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PREFACE TO SECOND EDITION

During the decade since the first edition of this ITandbook was
presented, there have been many changes in electric rallway prac-
tice Urgent necessity for the most economical operation has
resulted in more rapid development than might have been expected
ten years ago. The most striking single feature of this develop-
ment is the light weight car; this has been accompanied by more
scientific design of the car body, both as to structural features and
arrangement of entrances and exits, better design of trucks, espe-
cially of the single truck, lighter and more economical motors, and
more efficient control, brakes and safety appliances. A much
more considerable use of machinery in track construction and
maintenance is another outcome of the past several years.

Such changes in the art impelled the present revision, and
necessitated a radical rewriting of several sections. Advantage was
taken of the opportunity to revise and add much valuable material
in other sections. In those on Train Movement and Motors, for
instance, there is given a very greatly improved treatment of the
general subjects pertaining to the selection of a proper motor
equipment to meet a required service. It is felt that the present
edition is a much better handbook as it relates to the industry
today than was the first in its presentation of the material avail-
able ten years ago.

Costs and prices have had wide fluctuations during this period,
and have not yet reached any stable level. However, where such
figures are given herein, they are accompanied either by the basic
unit costs or the dates at which they were obtained, so that the
user of the Handbook may convert them to the proper figures as
of the date of use

ALBERT S. RICHEY.

WORCESTFR, MASSACHUSETTS,

August, 1924.



FOREWARD

In 1915, Albert S. Richey, E.E., Consulting Engineer, Professor of
Electric Railway Engineering, Worcester Polytechnic Institute, and
Fellow of the American Institute of Electrical Engineers published his
treatise on the current technology of the electric railway industry. Into
this 800 page reference he attempted to present a complete description
of all facets of electric railway practice from the engineer’s point of
view. Updated in 1924, the Electric Railway Handbook remains one
of the most complete compendiums of electric railway engineering and
practice. :

Richey is stil a useful reference for today's museum member.
Topics covered include roadbed and track, motors, trucks and con-
trol. Also such useful engineering data as brake rigging design, car
body construction, electric transmission and distribution, signals and
communication. Every chapter contains information valuable for
accurate and safe restoration of antique electric railway equipment.
Each subject is covered in detail including charts and diagrams.

The Association of Railway Museums and the Parts Committee are
proud to present this reprint of the Electric Railway Handbook to the
museum community. Originally reprinted in 1978 by the Ilinois
Railway Museum, the ARM is deeply indebted to the Iilinois Railway
Museum and especially to Mr. James Johnson for preserving the off-
set printing plates for use in this edition as well as arranging for
publication. This edition retains the double page format of the 1978
reprint while incorporating double sided printing and a sewed hard-
cover binding. We expect that each volume will be a useful addition
for bookshelf and shop.

The Electric Railway Handbook is part of a continuing series of
publications by the ARM of information for the railway museum
community. We are always on the lookout for new material to publish
and solicit contributions from our readers.

Rod Fishburn
Chairman, ARM Parts Committee
3 August 1989

Third Printing
April, 2001

This book can be ordered from;
ARM Reprint Books

33 Ashland Street

Manchester, NH 03104-5110
603-669-8490



PREFACE TO FIRST EDITION

In the collection and presentation of the material for the Electric
Railway Handbook, the aim has been to get together in compact
and usable form a large amount of the information which the electric
railway engineer frequently requires, but often finds only after an
extended search through mechanical, electrical or civil engineers’
handbooks or the files of technical journals or proceedings of engi-
neering societies. The field of the electric railway engineer is so
broad that such information has necessarily been very much scat-
tered, and progress has been so rapid that a great deal of valuable
material has been available only in periodical publications, where,
unless held by a good index system, it was soon lost to the operating
engineer. The idea of a reference book for the practical electric
railway man has been kept in mind, and no attempt has been made
to produce a text book, although it is believed that the book may
be a useful aid to the student.

It has not seemed wise to include detailed material relating to
power plants as such, as this is a field in itself, well covered by exist-
ing books, and requiring much more space than is available here.
Such matters as the influence of amount and character of Joad on
the capacity and location of power plants and substations are, of
course, given due consideration in connection with such subjects as
power requirements, energy consumption, feeder layout, etc. In
the section on Buildings, the field of the architect has been entered
practically only so far as electric railway building problems may dif-
fer from others. Other instances may be cited of intentional omis-
sions or very brief consideration of certain matters, such as the
elementary treatment of the laying out of track curves, the design
of transmission lines, and signaling systems. In the comparatively
rare cases where the matters in hand require more extended for-
mulas and data than are here included, the problems are so special
and the engineer who is competent to handle them is so well sup-
plied with information that it seems unwise to burden this volume
with the material. In short, no attempt has been made to cover
the entire field of electric railway engineering, ramifying, as it
does, into the special provinces of the civil, mechanical, electrical,
chemical engineer and architect. Rather, it has been the aim to
present data on the subjects which come up in everyday electric
railway practice for constant use by the operating, constructing
or designing engineer; a book which may be used by the non-
technical manager or operator as well as by the engineer; and a
convenient reference book on electric railway practice for those
who may be specializing in other or allied lines.

Much material has been gleaned from standard books and publi-
cations. Due credit has been given in the text, but special mention

i



viii PREFACE TO FIRST EDITION

s
should be made of such sources as the Manual and the Proceed”"5*
of the American Electric Railway Engineering Association,
Transactions of the American Institute of Electrical Engineers, ~
of other engineering societies, the Handbook on Overhead Line ¢ f}’: -
struction of the National Electric Light Association, the files of
Electric Railway Journal, Electric Journal, and Aera.

A special acknowledgment is also due to the following who
so kindly assisted in furnishing needed information: A. H. 4
strong, M. V. Ayres, J. H. Barnard, E. J. Blair, M. H. Bronstog’
C. L. Cadle, Charles M. Clark, C. L. Crabbs, R. E. Danforth, E* * *
Davis, S. R. Dunbar, A. W. French, S. L. Foster, W. G. GO'%
Charles Rufus Harte, W. J. Harvie, H. C. Ives, A. St. George ]oy ¢,
G. H. Kelsay, Norman Litchfield, Bruce Loomis, W. H. McA]oP?{"
Thomas B. McMath, W. S. Murray, George W. Palmer, Jr., Frt -
Phillips, Clarence Renshaw, F. L. Rhodes, Ralph H. Rice, MaTun
Schreiber, Harold B. Smith, W. C. Sparks, Thomas Sproule, C“lt -
Squier, R. B. Stearns, H. M. Steward, Robert I. Todd. Mr. W4 e;
Jackson has read both the original manuscript and the final p'°
sheets, and has offered many valuable suggestions. h

The book is now presented to its user with the request thaf D¢
make any criticisms or suggestions for additions which may be hi-l
ful in making future editions more valuable in the field. w, 1]:
great care has been exercised in proof reading, it is inconceivi_ Wi

That no Eors ehsy, and notncahion o any that may belound o
be greatly appreciated.

Aisert S. Ricer™
WORCESTER, MASSACRUSETTS,
February, 1915.
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ELECTRIC
RAILWAY HANDBOOK

SECTION I

ROADBED AND TRACK

Railway Location. The following extracts from the section on
“¥F.conomics of Railway Location” of the Manual of the Amer.
Ry. Eng. Assn. apply to electric as well as to steam railways.

Locating a railway means designing an economical plant for
handling a given trafic. The economical plant for a given quantity
and class of traffic may not be the economical plant for a greater
or less quantity of traffic or for traffic of a different class. It is
considered good practice to discount the future within reasonable
limits, provided the necessary funds are available.

The most general formula for the economic value of a location is:

R—~-E
c ~°?
Where R = Annual revenue (receipts from operation);
= Annual expense of operation, including depreciation
and taxes;
C = Capital invested (cost of construction);
p = Percentage of income on investment.
The following equation may be used in certain cases, especially
where the annual revenue, known or unknown, is constant:
R—(E+D) =P
Where I = Amount of interest on cost of construction;
P = Amount of profit (net corporate income).

