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INVESTIGATING After a period for absorbing de- ington, Manila, Chicago and New Haven, while a new
RAILWAY tails a wise teacher gives a stu- one will be formed in Washington in January and un-
REGULATION

dent an opportunity for reflecting
on what he has learned, for getting a general bird’s-eye
view of his progress. ’Tis a simple pedagogical theory
—that of absorption and reflection—but, like other sim-
ple theories, it can be of real service in problems more
complex than that of youthful education. Take, for
example, the elusive and complicated question of railway
regulation in this country. For more than the last two
decades the study of the regulatory power has been in
reality one of details. Lawmakers and commissioners
in each State and for the nation as a whole have been
making great strides in regulatory requirements and
practices, but the development of the idea of regulation
and the increase in the size and importance of the public
utility field have been so rapid that no time has been
spent in reviewing the progress made up to any date. It
is well, therefore, that there should now be a general
review of the field, and for this reason we welcome the
resolution by Senator Newlands for the appointment
of a joint congressional committee to investigate the
regulation of railways from the beginning. Too much
legislation affecting transportation lines has been passed
without a clear conception of the value of existing laws
and the goal to be reached by future enactments, and
the present administration will perform a most valuable
and essential service if out of the present regulatory
maze it can formulate a constructive summary for
future guidance.

COMPANY The program committees of the
SECTION American Electric Railway Asso-
PROGRAMS

ciation company sections have an
intricate problem on their hands in providing for con-
tinuity of interest and enthusiasm in section activities.
This problem is complicated rather than simplified by
the reduction in dues, which will bring into the mem-
bership many more of the rank and file of the industry.
The work must consist of one or more of the following
components: instruction in the elements of the busi-
ness, social intercourse and entertainment for general
culture, and technical discussion of departmental topics.
In planning the work the committees must have clearly
in mind the purposes which they wish to accomplish and
the preparation, needs and desires of their audiences.
They must have the hearty co-operation of the local
memberships in their plans. Our observation leads to
the conclusion that the sections in general are not as yet
very definite in their ideas and plans. There are now
company sections in Milwaukee, Denver, Newark, Wash-

doubtedly others will follow shortly. The older sections
have had experience in conducting meetings, and this is
available for the younger ones. The principal incentive
to the formation of local sections of a national society
rather than independent local clubs or associations is
the expected stimulation from other sections. To ob-
tain this stimulation in the present instance the sec-
tions must exert themselves to obtain the results of
each other’s experience. Why would it not be well for
representatives of these sections to get together, say
at the Chicago,mi'd—wint'e‘r meeting, for the purpose of
discussing their plf,ogram' problems? “How Best to
Serve the Local Section” would be a topic well worthy
of the best thought. ‘

/

CLEARING HOUsfj The statement made by H. A.
FOR SAFETY °  Bullock,elsewhere in this issue in-
LITERATURE dicates ‘thit the National Safety
Council has had a remarkable growth during the past
four years and is even yet in the period of rapid accel-
eration. The time was ripe for some agency or other to
gather the results of the large expenditures of energy
and money which had been made by hundreds of cor-
porations individually, and to make these results gen-
erally available. Electric railways have been individ-
ually very active in safety work as is indicated by a
glance through the issues of the ELECTRIC RAILWAY
JOURNAL for a few years past. The movement which
has taken form in this council began in the mhnufac-
turing industries, but the transportation interests were
not slow in “getting on the band wagon” where they
now take an active part in the music. There are at
least two elements in this organization which appeal to
us as worthy of commendation. First, it repreé"gnts a
spontaneous effort to provide a clearing house for safety
ideas. As soon as the plan was formulated the corpora-
tions and individuals possessed of such ideas and want-
ing more gravitated to it as the natural nucleus of
safety publicity. In the second place, it is an economical
device for accomplishing its purpose, for it acts prima-
rily as a means of communication among its members.
The council works in co-operation with other agencies
for the conservation of human life and endeavors to
avoid duplication of energy and money expen‘diture.
The fact that the electric railways are now to have spe-
cial service, the first special service to be furnished, is
evidence enough of the attitude of the council to our
industry and its desire to bring about effective co-
operation among electric railway companies.
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ORDERS A prominent manufacturer of
FOR 1916 electric railway apparatus recently
SUPPLIES

