot weather, may be closely joined, but if
laid in low temperature, proper allowance should be made for expan.
sion.

There exists among railway managers a difference of opinion as to
the choice between a supported or suspended joint. Your committee,
however, earnestly recommends the supported joint, with a support for
the bottom of the rail extending to the adjacent ties, and does not deem
it advisable to adopt the suspended joint construction, unless the joint
support has a firm bearing on the adjacent ties. There are a number
of such joint chairs of various manufacture now in use, which, your
committee is reliably informed, are giving entire satisfaction.

There is also a diversity of opinion as to the location of rail joints
with respect to each other, and on this subject we do not hesitate to
take a firm stand in support of the joints being laid directly opposite
each other, when constructed for electric traction,as the tendency
where laid with broken joints is to cause the car to sway sideways, par-
ticularly at a high rate of speed, if the joints are not kept extremely
perfect.

The former plan renders it also more economical to repair joints,
especially in paved streets.

Seventh.—PAVING.

In the construction of a perfect street railway this item, whilst it
comes last, is by no means least, and in many instances solves the
problem of economic inanagement in electric traction ; for with un-
paved and poorly maintained streets it is impossible to build any track
that will be entirely non-obstructive, for not only does it impede ve-
hicle traffic and cause untold annoyances to railway managers and pas-
sengers alike, but it also offers a very great resistance to the operation
of cars by reason of the constant accumulation of dirt and dust on the
rail. It is, therefore, essential to the property owner fronting on the
street, the railway company and the general public alike, that the street
be constructed of the very best known material. Of course, paved
streets are preferable, not only because they permit of a uniform level
with the track, but add largely in holding the latter to gauge, and in
protecting it from being constantly cut alongside by vehicles; and be-

ing much more free from dust and dirt, it also effects a large saving in
current required for the operation of cars.

Of the various kinds of paving now in use, the following are chiefly
adopted, and about in the order which they are named : Granite, tel-
ford, asphaltum, wood and brick. The former being by far the most
durable, cheapest maintained, and least expensive to remove and re-
place, for the necessary track repairs, justifies the adoption of the same
over that of asphaltum, wood or brick, and warrants the additional first
cost, which accounts for its almost general adoption by street railway
companies where paving is required, and by municipal authorities on
streets where railway tracks exist, or are contemplated. In some lo-
calities the asphaltum paving is adopted on streets where railway
tracks are laid ; but owing to the tendency of vehicular traffic to wear
ruts alongside of the rail, and the spring of the rail to loosen the paving
niaterial, together with the increased cost of repairing the same, it is
not as favorably considered, for track paving, as some oi the other
systems.

To overcome the first named objection in some localities where
this paving is adopted, a double row of granite blocks is laid, adjoining
the rail, which also provides for the vibration of the rail, and renders
it more accessible to get at the foundation of the roadbed for necessary
repairs.

Telford paving is laid by placing stone, known by quarrymen as
rip-rap, as close together as the same can be laid, and filling the inter-
stices with macadam, or broken stone, which is laid for a depth of
about three inches over the rip-rap, all of which is thoroughly rolled
and covered with a thin coating of sand and gravel. This system of
paving, if it can be designated by that name, is, however, not suitable
for thoroughfares subjected to heavy vehicular traffic, and should only
be adopted for street railway tracks on suburban divisions, where,
owing to its cheapness, it is quite extensively adopted.

The first cost of paving a street is always the greatest obstacle to
overcome, owing to the necessity of providing a suitable sub-founda-
tion. This once done, the street is maintained in good repair by simply
renewing the upper roadway, and on account of its cheapness in some
localities, as compared to cther paving material, wood is quite exten-
sively employed; but on account of its perishableness, caused by wear
from heavy vehicular traffic and decay, caused by atmospheric changes,
and the further fact that, owing to the expansion of the wood when
absorbed with moisture, the blocks bulge upward in places, and in
some instances have caused the closing of slots in cable railways, and
the breakage of various portions of the running gear of both cable and
electric cars, this system is not so generally adopted.

Brick in any form, made of clay or other material, has thus far not
stood the test of vehicular traffic to warrant its adoption in any climate,
either by railway companies or municipalities, and should, therefore,
be given a most thorough trial before it is extensively used.

With girder rail construction, it is advisable to fill in the web of
the rail with moist clay just before paving, in order to prevent the
paving blocks from working loose, caused by the sand surrounding the
same filling up tne said space, thus leaving the blocks unprotected,
and tending to cause the row of blocks adjacent to the track to settle
unevenly. In some localities an iron frame is constructed at each
joint for the purpose of providing for repairs to the same without dis-
turbing the paving, but with the late girder rail joint construction,
ties well tamped and bolts securely fastened, the necessity for such
construction does not exist.

Eighti—UNDERGROUND WIRING.

This subject is one that is usually entrusted to the contractor
securing the electrical equipment, and by him sometimes sub-let
together with the overhead line work. As all this work is under-
ground, out of sight, and with paved streets made inaccessible without
incurring large expense to repair and renew, the most practical method
of workmanship and material should be adopted.

The object to be accomplished is to form a perfect connection
from each rail along the road to the poles of the generator at the
power house, the ground wire being connected to the negative poles,
and the overhead wire to the positive poles of the machine ; although
we have read of the reverse being the rule on some lines, but, as the
matter is foreign to the subject now under consideration, we will not
further digress therefrom.

A large size insulated copper wire is generally adopted to form
the connection between the generators and such points along the track
as it is deemed advisable to reach. The return circuit—for by that
name it is known—may be completed, either by connecting said wire to
the rail, or to a supplementary wire extending the entire distance of
the track. The latteris in all cases recommended, and should invari-
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ably be of soft copper wire, not smaller in size than No. o. In
either event, however, all rail joints should be bonded with a soft
copper wire not less in size than No. 6, and if the supplementary wire
is laid, a connection thereto should be made to, at least, every fifth rail ;
and it will also be of great advantage as a safeguard against any pos-
sible break in the circuit, to connect both sides of the track with a No.
6 wire, and if a double track, to cross to the opposite track, and to the
supplementary wire in said track, at least every 1,000 ft.

We have heard of instances being cited where copper wire laid
underground was more susceptible to electrolysis than that of galvan-
ized iron or steel ; but, after a thorough trial of upwards of three years,
during which time we have used both, the conclusion reached is, that
copper being not only a better conductor, but less liable to corrode and
break, is, therefore, the best wire to use for underground work. Gal-
vanized soft steel, or iron wire, used for this purpose, has not proved
durable, and we have found the same to be entirely eaten away by
electrolysis where it had come in contact with the cross tie, and in
perfect condition elsewhere.

The only theory we can advance for this is, that a chemical action
takes place between the gases of the earth, precipitated by the sap
contained in the timber and salt water, the latter from the use of salt
for the purpose of melting snow and ice ; although such results have
not been noticeable in the use of copper wire. In addition to cross
wiring, as above mentioned, as a precautionary matter, to insure a
complete circuit, it will he found advantageous to the economical
operation of an electrical railway, to excavate or bore in the earth, to a
sufficient depth, to secure continual moisture, and whilst iron is usually
adopted, owing to itscheapness, yet we believe the use of copper will,
in time, prove the most economical metal to adopt for this purpose—
for we beg leave to repeat: *‘ 7Ve best is none too good.”