When the revenue is constant the condition of the second equa-
tion is that the sum of operating expenses, plus interest on cost of
construction, shall be 2 minimum, and is convenient in many cases,
but does not indicate the proportion of profit to investment. Care
should be taken not to use too low a rate of interest. The ratio of
profit to investment should be considered.

In order to make an economical location of a railway, the engineer
must know or make a reasonable assumption of the amount, direc-
tion and class of traffic that the railway will be called upon to handle,
class of power and the approximate efficiency and cost of fuel that
will be used, the rate of wages that will be paid to employes, the
cost of maintenance materials, and the rate of interest considered
a proper return for additional expenditures involved in the improve-
ment of the line for the reduction of operating expenses.

1



2 ELECTRIC RAILWAY HANDBOOK

In the construciion of a line where the contemplated immediate
traffic is small and the future traific large, sharp curvature and steep
temporary gradients, so situated as to be possible of reduction when
justified by the traffic, may be advantageously introduced; such a
line will provide for immediate requirements and can be improved
for future requircments at a reasonable expense. Before deciding
upon such temporary expedients, compare the cost of the work
ultimately to be abandoned with the interest saved on the extra
cost that would have been necessary to construct a line on the final
location during that period in which the more cxpensive construc-
tion would appear uneconomical. In the construction of temporary
lines. due consideration must be given to the location of stations,
and these should not be located on portions of the line where re-
visions are contemplated, owing to the fact that when a station is
once established, opposition from the public may prevent its removal.

The location of terminal points and ruling gradicnt having been
decided upon, the effect of the minor details of location upon operat-
ing expenses may be determined approximately by comparing dis-
tance, curvature and line resistance; curvature divided into shar
curvature, necessitating a reduction of speed for trains, and ordi-
nary curvature, which will again be subdivided into that increasing
line resistance in both directions and that increasing line resistance
in one direction only; and line resistance which is the sum of the
rolling resistance {or friction resistance), plus the resistance of
gravity overcoming difference in elevation on upgrades, plus the
resistance due to curvature, minus the energy of gravity on trains
on descending grades, from which has been subtracted the loss of
energy (or velocity head) due to the application of brakes. The
above does not take into account the resistance due to accelerating
trains. This may or may not be a considerable part of the total
resistance, depending on the rate of grades and the distance
between stops.

Right of Way. Crandall and Barnesin ‘ Railroad Construction’
(1913) state that'prices at which land can be purchased for railroad
purposes will be from one to two times the market value in cities,
and from one to four times in the country, it being generally recog-
nized that higher prices are justifiable, partly on account of the
greater value of the land for the special purpose and partly on ac-
count of the lower value of contiguous lands in consequence of their
proximity to the road. The latter reason is not so likely to apply
in the case of an electric railway.

Clearing and Grubbing are sometimes lumped together with
grading in a contract. Specifications for cleanng should require
the removal from right of way of all trees, brush and other obstruc-
tion to grading, except as reserved; brush and other refuse should
be burned or otherwise disposed of, but timber should be saved in
the form of saw logs, cut into cord wood, or made into ties, as speci-
fied; tops of stumps under embankments should be at least 2} ft.
below grade; the removal of stumps and roots (grubbing) is usually
required over all places where excavation occurs and between the
slope stakes of embankments less than 23; ft. in height. Payments
for clearing and grubbing are made usually by the acre or square of
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100 ft. on a side, or fraction thereof, actually cleared or grubbed,
but the removal of isolated trees or buildings is often separately
contracted for.

Classification of Grading. Too minute classification gives
opportunity for dispute and litigation as the perceatages of the
different classes are usually estimated, not being susceptible to
exact mcasurement. The American Railway Ingineering Asso-
ciation (Manual, 1911) gives three classes (solid rock, loose rock and
common excavation) for ordinary use, but recognizes the necessity
of special classes; clearly defined, in some localities. The Manual
defines the three classes mentioned, as follows: “Solid rock shall
comprise rock in solid beds or masses in its original position which
may be best removed by blasting, and boulders or detached rock
measuring 1 cu. yd. or over. Loose rock shall comprise all de-
tached masses of rock or stone of more than 1 cu. ft. and less than
1 cu. yd.. and all other rock which can be properly removed by
Pick and bar and without blasting, although steam shovel and blast-
ing may be resorted to on favorable occasions in order to facilitate
the work. Common excavation shall comprise all other materials
of whatsoever nature that do not come under the classification of
solid rock, loose rock or such other classification as may be estab-
lished before the award of the contract.” Common excavalion
may be subdivided into loam, strong, heavy soils and stiff clay or
cemented gravel in estimating the cost of excavation with men and
teams, but a steam shovel will handle all of these and even loose
rock at about the same cost. Hardpan, or earth which cannot be
plowed with a four-horse team, is now generally omitted from classi-
fication on account of difficulty of separating it from common
excavation.
i e must be allowea for both in figuring on the distribution
of the carth and in making the embankments, and the American
Railway Engineering Association (Manual, 1911) recommends the
following: “For green embankments, shrinkage allowance should
be made for both height and width, as follows:

For black dirt, trestle illing................ ... 15 per cent
For black dirt, raising under traffic............ 5 per cent
For clay, trestle filling. . ...................... 10 per cent
For clay, raising under tratfic . .......... ... S per cent
Por sand, trestle filling....... .............. 6 per cent
For sand, raising under traffic. . . ... . . § per cent

Solid rock will swell about 70 per cent from cut to fill.

On account of the uncertainty in shrinkage percentages, it is
customary to measure earthwork in excavation, but the method
of mecasurement should be clearly specified.

Pay Quantities. Where the material taken from the cuts is used
in making the fills, the price paid for excavation includes hauling
and placing in the embankment, and this should be done as far as
is practicable. The cost increases, however, until the economic
lead is reached, where the cost is such that it is cheaper to waste
at the cut and borrow at the fill. Beyond the economic lead, the
yardage will then become the sum of the remaining cuts and fills
(plus shrinkage).
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Overhaul. When a limit is set for “free haul” or the maximum
haul at the contract yardage rate, a definite additional price per
cubic yard per station for overhaul is allowed. The definition for
overhaul adopted by the American Railway Engineering Associa-
tion requires the limit of free haul to be fixed so as to include the
grade point and balance the cut on the one side with the fill, plus
proper shrinkage allowance, on the other. All material within
this free-haul limit is omitted from further consideration. The
distance from the center of gravity of the remaining excavation to
the center of gravity of the resulting embankment, less the free
haul, is the overhaul. When the haul is over runways laid out by
the engineer from borrow pits or to waste, the overhaul is one-half
the round trip distance, less the free haul. To calculate the over-
haul, find the free-haul limit by adding the yardage each way from
the grade goint, allowing shrinkage for the fills and keeping the
quantities balanced until the free-haul limit is reached. This will
require using plusses with the corresponding yardages for the final
result. Beyond this free point in the cut, multiply the yard-
age of each volume by the distance of its center of gravity from the
near end of the free-haul limit, add the products and divide by the
corresponding yardage for the overhaul at the cut end. Find how
far this material will extend in the fill and determine the distance
of its center of gravity from the near end of the free haul limit as
above. The sum at the two ends will give the total overhaul. For
heavy work, this method is preferable to a graphic one as being
more accurate, unless an inconveniently large scale is used.

Mass Diagram. A simple method of determining the most
economical distribution of the material is by means of the mass dia-
gram (or Bruckner’s curve). As described by Crandall and Barnes
in ‘“Railroad Construction,” the mass diagram is constructed
by starting at the left or zero end of the profile or other conven-
ient point, say one past which no material will be transported, and
adding the yardage algebraically, station by station, allowing for
shrinkage on fills. The totals are plotted at the corresponding
stations, or plusses for grade points, and a smooth curve drawn
through the points thus found as in Fig. 1. Straight lines joining
the points would mean that the yardage increments were assumed
proportional to the distance

This method of construction gives to the curve the following
properties:

(a) An upward inclination of the curve from left to right indicates
excavation, a downward inclination, embankment, and maximum
and minimum points, grade points. Thus (Fig. 1), 4’B’ indicates
excavation, B’G’, embankment and B’ and G’, grade points.

