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‘I'he first story entered in the Railway Mechanical Engineer's
prize story contest is published in this issue.  Before the
closing date of the competition we hope

Have You to receive many more articles. No
Written doubt practically all of our readers
That Story? have very definite ideas as to the prob-

lems the mechanical department is fac-
ing. While the actual conditions often cannot be set forth-——
for various reasons—this story contest gives an opportunity
for bringing out the problems and pointing the way to their
solution.

Read the story in this issue and then write up some of
vour own experiences. If the story is published it will be
paid for at our regular space rates. In addition the authors
of the three best stories will receive prizes of $75, $50 and $25.
The use of good English and the literary finish will of course
be considered in awarding the prizes, but far more import-
ance will be attached to the ideas brought out, the portrayal
of the characters, the reproduction of the railroad atmos-
phere and the development of the plot. You still have more
than two months to send in your contribution, but don’t put
it off until the last minute. Sit down tonight and sce whether
vou can't write a story that will take one of the prizes.

The locomotive front end in its present state of development
is a crude affair. designed and regulated as it is on a “rule
of thumb” basis. There is probably

Hands Off no other part of the locomotive concern-
the Draft ing the operation and adjustment of
Appliances which so many thcories are held, the

most creditable of which are founded
on a very small amount of fact. The general attitude is
that one guess is as good as another and every one, from the
fireman up. feels perfectly justified in putting into practice

his own ideas whenever opportunity permits. Imperfect as
they are, however, there must be some arrangement of the
draft appliances on ecach class of locomotive which, with the
least amount of back pressure, will produce a free steaming
locomotive. The discovery of this arrangement involves no .
great difficulty, and when once found there is no reason why
it should not apply to every locomotive of the same class.

There are probably few railroads in the country today that
have adopted or maintain rigid standards of front-end ar-
rangement. This results in a loss of motive power capacity
as well as efficiency. These losses are due to improper
adjustments of the draft appliances themselves, such as a
restricted opening under the deflector plate, the effects of
which are overcome by the use of a nozzle opening small
enough to force the locomotive to steam, or defects in other
parts of the locomotive, failure from which may be prevented
i front-end adjustments.

Unfortunately, within comparatively wide limits other de-
fects may be overcome at the nozzle, but the result is a waste
of fuel and the loss of capacity due to excessive back pres-
sure from restricted nozzle area, which has been found in
tests conducted by the Fuel Conservation Section to be as
great as 10 to 20 per cent in the possible ton-mile per hour
output of the locomotive. In this connection, air leaks around
outside stcam pipes were found to cause an increase in fuel
consumption as high as 30 per cent. In such cases, when
the remedy is applied at the nozzle, the real difficulty is not
corrected; it is merely concealed and permitted to grow as a
potential cause of complete failure.

When a standard front-end arrangement has once been
established unauthorized changes should not be permitted,
and traveling engineers, fuel supervisors and front-end in-
spectors should all be charged with the duty of reporting
immediately any variations from standard which they may
discover.  When an engine is reported not steaming the real
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cause of the difficulty should be located at once and the cor-
rect remedy applied. The presumption should always be
that the draft appliances never are the cause unless they are
found to vary from the standard.

There is no longer any real necessity for providing for
adjustments in the front end. If variations from the estab-
lished standard are to be prohibited the obvious course is to
remove as far as possible all temptation to tinker with the
draft appliances and the parts should be put in place per-
manently. This at least will remove the opportunity to
change the deflector plates and draft pipes, leaving the nozzle
alone, to be taken care of by the adoption and vigorous exe-
cution of a policy of “Hands Off.”

There have been notable improvements in the design of re-
frigerator cars during the past few years and the transpor-
tation of perishable products is now re-

Testing ceiving more general attention than at
Refrigerator any time in the past. For that reason
Cars the report of comparative tests of re-

frigerator cars with two different ar-
rangements of ice receptacles, published in this issue, is of
particular interest. In the tests the car equipped with the
overhead bunker showed a marked saving in ice consump-
tion and also a lower temperature range throughout the load
than the car with end bunkers. It is difficult to determine
how much of this saving can be attributed to the overhead
ice bunker and how much is due to other differences in the
construction of the cars. The insulation in both cases was
practically the same, but the Chicago Great Western car
was equipped with floor racks, while the Santa Fe car did
not have them. There can be no doubt that the free circu-
lation of air resulting from the use of floor racks was largely
responsible for the more uniform temperature existing in
the Chicago Great Western car, although the location of
the ice near the top of the car should prove advantageous
in promoting the circulation, particularly when the sgppl.y
of ice becomes low. Whether a part of the saving in ice 18
also due to the use of the floor racks can hardly be de-
termined. The data presented in the report is interesting
and in view of the decided difference in the results obtained,
it is to be hoped that additional comparative tests of end
bunkers and overhead bunkers will be conducted with cars
which are otherwise identical in construction.