called our attention to the exist-
ence of a certain skepticism on the part of some electric
railway managers as to the necessity for slow deliveries
on 1916 orders. There is no doubt, however, that de-
liveries of electric railway apparatus will have to be
slow, and in all probability they will tend to become even
slower as 1916 progresses, so far as the manufacturers
of railway apparatus have to depend for part of the
equipment upon the producers in the iron, steel and
zinc markets. In the general steel market, for instance,
orders are now being booked for delivery in the third
quarter of 1916, and iron cannot be more plentiful than
steel because steel manufacturers are prepared to utilize
all of the iron that they can get. Statistics indicate that
the present rate of steel production in this country is
about 39,000,000 tons per annum, and that it cannot be
substantially increased. Under these conditions both
steel and iron are bringing big prices. Copper is easier,
but the export demand has taken on new life within a
few weeks past and domestic consumption in general
industries is rapidly increasing. The long depression
permitted the accumulation of large stores of copper,
hence, while the price is high, there is no prospect of
immediate shortage. Zinc occupies a position midway
between steel and copper. The munitions demand has
been heavy, but the galvanizing business has not called
for its usual supply. Zine can therefore be had some-
what more promptly than steel. The lesson in all of
this for the electric railways is that 1916 orders must
be placed early if disappointment regarding deliveries
is to be avoided. The best interests of the industry
demand foresightedness.

SKIP-STOP SITUATION IN ST. LOUIS

The peculiar turn that has been taken by the skip-stop
campaign in St. Louis, as outlined on another page of
this issue, is by no means creditable to the principle of
regulation. The plan of eliminating stops, after being
overwhelmingly approved by the railway passengers,
appears now to be held up by the regulatory body that
exercises legal control over the operations of the rail-
way, and though the riders obviously want the intro-
duction of the improved method of operation, and the
railway company is equally willing to put it in force,
there is a possibility that the plan is not going through.
The reason is, plainly enough, opposition on the part
of storekeepers and real estate holders at street corners,
who fear the effect of the change, notwithstanding the
fact that any number of successful retail businesses
have been established in the middle of a block, where
the cars never stop anyway. However, the most illogical
feature of the proceeding is that the influence of out-
siders can be exerted in such a matter in opposition to
the wishes of the railway and its patrons. If both the
passengers and the railway company are satisfied with
the skip stop, one would imagine that this should settle
the matter. They are the interested parties, and that
a body of storekeepers and others who may never use
the cars at all should; be able by protesting vehemently
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to interfere with their mutually satisfactory plans
would be absurd if it were not so pathetiec. Admittedly,
the Public Service Commission is placed upon the horns
of a dilemma. If the skip stop is not ordered the rail-
way patrons will be angry, and if it is ordered the
storekeepers claim that they will be peeved. No matter
what is done some one will be displeased, and it takes
a strong commission to act under those circumstances.
But, incidentally, we wonder why the commission feels ’
itself compelled to exert its jurisdiction in a matter
that is so peculiarly one to be settled between the rail-
way and its patrons. As a matter of fact, should it
really have jurisdiction?

THE INDEX AS A SYNOPSIS

An index is undoubtedly a dry and most uninteresting
looking piece of reading matter. Usually a person does
not consult it except when searching for information on
a definite and particular subject. For those periods of
retrospection, however, which most of us use to mentally
docket and arrange our ideas and conceptions, the hint
is offered to pick up the half-yearly issues of this paper
that contains the comprehensive indices of the preceding
twenty-six numbers and go over the subjects listed
therein.

The value of a review of any field of study is well
known. In no other way can the salient points be fixed
in their proper perspective, retained in the mind and
the whole subject crystallized so effectually. The chief
benefit from examinations in school and college is not
the mere day-by-day study of the test nor the restoring
temporarily to memory of a large volume of rules or
facts or dates, but the real lasting benefit occurs from
the broadened viewpoint and the crystallization in the
student’s mind of the essentials of the work done dur-
ing the preceding year or half year. The formidable
looking index of this paper (and to be of maximum
value it must be complete and therefore voluminous)
really performs this function. In this respect it is sim-
ilar to the summary or digest that usually prefaces the
detailed report of the expert on a problem in construc-
tion or finance or on an operating property, when sub-
mitted for the guidance of the man who must make the
decision.

The electric railway industry is so many-sided and
the problems before it are so numerous and varied that
the hard-pressed official of a traction company can
scarcely carry in his mind all phases of his chosen pro-
fession. We have been told by a busy man of this kind,
active in railway work,.that he has found the time well
spent which is devoted to running over the index at the
end of each half year and marking articles to be reread
or noting subjects for further study. The relative
importance and timeliness of the several topics will be
indicated by the frequency of reference, and the geo-
graphical extent or distribution can also be determined
to a degree. It happens at times also that owing to
unusual demands of work some issues are not looked
over completely. If there are such instances, a survey
of the index will prevent important articles from being
entirely overlooked. Again, a particular need or ques-
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tion may suddenly have assumed large proportions on a
property and by referring to the ever-helpful index the
busy manager can promptly get hold of recent data and
the practices of other companies. This is indeed one
of the points of superiority of the general paper in any
field, as compared with the periodical which is devoted
to recording the events in a part of the field only. It
gives the broad survey which is always helpful and usu-
ally necessary to a comprehensive and complete under-
standing of all of the important events in any industry
and their correlation with each other.