() Cuts and fills balance between the points of intersection of
any horizontal line with the curve, leads being to the right where
the curve is above the line and to the left where it is below. Thus,
the cut from D to B will make the fill from B to E, and that from
F to G, the fill from G to E.

{¢) Since the cut BD makes the fill to E, the last of the cut at D
is moved to E, a distance D’E’, while the last of the cut from F is
moved a distance F’E’. Equal distances will give the minimum
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average lead for the fill, as this allows taking the material for

each part of the fill from the nearest point.

Hence in making a

fill from adjacent cuts, or in utilizing the material from a cut in
adjacent fills, the minimum average lead is found by raising or
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lowering the horizontal closing line until the adjacent intercepts
are equal.

(d) The area between the curve and an intersecting horizontal
line will be the product, lead times yardage, for the materia! be-
tween the two points of intersection. For since by (c) the material
in the cut, e.g., from B to D, will just make the fill from B to E,
the material represented by the increment dz to the ordinate at D
must be moved from D to E, a distance I’ E’, giving for lead times
yardage the ares dz X D’E’. Similarly for the other increments
giving the total area, lead times yardage as stated above. If area
be divided by yardage, the quotient will be the average lead for
the portion taken. The yardage for any cut or fill (not containing

artial sections) will be the difference of the ordinates at the ends.

ence to find the average lead where the material from a cut is
utilized in making an adjacent fill, or vice versa, find the area be-
tween the closing line and the curve by planimeter or by Simpson’s
rule and divide by the grade point ordinate or total yardage. In
the case of side-hill work, i.e., both cut and fill between adjacent
sections and no grade point, only the difference of quantities is
used. The balanced quantities in each length are thus ignored.
The lead for this material will depend upon the longitudinal and
transverse slopes; it will generally be small and can be neglected
without serious error. To find the average lead for all the material,
including the side-hill work, add to the area found from the Inass
diagram the product of the balanced yardage or side-hill work by
its lead and (Evide by the total yardage.

The total yardage for the cut AB (Fig. 1) is 3552, while the maxi-
mum or grade point ordinate at B is only 3500 less by 46 cu. yd.
If D be taken at sta. 1 - o8, D’E’ will be 1020 above the zero line
and the area D’E'B’ will be 1,868,700 cu. yd. ft. Adding 46 X 10
for the side-hill product, 10 being assumed for the lead,

Total area = 1,869,160
Total yardage = 3552 — 1020 = 2532
Dividing, 1,869,160/2532 = 738 {t.
If the side-hill work be omitted,
1,868,700/2486 = 752 ft., average lead.
1f the side-hill lead be omitted,
1,868,700/2532 = 738 ft.

The maximum lead, D’E’, = stas.[12 + 50 — (1 4 08)] = 1142
ft.

If the material from C to F is to be wasted uniformly along the
fill, GB, draw the horizontal C'G’’ and join G'’B”. The area
C'G’B”F' divided by the ordinate GG’ will give the average
lead. If this material is to be wasted at the grade point, G, divide
the area C'G”’G"'F' by the yardage G''G’"’ for the average
lead. If wasted on the side at a constant lead, aC’, draw the hori-
zontals, ¢C’ and bF’ and the curve ab for the yardage lead area.

To find the overhaul from the mass diagram, draw the horizontals
giving the greatest lead or haul and the free haul; the distance
between them will give the yardage for overhaul; draw verticals
through the ends of the free-haul line to meet the maximum haul
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KHne. The sum of the areas between these verticals and the mass
diagram curve will give the overhaul product, lead times yardage.
If the overhaul is required, divide the overhaul product by the
overhaul yardage. Thus in Fig. 1, for the cut GJ which would
make the fill to K, J’K’ gives the greatest haul, H'I’ the free haul,
H'H” or I'"” the overhaul yardage and the sum of the areas,
H'H"J’ and I'I"’K’, the overhaul product.

Handling Earthwork, The following figures on cost of handling
earthwork, except where otherwise credited, are taken from Cran-
dall and Barnes’ ‘Railroad Construction’ (1913).

Loosening. All materials excepting possibly sand require loosen-
ing for shovels or scrapers and it will often be economical to loosen
even sand, especially for shoveling. Loosening is commonly done
with picks or plows, but explosives may be used to advantage under
some conditions. A man with a pick will loosen about 15 cu. yd.
of stiff clay, or cemented gravel, 20 of strong, heavy soil, or 30 of
common loam, per 10-hour day. With wages at 15 cents per hour,
these quantities give the following costs for labor, except foremen,
for loosening with picks:

Stiff clay or cemented gravel.. ... .. 10 0 cents per cu. yd.
Strong, heavy soils......... ........ 7.5 cents per cu. yd.
Loam.....coocveiniiieninnes o 5.0 cents per cu. yd.

A two-horse team with plow and driver and an extra man to hold
will loosen about 250 cu. yd. of strong, heavy soil per 10-hour day
or about 400 of ordinary soil. With very hard material requiring
a pick-pointed plow with two teams and an extra man to ride the
beam, about 180 cu. yd. can be loosened. With wages at $3.50
per day for team and driver and $1.50 for man, these data would
give the following costs for labor, except foreman, for loosening
with plows:

Stiff clay or hardpan  ............. 5.6 cents per cu. yd.
Strong, heavy soils... .............. 2.0 cents per cu. yd.
Loam.............. . ... .. ..o . I.25 cents per cu. yd.

Shoveling. Earth may be cast short distances with shovels,
the cost being about the same for limits of 5 to 1o ft. horizontally
or 4 to 7 ft. vertically. For somewhat greater distances it may be
recast, the unit cost being about 8o per cent if a platform or other
suitable bed is provided from which to shovel. This is frequently
done in taking material from a pit too deep for one cast. Plat-
forms are also often used in mine tunneling and might well be used
in cuts when the material is broken down from a face. Shoveling
is also required in loading wheelbarrows, carts, wagons or cars
for transporting longer distances. The material should be thor-
oughly loosened and often a second plowing will be more than repaid
in the reduced cost of shoveling. The quantity loaded per man
will depend upon the material, the extent to which it is loosened,
the height to which it must be raised and upon so proportioning
the gang that the shovelers will not have to wait for either material
or vehicles. For loading into an ordinary wagon or cart, 24 cu.
yd. per 10-hour day is about the upper limit for light material
or material well loosened, 18 for material at the face of a cut
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which has been broken down onto a good surface for shoveling,
and 15 for rather heavy plowed earth.” At $1.50 per day these
would give the following costs for labor, except foremen, of
shoveling:

Light or well loosened material....... 6.25 cents per cu. yd.
Face broken onto good surface.. . .. 8.25 cents per cu. yd.
Heavy plowed earth.. . .......... 10.00 cents per cu. yd.

In Engineering-Contracling, 1909, it is stated that experiments
on a number of pieces of work involving the handling of thousands
of yards of excavation have shown the long-handled shovel much
superior to the short for handling earth. Men can do more work
with less effort and can stand more nearly erect. Itis stated that
the long handle is used in Europe and the West, and the short
handle in the East. The round-pointed shovel enters the earth
easier than the square and is generally used except in shovéling
from a platform when a square-pointed scoop should be used unless
the material has to be cast a considerable distance.