One of the significant facts brought out in the report of the
chief inspector of locomotive boilers, an abstract of which
appeared in the December issue, is the

Accidents Due large increase in the number of acci-

to dents caused by arch tube and wash-

Washout Plugs out plugs. As compared with the

fiscal year 1918, the number has more
than doubled, and it is almost 50 per cent greater than the
largest number reported during any previous year. The his-
tory of this cause of accidents is interesting. Beginning with
1912, when the number of accidents due to plugs was 13,
the next two years showed an increase to 20 and 21, respec-
tively, followed by a reduction in 1915 to 16, with practi-
cally no change in 1916, and a further material decrcase to 8
in 1917. In 1918 there were 14 accidents reported, and
during the past year the number was 30.

What conclusions may be drawn from these facts? Prob-
ably the only definite conclusion justified by the facts
presented is that war conditions have been responsible
for the increases in 1918 and 1919—probably by increasing
the amount of untrained and inferior labor used for washing
out boilers. But that alone is strong evidence of the small
margin of safety existing under the best of conditions in the
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use of these plugs. They must, of necessity, be fitted with
threads disproportionately fine by comparison with their
diameter, making it always a delicate operation to start the
plug in the sheet without crossing the threads. When cross
threaded the plugs usually leak. Under such conditions, con-
siderations of safety are largely overbalanced by the press-
ing necessity for keeping the locomotive in service, and al-
most invariably an attempt is made to tighten the plug to
stop the leak. The only other alternative is to take the
engine out of service and cool it down in order that the plug
may be removed and properly applied.

It seems evident that there is but one adequate remedy for
this class of accidents; that is the elimination of the screwed
plug and the substitution of some form of handhold plate
to close the arch tube and washout openings in the boiler
sheets. The number of accidents due to the failure of these
plugs does not place them among the most serious sources of
casualties, considering as a whole the vears during which
the boiler inspection law has been in operation, but the erratic
nature of the results from year to year, together with the
heavy increase in accidents from this source during the past
year are sufficient evidence of the inherent danger involved
in the use of the screw plug. The removal of this danger
is a matter for the attention of the designer. Let him accept
the responsibility.

The communication on how to increase production, which
appears on another page, indicates clearly the necessity of
improving the morale throughout all
departments of the railroad service.
The railroads, like the greater number
of industrial concerns, have made a
serious mistake in the past in not tak-
ing more positive steps to acquaint their employees as to the
problems, large or small, with which thev have been con-
fronted and as to the actual financial condition of the prop-
erties. .

Railroad employees have consistentlv demanded better
working conditions and higher wages. It is rather strange
to find, however, that the labor unions have consistently
fought increases of rates and have advocated some very
peculiar legislation which would prove most detrimental to
the railroads from a financial standpoint and would not
give any real advantages to the men. The shippers and
the public itself have not gone to any greater extremes in
accusing the railroad executives of mismanagement. Inves-
tigation of most of these accusations has shown that the
wrongdoings, if there were any, occurred many years ago
and have been entircly wiped out by improvements to the
property which have since been made from earnings; more-
over, the conditions under which the roads have operated for
a number of vears have made anything of this sort impos-
sible. It would seem, therefore, that because of the mutual
interests of the men and the managements the men would
be glad to co-operate with the railroads in pleading their
case before the public.

Is it not true that the managements should adopt far more
positive and aggressive methods than they have in the past
to acquaint their employees fully with the exact conditions
of the properties, financially and otherwise? There is no
one way of accomplishing this. If real results are to be
obtained all of the officers and foremen. and particularly
those who come in direct contact with the men, must unite
in conducting a campaign of publicity and education that
will place the real facts before the men. This important re-
sponsibility up to this time has apparently been overlooked on
most roads because those in charge did not realize its import-
ance. Immediate steps should be taken to improve the situa-
tion and therehy bring up the entire_morule of the service.

The
Next Step
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The spirit of the letter above referred to should be kept con-
stantly in mind. Improved facilities, better tools and more
efficient equipment are all well as far as they go, but the most
vital factor in securing greater efficiency or increased produc-
tion is to improve the morale of the forces.

Fuel cost the railroads of the United States approximately
$290,000,000 for the vear ending June 30, 1914; for the
vear just closed the expenditure for

Why a this item was in excess of $600,000,000.
Fuel With the fuel bill more than doubled,
Department? the number of passenger car miles was

practically the same for the two years
and the increase in revenue ton miles was not in excess of 40
per cent. Furthermore, the number of revenue tons per train
increased from 460 in 1914 to nearly 700 in 1919, a factor
exerting a tremendous influence in favor of reduced unit coal
consumption. The growing importance of the fuel bill is
evident and no railroad can afford not to take effective
measures to prevent waste in this expenditure. No doubt,
this is generally recognized but the requirements for prevent-
ing it are far less generally recognized.

The maximum return from the money spent in the purchase
of fuel can only be obtained where there is definite responsi-
bility in some department for the selection, acceptance,
storage, distribution and consumption of fuel. A review of
the history of the progress of fuel from the mine to the firebox
shows that to none of the established departments is the con-
servation of fuel of more than secondary importance. The
selection and purchase of fuel is under the jurisdiction of the
purchasing agent, whose interest and responsibility is pri-
marily in securing the best possible price per ton. Whether
the quality of the fuel receives adequate attention depends
largelv on his personalitv. The storage and distribution of
the fuel may be left in the hands of the stores department,
the operating department or the mechanical department. Its
final use in the firebox is in the hands of the enginemen and
firemen with such supervision as the road foreman can give
to this matter along with his numerous other duties and
assignments. If the fuel is distributed through the purchas-
ing and stores department, the responsibility of these depart-
ments ends with the receipt of coal tickets in sufficient amount
to effect an approximate bookkeeping balance. With the dis-
tribution in the hands of either the operating or mechanical
departments, there is much the same opportunity for a shift
of responsibility between the coal chute and the firebox be-
cause economy in the final use of the fuel is a matter for
which neither department alone is responsible.