In the columns of this paper are recorded the essential
facts and latest available information and data on the
progress of the business, whether it is financial, legal,
managerial, engineering, transportation or accounting,
and the semi-annual index is the skeleton key to this
fund of reading matter. Therefore, in addition to its
direct use as an index, it is appropriate for us to call the
attention of readers in this issue to its supplementary
use as outlined.

IT PAYS TO ADVERTISE THE OTHER FELLOW

How to stimulate passenger traffic is a live topic these
days among both city and interurban railway managers.
This fact was most forcibly emphasized at the Indian-
apolis meeting of the Central Electric Railway Associa-
tion, and as a result general advertising as a means of
increasing passenger traffic is to be investigated. The
experience of some companies along this line clearly in-
dicates that it pays to advertise, not only one’s own
service but the other fellow’s, when it will induce travel.
The Detroit United Railway passenger department has
pursued this plan very profitably. Through the con-
stant display of banners and car cards steam road ex-
cursions from different points on this company’s lines
are announced; attractions at theaters in the important
cities along the route, circuses and carnivals are also
advertised. In fact, any and every form of entertain-
ment in which the passenger department believes the
public will be interested is called to its attention. This
practice has tended to make new patrons and increase
the traveling propensities of the regular riders.

In preparing advertising of this kind the entertain-
ment is first announced and then the public is urged
to use the cars to reach the point where the entertain-
ment is to be given. One needs only to compare the at-
tendance at a circus side show where there is a widely
advertised two-headed calf with that at the unadvertised
museums of natural history to determine whether this
form of advertising pays. Recently the Detroit United
Railway had an opportunity to test the public’s interest
even in this direction. It called attention to the exist-
ence and location of an art museum where the attend-
ance had dwindled because no form of advertising had
been used, and the result was most profitable to the
company. Electric interurban and street railway com-
panies usually announce the dates of county fairs, cir-
cuses and other important events, but they often fail
to keep constantly before the public the permanent
points of interest to which regular travel may be main-
tained. One phase of the Chicago Surface Lines’ ad-
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vertising campaign has been along this line, and the
results indicate that the constant use of all forms of
advertising is certain to kindle the public’s desire to
travel and thus aid in increasing revenue.

WHEEL AND RAIL CONTACT AFFECTS WEAR LIFE

Unequal contact between the wheel treads and the rail
which concentrates an enormous pressure on a limited
area, is one of the causes of rail corrugation and tends
to shorten rail life. This is the main conclusion evolved
from R. C. Cram’s study of this phenomenon. Curved
heads for girder rails as a remedy, as the author states
in an article published elsewhere in this issue, is not a
new idea, but is a departure from accepted American
practice. Several tramway companies in England and
on the European continent have had convex rail heads
on girder rails in service for the past five years. On
the Leeds Tramways, for instance, a 7-in. girder-
grooved rail with a convex head inclined slightly toward
the groove, was adopted after comparing several hun-
dred gagings of partly worn rail and tire sections.
More than 6000 tons of this section of rail have been
laid in Leeds since January, 1910, and the service re-
sults, so far, indicate that extrusion of the metal on the
rail head has been eliminated, or at least 500,000 cars
over one section of track have failed to develop this
difficulty which is common to the flat-head rail sections.
Furthermore, rail wear was found to be uniform across
the head, and after five years of service the head re-
tained its convexity. The experience in Leeds substan-
tiates Mr. Cram’s findings and points a way to prolong
both rail and wheel wear life.

The principal lesson to be learned from the results of
such an important study is that rail heads and wheel
contours should not be designed independently of each
other. The wear life of each is so dependent upon the
character of contact made that it is vital to maximum
life to have a uniform wheel bearing across the rail
head. It is also our opinion that the character of wear
on steel wheels bears a very intimate relation to the
rail-head sections over which they operate. In other
words, a change from the flat head to the curved head
section is quite certain to change the character of wheel
wear. Doubtless the design of a wheel contour and a
girder-grooved rail head which would provide full con-
tact from the fillet at the gage line to the outside of the
wheel tread would produce still different results. More-
over, it appears that the proper contact between new
wheels and new rails would make both wear more uni-
formly. If this result could be obtained it would be of
little moment whether new wheels were operating over
old rails or whether old wheels were operating over new
rails, because the line of contact in either case would
give practically a full tread bearing. In conclusion we
are strongly of the opinion that Mr. Cram is working
along the right line. Whether it would be well to await
the service results of this experiment or whether further
tests should be conducted are questions worthy of the
immediate consideration of the committee on way
matters of the American Electric Railway Engineering
Association.
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Curved Heads for Girder Rails in Brooklyn