Spreading and Dressing. A bankman will spread in 6-in. layers
about 75 cu. yd. of average earth which has geen dumped from
carts or wagons, the cost therefore being about 2 cents a cubic yard
with wages at $1.50 Lger day. For a railroad bank, it is usually only
necessary to keep the surface smooth enough to drive over until
grade is reached, in which case half a cent per cubic yard should be
sufficient if the work is so planned that the bankman will be kept
busy, f.e., at least 300 cu. yd. must be delivered at the bank each
day, If the earth is hauled in carts and dumped over the edge of
the bank, about one-quarter of a cent per cubic yard should still
be allowed for keeping the dumping place in order. Earth in large
quantities can be spread by a team and road machine or Shuart
grader for from one-half to three-quarters of a cent per cubic yard.
In dressing railroad earth slopes from 125 to 150 sq. yd. per man
per day is a fair average on construction work. This wouﬁde make
the cost about 1 cent per square yard. The cost per cubic yard
would, of course, depend on the lightness of the work, the amount
of material handled not being a proper criterion on account of the
time spent in smoothing and skimming,

Superintendence, Timekeeping and Water Carrying. These
items vary with local conditions, but half a cent per cubic yard
will usually cover all three.

Wheelbarrows. The wheelbarrow is used for excavating small
quantities of material and in cases where it is impracticable to use
carts or scrapers on account of the cramped situation or deep mud
in which horses could not work. It is also valuable for moving
stony soil over short distances. Run planks or “gangways”
should be provided and usually each man should load his own
barrow. The load is about }{, cu. yd. for wheeling up slopes, as is
generally necessary, but it may reach 3, for level ground. A
study of the available data would indicate that the time for load-
ing a cubic yard may be taken at 0.6 hour for the heavy soils and
o.5 for loam, while the time for wheeling, including dumping, ad-
justing the plank and other unavoidable delays, may be taken at
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3¢ hour per cubic yard per 100 ft. for wheeling up slopes and 3
hour for level ground. Adding the cost of picking gives the follow-
ing costs for labor except foremen, for picking and loading, with
wages at 1§ cents per hour:

Stiff clay or cemented gravel......... 19.0 cents per cu. yd.
Strong, heavy soil . ................ 16 5 cents per cu. yd.
Loam....coivitnniiereaiieeanaans 12.5 cents per cu. yd.

to which should be added 33{ to 5 cents for each roo ft. of lead,
depending upon the slope.

rag Scrapers. The ordinary No. 2 drag scraper is a steel scoop
weighing about 100 1b., which will hold from 34 to 3¢ cu. yd., place
measurement. It is drawn by a two-horse team which will travel
at the rate of 2.5 miles per hour, or cover 100 ft. of haul per minute
including loading and dumping, the haul making allowance for
the extra distance required for turning at the pit and dump and
being greater than the lead or straight line distance. An extra
man is required to hold in loading while the driver usually dumps
his own scraper. As a man can load for two or more teams, de-
pending upon the lead, it is advisable to work the scrapers in gangs.
The material should be well loosened so that the scoop will hll
readily. J. W. Brown, Engineering Record, gives the following
data based on the average cost of scraper work in Towa. In mak-
ing low embankments from side ditches with 6-ft. berms he makes
the following assumptions: Distance, center of ditch to center of
bank, 33 ft. Seven to ten trips per cubic yard. Sixty cubic
yards per 1o-hour day good average work. Plow team generally
required to loosen the material, one plow to six scrapers. Two
horses per plow required in light soil, four or more necessary in
compact soil, average three at $6 per day with driver and man
to hold. Field expenses, except management, and maintenance
for loosening, loading and dumping, 360 cu. yd.:

Three-horse team with driver and plowman, loosening $6.00

Three men holding scrapers, loading................ 4.50
Oneman dumping. ....oooetinin i ineneannnn. 1.75
Oneforeman. .. .........coviiiiieiivneneenennnn., 2.50
Maintenance, plows and scrapers................... 0.90

Total.... ... it e $15.65

This gives 4.35 cents per cubic yard. The cost of hauling at
$3.50 per day for team and driver is 5.83 cents, giving a total
cost of 10.18 cents per cubic yard for the lead of 33 ft. For double
the lead, or 66 ft., the yardage would be reduced to 40 per scraper
per day, requiring ¢ teams or $31.50 for hauling, while for a lead
of 100 ft. the number of teams must be increased to 12 or the cost
to $42, the other expenses remaining the same except that
maintenance would be increased to $1.08 and $1.44, respectively,
giving 8.75 cents and 11.66 cents for hauling and an increase of
o0.05 cent and o.15 cent for maintenance. For the above prices and
material these data give the following rule for field expenses,
except management, and maintenance for the drag scraper: To
a fixed cost of 7.2 cents per cubic yard add g cents per 100 ft. of
lead with 20 ft. as a minimum value to allow for tuming. For
stiff clay 25 to 30 per cent should be added to the above.



10 ELECTRIC RAILWAY HANDBOOK

Fresno Scrapers. The Fresno scraper is an improved form of
drag scraper invented in California and used mainly in the West.
‘The four-horse scoop is 5 ft. long laterally and only about 18 in.
wide from cutting edge to rear, the former giving large capaclty and
the latter easy filling. Two- and three-horse sizes are also made.
The horses are driven abreast by one driver. The four-horse
scraper weighs from 275 to 310lb. Many Fresno loads at the dump
have been compacted into a box with a rammer and found to run
from 12 to 16 cu. ft. in average earth where the lead was not so
great that much material was lost in transit. The editors_of
Engineering-Contracting give the following rules for estimating
cost, based on a study of a large number of data: When the daily
wage of a driver is $2 and that of each of the four horses is $1 a
total of $6 per Fresno per 1o-hour day, the average cost, not 1n-
cluding plowing, trimming or superintendence, will be as below:
To a fixed cost of 4 cents per cubic yard add 2 cents per 100 ft. of
lead. The fixed cost includes traveling the extra distance and the
slower speed in loading, the shifting to newly plowed ground, etc.
The hauling cost is based upon a traveling speed of 200 ft. per
minute when not delayed by loading, dumping, etc., and upon
an average load of 34 cu. yd., with so ft. as the minimum Jead.
If the soil is not of a kind that heaps up and drifts well in front
of the scraper, the average load will probably not exceed ¢ cu. vd.,
particularly on long hauls. This would change the rule tc: To
a fixed cost of 4 cents per cubic yard add 3 cents for each 100 ft.
of lead. The editors believe that the horses can be crowded s0 as
to do about the same amount of work in an 8-hour day as in 3 10-
hour day, or that the cost per cubic yard would be but slightly
affected, but experience in the East with 8-hour days would hardly
warrant this belief. They state that the cost of plowing ordi-
narily ranges from 3{ cent to 1.5 cents per cubic yard, foreman’s
wages, from 15 to 1 cent, and dressing roadbed and slopes about
14 cent per square yard of surface trimmed. If the cost of plow-
ing, dumping, maintenance and superintendence be added on the
basis of $10.25 for 300 cu. yd. with 3{ cent per cubic yard for main-
tenance, as previously given, the fixed cost would be increased by
3.1 cents giving: To a fixed cost of 7.1 cents per cubic yard add 2z
cents per 1oo ft. of lead, or to a fixed cost of 7.1 cents per cubic
yard add 3 cents per 100 ft. of lead, according as the material heaps
up and drifts in front of the scraper. This allows the driver $2
per day and requires him to load Efs own scraper, thus increasing
the cost about 34 cent per cubic yard per 100 ft. of lead, and reducing
it 134 cents independent of lead, as compared with the drag scraper
figures previously given. .