Where such grounds are located, care should be taken to make the
best possible connection to the supplementary wire and the track. -

By a careful examination of the ampere meter at the power house,
during dry weather, compared with that of rainy weather, it will be
noticed that there is a marked decrease in the amount of current used.
in favor of the latter ; hence it follows that the more connections to
the rail and the opposite poles of the generator, with the moist earth,
the more economically is the system operated. It must also be re-
membered that the increased saving in wet weather, over that of dry
weather, is not attributable to the increased moisture of the earth
alone, but to the fact that the dust and dirt, which readily finds lodg-
ment on the rail, is washed off, and many roads now in operation by
electricity have found the use of a car equipped with a tank having one
down spout, about five eighths of an inch in diameter, on each side, so
arranged as to permit a stream to flow over the head of each rail, most
advantageous. These down spouts should be located as near the wheel
as possible, in order to insure the same being directly over the rail at
all curves, as well as the straight track.

In conclusion, we have only to say, as to the construction of ‘“ A
Model Electric Street Railway Roadbed and Underground Wiring,” its

successful accomplishment will involve the comparison and investiga-

tion of a wide range of personal experiences, coupled with the patient
study of those engaged in the manufacture of rail and track supplies,
who are constantly endeavoring at great expense to improve the mate-
rial and method of construction.

Report on “A Perfect Overhead Electric
Construction.”

By CrARrRLES H. SMiTH, COMMITTEE.

Gentlemen:—The president has appointed me a committee on ““A
Perfect Overhead Electric Construction.”

In thus selecting me to prepare a paper on this subject, he evi-
dently intended to pay a passing compliment to my imaginative or
inventive powers. He asks me to describe something that does not
exist, something that I have never seen, although I have searched
diligently for it. I can, therefore, give only my ideas of how an elec-
tric overhead line should be constructed, based upon facts and infor-
mation derived from personal experience and observation.

Iron or steel poles have proved to be the most desirable. I would
therefore recommend the following: The poles to be of tubular iron,
thirty-two feet in length, and made in three sections, in the usual way.
The lower section should be at least seven inches in diameter, and the
other two sections six inches and five inches, respectively. The poles
should be set in concrete, and at least six feet in the ground, and
should not be more than 125 ft. apart. The top of the pole should
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have about 2 per cent. of rake away from the curb, and should be fitted
with a suitable pole clamp, so that the span wire can be casily adjusted
to the required height, which should be twenty-two feet above the
track. On top of the pole should be a malleable iron cross arm to
carry the feeder wires, and guard wire spans. This cross arm should
be insulated from the pole by means of a wooden plug inserted in the
top of the pole. The insertion of the joints of the pole should be at
least cighteen inches, and the joints should be made solid throughout
their entire length by means of shims, or other contrivances.

If these joints are not properly made, the poles will not stand the
strain. For curves, or extra strain, there should be larger poles of the
same make.

Span wires should be of No.
and should be fastened to pole clamps by means of
buckles. Great care should be taken in insulating these turnbuckles
from the poles.

All well built lines should be sectional, and the trolley wire should
not be of too great a size, as it would then call for clumsy supports.
As it is not the main current wire, it can be of a smaller size, I would,
therefore, recommend No. 4 B. W. G. silicon bronze wire, which
affords sufficient carrying capacity, and has great strength and dura-
bility.

Sections should not be of a greater length than two miles, and
should be separated by trolley breakers, of which there are now a
number of good ones in the market. In cities and villages, where
there is great liability of fires, it would be advisable to put trolley
breakers at shorter intervals. Trolley wire hangers and pull-off
brackets should be of the lightest make possible, and still have the re-
quired strength and the very best insulation. There is a variety ot
such hangers and brackets now in the market.

As it is important to have as small a number of joints as possible
in the trolley wire, it should be put up in mile lengths, and twisted
splice joints should be made, and brass cone-shaped tubes slipped over
the wire before the splice is made. After completing the splice, the
larger ends of the tubes should be brought together over the splice and
a little solder dropped through a small hole made in the tubes for that
purpose, in order to keep the joint in place.

Overhead switches, or switch pans, should be avodied if possible,
as they become a source of great annoyance.
ommend a double trolley wire for a single track road.

4 “B. W. G.” silicon bronze wire,
insulated turn-

I would strongly rec-

Great care should be taken in erecting the guard wire spans. They
should be properly insulated from the cross arm by means of a strain
insulator, or something equally good, and should be of at least No.
6 best galvanized iron wire. There should be two guard wires over
each trolley wire, at least three feet apart and four feet above the trolley
wire. This guard wire must be well insulated from the guard spans;
in case of other wires falling, this would be of great importance.

Pull-off and anchor guy wires, or other wires for the same pur-
pose, must be of the very best material, and of at least No. 8 galvan-
ized iron wire.

Feed-in taps must not be more thad five poles apart, and should
take the place of the trolley span wire at that point. They should be
of at least No. o insulated wire.

The trolley wire being sectional, it is necessary to run a feeder
wire to each section. I would therefore recommend that the feeder
wire be at least 30 per cent. larger than the occasion demands. It
will be found: that this is money well invested. The insulation on the
feeder wire should be the best that can be procured, and I would advise
using locust or iron pins with mica insulators or something equally
good, for the purpose of fastening the feeder wire to each pole, and
great care must be taken to protect it from trees and other obstructions.

A cut-out box should be located on the pole of each trolley breaker,
and should not carry a fuse. It should have the same wire running
through it as there is on the outside. The fuses should be at the sta-
tion, with ampere meter and cut-out switch for each section ; then, in
case of trouble on any section, the location can be easily seen, and that
section cut out, if necessary, until repaired.

Lightning arresters are of great importance on the line, and I
would strongly recommend using them at least every 1,000 ft. They
can easily bé attached to the poles, and can be protected by means of
a box. )

In conclusior, I would say that no matter what expense is incurred
for material, or care used in constructing, a good line cannot be insured
without a thorough daily inspection.

It is to be hoped that in the near future a perfect overhead electric
construction will be realized in some of our large cities, for the ex-
ample or fact will be of much more value and interest than any paper
on the subject.
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Report on ““ Economy of Machine Shops for Elec-
tric Street Railways.”

By J. H. BickrorD, COMMITTEE.

Gentlemens—It is with some hesitation that I present this paper.
Everyone here is well aware that it is a subject on which only a very
meagre amount of practical information can be gathered. The evolu-
tion of the electric motor has been so rapid that no definite methods
have yet been established for its care and maintenance. There is great
lack of uniformity in the operation of roads, and one can find hardly
two which are following the same course as regards repairs and
renewals to motor equipment.