The Author Demonstrates That, as Corrugation Is Caused by Excessive Pressure or Force per Unit Area at
the Wheel Tread, Increasing the Tread Area by Conforming the Rail-Head Contour
to That of the Worn Wheel Reduces Corrugation

BY R. C. CRAM, ASSISTANT ENGINEER WAY AND STRUCTURE DEPARTMENT, BROOKLYN RAPID TRANSIT SYSTEM

Rail corrugation is a never-failing subject for argu-
ment and speculation. Many theories have been ad-
vanced as to what may be its cause, but to date there
is no agreement upon any one particular factor as being
the principal or controlling agent in producing the
phenomenon.

The description in the issue of the ELECTRIC RAILWAY
JOURNAL for July 3, 1915, page 26, of an experiment
being made in England with a special differential gear-
ing for car operation has created a renewal of interest
in the study of the subject. In the meantime other
study and experimentation has been going forward both
in the United States and in Great Britain with respect
to the design of the rail itself. Perhaps this has been
induced, in the main, by the generally accepted fact
that grooved and tram girder rails appear to be easy
victims to corrugation while plain girder (high-T) and
standard section rails do not.

our standard grooved girder section Lorain Steel Com-
pany’s 105-433, the general head contour of which is
shown in Fig. 14. The rails were laid with cast-weld
joints on wood ties in natural soil ballast, and there
was a general elevation in grade of about 6 in. over
that of the old track which it replaced. The rails were
of Class B grade (high carbon), treated with an alloy.
The tracks were paved between outer rails with 5-in.
granite, with cement-grouted joints on concrete base
and with asphalt outside in the roadways and immedi-
ately in contact with the outer rails. As nearly as
careful observation and inspection during installation
could determine, there was no particular construction
feature which differed from our standard as installed
for the past three years. The street is wide, it has a
grade between 1 per cent and 2 per cent and the car
traffic is frequent and fast. The cars mainly are our
new, comparatively light, center-entrance type.

CURVED RAIL HEADS—FIGS. 1 AND 2—TYPICAL RAIL CORRUGATIONS ON PLANE HEAD, DEPTH 0.001 IN. To 0.005 IN.

.
: A study of the numerous designs of modern grooved
. and tram girder rails shows that there are several ele-
" ments in their design which are common to the type
and which are not found in plain girder rail designs.
These elemental differences may be found in (a) the
head contour; (b) the groove or tram; (c) the relative
position of the gage line and the center line of the web,
and (d) the comparative thinness (in older sections at
least) of the webs of the tram and grooved rail designs.

The second element is undoubtedly the most obvious,
and a study of its influence would be interesting, par-
ticularly with regard to the effect of the grooved or
tram portion as a stiffener against lateral movement
of the rail head. A comparatively simple experiment
could be made by planing off the tram in varying
amounts on different rails until it was entirely elimi-
nated and placing these rails in line under traffic jointly
with others not so treated.

AN EXTREME CASE OF CORRUGATION

It is with the first element, however, that this discus-
sion has to do, and our attention was drawn to it as the
result of a case of very rapid corrugation which devel-
oped in a period of about five months on track laid with

Inasmuch as the development of corrugation to an
equal degree had usually required from one to two years,
it followed that more than ordinary interest in the
matter was aroused. The surface and gage of the line
were carefully checked and found to be as nearly perfect
as could be expected. The mill inspection reports were
examined for variations in chemical composition, and as
the rails were located by heat numbers when installed
this was a comparatively easy task. They were relo-
cated and their positions in the track were indicated on
the curbs of the street. The corrugation was found to
be generally distributed over the entire section of track
and was not confined to any particular line of rails nor
to rails of any particular heat number. Other rails of
the same heats were examined at the storage yard, and
careful comparison was made with these and templet
drawings of the rails. Figs. 1 and 2 illustrate the char-
acter of the corrugations, which, at the time the views
were taken, had reached depths ranging from 0.001 in.
to 0.005 in. Measurements taken in October at the same
places now show depths averaging 0.01 in., which indi-
cate a rate of increase in depth of about 0.001 in. per
month, Figs. 3 and 4 illustrate the development five
months later than Figs. 1 and 2 at the same places.
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CURVED RAIL HEADS—FIGS. 3 AND 4—APPEARANCE OF CORRUGATION SHOWN IN FIGS. 1 AND 2, FIVE MONTHS LATER

The wave lengths are now fully defined at about 3 in.
from crest to crest, and the corrugation has reached the
depth at which we usually find it advisable to begin the
work of removal by grinding. Figs. 5 and 6 are excel-
lent views of the worst conditions at the present time.