The main object of the operating department is to get
trains over the road, maintaining passenger schedules and
keeping the line clear of tonnage and, with the condition of

power in the hands of the mechanical department, considera- -

tion of economy does not usually go beyond the questions
of overtime for crews in appraising the success of this effort.
The success of the mechanical department is likely to be
measured on the basis of the number of engine failures, little
attention being given primarily to obtaining from the locomo-
tives their highest overall efficiency. The road foreman of
engines is responsible for the operation of the locomotives;
he is also responsible for many matters pertaining to the
operating rules and not infrequently is burdened with office
duties which leave him little time for the consideration of the
locomotive bevond cases of actual failure. None of these
departments is responsible for fuel conservation and none is
aware of the constant waste which may be taking place daily
through the divided and ecasily shifted responsibility.

The only solution of this problem is the centralization of
fuel control in a staff department, the primary purpose of
which is to find the leaks and initiate proper practices to

stop them.
Much has been done by the Fuel Conservation Section of
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the Railroad Administration in demonstrating the correctness
of the principle of organized fuel control. As compared
with 1918, during the past year, on the basis of unit con-
sumption, a saving approaching $460,000,000 has been effected
by measures almost entirely within the control of the manage-
ments of the railroads of the United States. This is partially
the result of the organization of fuel departments on a number
of roads not previously having them and partly due to the
efforts inspired by the Fuel Conservation Section.

The results from the latter cause are only temporary. If
the work of the Fuel Conservation Section is allowed to lapse
with the return of the railroads to private operation, there will
be a reaction from the inspired effort put forth during the
war. Interest in the matter will be lost and wasteful practices
in the handling and use of fuel so common before the war,
will re-establish themselves. Inspiration is of value only so
long as it lasts; continued results can be obtained only where
definite responsibility exists.

It seems evident, therefore, that failure to continue the
work of the Fuel Conservation Section beyond the term of
federal control will result inevitably in the loss of much of
the ground which has been gained in the general establish-
ment of correct practices in the handling and use of fuel.
The centralized control of fuel conservation measures should
be continued through the reactionary period, during which
time the summary of locomotive fuel performance compiled
and published quarterly by the section should prove of
inestimable value in keeping up the interest in fuel con-
servation measures, as well as in providing concrete evidence
of the large return which each road may obtain by the perma-
nent establishment of its own fuel department.

Procecdings of the International Railway General Foremen’s Associatiom.
162 pages, 6 in. by 9 in., illustrated, bound in leather. Published by

the association, William Hall, secretary, Winona, Minn.

This book contains the proceedings of the International Rail-
way General Foremen’s Association convention, held Sep-
tember 2-5, 1919, in the Hotel Sherman, at Chicago, Ill. The
addresses delivered before the convention by R. H. Aishton,
regional director of the Northwestern region, and L. A.
North, president of the association, are given in full. The
various papers read before the convention and the discus-
sions of the subjects by the members are recorded and should
prove to be a very valuable reference for the members at
lurge. Among the papers read and discussed were several
touching on the subject of safety first, by L. A. North, B F.
Harris and W. T. Gale. Other subjects considered were
welding of locomotive cylinders, autogenous welding of loco-
motive parts and several papers on the design and main-
tenance of draft gear.

Proceedings of the American Railroad Association, Section II11—AMechanical.
668 pages, 6 in. by 9 in., illustrated, bound in cloth. Published by the
association, 75 Church street, New York.

This volume contains the proceedings of the American Rail-
road Association, Section III-—Mechanical, and covers all of
the matters formerly treated separately in the proceedings
of the Master Car Builders’ Association and the American
Railway Master Mechanics’ Association. Complete reports
are given of the various addresses delivered at the conven-
tion by men prominent in railroad affairs, and also the
reports of the numerous committees and the discussions by
the members. Of particular interest are the papers relating
to fuel economy, mechanical stokers, powdered fuel and
welding in its various phases, as applied to both the car
and locomotive fields. The book was compiled and pub-
lished by the secretary of the association, V. R. Hawthorne,
and covers in the usual complete manner the proceedings of
the organization. As in 1918, the standard drawings are
issued separately in loose-leaf form.
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COMMUNICATIONS

A CORRECTION

ArrstoN, Mass.
To THE EDITOR:

I wish to call attention to an error in the letter “Inade-
quate Main Driving Boxes,” published in the November is-
sue on page 630. The second line in the second paragraph
should read: “that where they do hold the box as regards
wedge adjustment.” It was not my intention to find fault
with spring adjusted wedges from the point of view that
they do not do the work they were constructed to do in that
respect. From my observation they do hold the wedge in
adjustment. Jou~x . MURDOCK.