Theoretically, it seems but a simple matter to prescribe rules by
which this part of the work can be governed, but such will not find
favor with the majority of the membership of this Association.
Practical information is what we want. Street railway men are prac-
tical; they have gained their knowledge by long years of experience,
and have come to believe that practice is the most reliable guide to
follow, and that true theory becomes so only after having been verified
by practice. As I have just said, there is a very small amount of prac-
tical data from which to deduce rules, therefore it becomes necessary,
to a certain extent, to present the subject both ways; first, by looking
at what seems to be reasonable, by means of which we will arrive at
certain conclusions: second, by presenting such practical knowledge as
I have been able to gather.

It would hardly be fair for me to give an account of only what we
have done on the roads with which I am connected, and recommend
only our methods, as a guide to others; therefore I have taken the
means to gather from other roads as much data as possible, and this,
together with my own experience, forms the basis of what is to follow.

The one thing to prove is, whether there is economy in maintain-
ing a machine shop when there are so many manufacturing and supply
companies which can furnish us with every conceivable thing we want
(and many more we don't want) at short notice; and the local machinist
stands ready to do our work at a price varying from fifty to seventy-
five cents per hour for first class workmen (and double price for appren-
tices).

‘‘Economy is wealth,” so we are taught, but the expounder of this
doctrine forgets to point out the particular method of economy which
paves the way to fortune. Sometimes extravagance masquerades as

economy. This is especially true when one buys cheap goods to place
upon a street railway. Economy has two sides, with the transaction
between. At first thought one believes that true economy consists in

saving all you can at the beginning of the transaction. While this may
be, and undoubtedly is, a good rule to pursue, yet in the majority of
cases true economy consists in the elimination of all elements of weak-
ness, and the providing of such apparatus as will give the best service
with the least amount of repairs. Now, such apparatus cannot always
be gotten cheaply, neither can it be well taken care of afterward with-
out the proper means for so doing, which also should be considered as
part and parcel of the transaction.

After having bought the best apparatus, we must provide means to
take care of and repair it, and the first thing to do is to provide com-
petent help. On this last point hangs the key to success. Heretofore
on our horse lines, economy has been practised in its severest sense,
and now when we change from animal to mechanical power, it is hard
to break away from the old methods and broaden out to the extent
which is necessary to properly conduct the affairs of a well equipped
electric system.

Outside of conductors, drivers and subordinate officers, the help on
a horse line can be of a class which does not command a high rate of
wages. Stablemen and trackmen are, as a general thing, employed
for their muscle; therefore, I am not far from the truth when I say
that previous to the introduction of electricity, our street railroads
were conducted with inexpensive help, and we have come to look apon
this method as the only truly economical one. Ido not present this
as a criticism, only as a comparison. It was not necessary to employ
high priced men; the class of work did not demand it; therefore, there
is no censure due the management, nor can we say that this view of
economy was not correct,

Let us look for a moment at the change which has taken place in
the last five years, and, if possible, discern whether according to good
reasoning it is wise to pursue the long established methods of which I
have just spoken. We have equipped our cars with delicate machinery,
and have put complicated mechanism in our power stations, and have
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obstructed (so the public say) our highways with a multiplicity of
wires.

What shall we do now? Still employ the same class of help? Is
it wise to place this apparatus in the hands of men who do not under-
stand the first law of mechanics? No, emphatically, no; it would be
the height of folly, yet I am sorry to say that such was the case with
some of our roads in the early days of electrics. The laboring man is
all right in his place, and is a necessary adjunct to a railroad, but until
he educates himself to the level of the mechanic, he should not be
allowed to handle, much less repair, the delicate mechanism of an
electric motor. Heretofore, then, we have been dealing with muscle,
now we must have brains ; hence we must turn our attention to the
mechanic and the engineer. Let us take one step more and look at
the mechanic, and see if we should discriminate between men of this
calling. We have two classes of mechanics ; the thoroughly skilled
class and the partially skilled class, the latter more commonly called
handy men.

You have heard the old adage, ‘‘ Jack of all trades and good at
none,” and do you not think that there is a grain of truth init? How-
ever, there are exceptions in this class ; some men are born mechanics,
and could they have had the proper training, would have become even
more skilled than their brethren of the other class. Such men are
worth employing for some purposes, but the man who can, in his own
estimation, do anything from the building of a motor to the framing of
a house, seldom proves to be capable of doiug either and the electric
road is better off without him. He never gains in knowledge, because
he is satisfied in his own mind that he knows it all now. Therefore, I
say, we must look still higher for a class of men to care for and repair
our electric machinery, and in doing so can only fall back upon the
skilled mechanic. By the term * skilled mechanic” I do not necessa-
rily mean a machinist. We have many kinds of mechanics; I mean a
man'who has learned a trade—has mastered some particular branch of
the business, and applied himself to that exclusively. An arniature
winder is a skilled mechanic j so is a first class lineman ; that is his
trade, he has mastered it and knows every condition that enters into
it ; the same with the machinist and the carpenter. Hence, I say
again, these are the men we must employ if we want to run our roads
properly and economically, and right here we see, as stated a moment
ago, that true economy does not consist on what we save at the start ;
it comes on the other end of the transaction; it is what we save in
repairs and breakdowns, which can be very materially lessened by the
employment of the right means.

Having thus arrived at the conclusion that skilled help is neces-
sary to success, let us look still further into the subject and ascertain
what else is needed to bring about true economy. Just here is where
opinion will divide, and is what renders this subject difficult of elucida-
tion. Whether it is economical to maintain an equipment of machin-
ery will still remain a doubt in the minds of many, notwithstanding
what I may say or what others, more experienced than myself, may
write upon the subject. Nevertheless, we are all here to get informa-
tion, and as this is brought about by discussion, perhaps what I am
about to say will bear fruit later on.

There is no denying the fact that to do a piece of work of any
kind properly we must have proper tools; a makeshift in such a case
only leads to the abominable temporary hitch. We would be much
better off if this word *‘ temporary” and all its modifications were left
out of the English language. To do a thing half way results in gross
extravagance in the end. There is no denying this ; we have examples
of it already on the electric railway. If this be true, what conclusion
follows, in view of our previous conclusion that we must employ
the skilled mechanic. Simply that we must provide him with the requi-
site tools and machinery to do the work in a skilled manner.

Now that we have arrived at this latter conclusion, there is yet
another step, the last, but by no means the least. It isthis: How far
shall we carry this equipment of the machine shop? Shall we make it
a manufacturing establishment? There is surely a point here where
we must draw the line. There is a distinction between repairs and
renewals, but for all this the question arises whether, if we go so far as
to establish a shop for repairs, is it bestto go a little further and
manufacture supply parts? It will be useless for me to attempt to
prove by theoretical reasoning that it is economical to maintain a
manufacturing establishment, or even an additional equipment to that
required for repairs, therefore I am simply going to present to you a
few facts.