MERITS OF CURVED RAIL HEADS

The investigation of the conditions found, along the
lines mentioned, led to the discussion of the subject
with the engineers of the rail manufacturers and the
alloy manufacturers, and the whole matter was again
gone over on the ground with them. The net result of
these conferences was the suggestion made by the rail
manufacturers that we investigate the merits of rails
having curved heads, which they were prepared to roll
without increase in cost provided the other features of
our standard rails were kept as at present.

There was nothing novel in this suggestion, as such.
An examination of rail catalogs shows that there have
been some twenty-five girder rail sections rolled which
had curved heads. In fact, most of the early stringer
rails and succeeding shallow tram girder rails were so
designed. - Just what led to the general abandonment
of this feature of girder rail design is not entirely
clear, although it may be that when a depth of 9 in. was
reached there were rolling troubles which were then
hard to overcome in some mills without excessive costs.
Another and probably the chief reason for the adoption

of the inclined plane head may have been the desire
to make the rail head suit the prevailing wheel coning
in an effort to secure more wheel contact. In the mean-
time nearly all plain girder (high-T) rails have retained
the curved head feature.

Furthermore, the advantages to be gained from the
curved head design were pointed out by C. B. Voynow
of Philadelphia in the “Analysis of Rail Section,” which
was a part of the report of the committee on way mat-
ters of the American Electric Railway Engineering
Association, printed in the 1911 Proceedings under the
heading “Girder Rail Sections.” It is quoted as follows:

“(b) Outline of the Tread. The tread is made a
plane, inclined to the gage. The wear of all mechanical
parts indicates that straight lines and plane surfaces
should be avoided. Worn rails show rounded heads. A
flat head would get less work or compression in rolling,
and therefore would be of less dense texture on the
wearing surface. Worn rails show also the tread in-
clined at some angle to the gage. From the above it
seems desirable to make the tread of a curve of some
radius, but the difficulty of grinding joints on a rounded
head and also the added difficulty in rolling, pointed out
by the manufacturers, determined the design of the
tread, as shown.”

It will be noted that difficulties due to accurate joint
grinding and added difficulty in rolling were the reasons
assigned for the adoption of an inclined plane head in-

CURVED RAIL HEADS—FIGS. 5 AND 6—EXTREME CORRUGATION ON PLANE HEAD RAILS, SHOWING CLEARLY THE
ACCOMPANYING PEENING EFFECT ‘
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stead of a curved head, and the angle of inclination is
the same as the coning of the standard wheel tread.

A STUDY OF WORN-WHEEL CONTOUR

Observations for the past three seasons have shown
that the first wear area on the head of the company’s
standard L. S. Co. 105-433 section when new is confined
to a width of about 34 in. and is very close to the fillet
connecting the top with the gage side as indicated in
Figs. 7, 12 and 19, and it requires about a year under
average traffic for this width to increase to 1 in. It
was concluded that there must be some peculiar wheel
position or wear which would have this effect in view
of the fact that our standard wheel contour when new
has the same angular inclination below.the horizontal
(1 deg. 30 min.) as is found in our standard rail head
when new. Hence if wheel heads were holding their
correct contour, some evidence of nearly full contact
over the new rail heads should be found.

It was thought that wheel contours should be studied,
and the mechanical department of the company was re-
quested to furnish molds showing wheel wears in vari-
ous stages. These were secured and from them a com-
posite worn tread and flange was derived, as shown in
Fig. 7.

The tread of the wheel was found to assume a curve
of about 16 in. radius inclined at an angle of about 4
deg. below the horizontal. The effect secured by plot-
ting this tread on the company’s standard rail is shown
also in Fig. 7. The bearing is found to be confined to
a small area very close to the fillet and it has a width
of contact approximating 3% in., which is substantially
the width of the first rail wear area. The increase in
the inclination of the worn tread from 1 deg. 30 min.
is thus seen to have the effect of making the wheel work
close to the gage line, with a strong tendency to crowd
the rail metal over the fillet. This is exactly what hap-
pens, as we find a peening at the fillet within a very
few days after new rails are put in service. A piece
of this peened metal may be seen clearly in Fig. 5.

The contrast between new and worn wheels in tread
angularity is more fully shown in Fig. 11. Attention is
also directed to the large wheel tread area not in contact
with the rail head shown in Fig. 7.
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It becomes a simple matter to determine approxi-
mately the amount of rail wear necessary to obtain full
contact theoretically with such a worn wheel on a new
rail head. This is accomplished by lowering the wheel
outline vertically until such contact is made as in Fig.
8, which requires a displacement rail of head metal to
a depth of about 0.06 in., and it will be noted that when
this is reached the greatest wear area has extended
back from the gage fillet about 114 in., which represents
about the same width of contact usually found after
about one year, and which is also about the usual great-
est width of the crests of corrugations at the time it
becomes necessary to grind them out.