DANGERS IN EMPTYING BARREL
I.a Crosse, Wisconsin,
To THE EpITOR:

In reading the October issue of the Railway Mechanical
Engineer 1 noticed the device on page 600 for removing
liquids from barrels or other containers. I had one of these
connections made about six years ago and have discontinued
using it because it proved to be unsafe. A helper was empty-
ing a tank of crude oil and the pressure became excessive
and blew the head out of the barrel. This might have caused
a very serious accident had the helper been standing in front
of the barrel, for the entire head was blown about 40 feet.

I think this may be remedied by using some kind of a
safety valve connection, but otherwise the oil is liable to get
stopped up and raise the pressure of the tank. I had a 34
in. pipe for the oil outlet and 74 in. pipe for the air. All
connections were identical with those shown in your sketch.

E. WAGNER.

—_—

HOW TO INCREASE PRODUCTION

Sovtr Orance, N. T.
To THE EDITOR:
Because I have always taken a keen interest in studying
human nature, I firmly believe that many of the problems
that confront us today could be solved if men in all walks of

life would study the characters of the men who are associ-
\""ﬁ'ted*‘-ﬁth them, not only those in authority over them, but

those who work under them. Apply this to the questions
asked in the November issue of the Railway Mechanical En-
gineer, “What might be done to improve supervision, to put
production on a better basis or take the kinks out of the or-
ganization ?”

There has been such an upheaval in the management of
the railroads during the past two years—old methods dis-
carded and new methods adopted; customs (that had been
in vogue so long they were considered essential to the well-
being and maintenance of the road) swept aside and a com-
plete reversal of the order of the day—that it would be a
waste of time to attempt to draw comparisons between the
former and the present methods, in an effort to prove which
is the most effective.

Something can be done that will improve supervision, in-
crease production, take out the so-called kinks and put every
railroad in this country on a strong, healthy financial basis.
It may not be accomplished in a month or a year, because
confidence has been almost destroyed, because loyalty is al-
most a forgotten quantity, because incentive no longer exists,
because not only the present methods used. but in a measure
the former as well, lose sight of, or rather fail to take into
account the one big factor that more than any other affects
the growth and success of all organizations, namely, morale.
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Every official, every man in a supervisory capacity, every
employee must be made to feel that the success or failure of
the road is largely dependent on his own individual effort.
Create this spirit and you will restore confidence, beget loy-
alty and incentive, will again inspire new life. -

No matter what station in life is vours, if you want suc-
cess vou must be absolutely just in your treatment of those
associated with you. Be a big man, play the game fair, be
hig enough to lay aside petty jealous feelings and selfish
motives; when matters arise that affect the interest of others,
take them into vour confidence and your councils. Bend
every energy to produce and promote and the wheels of prog-
ress that seem almost to have stopped will revolve again.

Let's start. H. L. JACKSON.

THE COLLEGE MAN IN RAILROAD WORK"

. Urpana. Irvizos.
I'o THE EbpITOR:

From time to time you have published for the henefit of
vour readers discussions as to the work of the college man
in a railway shop organization. Opinions have differed as
to just what consideration, if any, should be made for the
four years’ training he has received in college, but no one
heretofore has attempted to bar him from the shop entirely
or to claim that the railroads would be better off without any
college men whatever.

But many of us are wondering how a college graduate is
going to get into a railway shop or to acquire the practical
experience necessary for him to be able to use this training,
p;fovided the terms of the present shop agreement remain in
cftect.

As a helper, the only position the majority may enter, he
can receive no training or experience. His services in an
official capacity would be of no value without practical expe-
rience. By the time he completes his college course he is
generally too old for a regular apprenticeship and generally
in debt financially. If one of the few to complete college
hefore passing the maximum age at which regular apprentices
may be employed, even if financially able, and possessing
sufficient determination to go through the regular grind for
another full four-year course, he must serve the greater part
of this at a rate of pay less than is paid common laborers.

Upon finishing the full apprenticeship course, and having
thus spent eight years in preparation for his life work, he
would then, according to the present national shop agree-
ment, be entitled to only the poorest and least desirable job
in the shop. He would have less seniority rights than the
most ignorant or least ambitious boomer who might have
entered the shop the day before the college man completed
his apprenticeship, the eighth year of his training. Though
the latter might not know an indicator card from a dress
pattern, or have no conception of the use to which the job
assigned him is to be put, no knowledge of the reason for its
design or construction, or of the importance of its being
finished accurately or with dispatch, he would have prefer-
ence in the selection of any job in the shop over this man
whose four years of college training had been supplemented
by an equal period of practical experience in the very shop
where he had already worked practically four years before
the boomer happened to light. Would anyone call this a
square deal? Or does it offer sufficient inducement to the
voung man desiring to fit himself for railroad work to enter
college to better prepare himself for such work?