In the first place, I wish to call your attention to the methods and
practices of the steam railroads. It seems to me that we ought,to a
certain extent,to be guided by these people. They have spent over
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half a century in probing and sounding this matter of repairs and re-
newals, and even though we may not wish to follow their example in
some things, it will surely be worth our while to consider what they are
doing. We find here what we have arrived at through our conclu-
sions, viz., complete repair shops equipped with all the necessary ma-
chinery for doing the work in a thorough and economical manner and
manned by competent help ; furthermore, a thoroughly competent
master mechanic at the head of the whole. We find them manufactur-
ing a great many supply parts,even complete cars and locomotives,
and everything necessary for the maintenance of the road.

They have learned by experience that it is economical to manufact-
ure in this way. This is shown by their still continuing to do so, and,
so far as certain repairs are concerned, they know positively that such
can be done in their own shcps more satisfactorily than in a local ma-
chine shop. Their own men having become familiar with all the re-
quirements of the work, they know every condition under which the
apparatus has to work; consequently the successful and economical op-
eration of the road, so far as this department is concerned, is assured.
In some instances it may cost a trifle more to make the article than it
could be bought for. Suppose it does. If it will give better service
and wear longer, it is more economical. AsI said at the beginning,
economy does not always consist in buying a thing cheap. Happily,
however, in the experience of the steam roads, they have found that it
costs no more, and in many cases not so much, as to buy of supply
companies, which is surely a conclusive proof that it is economical to
maintain shops.

After viewing the experience of the steam roads, let us turn our
attention to the substantial practical data which I have gathered from
the more prominent electric roads. In attempting to write upon this
subject, I found that in order to present unbiased information it would
be necessary to gather as much practical knowledge as possible from
roads other than those with which I am connected, therefore I pre-
pared a list of questions covering the most important points of this
branch of the business and sent them to over 250 of the more promi-
nent electric street railways, asking them to co-operate with me in the
preparation of this paper by answering as many of the questions as
pertained to their respective methods of operation and maintenance of
line and car equipment. I am sorry to say that I received answers
from but sixty-six .roads, notwithstanding I prepared the circular so
that it was only necessary to write yes or 70 after many of the ques-
tions, besides enclosing stamp and envelope for return. It occurred to
me that perhaps many thought that this information was for me per-
sonally, or else reasoned that if I was to present this subject I ought to
know enough about it without their help. However, the sixty-six answers
which I did receive gave me valuable data to substantiate my own ex-
perience and enable me to write much more intelligently, and I wish to
extend my thanks to those who did interest themselves in the matter
sufficiently to give me the information asked for.

Among these answers received I have found many things to
strengthen my belief that it is economical to maintain a machine shop,
not only for repairs but for the manufacture of supply parts. Itturns
out to be a fact that no less than twenty-four roads are maintaining ma-
chine shops, doing all their own repairs and manufacturing many sup-
ply parts. They say, unhesitatingly, that there is economy in so do-
ing. They give as their reasons: First, that they can make better
material than they can éuy ; that they are perfectly familiar with the
requirements and conditions of the business; they are operating the
roads and are in a position to know just what is needed, and are better
able to judge of the strength and durability of the apparatus than those
who have never beenin a similar position. Is not this a natural conse-
quence ?

In presenting this I do not mean to cast a reflection on the earnest
efforts of my good friends in the manufacturing business, but I must
say from personal experience that there is much material on the mar-
ket to-day that is not up to the standard. Why? Simply because the
makers of it do not understand thoroughly the requirements of the
business. Some may be unscrupulous enough to put goods upon the
market just for what is in them for awhile, regardless of their sta-
bility ; but I hope that is not the case, for surely we had much rather
believe to the contrary.

A second reason given is, that there is a saving of from 25 to 50
per cent. by manufacturing the majority of parts.

What further, then, can we say ? Is not this, coupled with the
experience of the steam roads, sufficient to enable us to conclude that
there must be economy in machine shops for electric street railways?

I have shewn you then, first, by reasoning, and second, by actual
fact, that this subject must be treated affirmatively ; therefore, it will
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be wasting time to dwell longer upon it, except, perhaps, to give a few
examples taken from information gathered, and add a few recommenda-
ations which naturally arise from a study of the whole.

I have made a sort of classification of the answers received, and
the result is as follows :

I0 CARS OR LESS.

Received answers from sixteen roads: Fourteen of these buy all
supplies and repair parts, and have not a machine of any kind ; the
other two have a drill press, small lathe and blacksmithing outfit.

10 TO 20 CARS.

Received answers from thirteen roads: Seven of these have par-
tially equipped machine shops, do all ordinary repairs, and manufacture
many parts for renewals ; the other six have not a machine of any kind.

20 TO 30 CARS.

Received answers from ten roads : Six of these have well equipped
machine shops, do all repairs, and manufacture most parts for renewals;
the other four have not a machine of any kind.

30 TO 50 CARS.

Received answers from six roads: Of these one has not a machine
of any kind ; one has only a wheel press; two have a drill press, lathe
and blacksmithing outfit ; the other two have fully equipped shops and
do all repairs and make nearly all supply parts.

50 OR MORE CARS.

Received answers from twelve : Two of these have only a drill
press, lathe and blacksmithing outfit ; nine have complete shops equip-
ped with machines of all kinds, and manufacture about everything
necessary to maintain the equipment ; one has a very extensive manu-
facturing establishment, outside of a complete repair shop, and also
maintains a brass foundry.

The remaining roads from which I received answers had no definite
information to give. One or two said that they were getting ready to
establish shops, and others were undecided what they would do.

Out of the sixty-six roads heard from, thirty-six were winding
their own motor armatures and field coils, and the cost of armatures
varied from $17 the lowest, to $75 the highest ; the average was about
$35, including all material. Fifteén roads had wood working ma-
chinery, consisting principally of saw table, band saw. surface planer
and mortising machine. Seven roads are cutting their gears, but some
of them find it no cheaper than to buy. They think, however, that the
work and material are better, and for that reason it pays them. Others
make all gears and think there isa saving in cost. Eight roads are
building their cars, while several are rebuilding old cars, but make no
new ones.

I will give now a few of the prices for which supply parts are being
made in the shops of the different roads. These figures are an aver-
age taken from eleven roads which are using Sprague, T-H. and West-
inghouse, double reduction motors.

Refilling commutator (copper bars).. B0 0TG50 .. $18.50
Two halves armature bearing, T- H., $3. 96 smgle Sprague 1.85
Twohalvesax]ebearmg....‘ B2 S e LT
Brush holder. ..... et araie [ AR, - o 1.35
Rocker arm, T-H.,81.00, Sprague ..... O U e e 3.00
Int. shaft (steel), T-H., $10, Sprague. e S R o0 (i 3.00
1603 o3 TR oM ETHEE )0y 7 0t 0 o) B B S i G ) 00 S O s S 5 4.20
Wi7ios LP et i 000 818 B0 06 0 6 B0 s . f GO O e 1 . 3.88
Axlegear.......... D St A S0 oD . . 5.66
Armature pinion (steel)............ O A St s Rl
irolley wheelN(brass)-Femmuettin - R 1.06
1T (TSI 6 00 000 45 0.1656. 8 5 OIS 0066 060 G0 06§ as et T 100
Clips for line hangers (brass). e Lol ot e e .15
To bore and press on thirty inch wheel.................... .95

The average price for which roads sell scrap car wheels is $13.65
per gross ton ; the lowest being $8, and the highest $2o.