EXCESSIVE RAIL WEAR DUE TO LoAD CONCENTRATION

The first inference to be drawn from these observa-
tions is that even under the heaviest car traffic condi-
tions it is practically impossible to wear away such an
amount of metal within so short a space of time as one
yvear, and therefore the rail metal cannot act otherwise
than to flow or cold roll under the extremely heavy
concentrated loading produced by the condition obtain-
ing, and some of the metal flows forward ahead of the
wheels while some flows laterally over the gage line
fillet where there is little or no support sidewise against
such action. The side flow is also assisted by the in-
creased coning of the curved wheel treads (about 4
deg.), which naturally tends to make the wheels seek to
center themselves more rapidly than they would if the
coning were kept nearer to the original inclination of
1 deg. 30 min. This also tends to increase the pushing
effect of the wheel at the area of least support against
such action by increasing wheel tread widths at the
flanges, which in turn increases the permissible sidewise
action allowable before being checked by the wheel fillets
at the flange. Side flowing or peening is also the first
evidence of movement of the rail metal, and the peening
increases as corrugations increase in depth until such
time as the peenings are cut off by the vertical move-
ment of the wheel flanges in following the corrugated
contour. Hence it seems that a considerable portion of
the metal must disappear in this manner, which is con-
firmed by the fact that we continually find the peened
metal cut off and lying in the groove.

Worn Whee/

L5.Co7/05 433

FI6.7- Average worn wheel - relative position
on a new inclined plane rail head.

Worn Wheel -

LS.Com105-433

F1G.8 -Amount of head wear required to
secure full contact over head with
worn wheel tread.

.+ New Whee!

F16.10 = Approximate position of average

worn wheel on new curved head. Xy _—
F16.12- First wear area on B.R.T. Std.rail

indicated by heavy line.

F16.11 - Comparison of a new wheel
with average worn wheel.

FI6.13 -First wear area onexperimen‘l‘a‘. curved

CURVED RAIL HEADS—FIGS.
7 T0 14—CURVED HEADS FOR
GIRDER RAILS. HEAD AND
WHEEL CONTOURS SHOWING

; ; BENEFITS DERIVED FROM
FIG.9 - Approximate position assumed bya CURVING OF RAIL HEADS
new wheel tread on new curved head.

head rail indicated by heavy line. Effective

contact secured is 3 times that shownin Figh.|

F1G. 14 ~ Comparison of head contours L.9.Co.-

105-433 and L.5.Co-105-481(NewCurved Head).
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CURVED RAIL HEADS—FIGS. 15 TO 18—CURVED-HEAD RAILS IN EXPERIMENTAL USE IN DUBLIN, IRELAND, AND CALCUTTA,
INDIA; IN GLASGOW, SCOTLAND; IN THE CENTRAL WEST, U. S. A., AND IN LEEDS, ENGLAND, RESPECTIVELY

The second inference to be drawn is that some effort
should be made to counteract such injurious effects by
trying to increase the load concentration area and shift-
ing its position with respect to the gage line. Evidently
the simplest way to do this is to attempt to secure
a greater range in the area of contact between the wheel
and the rail head from the very beginning of rail
service. It follows that with wheels worn to a curve
of some form, it will only be possible to accomplish this
by conforming the rail head to a similar or nearly
similar curved shape. In support of this it may not be
out of place to note that, as previously stated, worn
rails all show curved heads, and after reaching a cer-
tain fixed form of curve we seldom find corrugation.
Also, corrugations do not very often reappear after
grinding provided the grinding has conformed the head
to an angle approximating the angle of inclination down-
ward toward the gage line which the worn curved head
has assumed.

CoLp ROLLING BY THE LoAD DoEs NOT PREVENT
CORRUGATION

Furthermore, the idea that cold rolling alone, when
‘not accompanied by corrugation, hardens the rail head
to such a degree that it is impossible to form corruga-

‘tions does not appear to be substantiated by the fact

that corrugations appear on new grooved girder rails
of the hardest composition, which latter should ap-
proximate, if it does not exceed, the degree of hardness
produced by cold rolling. Corrugation also appears

'rather suddenly on old girder rails after they have been

lin service a number of years without previous evidence
of a tendency to corrugate, and the rails have certainly
received the benefit of cold rolling as a hardening agent.
For these reasons we are forced to consider the design
of the rails as being the more responsible and, as has
been shown, there is evidence in the early service of
new rails which tends to place the responsibility upon
design. There is also considerable reason for the belief
that old rails corrugate, finally, because of the same
action of the worn wheels. This can be accomplished
by any change in rail position, either through regaging,
which brings a small head area under wheel contact, or
through changed position, gradually accomplished by
failure of ties and fastenings which produces similar
results. In each case the worn wheels take a new posi-
tion with highly concentrated loading on the rail head,
and this factor alone would seem to explain why the
rails corrugate under such apparently opposing con-
ditions. '