We do not know whether the situation in which the college
man is thus placed was brought about intentionally or other-
wise. But if education means anything at all, if there is
any place whatever for the college man in a railway shop
organization, some provision must be made to give him the
opportunity denied him under the present national shop
agreement. YTHE CoLLEGE MaN.”
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RAILROADS’ MECHANICAL FACILITIES INADEQUATE

Growing Traffic Cannot Be Handled Without Additional
Equipment, Estimate of Needs for Next Three Years

1x billion dollars is the amount that should be spent
in the next three years to provide facilities which the
railroads will require to handle properly the growing
traffic of this country, according to the estimate of the Rail-
way Age. Of this amount nearly $2,000,000,000 should be
spent for freight cars, $600,000,000 for passenger cars, $900,-
000,000 for locomotives, and $150,000,000 for shop and
enginehouse equipment.
OTHER FACILITIES

In addition to the rolling stock and shop equipment
needed. the Railway Age estimates that the roads should ac-
quire within the next three years 6,000 miles of new tracks
at a cost of $600,000,000; revisions of grades, cut-offs and
the elimination of curvature, costing $600,000,000; 15,000
miles of new multiple main tracks at a cost of $1,250,000,-
000: new station buildings costing $300,000, and 10,850
miles of automatic block signals- costing $52,000,000.

FREIGHT CARS

There has been serious shortage of freight cars since
1916, except for a few months after the signing of the
armistice. The traffic during the last four years has been
very heavy, but at present is not greatly in excess of what
might be ‘expected under ordinary conditions. The normal
traffic for the next six years has been estimated as follows:

Ton-miles
378,075,000,000
393,815.000.000
410.125.000,00)
427,030.000,000
444,530,000.000
19250l I 462.700.000,000

1926 481.515.000,000

It is probable, however, that the traffic will remain abnor-
mally high for some time to come, and it is estimated that
the actual traffic in 1920 will be 410,000,000,000 ton-miles;
in 1921, 418,000,000,000 ton-miles, and in 1912, 427,000,-
000,000 ton-miles. )

In order to determ‘ne how many cars would be required to
move this traffic, a study of the number of ton-miles carried
per vear for each ton of car capacity was made. This
showed that the ton-miles per ton of capacity per year has
been in excess of 3,500 for the yearly period whenever there
has been a car shortage, and has been below 3,500 whenever
was an ample supply of cars. This indicates that one ton
of freight car capacity should be provided for every 3,500
tons to be moved during the vear. This was actually tl_le
case from 1905 to 1915, but the number of cars built in
recent vears has been abnormally small, and since 1914 there

has not been a single year when the railroads have bought
enough new cars to take care of the normal increase in
traffic.

The Class I roads in 1918 had 2,323,324 freight cars, with
an aggregate capacity of approximately 97,000,000 tons. The
increase in capacity during 1919 has probably not been more
than 1,500,000 tons, making the present capacity 98,500,000
tons. As Class II and Class III roads own about 2.7 per
cent of all railroad freight cars, this capacity must be in-
creased by that amount to make it comparable with the sta-
tistics of traffic. This would bring the total capacity for all
roads to 101,100,000 tons. Under normal conditions this
capacity would be sufficient to handle an annual traffic of
354,000,000,000 ton-miles, but since the traffic in 1919 will
amount to about 400,000,000,000 ton-miles it is evident that
there is not enough equipment to handle it in a satisfactory
manner. On the basis of 3,500 ton-miles per ton of capacity
per year, the present traffic would require a car capacity of
114,200,000 tons, or about 13,100,000 tons more than is
now available. As the average capacity of cars now built is
50 tons, this would indicate that 262,000 additional cars
must be provided to make up for the present shortage.

Assuming that business will increase at a constant rate and
will reach the normal in 1924, the annual increase will
amount to 8,108,000,000 ton-miles, which would require a
capacity of 2,320,000 tons. Assuming that the average capa-
city of the cars built will increase to 55 tons, this would
require 42,000 cars. This is not representative of the num-
ber that would ordinarily be needed to care for the increase
in the traffic, because the present traffic is high, and therefore
the assumed rate of increase for the next three vears has been
made correspondingly low. Under normal conditions about
100,000 cars would be needed to provide for the increase in
traffic. )

Aside from the question of providing for the traffic, there
remains the need for retiring old equipment from service.
As the demand for freight cars has been greater than the
supply for more than three years, cars have been kept in
service whenever it was possible and the number retired has
been very low. Statistics indicate that the retirement of
120.000 cars which would naturally have been scrapped dur-
ing the past three vears has been deferred. The Railroad
Administration has stated that of the 150,133 cars bad order
on the fifteenth of November 19,300 were held out of service
as not worth repairing. This is certainly a minimum figure.
The deferred retirements amount to at least 100,000 cars,
and although some of the hox carsmay be worth reinforcing
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and returning to service, not less than 75,000 cars should be
scrapped.