Some roads have kept no account of cost of making repair parts,
and therefore could give no prices. It is unnecessary to say that it
would be wise to do so.

Being anxious to know, myself, and thinking it might be of bene-
fit to many others, I asked the roads to give an opinion as to which of
the different types of motors gave them the most trouble. With but
two exceptions, the single reduction costs less to maintain.

Nineteen roads are employing an electrical engineer, and four
have a superintendent and electrical engineer combined.

In regard to my own experience, I will say simply that it fully
coincides with the information just presented to you. I have no doubt,
whatever, that there is economy in maintaining repair shops, and even
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manufacturing supply parts. Of course what will apply to some roads
will not to others. Some roads are too small to think of its being
profitable, but miay others will find it to their advantage if they will
look at the matter in all its parts.

I will not attempt to recommend the number and kind of machines
a road ought to have, as it will depend largely on the number of cars
they operate, but I have made up a list of machines which I find the
majority of those having machine shops are using, and should judge
that it covers those most necessary for the work.

One 20 in. swing, Io ft. bed, engine lathe.

@ne 16 ¢ GRS = o

(@i s 6 ¢ ‘“ speed lathe.

One 24 in. X 24 in. iron planer.

One No. 3 or No. 4 Universal milling machine.

One 45 in. upright boring mill.

One 24 * ¢ drill press.
One 12 e 3 “ ‘e
One 100 ton hydraulic wheel press.

One open die bolt cutter and nut tapper.

One medium size shaper.

One tool grinder.

Two forges with power blower.

One set of emery grinders.

One grindstone.

Necessary bench tools and fittings for machines.

One Io H. P. motor to run machinery.

Of course roads with a great number of cars would need to dupli-
cate some of these machines, and add some others not mentioned.

After having considered this subject and shown you what conclu-
sions have been arrived at, both theoretically and practically, I want to
add that, in order to make a success of running a machine shop in
connection with an electric road, it will be necessary to employ an
electrical engineer. By this I do not mean a handy man, or a man
who styles himself an electrician, just because he has had a few months’
experience in the electrical business, but one who has a theoretical, as
well as a practical, knowledge of mechanical and electrical engin-
eering.

In conclusion, I wish to say that 1 have endeavored to be as impar-
tial as possible in what I have said, and have tried to present the sub-
ject in a comprehensive manner. 1 hope that discussion will follow
the reading of this paper, for although some of us are fully persuaded
that machine shops are economical, yet, I think, none of us are so
prejudiced that we could not be convinced, should it be proven to the

contrary. Let us get at the truth, whatever it is.

Report on “Relative Cost of Operation of Horse,
Cable and Electric Roads.”

By WiLLiaMm M. RaMmsey, CHAIRMAN oF COMMITTEE,

Gentlemen:—**The comparative cost of operation of Horse, Cable
and Electric Railways,” is the title of the paper for which your con-
sideration is solicited for the next few minutes.

The subject is, it is needless to say, a fruitful one, and one on
which a wordy speaker might discourse by the hour and leave his
hearers no wiser. Your committee desires to present to you the result
of its efforts, with only such comments as shall be necessary to its
clear understanding.

The work which the committee had to perform was to ascertain
from leading horse roads, cable roads and electric roads, such informa-
tion regarding the cost of operation of each, as the existing methods
of accounting in each case made possible. They recognized in the
early stages of their work that any attempt on their part to shape the
accounts of the companies to suit the purpose of the committee would
be fruitless, for reasons which must be obvious to all. A series of
questions was framed comprehending the information desired, and
with such subdivisions of operating expenses as it was thought would
meet with most ready reply. Our experience has proved that the sub-
divisions were well selected, for many of the replies were as full and
concise as could be desired.

As to the greatest difficulty encountered—the lack of uniformity
in methods of keeping accounts—enough has been said at former con-
ventions. The difficulty, however, still exists; and, it might be ob-
served, another difficulty was brought prominently to the notice of the
committee, that is, the woeful lack of acquaintance with facts, and the

need of scientific study and research into the economics of one’s own
road. _

Correspondence was opened with every cable road in the United
States by Mr. Greene, and by myself with the representative electric
and horse roads. It is with regret that the committee announces that
the information received from horse roads, for various causes, is
meagre and unsatistactory. It was not the intention of the committee
to pass superficially over the horse roads, as our report would seem to
indicate.

Many of the replies sent to the committee were given for the per-
sonal consideration of the committee alone, and not for publication or
public reference in any way. We have, however, chosen a few of
the representative roads of each class, and have tabulated the replies
in such a way that reference can be made to them by number if de-
sired. Names, location, amount of stock and bonds, and other marks
by which a road might be identified, are necessarily omitted.

A comparison of the reports from these roads does not reveal the
characteristics which we should expect to find. We see results which
are as varied as could be imagined. Why should cable road No. 1,
earning only eighteen cents per car mile, have within eight cents per
car mile as mucn to divide among its stockholders as road No. 3, hav-
ing nearly twelve cents per car mile more receipts. Let us refer to the
reports of these two roads and make a few comparisons.

The first noticeable difference in the conditions under which the two
roads operate lies in the fact that road No. 1 operates daily an average
of 298 trail or tow cars, while road No. 3 operates only grip cars. Road
No. 1 operates 1.54 tow cars for every grip car operated, or a daily
mileage of 203.2 for every train of one grip car and I.54 tow cars to
every 100 miles made by a train of one grip car only, which road No. 3
operates. Now if the expense of operating increased directly as the
mileage, whether made by grip or by tow cars, a direct comparison of
these two roads would be possible ; but such is not the case. Road No.
3 is evidently at a disadvantage. The same difficulty occursin the com-
parison of certain electric roads with one another,

A very excellent method of correcting this error has been formu-
lated by Dr. Cary T. Hutchinson, and is here presented by his kind per-
mission. It is evident that what is wanted isa formula which will re-
present the ratio of cost per car mile, for any item of expense.

Dr. Hutchinson’s method is as follows :

Let **t” = No. of miles a train of two cars runs per day.

S = R motor car alone runs ‘
cost per train mile for any special item,e. g., cost of fuel.
‘“ ““by = cost per motor car mile—the same item.
¢ **N” = 2t 4 m equals *‘ car miles " as ordinarily counted.

(N

a

““ ¢ r” =a /b equalsratio of cost per train mile to cost per motor
car mile for any given item.
¢ ¢ ¢” = cost per car mile, counting trailers same as motor cars.

This is the figure ordinarily given.
*“ C N” = total cost of operating line per day for that item.

Then a t-+ bm = CN for any item of expense.
but a=br

o b(tr4+m)=CN

_ CN

Ttr4m

b= G

- —[_ T . 5 & o (I)
NN

a=rb 9 . o o 5 (2)

m . < .
Now I\il and N’ the ratios of train and motor to total mileage, are

known.

Then r must be determined for each item of expense.