It may be asked why T-rails do not act similarly under
the same conditions, and the answer appears to lie in
the difference in design. The load, even when so heavily
concentrated, is better distributed to the web both ver-
tically and laterally, and there is no stiffening tram or
groove to offset more free and uniform head movement
laterally “under the sidewise movement of the wheels
caused by the excessive coning. Hence the corrugations,
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though tending to form to a somewhat lesser degree,
are ground out by the wheels, which are more free to
assume such varied positions on the head as to assist in
the grinding. This point appears to be substantiated
by the fact that we find the head metal of standard
section (low T-rails) constantly peening or extruding on
both sides upon examination of such rails in service
on our elevated lines.

A STUuDY oF WORN RaiL HEAD CONTOUR

Having studied the worn wheels and their possible
effect on new rails, attention was then directed to worn
rails. Advantage was taken of openings for joint re-
pairs on three most important, heavy traffic lines, and a
great many scribings were made from rail heads at
points far enough away from joints to be free from
excessive wear due to joint conditions. These scribings
furnished a set of measurements from which it was
possible to secure an average head contour of our stand-
ard 7-in. grooved girder rails worn in service for seven
years on both steel and wood tie construction. This
composite contour was found to have a curved head of
a radius of about 12 in. with an angle of inclination
toward the gage line of about 3 deg. below the hori-
zontal.

It was decided that it would be worth while to experi-
ment with the curved head rails and, therefore, a new
head design was evolved, as shown in Fig. 13, which has
been rolled by the Lorain Steel Company as section 105-
481. It will be noted that there is no substantial change
in weight. A comparison of the contours of the two
rails 105-433 (plane head) and 105-481 (curved head)
is shown in Fig. 14, while early wear is shown in Figs.
20 and 21. :

RESULTS OBTAINED WITH CURVED HEAD RAILS -
3

It was expected that new wheels might give some
trouble on the new rail due to raising the flange slightly
—and these were plotted as shown in Fig. 9. From this
it was thought that the new wheels would work fairly
well with little danger of derailment, which latter ques-
tion was raised by the mechanical department. It ap-
peared that comparatively few wheels in service are new,
and derailments could be expected on worn rails for the
same reasons if there were any particular danger from
this point.

About 630 tons of this rail have been rolled and some
300 tons (approximately 9600 ft. of single track) have
been installed this fall. In order to test the rail fully,
about 700 ft. of single track has been laid on steel ties
having 6 in. of concrete under them and a total of 101}
in. of concrete under the base of the rail throughout.
The new rails have also been laid in conjunction with
our standard plane head rails in all cases, so as to secure
a comparison under the same traffic.

It may be of interest to note by reference to Fig. 13
that a first contact width of about 114 in. was predeter-
mined, and this width was found actually in the mark-
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ings under the first car wheels to pass over the rails.
The attempt is also being made to secure careful records
of the wear as it progresses, by means of plaster of
Paris casts made at definitely located points.

The accompanying Figs. 15-18 illustrate similar
curved head rail designs now being experimented with
in Dublin, Ireland, and Calcutta, India; in Glasgow,
Scotland; in the Central West, U. S. A, and in Leeds,
England, respectively.

In closing it may be stated, from the experience al-
ready gained during installation, that the two principal
objections to the curved head feature, viz., rolling and
joint grinding difficulties, are really of very little
moment and may be disregarded. The rail mills have
had no trouble in turning out a satisfactory product,
close to templet, with a marked similarity of head con-
tours which has tended to reduce the amount of grind-
ing at joints necessary to secure good head surface.
The work of grinding the joints is not difficult and very
satisfactory results have been obtained. This is true
also with respect to the compromise joints where the
plane head rails are joined to the curved head rails.

The performance of the new rail section under traffic
shows that the desired increase in first contact area,
with the incidental location of the load center at a
greater distance back from the gage line, have been
secured and no peening of metal at the gage line has
been found after a service of about eight weeks. This
peening may be found in our new plane head rails with-
in five days after being placed in operation.

CONCLUSIONS

An attempt has been made in the foregoing discus-
sion to present a statement of the main features which
were considered before reaching a decision to give a
service trial to the curved head design, together with
some information obtained from trial installations which
seem to warrant the following conclusions:

1. Rail corrugation has become so general that it is
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being accepted with more or less complacency, and the
rapid improvement in rail-grinding apparatus has made
the removal of corrugation quite an easy matter, which
has tended to temporarily divert attention from the
study of its causes.