The report of the Interstate Commerce Commission for
December 31, 1917, showed that at that time the Class I
carriers still had in service 904,007 freight cars not of all-
steel or steel underframe construction. Until these light
wooden cars have been scrapped the rate of retirement should
certainly not be less than 120,000 cars per year. Assuming
that 25 per cent of this equipment can be reinforced, there
still remain 90,000 old cars to be destroyed during each of
the next three years. The average capacity of the cars
scrapped will be approximately 33 tons and the capacity of
new cars 50 tons. Therefore, to replace the equipment ton
for ton would require:

Cars
For deferred retirements. . ..oe.ieiiitirinnniinnnereennseennanns 49.500
For normal retirements. ......ovuniiiiitiiieeennoneneenen per year 58,300

Summing up the cars needed to make up deficiencies, to
provide for future increases and to take care of retirements,
the total amount of equipment required during the next three
years is found to be as follows:

Cars

To make up the present shortage..........coovvviiieiniiinnenns 262,000
To provide an adequate Surplus. ...o..viiveiuenerinranernnennns 101,000
To take care of increases in traffic..........c.coviivie i, 126,000
To make up for deferred retirement........ovvevviiiiiiieane, 49,500
“To care for normal retirements.........cuoiiuiiininennevnrnnnenns 174,900
Total cars needed in three years..........oiveveennninenns 712,400
Annual requIrements .ov..uueiereeeeneieroorsonssnnennssnsnnsns 237,500

The private car lines own about 200,000 freight cars and
the Canadian roads have also about 200,000. If the new
equipment needed by these car owners bears the same rela-
tion to the total number owned that prevails for the railroads
in the United States, the car-building plants of this country
and Canada should be called upon to furnish 830,000 cars
during the next three years.

TYPE OF CARS THAT WILL BE BUILT

Few important innovations in freight car design have been
introduced in the past decade, and the equipment built dur-
ing the next few years will probably not be radically differ-
ent from the types now in service. Box cars form a large
percentage of the equipment and little further increase in
capacity is to be expected, as the opinion seems to prevail
that nothing is gained by increasing the capacity of box
cars above 40 tons. In open-top equipment, however, there
is a strong tendency toward the use of high-capacity units.
Ninety-ton cars are by no means uncommon, and experi-
mental cars of 105 and 110 tons’ capacity have been con-
structed. The operating results secured with high-capacity
cars have been satisfactory, and they will probably be built
in greater numbers.

The unit cost of the equipment which the railroads buy in
1020 will be greatly in excess of pre-war prices. The lowest
scale of prices for freight cars in recent years was that pre-
vailing in 1914 and 1915. At that time cars could be bought
for 3800 to $900. By 1916 they had advanced to $1,100, in
19017 to $2.100 and in 1918 the average was about $2,850.
The prices that will prevail during 1920 will depend on the
cost of materials, and cannot be predicted with any degree
of certainty. Under present conditions practically the same
prices that existed in 1918 apply. It is probable that the
240.000 cars that should be built this year would cost be-
tween $670.000,000 and $700,000,000. Assuming that pres-
ent prices continue the 712,000 cars needed in the next three
vears will involve an expenditure of approximately $2,000,-
000.000.

PASSENGER CARS

The shortage of passenger equipment at the present time
is brought out strikingly by the fact that in 1919 the num-

MECHANICAL ENGINEER

VoL. %4, No. 1

ber of passengers per car was 31 per cent greater than the
maximum during any year from 1905 to 1915. In the 10-
year period ending June 30, 1915, the volume of passenger
traffic on the railroads of the United States, as measured by
the number of passengers carried one mile, increased 48 per
cent. During this period 26,800 passenger train cars were
purchased.

In the four and one-half years since June 30, 1915, the
number of passengers carried one mile has increased over 43
per cent, but less than 4,000 cars have been purchased. To
provide for the present volume of passenger traffic on pre-
war standards of service, without allowance for retirements,
would require over 18,000 more passenger train cars than the
railroads now own. :

During the ten calendar years ending with 1914, the Rail-
way Age reports a total number of passenger cars ordered of
approximately 22,900, of which 78 per cent were for the
steam railroads of the United States. During the same
period Railway Age statistics show a total of approximately
34,400 passenger cars actually built in the United States and
Canada. While it is evident that the statistics for the num-
ber of cars ordered is not as complete as for the number of
cars built, it is reasonable to assume that approximately the
same proportion in each case were for use on the steam rail-
roads of the United States. On this basis it is evident that
the railroads must have received about 26,870 new passen-
ger train cars during the ten years from 1905 to 1915, But
during this time the actual number of cars in service in-
creased only 14,063, and it is evident that about 12,800 cars
must have been retired. The yearly average for the ten
years is, therefore, 2,687 new cars purchased, of which 1,280
replaced old cars retired from service and 1,406 were added
to take care of the traffic increase.

During the four and one-half years since June 30, 1915,
passenger miles have increased 13,810,000,000, or 43.5 per
cent. This is a larger proportionate increase than that for
the ten years prior to 1915 and but slightly less than the
actual maximum increase during the period from 19035 to
1914,

During the first year and one-half of this period there
was actually less passenger equipment in service than at the
beginning of the period, and at the end of 1917 there were
only about 300 more passenger cars in service than were
shown for the fiscal year 1915. For the whole period of
four and one-half years, with its increase in volume of pas-
senger business of over 43 per cent, the number of passenger
cars in service increased by 2.5 per cent.