I take for ** r’’ the following values :

First.—Maintenance of roadbed and track, r = 1.5 ; although there
are two cars instead of one, yet the trail car isby no means as hard on
the rails as is the motor car.

Second.—Maintenance of line, —r=1.
there is or is not a trail car.

Third.—Maintenance of power plant,— r =1.4. Because I have
found by experience that under average conditions a train requires
about 1.4 times the power of a motor car, and maintenance should be
assumed proportional to power developed.

It is the same whether
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TasLE No. 1.

OPERATING EXPENSES, ETC., OF EIGIIT CABLE ROADS.
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| —— = =
Average Average Receipts per Taxes, Tolls Gross Oper- Maintenance
No. of No. of |Daily Mileage of| Car Mile Fixed Interest on —State, ating Ex- Maintenance| of Cable
No. Grip Cars Trail Cars| Grip and Trail including [(Charges per| Funded County and/penses per' of Road-bed |Ropeand Un-
operated operated Cars. Mileage of| Car Mile. Debt. Municipal ‘ Car Mile, and Track. | derground
daily. | daily. Trail Cars. Taxes,except exclusive of Machinery.
b [ Grip. Trail, . Water Taxes. | fixed charges. E D
1 193 298 80 8o 18.054 1.624 1.069 .555 8.810 401 .686
2> 30% oo 127 2 ofic 18. 300 4.700 4.200 500 13.700 500 2.300
3 54 e 100 G i 29.840 5.440 3.200 2.240 16.000 1.9I0 1.720
4 5 6 go 90 W08 ) snooss 0 ndassn |l dogdo s e | cteang 5
5 7 9 70 70 T0:SOMNE S 659 f  LOIE [ R LR < o o R e
7 29 58 104 TQU N IR 1.230 Ol || agoans 6750 I IR L I e
6 8 5 Q0. 40 105,65 | L 1.884 1.532 0.352 10. 715 448 .734
8 70 70 123.54 I23.54 | ... 6.610 5.700 0.910 20.050 400 3.000
TaBLE No. 1.— Continued.
OPERATING EXPENSES, ETC., OF EIGHT CABLE ROADS.
Maint c (P Cost of Tran-
Maintenance . aintenance Cost of Pow- sportation—
Maintenance . General Wages of
of Power of Plant (Maintenance | . of Guips; || er— Fuel, ' Conductors Expenses —| N et Earn- | Conductors ’
Plant, includ-| . : including | water, oil, | and Motor- . : : Kind of Cost
. 5 in general. | of Rolling inspection | waste. and ligh Salaries, ings per | and Grip- Fuel used v
g repairs | g, iidings, Stock. o : men, UgNt- | ega)l, Ac-| Car Mile. | men per | P :
69 it ete anc shop| wagesof ing and idents, etc hour.
boilers, etc. * work. employes. | heating cars, ’ i :
ctch
.530 NI32 .594 .084 .925 4.702 - 756 7.620 28c. Screenings T
.100 .030 . 300 .100 1.700 6.400 2.000 4.900 T7CS [Slack & Nut 2.02
. 190 .580 1.030 . 570 1.070 7.450 1.480 8.400 ‘ 18%c. Coal. I.21%
. N 7.000 3.000 ‘ 173C. R. O. M. 2.00
e . e ceiv. 1glandz0l| ...... o
.055 G .480 .263 2.530 4.984 ey || speco 221c. Petroleum. 'sic. per gal.
.120 .100 .860 . 540 3.240 9.8g0 Mo || scooo 22¢. Soft Coal. 6.20 net ton.
TABLE No. 2.
OPERATING EXPENSES, ETC., OF SEVEN ELECTRIC ROADS.
Receipts Taxes, Gross Mainte-
‘ Ab}lgraogfe Aﬁ'zraogfe Average Average per Fixed Interest |Tolls—State, OEPXE I:]tslezg Mainte- L{lance 0{{
No. |Mot d C T 'l.C Daily Mile-Daily Mile- Car Mile, {Charges on County and eI; Cir nance of .mT ‘Z.Of X
< g Z:ate?irs (:aé a:;;s age of age of including per Funded | Municipal, Mir;e excly.| Roadbed 1"6 “d ing
sai]y Eial;ly Motor Cars.| Trail Cars. | Mileage of | Car Mile. Debt. except s 'Of Fix.| 20d Track. grourrllde\g\}ir
Trail Cars. Water Taxes.|_ oty \ g
!
Cents. Ceats. Cents Cents Cents: Cents. Cents.
ao 30% 27 19. 360 saoa || anessa 9.690
2. 17 891 25.263 222 6.861 - .361 17.974 773 .203
3 280 5 70 56 4v.280 3. 360 1.000 2. 360 25.440 2.520 .720
e 10 4 120 120 13.500 9.000 O | 9.000 ; >
5. 10 100 15.000 62400 I | B (.
6L 5 S0 GOROIN I . coo & coooas 16.000 .110 .070
e 27 . 100 28.880 20 560 BRI 18.530 2.500 .520
TABLE No. 2.—Continued.
OPERATING EXPENSES, ETC., OF SEVEN ELECTRIC ROADS.
Maintea- 5 o Maiantenance Cost of
hee of Malntefn. Mamtefn- Silotors) Cfc))st of T aepertd Gene;:;ix- Wages of
Power lemce 5 ance ot dinspection @O0 Ch | tion-Wages JFU%CS Net earn-|{Conductors =
ant in | Rolling Fuel, Oil, Salaries, | . Kind of Cost
Sone e eneral, [Stock, Car and shop |y gre erc i Candugy, © o1, Ao {lines per and Fuel Used er ton
pairs on Bg ldine Bodi work, electri- Wage f' tors, Motor- gd g Car Mile. |Motormen : P :
engines, i aings, T okles' cal and agles o men, Dis- Sl per hour.
boilers, etc. Giss G Mechanical. S DOYES, patchers, etc. e
Cents. Cents. Cents. Cents. Cents. Cents. | Ceats. Cents. Cents.
S | 9.670 5% Slack at 1.go; Lump 3.00,
411 030 | 3.405 3.405 3.301 8.750 1.091 .0067 24 Wood by the year.
.360 9330 1.590 2.720 3.560 11.420 2.220 14.3400 22% Lump Coal 3.92
1.500 4.0000 2% Soft Coal 1.25
420 1.230 2.360 3.200 sy 5% 0 c 3.4200 13 Soft Coal 1.32
sso0 .740 e 3.840 | 8.740 .620 5.2300 14 R. O. M. 3.00
2. 360 2.380 2.840 6.900 2.210 6.6100 20 Slack I.21
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Fourth.—Cost of power.

(a) and (b) fuel and supplies, r = 1.4, as above.

(c) and (d) attendants, r =1. Because for a good sized plant no
more men would have to be employed in the power house if all the
cars hauled trailers ; the force required is not proportional to the out-
put, but is constant within pretty wide limits.

Fifth.—Maintenance of rolling stock.

(a) and (b) repairs to motors, r = 1.

(c) ““ cars and trucks, r = 1.25.