Wheel Scrapers. With the wheel scraper, the steel scoop 1s
hung between two wheels with broad tires and it can be lowered
and filled, raised or dumped, while the team is in motion. The
capacity, place measurement, ranges from about 64 cu. ft. for the
No. 1 to 12% for the No. 3, while the loads actually carried are
about 0.2, 0.25, 0.4 cu. yd., respectively, for the three sizes. These
loads can be increased for long leads by finishing with shovels
when the material does not fill readily. The dead load varies from
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350 to 8oo lb. according to size. A snatch team is generally used
in loading all but the No. 1, even then shovelers are necessary if
the box is to be filled in tough clay. In scraper, as in other work,
the details must be carefully studied and given attention if eco-
nomical results are to be secured. Thus the plow should be set
to cut 10 to 12 in. deep or to such a depth that the scoop will be
heaping full after traveling but a few feet. The rear portion of
the pan will not fill well with shallow plowing. The furrows
shouﬁi be close together, and if the soil is heavy it should be plowed
twices The bottom of the cut should be kept level so that the scoop
will lie flat and not tilted. J. W. Brown, Engineering Record,
as the result of experience in Jowa, gives the same costs, not in-
cluding scraper teams and drivers, for handling 360 cu. yd. of
earth with the No. 1 wheeler as were given for the drag scraper
on page 9, except that the go cents for maintenance is increased
to $1.40. He assumes four loads per cubic yard and about roo
ft. of lead per minute while traveling, or 60, 40 and 3o cu. yd. per
scraper per day for leads of 100, 200 and 300 ft., respectively, re-
quiring 6, 9 and 12 wheelers for transporting the 360 cu. yd. over
the respective distances. He also increases maintenance slightly
for the longer leads. These values would give for the No. 1 wheeler
at 33.50£er 10-hour day, for average soil: To a fixed cost of 7%
wents abd 3 ven's for vath 1o S1. U1 Yeads, with 73 Y. as a mindimum.
For leads over 300 ft. Mr. Brown uses No. 3 wheelers with two men
to hold a scraper (requinng one extra holder) and a two-horse
snatch team to aid in loading. To move the 360 cu. yd. per day
he used 8 wheelers for a lead of 400 ft., 10 for 500, 12 for 600,
14 for 700 and 16 for 800, the limit to which he considers it advis-
able to go with wheel scrapers. Adding $3.50 for the snatch team,
$1.50 for the extra man to hold and, $0.90 as lead increases for
extra wear to the fixed cost, will give a total of $21.15 per day, or
5.88 cents per cubic yard for the fixed charge. Adding to this
$3.50 per scraper for the different leads and dividing by 360, the
number of cubic yards moved, will give the cost for hauling. The
cost per cubic yard is given quite closely by the following: To a
fixed cost of 534 cents add 2 cents for each 100 ft. of lead within the
limits of 300 and 8co ft. For a No. 2 the cost would be given
approximately by the following: To a fixed cost of 615 cents add
234 cents for each of 100 ft. of lead within the limits of 200 to 500
ft. Good roads are essential to economy, especially with the No.
3 wheeler. These are for average conditions. For light material
$4.50 per day could be saved for the No. 1 wheeler by having the
drivers hold their own scrapers, while for heavy clay, a three- or
four-horse snatch team with an extra man to hook and unhook
would be needed for the No. 3, instead of the 2-horse team. Four
horses might also be needed for the plow team. Scrapers are used
to some extent for loading cars and wagons through a platform,
over which the teams are driven and the material dumpeJ)through
an opening.

Carts. The one-horse cart, although not used so much as
formerly, is economical for short leads when shovel loading is em-
ployed and is convenient in turning and in dumping over the end
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of an embankment. Five is a suitable number of shovelers for
loading, two on each side and one in the rear. They can load a
cart with 3¢ cu. yd in 2}3 minutes, while about 1 minute is required
for turning and dumping, making a total of, say, 4 minutes per
trip, allowing for turning into place for loading. A driver can
attend two carts, by dumping one while the other is being loaded,
for leads up to 300 ft. For greater leads he can attend to two by
taking them both together to the dump. At $1 per day for a
horse and $1 50 for a driver this would give for 100 ft. of lead per
minute and 3 trips per cubic yard:

7% cent per 100 ft. of lead, driver to 2 carts.

1% cents per 100 ft. of lead, driver to 1 cart.

For the fixed cost,

Four minutes per trnip 317 cents
Shoveling. average materal 9 cents
Plowing 2 cents
Dump 34 cent
Foreman and maintenance I cent
Total per cubic yard 16 cents

This gives for field expenses, except management and main-
tenance:

To a fixed cost of 16 cents, add 7§ cent for each 100 ft. of lead.

With one driver per cart, the 4 minutes will cost 5 cents, giving:

Eo a fixed cost of 1715 cents, add 1} cents for each 100 ft. of
lead.

This is on the supposition that the number of carts is so propor-
tioned to that of lEe shovelers that both can be kept busy, other-
wise the cost may be much greater.

Wagons. These may have an advantage over carts for long leads
on account of the larger load, but they are at a disadvantage
in turning The slat-bottom box used for grading with an ordinary
wagon is 3 by 9 by 1 ft giving a capacity of 1 cu. yd. of loose
earth, or about o0 8 cu yd place measurement. This s a full load
for temporary roads over soft earth and up steep pitches, as in most
railroad work. For long hauls over hard roads, as in road improve-
ment and city work, additional side boards are much used, increas-
ing the load to 134 to 1} cu. yd, place measurement. The slat-
bottom box has about 3 by 4-in slats for the bottom and requires
a man at the bank to aid the driver in dumping, which takes about
134 minutes for the o 8-cu. yd or 3 minutes for the 114-cu yd load.
Dump wagons which can be dumped and the bottom closed again
without stopping the team are rapidly coming into use. Enough
men should be put in the pit to load a cubic yard in about 5 minutes.
This would give at 35 cents per hour for team and driver, 3 cents
for loading time, or about 4 cents total for loading and dumping
time with slat-bottom wagons. If inconvenient to use so many
shovelers an extra wagon may be loaded while the team is going
to the dump so that by shifting the lost time can be kept about the
same. If the earth is plowed and shoveled, with foreman and
maintenance increased to 1}; cents this would give for field expenses,
except management, and maintenance for a speed of 2.5 miles per
hour, or 220 ft. per minute when traveling:
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To a fixed cost of 17 cents, add ‘4 cent for each 100 ft. of lead,
for loads of 1 cu yd, place measurement.
For different loads the amount to add for cach 100 ft. of lcad
would be as follows
Load of 0 8 cu yd add o 66 cent per 100 ft.
Load of 1  cu. yd add o 53 cent per 100 ft.
load of 1 5 cu yd add o 35 cent per 100 ft,
Load of 2 cu yd add o 26 cent per 100 ft.
Frequently wagons can be loaded with scrapers dumping through
a platform cheaper than with shovels. The following data are
taken from Enginccring-Contracting, 1907, for the cost of excavat-
ing a street of a western aity to a depth of about 2 ft , using a plow
and drag scrapers. A 10 by 12-ft platform was built with a {loor
of z-in plank on 6 by 6-in stringers high enough to give a clcarance
of about 75 ft An opening 2 ft square was left in the center
through which the matenial was dumped automatically by the
front end of the scraper catching on a cleat nailed in front of the
hole This aided but did not do away with the dumpman  There
were two inclined runways The approach was steep and soon
banked with carth; the run off was on a 15 per cent gradient. The
street gracdhent was 6 per cent and the material was hauled down
grade an average distance of 120 ft. in direct line. The platform
had to be moved from time to time. The wagon loads averaged
2 cu yd 1 place and a wagon was filled by scraper loads in less
than 6 minutcs, or at the rate of morc than 20 cu. yd per hour.
The labor cost, except foreman, of loading per hour was as follows:

Onc plow team $0 40
One man holding plow . o 20
One man holding scraper o 20
One man at dump o 20
Five <craper teams 2 00

Total for 20 cu. yd . $3 oo

or 13 cents per cubic yard. The No 1 wheel scraper should give
better results than the drag scraper for this lead.