2. The present general practice of eliminating corru-
gations by grinding, on new rails at least, is simply an
expedient which is not only expensive but also wasteful
—expensive in actual grinding cost and wasteful of
otherwise useful rail head metal lost in the process.

3. A study of the now generally accepted theory of
wheel and rail contact, and their resulting pressures,
based on the experiments made by Professor Johnson
and by G. L. Fowler, combined with a study of the actual
conditions of rail head and wheel tread wears, lead to
the belief that the inclined plane head design was based
on a misconception of the theory of contact and was at
variance with the requirements of correct design, as
indicated by both wheel and rail wears.

4. The curved head design, on the other hand, by
providing a range of contact over new heads about
three times that presented by new plane heads and
much further back from the unsupported metal near the
gage line fillet, seems to satisfy the requirements of
the theory of contacts as well as the conditions of wears
found in service,

5. The curved head design practically eliminates the
excessive amount of metal on inclined plane heads which
must be removed in some manner before the heads can
conform themselves to what may be called the accommo-
dation wear curve found on all rails except those just
installed. Such a curve of substantially uniform shape
is found not only in the worn rails of any one system,
but also in all groove and tram girder rails throughout
the country.

6. The adoption of a curved head design involves a
return to an early principle of grooved and tram girder
rail design which has never been generally abandoned
in T-rail designs. It presents no rolling mill or joint

Fig. 19 .
e Ny

Fig. 20

p Fig. 21
CURVED RAIL HEADS—FIG. 19—FIRST WEAR ON STANDARD B. R. T. RAIL. FIGS. 20 AND 21—FIRST WEAR ON
- . . CURVED-HEAD RAIL - - -
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grinding difficulties ; there should be no increase in cost,
and a curved head may be incorporated in practically all
grooved or tram girder rails without altering any other
features of the design.

7. In view of all these points in its favor it is thought
that the curved head design merits the most careful
investigation because of the potential value in tending
to minimize the inherent tendency of all rails to cor-
rugate. .

8. An interesting point which arises is the question
as to the desirability of providing wheels with curved
treads also. It is not impractical from the manufac-
turing standpoint, as far as steel wheels are concerned,
and a considerable saving in wheel wear could be anti-
cipated. In any event, actual wheel wears show that
the straight tread is very soon lost in service and that
comparatively little attention is given to tread wear
with respect to maintenance of straight contour because
wheels are shopped only for turning required by flange
wear. In view of the fact that the majority of wheels
and rails which come in contact are worn to curved con-
tours, it seems somewhat impractical to expect to get
the best mechanical results by imposing curved wheel
treads upon plane rail heads or vice versa, and it would
appear to be more logical to have the two contours
conform to nearly similar curvatures from the very
beginning of their contact.

Electric Car Maintenance *

Appearance of Cars Reflects Grade of Service Rendered —
Value of Charting Defects and Scientific
Inspection of Equipment

BY J. F. LAYNG, GENERAL ELECTRIC COMPANY,
SCHENECTADY, N. Y.

In considering car maintenance it should be remem-
bered that the general appearance and condition of the
car is a direct indication of the grade of service that is
being given. The underlying principle of keeping up
the appearance and condition of the car is based upon
inspection and overhauling. These are two distinct
classes of work.

Inspection shows what work is necessary to do on a
car to maintain it at the highest state of efficiency and
at reasonable cost. There are two other very important
indexes as to the states of efficiency, of workmanship
and its direction. The first is the pull-in report, and
the second is monthly segregated maintenance cost.
These figures will be more readily appreciated provided
they are charted. I have reviewed the pull-in report for
the past year of a city system operating 800 cars, and
by looking over this chart it can be seen in what months
of the year the different classes of failures are experi-
enced. These reports are divided under five different
headings, which are: car bodies, trucks, electric equip-
ments of cars, motors, air brakes.

Car bodies are further classified into car-body parts,
sash or glass, ventilators, registers, gong signals, sand
box, drawbars, fenders, trapdoors, seats, doors and oper-
ating mechanism, signs, heaters, headlights, light cir-
cuits, window shades. 4

Under trucks the following defects have been classi-
fied: wheels, axles, journal bearings, truck frame, brake
heads and shoes, brake rods, brake levers, bolster
springs, loose brakes, tight brakes,

Under electric equipment of cars the following de-
fects have been classified: trolley. base, trolley pole or
wheel, wiring, fuse box, circuit breaker, controller, grid
resistance.

Under. motors the following defects have been classi-

*Abstract of paper presented at meeting of Pennsylvania Street
Railway Association, Seranton, Pa., Dec. 14, 1915,
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fied: field coils, armatures, brush-holders, gears, pinions,
gear case, motor frame, motor leads.

Under air brakes the following defects have been
classified: compressor, motor, gov<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>