Repairs to trail cars are very much less than to motor cars.

r=1I.

6

Sixth.—Transportation expenses.
(a) carmen, r = 1.5 , three men on a train and two on a motor car.
(b), (¢), (d), (e) and (f) may all be bunched at r = 1.25.
Seventh.—General Expenses.

Referring again to our table of statistics :
No. 1 road expends .g25 cent per car mile for the item of cost of
power, and No. 3 road expends for the same item 1.07 cent and this,
notwithstanding the fact that road No. 5 only pays §1.212% per ton for
| fuel, while road No. 1 pays $1.47 per ton.

TABLE SHOWING STATISTICS OF ONE CABLE AND SEVEN
By permission of Dr. CARY HUTCHINSON.

ELECTRIC ROADS.

Milcage Motor miles 70. ‘ ;
4,913 1,345,146 2,744,000 1,098,000 2,725,000
el No. 2. No. 3. No. 4. LS00 Cue No.6. | No.7. No. 8.
OPERATING EXPENSES. [ " .
Cents| 9 |Cents| % |Cents| % |[Cents ¢ |Cents 9 Cents} % ‘ Cents 9 |Cents| ¥
1. MAINTENANCE OF ROADBED ' ‘
AND TRACK : wivuic s s mmlinwie aie [oteren Sl ee i 10400 8:45 | 2.85L I} 12.600k svs s dlasonsslessqe ot 1.516 10.80| .505% 4.60
o MAINTENANCE OF! LINE RS 80 ool [t e A e st ter 100 .81 50 2,67/ “1a5 o0 (1| [} -cIEl s sBoEReR. ¢ L ConoD
Total............. .159| .205 .200| 2.10 1.I40 9.76 |...... s ol | AR I S 300] |\ 2- 8ot LR TANGZ RN N S
3. MAINTENANCE OF POWER
PLANT :
(a) Repairs of engines and
DOIIETS! ¢ivteiileie)ois e ohuia el Lo IR [ o ey oone | s ol o) (T Vo S| S | B . PR PRIORI RSB 8 | 0000 0llo a0 alla a0 o oo posaso
(2) Repairs of dynamosie et i | el et e Loloy/ [N (o PSRN ISR PRI BB 50 el i oo |a 0o no oo s o wolla e n o b anans
(2)f VIiScellanc o tiSIre Pairs e eRee | Spps | VAo | PR [ ESSsRspe § SO t) SRS R | B B A oo cno|e o oot FORE R o0t oo oo o o ook Ve
eI e e e o v s o [S6 0 000k noo aialic o ce ol SORTII am it S A R e e 3 ain e sl el S
4. CosT oF PoWER : ‘ [
() 1EE S oo e mob ooy o [ 00010 o o oo o [ a6 50| o e e +830]E6 7o . L ceeeeel .675 § 9.40 | 1.280] L1 .Q08 R | Sy o rerer s
(6) Oil, waste, water and [ I
other supphes - 2331(0" 4. 268 agrisatra| U oc0[RTE6 3 ML LR B SR 412 5.64 ,446F 4. TOf S R TR SO e o
(¢) Wages of engmeers and s
TIPETIETY. siviee) sisi i ola s el 162| 2.09 223! 2.35 blle b o) | I8 Al man e o 168 ) 2,35 [ 8. R R B 0006 ¢ o ano s ollaon on b
(d) Wages of dynamo ten- [ [
ders; eIC.. o vvn comovane Moi woniluve oo mle snte ol omisie sl oes e of ow ol s SEHIIE ORI LR R R 000 4.680L .. . LT P
T E So0 anoo0 0o ot .493| 6.35/ .614| 6.47| 1.73014.08 | 2.84 (14.80 |I.255 17.39 | 2.220 20.65| 1.304| 8.72 2.83 | 25.80
5. MAINTENANCE OF ROLLING }
STOCK : [ :
(2) Repairs on motors, ex- ‘ i [ !
cept gearing et o s T [ Helols | ZAEIE o hooas o 244" (1340 [0 ER R S| (5hte | s d baooo o
(4) Repairs on gearing and \ ‘ ‘
RS oo o se s et e 1.040F 13.40| 1.430] I5.10]1 .234( 1.90 §12-38 |12.00 ft ... ooi oo B et cocon onead faoasa
(¢) Repairs on car bodies and ’ i [
truck STyt oe: .435 5.60 542| 5.70| .528| 4.30 | 2-35 |12.00 3I5 | 4440 |oee ol ns [t S o g
Totall S rrpe 1.475| 19.00| 1.972| 20.80| 1.66%7/13.55 | 4.73 |24.00 | .559 | 7.80 | 1.800| 16.80|...... > 718 5.50
6. TRANSPORTATION EXPENSES |
(a) Wages of Conductors and
motormen ...... et ol RR. || e e o b G0t ok 4.56037.14  6.98 135.30 4.678 [65.50 | 4.650 43.29] 4.815| 32.00| 4.00 | 36.40
(6) Wages of starters, switch- \ ' [
men, track sweepers,etc. 4.330 56.00/ 4.930 52.00 .485 3.95 ............ 103 | I.43 . £T5] | 4. SOl LRIt o ooelbocos o
(¢) Cleaning and 1nspecnng ‘l
cars and M OTo TS Nl N [ e R S, ot | Uil boaoooc||saaasd e SR a0 n e B ootinds oo o0 5 o a0l ae s o e
(2) Oil, waste and other sup- [
phes ....................... | R (SR PR B ko RC L L SRR | (e .036 A | b ssonr Geodoy 2:6g3{ 1 8T00l NI RN
(¢) Accidents to persons and ‘
PrapenEy R e A My ore | e | IR b R 007]1 oI fooee o d| el e e SRS
(f) Miscellaneous.......... Sl e e IS | Siots B B0 | SRl Bogaafsuanod Sooc o [oaco 4 100 L3 3500 00afas cees
Total ......cvavav i 502! 58 08) & T4E0. .., . 6230151 30 EERRers| I 5.200 | 9.29 | 5.2654. ... 7- 508 RN 5.62 | 51.30
7. GENERAL EXPENSES....... . !
(a) Salaries of officers and
clenks -437] 5:65]0 <6001 634t e i e oo ol e s s .132] 1.23] I.05If 7.008....Liilllon
(&) Office expenses......... 132| I.70l8 SI820 BN gofl c R R | L SR [ PR SRR (PR Sio o Do o000 S
() Advertising and printing o8 ] L O L PNCV- VAR S O | Sepsvagie g | 2500 232 w0 x| L L O A
(d) Legal expenses and dam- l |
APES e cvevsnrnvenonnnis 174 2.25 24018 2 5]l . S PR B os & S8R S e a4 102 .95 2gI|| I.05%ukeN. dei o
(¢) Insurance and taxes.....| .384] 4.096 .530] 5.60[.ceenolociin oo (000 d Bes o [Gosood Srs3liT g 184 1.23..0eei|eennns
(i) Miscellaneous ...t M0 |NERE HE B0 L SNCR | o M Leee (F g L L S 0523 4.00. I.000| 7.30 .cc.cfernan
Total . ..ouvevnnnn 1.127| 14.55 1.552| 16.40 1.40211.40 | 2.21 | 11.2 |.coeofeon... 1.160| 19.83 2.616 17.48 I. 30! 11.80
\
Grand total........ 7.756] 100 | 9.483 100 | 12.30 I0o0 | Ig.60 10O |7.159 100 I0.75| Ioo 14.9I§ 100 11.00' 100
| } | [ | ‘
APPENDED To Dr. HUTCHINSON'S TABLE.
Therefore, for
=TS T8¢ TG e
2 h =16} =1,
g =111 8 ¢} i 5= { v L
A (2) and (b)) b=TN153c = ey
(c) and {d), b=1.38¢, r=1.
s {ayand (b), I b=1-38\c,Sr="1.
(c) b=1.2c¢c, r=1.25.
6. b=1.t4¢, r=1.5.
(b) (c) (d) (f) and (e). b=T1 25 il r—18ox"
Tie b=nTasic =1