Power Shovels. The standard machine for loading large quan-
tities of material is the power shovel It is usually operated by
steam, but sometimes by electricity. It will handle earth, loose
rock. and even cemented material without loosening  Solid rock
must, of course, be blasted and it will often prove economical to
loosen cemented material and loose rock. The ordinary shovel
is usually mounted on standard gage trucks and provided with
propelling chains  The boom swings through an angle somewhat
over 180 deg. Jacks outside the tracks are used at the front
corners to give a broader base for stability while at work. Some
of the smaller shovels are balanced on a car and can swing through
a full circle. Some of the makers mount these on traction wheels
for highway and street work, cellar excavation, etc. Shovels with
short booms are also made for tunnel and mining work. The dipper
dumps through a door at the bottom and for light material its
capacity is sometimes increased by providing an extension or lip
in front. For hard material dippers are fitted with steel teeth.
Heavy machines with smaller dippers than for earth are usual for
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hard digging and for handling large boulders. Steam shovels are
usually operated by three men, the engine man or runner, the
cranesman and the fireman The engineman controls the raising
and lowering of the dipper and the swinging of the boom, while the
cranesman regulates the depth of cut or “bute, ’ releases the dipper
from the bank when full and dumps the load. Pitmen, usually
four to six, prepare for and move the short sections of track for-
ward, operate the jacks and chocks in moving, etc  An excellent
analysis of the cost of steam shovel work and discussion of the
factors affecting the same are given in a Handbook of Steam Shovel
Work published by the Bucyrus Company, South Milwaukee,
Wis , it being a report by the Construction Service Company, based
on records and time studies given in full for 45 Bucyrus shovels
working under different conditions as to material, depth of cutting,
size of cars, number of carsin a train, management, etc A formula
is given for cost of loading cars, in cents per cubic yard, place meas-
urement, for shovel work only, including plant expenses, and labor
(except superintendence) and materials of field expenses, in which

d = time in minutes to load 1 cu. ft, place measurement

¢ = capacity of one car in cubic feet, place measurement
f = time shovel is interrupted to spot one car
¢ = time shovel is interrupted to cﬁ?mge trains
¢ = time required to move shovel
L = distance of one move of shovel in feet
M = minutes per shift less loss for accidental delays
A = area of excavated section in square feet
R = cost per cubic yard on cars

n = number of cars per train
C = shovel expense in cents per shift

From these,
= 21€ fie &
R M(d+c+nc+LA)

Using estimated values of C and A4 and the average values
given below (or estimated ones) for the other terms except M and d,
a plate of cost curves may be plotted for any value of LA showing
the relation between R and d for vanious values of M. To esti-
mate C, a $14,000 shovel is assumed, with the following data.

Cost per year

Depreciation, 43¢ per cent $653 34
Interest, 6 per cent 840 00
Repairs, when working onc shaft 2000 00
33403 34

Per year of 150 working days, or $23 290 per working
day 323 29
Shovel runner 5 00
Cranesman 3 6o
Fireman 2 40
One-half watchman at $50 per month 1 00
Six pitmen at $1 50 9 00
One team hauhing coal, water, etc, half day, say 2 50
Two and a half tons coal at $3.50 8 75
Q1l, waste, etc, say 1 50

nst per day, C/100 $57.04
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The depreciation is found by distributing the difference between first
cost, assumed at $150 per ton, and scrap value, $10 per ton, over
the life of the shovel, assumed as 20 years. It is stated that
“The cost of repairs should be apportioned to the work turned out
rather than considered as a function of the age of the shovel. It
will be higher for rock than for earth-work and higher for badly
broken rock than for well-blasted material.” In assuming 150
working days per year, allowance has been made for bad weather,
lack of continuous work, transportation of plant, etc. The actual
number will be greatly affected by local conditions. The fuel
consumption assumed for the heavy shovel used checks fairly
well with some data given by Gillette, Handbook of Cost Data.
His values for coal and water per 1o-hour day vary from 3{ ton
and 1500 gal. for a 35-ton shovel with a 1}4-cu. yd. dipper to 23
tons and 4500 gal. for a go-ton shovel with a 3-cu yd dipper.
The average shovel move, L, was 6 ft. A varies with the depth
and width of cut. For example, values of 250, 500 and 1000 sq.
ft. are used in the Handbook in computing cost curves. The
larger the volume, LA, per shovel move the less the cost per cubic
yard. The width of cut and L are fixed by the reach of the shovel.
In increasing the depth to increase A, the danger of landslides
should be considered as also the height of the loading track if
cars are handled in trains alongside the shovel. On the other
hand, i the depth maches 2 cevtain winiooum, wanying with the
material, such that the dipper will not fill in one raise, the cost will
also be increased by increasing d, the time required to load a cubic
foot. The time d, required to load 1 cu. ft depends upon the
material, the depth of cutting, the shovel and the capacity of its
di;:f)er, as well as upon the skill and cooperation of the engineman
and cranesman. These men must work together perfectly or
costs will be seriously affected. The results of the tests taken
show that the average time to load 1 cu. yd , place measurement, is
about 103 seconds for iron ore, 12 for sand, 1834 for clay and earth
and 31% for rock. These were with average dipper capacities,
place measurement of 1 cu. yd. for rock, 1}{ for earth and sand,
1% for clay and 23¢ for iron ore. The average ratios of place
measurement to water measurement for the dippers were o094
for iron ore, 0.56 for sand, o 61 for clay, o 53 for earth and o043
for rock. The time, f, for spotting cars is usually zero, as it is
done while the shovel is turning and digging. This is where the
train is alongside and moved a car length at a time without switch-
ing. The capacity, c, is taken as 4 cu. yd , water measurement,
or 2 5, place measurement, for ordinary contracting work where 10
car trains of side dumping cars are most common, or# = 10. The
time, ¢, the shovel was interrupted to change trains averaged 4
minutes. The average time, g, required to move the shovel
averaged 8 minutes. It depends upon the skill and coopera-
tion of the crew and pitmen, and should be done according to a
definite schedule. The time lost by accidental delays, to be sub-
tracted in finding M, averaged about 73{ per cent for brick clay,
83¢ for sand, gravel and iron ore, 17% for earth, clay and loam
from railroad borrow pits and crushed stone from quarries, and 20
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for rock cuts on railroad work; with a maximum of about 40 per
cent for borrow pits of earth and 56 for rock cuts. These delays
may be due to the condition of the material or to breakdowns or to
accidents. Thus, wet clay often clogs the dipper teeth and sticks
in the bucket. Delays are most frequent, however, in handling
rock, especially if it has not been properly broken. Large pieces
have to be ‘‘chained out” or broken by mud capping or block-
holing and blasting, thus seriously delaying the shovel. Small
air hammer drills can be used to advantage in block-holing as the
hole can often be drilled on the side of the stone away from the
shovel and the stone broken by light charges. Every effort should
be made, however, to properly break the rock with the original
blasts. Holes a few inches too shallow or with the bottoms not
properly loaded often leave ridges which must be drilled and blasted
hefore the track for the shovel can be laid. Delays due to break-
downs should be minimized by keeping duplicate parts liable to
breakage on the job and training the men to make repairs quickly.
The shovel should be carefully inspected each night and parts
liable to break the next day replaced. It should be noted that
the use of average values of the various factors will give only what
may be considered standard cost curves. But estimated values,
ot actual ones from time studies, are easily used, thus making it
possible to vary conditions and determine what plan of operations
gives the best results. The Bucyrus formula shows clearly that
delays, either ¢, f and g, or those which reduce the value of M,
increase R, the cost of loading, and they may also increase the cost
of transportation. The best efforts of the management should
therefore be directed toward reducing these, both by the use of
proper general design and plan of operation, and by careful super-
vision during the progress of the work.

Steam Shovels for Light Work. For light work or for loading
into wagons or small cars a small shovel is often preferable. Tt is
estimated, for example, that the Thew 13-ton full swing shovel
with traction wheels and 3¢-cu. yd. dipper can be operated for
$13.50 per 10-hour day, as follows:

Engineman .......coureeeurionseneenanananneenns
Fireman. .. i it
Two pitmen............. P
Fuelat $gaperton........cocvuiiiiinrnnnnneneennnns
Supplies and repairs. .. ....vvirrieeeanoneenarenans

It is claimed that it will excavate some 35 cu. yd. per hour in or-
dinary soil, while if the engineman does his own firing and but one
pitman is used the cost can be reduced to about $7 and the ca-
pacity will be about 25 cu. yd. per hour. Allowing 1 minute
delay per load in getting the 1-cu. yd. wagons into place and
a little extra time for moving, this would give 20 cu. yd. per hour,
or 200 per day for the full crew. Dividing $13.50 by 200 would
give 63{ cents per cubic yard for loosening and loading. This
does not include delays, depreciation or interest.
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Electric Shovels. When electric power is available, 2 con-
siderable saving can be made by the use of the electric shovel, in
which electric motors displace the steam engine and boiler of the
steam shovel. Many electric roads are making good use of the
electric shovel, not only in gravel pits and grading, but in con-
struction and reconstruction work in city streets, in the latter
case usually in connection with pavement plow, pneumatic tools or
the “skull cracker” for breaking up the pavement. During con-
struction, the Brantford & Hamilton (Ont.) Electric Railway used
an electric shovel of 1 to 134 cu. yd capacity in gravel pit work,
the depth of cut being about 14 ft., gravel loaded on flat cars
of 14 cu. yd. capacity each, frequently hauling away roo loaded
cars daily.