While the number of cars ordered during the four calen-
dar years ending with 1918 was approximately 7,000, only
45 per cent of this number were for use on the steam rail-
roads of the United States. Applying the same percentage
to the approximately 7,490 cars built during the four and
one-half years prior to December 31, 1919, only 3,370 pas-
senger train cars were built for steam railroad use in the
United States. As at least half of the cars built in 1915,
or about 440, were probably in service prior to July 1, the
beginning of the period under discussion, the number of
new cars actually placed in service in the four and one-half
vears probably did not exceed 2,930. As the number of
passenger cars in service increased but 1,310 during the
period, it is evident that about 1,620 cars were retired. An
average of only 652 new cars were received by the roads
annually, of which 360 were replacements and 291 were addi-
tions to the passenger carrying equipment of the country.

Comparing the years up to 1918, there is evident a grow-
ing inability of the equipment available to meet the heavy
increase in traffic, which is shown by the increase in the
number of miles per passenger carrving car per year from
59,600 in 1915 to 66,000 in 1917, with a corresponding in-
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crease in the number of passengers per car from 15.3 in 1915
to 17.6 in 1917.

In 1918 there was a sharp decrease in car mileage, due to
the curtailment of service effected by the Railroad Admin-
istration. This and an increase in the number of cars in
service of 961 resulted in lowering the average car miles per
passenger carrying car from 66,000 to 58,600, but the number
of passengers per car increased from 17.6 to 20.4, by far the
largest increase ever recorded. Of course, the heavy troop
movement, which was practically continuous throughout the
year 1918, tended to increase this figure above that repre-
senting conditions prevailing in the handling of regular pas-
senger business. The aggregate of this troop movement for
the 22 months from January 1, 1918, to November 1, 1919,
however, was 5,917,658,719 passenger miles, or only 14 per
cent of the total volume of passenger business of the year
1918 alone, and can hardly have exercised a predominating
influence on the average. Its effect may practically be elim-
inated by comparing 1917 with 1919, as the troop movement
during these two years was confined to about one-half of the
year in each case, and here the increase is shown to have
been over three passengers per car.

The sharp decline in passenger car mileage, showing an
average of 58,600 and 61,400 miles per car per year, respec-
tively, for 1918 and 1919 following the high mileage during
1917, raises the question as to whether the change in condi-
tions is actually due to a shortage of equipment or entirely
to the war policy of the Railroad Administration. Assuming,
however, that the equipment had been used to the same ex-
tent during these two years as it was during 1917, so that
each passenger carrying car had averaged 66 000 miles for
the year, the number of passengers per car would have in-
creased to 18.1 in 1918 and 19.3 in 1919, clearly demonstrat-
ing that even under normal methods of handling passenger
business there would still have been a rapidly growing short-
age of equipment.

Passenger equipment may be divided roughly into two
major classes: (1) passenger carrying cars and (2) express,
baggage and postal cars. In the tables already referred to
are given a clear presentation of the volume of passenger
traffic and the total number of passenger carrying car miles
to handle the traffic. This forms a fair basis for determin-
ing the needs for passenger carrying cars if the assumption
is made that there has been no great change in the relative
amount of car mileage made by equipment of railroad owner-
ship and Pullman sleeping and parlor cars, or that there
has been no material increase in the carrying capacity of
passenger cars of railroad ownership. The remarkable uni-
formity of the number of passengers per car during the eight
years prior to June 30, 1915, would indicate that these are
reasonable assumptions. At the end of that period there
were 10,884 passenger train cars of all-steel construction
and 5,197 with steel underframes, a total in both groups
of 38 per cent of the equipment in service, practically all
of which had been built during that period, with no marked
effect on the average car load.

Leaving out of consideration the first three years of the
ten vears prior to 1915, during the first two of which the
number of passenger-miles per passenger carrying car was
light, and considering only those years for which passenger
car mileage statistics are available, it will be found that the
average number of passenger-miles per passenger carrying
car average about 950,000, which was equivalent to an aver-
age of about 61,500 miles per car per year with an average
load of 15.4 passengers per car. To have handled the 45,-
060.000,000 passenger miles of passenger traffic in 1919
under these same conditions would have required a total of
48,000 passenger carrying cars, but there were only approxi-
mately 35,700 passenger carrying cars in service during that
vear, indicating a shortage of 12,300 cars.
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But it is questionable whether passenger service should
ever be restored completely to the competitive basis existing
prior to 1915. It will be conservative to assume that the ser-
vice should be restored to the standards of 1917, when there
were 17.6 passengers carried per car movement, and it would
seem reasonable to expect the maintenance of an average
mileage per car throughout the country of 63,000 per year.
To have handled the 45,600,000,000 passengers carried one
mile in 1919 on this basis would have required 41,080 cars,
which is 5,480 cars more than were actually in service.

Assuming for the next three years an annual increase of
an even 2,000,000,000 passenger-miles, the railroads will be
required to purchase 5,400 additional passenger carrying
cars during the three-year period to maintain the standards
of service and equipment mileage outlined above. It will,
therefore, be necessary to purchase 10,880 passenger carrying
cars during the next three years.

During 1918 the passenger carrying cars of the Class I
railroads made up 66 per cent of the total number of pas-
senger train cars in service. Assuming the continuance of
this ratio, which, however, has been gradually decreasing,
it will be necessary to purchase 5,620 new baggage, mail,
express, dining and other passenger train cars in addition
to the passenger carrying cars, which include coaches, com-
bination passenger cars and sleeping and parlor cars of rail--
road ownership. Of this number about 4,800 will be bag--
gage, mail and express cars.