These are the figures used in computing cost per motor car mile in the case of the No. 2 railway.

No other line used trailers.
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Using for r the value assigned above for cost of power, I.4, our
equation reduces to b = 1.07 cent, or in other words .g25 cent. should
be multiplied by 1.07 to bring it on a basis of comparison with No. 3
road. This gives us .99 cent. for No. 1 road as against 1.07 cent for
No. 3.

The difference which still exists may be accounted for either by
reason of a possible difference in the efficiencies of the two power
plants, or by the possibility that one road may operate more cars to
do the same amount of business than the other road.

This method of comparison can be used satisfactorily for any
roads, cable or electric, providing the necessary data have been
obtained as to motor car miles and train miles, and providing experi-
ence and careful observation have enabled the investigator to assign
approximately correct values for ‘“r,” which will differ in different
cases. But there are yet many disciepancies to explain, for which we
must seek other reasons. Why should the gross operating expenses
of No. 3 electric road exceed the gross receipts per car mile of No. 4
electric road by nearly 100 per cent., and yet both roads still have a
fair percentage of their receipts left for dividends? No. 4 road is a
small road, and No. 3 is a large one, but we cannot argue that small
electric roads have a better chance for profits than large ones. It is
fair to assert that study of No. 3 report would lead to the conclusion
that either there is more in the road thanis brought out of it, or that
the only thing that justifies the outlay of twenty-five and a half cents
per car mile (trail car mileage included), is the receipt of over forty
cents per car mile to do it with.

The quality of the management which any of our roads receives is
an uncertain quantity, but must be assumed to be good, in our argu-
ments. The management of roads Nos. I and 3 in the cable list are
known to the writer to be excellent. The other conditions under which
the two roads operate are nearly the same. Yet a ‘‘figure of merit,”
obtained by multiplying the total daily mileage by net earnings per
car mile, and dividing by the amount of capital stock paid in, shows
vastly in favor of No. 3 road, and this, notwithstanding the gross oper-
ating expenses of No. 3 road are about 50 per cent. higher than the
operating expenses of No. 1 road—both being placed on an equal basis
of grip car miles. We see, therefore, that still another method of
comparison must be resorted to in order to give an intelligent idea of
the comparative earning power of two roads, namely, the comparative
earning power per day of each dollar invested in each road. This
ratio, when stated, comprehends all of the conditions under which the
two roads operate ; it is the final result of a compound proportion of
which the ingredients are the investment, the outlay and the income—
“‘outlay” comprehending the management and efficiency of the road, ana
‘“ income ” comprehending, among other things, the comparative value
of the territories through which the roads pass.

Operating expenses per motor ear mile, or per grip car mile,
afford a satisfactory basis on which to compare expense of operation,
but net earnings per motor or grip car mile tell us nothing of the value
of aroad as an investment, unless we know also the total investment
necessary to earn so much per car mile; and we take occasion to
remark here that future committees on this important topic will find it
discouraging work to follow the usual lines of investigation into
receipts, cost of operation and net earnings of street railways, and may
find it necessary to look to some method of comparison by arbitrary
‘* figures of merit,” as has been suggested by several of our thinking
engineers.

For a comparison of an average cable road with an average elec-
tric road, let us take this same No. 3 cable road, and compare it with
No. 7 electric road. The cable road has been shown to be something
better than the average, and the electric road is known to the writer to
be at least up to the average. These two roads afford us a better
opportunity than any other two which we might select, for the follow-
ing reasons :

ist. Both are located in the same city, where climatic and other
local conditions are the same.

2d. Both roads are of thesame magnitude.

3d. Fuel and labor cost the same in each case.

4th, Neither road operates trail cars.

The cable road has the advantage in route as to grades and curves ;
otherwise. the roads offer excellent opportunities for comparison. It
might be added that the investment in each case is up to the average,
that is, is not extravagantly large, and yet is ample for the business trans-
acted. Each road may be regarded as typical of its class. We see,
upon examination, that the cable road has the greater fixed charges
by 1.7 cent. There is a difference of one cent in the gross
receipts in favor of the cable road ; one cent of which may be said to
be due to the larger gross receipts ; but resorting again to the com-
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parison by ¢ figure of merit,” we find a ratio of .00015 to .00020, or
nearly three to four in favor of the electric road. This simply mcans
that each dollar invested in the cable road will carn .00015 in one day,
whereas, each dollar invested in the electric road will earn .00020 in one
day. The total investment in the case of the cable road
is two and one-eighth times the total investment in the case of the elec-
tric road. The capital stock alone, exclusive of bonds of the cable
road, is two and four-tenth times the capital stock of the clectric road.
What is our conclusion from these facts, or can we draw a conclusion
on which we can stand? We have not becn conservative in our state-
ments thus far, but are, of course, not infallible. ‘‘ One swallow does
not make a summer,” nor do the examples we cite determine the
whole matter once for all. The cable road has its place firmly estab-
lished in the transportation business of the Pacific Slope, and we, who
are acquainted with the conditions met with there, cannot presume to
say that the electric railway would do the same work better and more
efficiently. We are tempted to say so, but the interests concerned are
too great to be trifled with in so dogmatic a manner. We recognize
that the greatest value will be obtained from this report by members
taking it home with them and studying the figures analytically. An-
other year may develop such improvement in methods of accounting
that definite conclusions can be formed, but to do more than merely
produce figures from typical roads, the committee is not prepared at
this early stage of electric railroad practice. The cable roadshave their
methods pretty well digested, and their figures are, as a rule, reliable.
The electric roads areas yet, with few exceptions published in this paper,
in the dark as to what they are doing—except that they have enough
left to satisfy stockholders—in fact, 89 per cent. of the electric roads
heard from report dividends of from 5 to 12 per cent.

We believe that cable road practice has reached the stage where
but little room is left for improvement. They have been developed,
improved and operated by the best engineering skill which the country
affords. Nearly all are on a good dividend paying basis; but what-
ever the past experience of the two systems has been, or whatever the
present status of the two may be, we are only voicing the convic-
tions of well informed engineers<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>