The Rockford & Interurban Railway reports use of a 134 cu. yd.
electric shovel in 15-ft. gravel bank, with three work train motors
and thirteen 12-yd. center dump ballast cars; four per cent grade
out of pit, average daily mileage of work trains, 120; shovel operated
by three men, foreman’s time divided between pit and surfacing
gang; work trains cleared passenger cars, shovel not operated to
capacity because of inability to keep cars spotted for loading;
total mileage per month, 6630. The same shovel, operating in
12-ft. bank of earth with hardpan at bottom, one work train of
three 12-yd. side dump cars, average so miles daily with work
train, cleared passenger cars, shovel operated by two and three
men, 9240 cu. yds. moved per month.

The Milwaukee Electric Railway & Light Company, using an
electric shovel to excavate track trench in city streets, reports
a season’s output of 25,000 cu. yds. Part of this work was on
new construction, but on that part which was reconstruction ex-
cavation was done at night, mainly during the time of owl car
operation. The excavated material was loaded into dump cars
on the adjacent track, the work trains clearing the passenger
cars, except at the outer ends of lines stub service was operated
through tﬁe early hours of the night, and passengers transferred
around the shovel operation.

The use of the electric shovel has become quite general, and
these instances are only given as examples. One more might
be cited, however, that of The Indianapolis Traction & Terminal
Company, which uses the electric shovel to excavate, grade and
subgrade in city streets. The ditch is ¢ ft. wide by 24 in. deep,
and an average day’s work is 340 lin. ft., maximum 410 lin. t}t)
Work less than 3oo ft. is due to obstructions such as gas and water
pipes, conduits, manholes, etc., which the shovel must work over
or around. The shovel crew consists of one foreman, one shovel
operator and eight laborers, moving an average of 226 cu. yds.
daily. To do an average day’s work requires a move every six or
seven minutes, each move being four feet. With deeper digging and
less frequent moves a greater number of cubic yards can be handled.
It makes no material difference as to the character of the excavation,
that is, clay, gravel, old paving concrete and old ties. The old rail
is pulled out with a crane car and then the shovel is put in after
removing any of the old paving that has value. No current charge
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is made, but it will average about 35 amperes on 550 volts. On
clay digging in 4-ft. bank the machine averaged 420 lin. ft. ditch
¢ ft wide, with same crew In all cases material was loaded into
6-yd standard gage Western dump cars.

Hauling with Cars and Dinkey Locomotives. On new construc-
tion this is the standard method of hauling material excavated with
steam shovel. The usual gage is 3 ft. The cars are side dump of
3 or 4 cu yd. capacity the latter weighing about 6oco 1b. The
dinkey weighs from 8 to about 3o tons; all on drivers. This light
weight allows the use of rails of from 16 to 4o Ib. per yard. With
5-ft ties about 6 by 6 in. in section, it makes a hght track which
can be easily shifted at cut or dump as required. The following
rental rates were quoted by an equipment company, July, 1911.

Four-cu yd 3-ft. gage Western cars,
First month

50
Second month 20
Third to fifth month nclusive 60
Sixth to eighth month inclusive.. .. . oo
Each month thereafter  .... ..... . 40

Twelve-ton dmnkey,
First month e $141 0O
Second month ... L. L, 132 00
Third to fifth month inclusive e . . 117 oo
Sixth to eighth month inclusive R ) O (]
Each month thereafter . e e . 93 00

The rolling friction on this light track is from 20 to 30 lb. per ton
and probably more in starting on dirty track. The dinkey can
exert a pulling force of about one-fourth of its weight. The speed
is about 5 miles per hour when loaded and 8 to 9 when empty or
on down gradients with smooth track. One dinkey is often used
with a 1l4-cu. yd. shovel for leads up to 1000 ft. With six cars
and three or four dumpmen the train can be dumped in about 2
minutes so that good results can be obtained. For longer leads, a
second engine would be required for spotting cars, with cars enough
for two trains, one dumping while the other is Joading. The length
of train and weight of engine should increase with the lead when the
work is heavy enough to warrant it

Hauling with Cars and Horses. Two-foot gage 1-cu. yd. capacity
cars weigh about 1000 Ib each and 1%-cu. yd. cars about 1350,
so that one horse can draw three loaded cars if favored slightly by
the gradient for the heavier cars. Fifteen to 20-lb rails are heavy
enough, with plank or round timber ties A side track is put in
at the cut and two trains are used the same as for dinkey engines.
For hand loading both tracks should extend into the cut and be
used alternately to save work in switching. Allowing the driver
6 minutes for dumping and r minute at the cut, the fixed cost,
at $1 5o for the driver and $1 oo for the horse, would be 1 cent
per cubic yard for the heavier cars, 1 cu. yd place measurement,
while the cost per oo ft of lead would be o.14 cent, giving for the
cost of hauling per cubic yard- To a fixed cost of 1 cent add o 14
cent for each 100 ft of lead. For level or slightly rising track,
requiring the o.8-cu. yd., place measurement, cars, this would be-
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come: To a fixed cost of 134 cents, add o 18 cent for each 100 ft.
of lead. This assumes a dumping trestle and no trackwork or
depreciation. The trackwork would cost much less than for the
shovel and dinkey, especially at the cut. One cent plus o.2 cent
per 100 ft. of lead should cover ordinary conditions. With no
dumping trestle 154 cents per cubic yard should be added for spread-
ing and about 1 cent for extra shifting of track. This would give
for the cost of transportation: To a fixed cost of 4 5 cents add o 34
cent for each 100 ft. of lead, or to a fixed cost of 43{ cents add o 4
cent for each 100 ft. of lead, according as 3 or 24 cu. yd. are
hauled per train. To this must be added the cost of loosening and
loading.

Power Shovel and Standard Equipment. Standard gage flat
cars and ballast cars are used on maintenance work in widening
cuts and fills, filling old trestles, reducing gradients, distributing
ballast, etc. The flat cars are unloaded by a plow drawn by cable.
The ballast or dump cars are dumped through doors operated by
air from the brake system. For the heavy cars, inclined floors
rather than tilting bodies make them self cleaning. The capacities
of the flat and ballast cars range from 10 to about 30 cu. yd. The
cost of loading with power shovel and hauling on good track with
large cars is less than with the small cars and poor track used on new
work, provided the forces can be so adjusted as to keep all busy.
Usually, however, the work must be done subject to interruption
from traffic so that a careful study of conditions must be made in
order to estimate costs. W. Beahan, First Asst Engr.,L.S5.& M S.
Ry., in a letter dated October, 1911, places the cost of grading
for third and fourth track, using standard equipment and a haul
not exceeding 5 miles including loading, unloading and leveling
ready to lay the ties, about as follows per cubic yard:

Borrow pits or cuts with 15-ft. face $o 11
Earth cuts, 3 to 10 ft. deep 0o 1§
Shale cuts, all blasted 0o 21
Other rock cuts all blasted and requinng breaking up

by blockhohng ....... . o 2§

This includes labor and supplies as follows.