During the ten years prior to 1915 there was an average
retirement of 1,280 cars annually. During the last four
vears there has only been retired an average of 360 cars each
vear. It is evident, therefore, that there are 4,140 cars now
in service which should be retired at the earliest opportunity,
and on the same basis 3,840 more cars should be retired dur-
ing the next three years. Adding these 7,980 cars to the
actual increase required, it is evident that there must be
purchased during the next three years a total of about 24,500
passenger train cars, or an average of 8,160 cars a year, if
passenger service is to be restored to the 1917 standards.

Such data as is available indicates that the increase in
prices of passenger cars which has taken place during the
war period has been about 200 per cent, or in other words,
that the equipment purchased now will cost approximately
three times as much as the cost of similar equipment pur-
chased in 1914.  This ratio holds very closely true when
applied to the prices for locomotives and freight cars paid
by the Railroad Administration during 1918, and, consider-
ing the increases in prices which have taken place since, it
may be considered a conservative basis on which to estimate
the capital required for the purchase of new equipment.
Baggage, mail and express cars costing between $6.000 and:
$7,000 in 1914 will cost on an average of $21,000 to $22,000:
at the present time, while steel coaches which cost $8.500 in
1914 can probably not be built at the present time for less
than $25,000 to $26,000. Applying these prices on a weighted
average basis of the proportion of these two classes of equip-
ment to the total, a conservative price for the 24,500 cars
required in the next three years may be taken at $24,000 each..

If the railroads are to restore and maintain passenger
service to the standard of 1917, an expenditure, therefore,
of $588,000,000 will be required for new equipment during,
that time; this is an annual average of $196.000,000.

LOCOMOTIVES.

The motive power situation is fully as serious as the short-
age of freight and passenger cars. A conservative estimate,
based on the average increase in railroad traffic and in the
motive power during the decade ending with the vear 1914,
indicates that at least 698,000,000 Ib. additional tractive
power should be built in the next three years.

During the period from 1905 t0~1915, in_addition te an
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increase of 34 per cent in the number of locomotives on
Amcr.lcan railroads, there also was an increase of 71 per
cent in the aggregate tractive power. Statistics of the Inter-
state. Commerce Commission show that the average distribu-
tion of tractive power is 63.5 per cent in freight service, 20.5
per cent in passenger service, 14 per cent in switching ser-
vice and two per cent unclassified. The estimates of future
requirements are based on these ratios, and the small per-
centage of new unclassified locomotives is included with those
for freight service.

In the year 1905 the freight traffic of the United States
totaled 186,463,109,510 ton-miles, and this increased ‘at a
fairly constant rate until in 1914 it had reached a total of
288,319,890,210 ton-miles, an average yearly increase for
the decade of 5.46 per cent. This rate of increase if con-
tinued to the end of the year 1919 would have made a total
freight traffic of 388 billion ton-miles. However, the statis-
tics of the first ten months of the year 1919 and a conserva-
tive estimate of the probable volume of business for the
months of November and December indicate that the actual
freight business for the year will reach the enormous total
of 402 billion ton-miles. These figures for the year 1919
may he taken as a basis on which to estimate the probable
freight traffic for the next three years, which will probably
reach 410 billion ton-miles in 1920, 418 billion ton-miles
in 1921 and the stupendous total of 427 hillion ton-miles in
1922,

To handle properly this vast amount of freight in 1920 it
will be necessary to have an aggregate tractive power of
1,651,000,000 1b. in freight locomotives. This will require
the building of a large amount of additional motive power.
New freight locomotives to be built should average about
60,000 1b. tractive effort.

The statistics of the Interstate Commerce Commission
show that in the past years approximately 63.5 per cent of
the total available tractive power was engaged in freight ser-
vice, and on that basis 248.3 ton-miles of freight were hauled
during the year for each pound of tractive power of freight
locomotives. The average ton-miles per vear per pound of
tractive power was somewhat in excess of 248.3 in 1918 and
1919, but an average taken over the entire period of 14 years
from 1905 to 1918 was only 251.1 ton-miles per year per
pound of tractive power. This average is subject to fluctu-
ation, and as will be seen in the tabulations the average ton-
miles per pound of tractive effort in 1906 reached the ex-
tremely high figure of 273 ton-miles, but dropped to 235
ton-miles in 1914. It is for this reason that an average for
a ten-year period during normal times is taken as a basis for
calculating the work that will probably be done in the fu-
ture. This average may be improved upon, but there is no
certainty that such will be the case.

As already stated, the estimated freight traffic for the ycar
1920 will be 410 billion ton-miles, and to haul it will require
freight locomotives having an aggregate tractive power of
1,651,228,000 1b. On the basis given above, 153,245,000
1b. additional tractive effort would be needed to Dbring
the aggregate for 1919 up to the proper point, and to this
amount must be added 32,218,000 1b. necessary to provide for
the increase in freight traffic in 1920. The increase in
freight traffic to 418 billion ton-miles in 1921 will require an
increase of 32,219,000 1b. tractive power, and the increase to
427 billion ton-miles in 1922 an additional 36,246,000 1b.
Normal and d