Poreman per month $75 oo
Laborers per hour, 1o-hour days 01§
Steam shovel crew, 8 men per 10-hour day 25 00
Tramn service, labor and supplies per day 28 oc

Interest, depreciation, explosives and overhead charges are not
included The repairs for shovel probably are included as the labor
was performed by the shovel crew. Mr. Beahan states that in
moving a short distance where overhead obstructions will allow,
they sometimes let the dipper rest on a flat car, remove the jack
arms and haul the shovel with the work train; but that usually
it is best to take the shovel down even for moving a short distance,
and they estimate that it will cost $100 to take a shovel out of one
cut and put it in another, although they can occasionally do it for
$50. A.J. Himes, Engr. of Grade Elim.,N. Y. C. & St.L. R. R. Co,,
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gives the cost of moving a shovel about 335 miles through the City
of Cleveland in August, 1911, as follows.

LaBor
Taking down $23 26
Moving 49 1I
Setting up 23 27
$95 64
WoRrk TRAIN SERVICE:
Placing cars to load parts and helping to
take down f$10 20
Moving shovel and bunk cars 8 50 18 70
$114 34

The cost of shipping the above shovel from Ashtabula to Cleve-
land and setting up is given as follows*

Freight shovel and three cars at $19 50 78 00
Boarding car and tool car at $22 so 45 o0
Lost time shovel crew 8 84
Setting up shovel 31 47

3163 31

On new work, the cost of moving from the railroad to the site
would be in addition to that of setting up, or taking down and set-
ting up, as above. This may be over highways or across country.
A track is required with force sufficient to take up and move forward
ahead of the shovel. The shovel can be moved with its own power
if the gradients are not too steep. If too steep for adhesion, one
end of a rope can be anchored ahead, the other end wound around
the driving axle and the running gear started. No general estimate
of cost of moving can be given on account of the variation in con-
ditions. The Bucyrus Handbook of Steam Shovel Work states that
a 70-ton shovel was moved 1600 ft in 8 hours by the shovel crew,
16 men, foreman and one team at a total cost of $34 or 2 12 cents
per foot

Culvert Openings. The following run-off formulas for culvert
openings are taken from the report of Committee on Drainage of the
Illinois Society of Engineers and Surveyors, 1913  In these formu-
las, M = area of watershed in squarc miles; 4 = area of watershed
in acres; Q = maximum discharge entire watershed in cubic feet per
second; ¢ = maximum discharge per square mile in cubic feet per
econd, ¢ = coefficient; a = area of opening required in square feet:

TALBOTT @ = ¢V A3 ¢ = 06 for flat land; ¢ = o 85 for mod-
erate slope, ¢ = 1.1 for steep slope

MyErs @ = ¢VA. ¢ =1 for flat land; ¢ = 1.6 for hilly land;
¢ = 4 for mountains

PEeck* ¢ = % ¢ = 4 to 6 (Missouri Pacific Ry )

WENTWORTH: a = A®S. Applicable to conditions on Norfolk
& Western R. R.

3000M
C.B & = =
Qe 3+2vVM
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CooLEY. (1) Q = 200M%%, (2) Q = 180M™
TiDEWATER Ry Co : ¢ = 062470

EL PAso & SOUTHWESTERN Ry Q = 12 8—;}—0
O’CoNNELL" Q = I421M_
o3t1vVM
KvicHLing For o.ccasional floods* ¢ = Jl%% + 20;
for rare floods: ¢ = jllj?lloz:o + 74
MuURrPHY. ¢ = %4_7(;92—5+ 15

GrAY. ¢ = 5 89M%

FanNiNe Q = cM?* ¢ = 130 to 200 for New England and A
palachian watersheds; ¢ = 6o to 100 for eastern middle
states watersheds, ¢ = 12 to so for western tributaries of
Mississippi River north of Missouri River.

Wooden Trestles. The reasons for the common use of wooden
trestles on new work are summarized in an editorial in the Engi-
neering News as follows

1 A well-built timber trestle, while it lasts, is a very solid and
safe structure, and it lasts normally in good condition for from g
to 10 years while much hastily built masonry gives out in 1 or
2 years

2. There is more time to determine accurately the size of opening
needed and thus avoid needless washouts, besides, well-built timber
structures are less likely to wash out suddenly

3. The time of construction is shortened materially, often an
important consideration

4 The masonry, when at last built, is almost certain to be better
built and of better stone. Haul then is of less importance and there
will be more time to secure good matenals. The roads are few on
which any large proportion of the original masonry is in good con-
dition after 10 years. This is especially true of the smaller struc-
tures, such as cattle guards and open culverts which are often so poor
as to shake to pieces in a few months. The lesson that the smaller
the structure, the larger and better dressed must be the stones
composing it, if it is to be durable, is one which engineers are slow
to learn

5 It is easier to introduce long and high fills afterward to be
filled by train, or replaced by masonry or iron, and thus to secure a
better alinement and avoid rock cutting or other objectionable work.

6. A very large part of the total cost of the line in its permanent
form is postponed for 6 to 8 years past the trying years of early
operation, thus not only saving the interest on the cost of the per-
manent work but going far to protect the company from the
danger of early insolvency, which has proved so deadly to many
overconfident companies
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7. The only necessary disadvantages are the liability to decay
and fire. To guard against the former is a mere question of in-
spection. The danger from fire is a real one and every year has its
record of accidents resulting therefrom, but if the danger is real
it is small. There are few such accidents and those mostly from
gross carelessness. In proportion to their number, accidents from
iron structures have been vastly more numerous and more fatal,
and the same is true in substance of small masonry structures where
the great liability to washouts is a serious matter.

The reasons given above will apply to-day in sections where
timber is cheap, the country and traffic undeveloped, and the
company with scarcely sufficient means to put the road in operation.
In improvements in alinement and gradients, or in building exten-
sions and branch lines in a fairly well-developed country by a
prosperous, well-established company, the conditions are different
and the tendency is toward masonry structures with solid floors
so as to give a continuous ballasted roadbed. In improvements
under heavy traffic, as in track elevation or depression, grade re-
duction, etc., timber trestles are usually necessary to carry the track
until the permanent roadbed is completed.

Quantities of Material and Cost of Wooden Trestles. The
editors of Engineering-Contraciing from a carefully prepared and
tabulated bill of materials for the Northern Pacific Railway stand-
ard wooden trestle deduced the following formulas for prelimi-
nary estimates:

M = 220 + 6H for H between 20 and 25
= 240 + B8H for H between 25 and 50
= 240 + oH for H between 50 and 75
= 240 + 10H for H between 75 and 125
where M = feet B.M. in trestle, including deck, per lineal foot.

H = afver%ge height from ground to a point 334 ft. below base
of rail.

The division into groups is due to the construction of high trestles
in stories, each story being about 25 ft. The bents are 15 ft. ¢ in.
centers. Each has four 12 by 12-in. posts, the outside posts having
a batter of 3 in. per foot and the inside posts a batter of 1 in. per
foot. The deck consists of six g by 18-in. stringers, with 8 by 8-in.
cross ties 133¢-in. centers, and 5 by 8-in. guard rails, a total of 164
ft. B.M. per lineal foot of trestle. For the deck there are 40 lb.
of wrought iron, 25 Ib. of cast iron, and 25 Ib. of galvanized iron,
a total of go Ib. per 1000 ft. B.M. of timber, or 15 Ib. per lineal foot
of trestle. For the bents and braces there are about 35 Ib. of
wrought iron and a little less than 15 Ib. of cast iron per 1000 ft.
B.M,, a total of 50 lb. per 1000 or o.05 Ib. per foot B.M. of timber.
This would give in pounds:

Iron per foot of trestle = 15 + o.05 (M-164).

If piles are used under the sills as for the Sante Fe, five would be
required for the heights up to 25 ft. and six above that height.
The average penetration will be from 12 to 18 ft., depending on the
soil, requiring about 20-ft. piles.

For a pile trestle, four piles per bent, bents 16-ft. centers, with
20 ft. per pile allowed for penetration and cut off, lineal feet of
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piles per foot of trestle = (20 + H)/4, where H is the average
height in feet to a point 334 ft. below base of rail.

The sawed lumber per foot of trestle = 185 ft. B.M. for trestles
under 15 ft. high.

= 200 {t. B.M. for trestles
15 to 25 ft. high.

The iron weighs 16 1b. per foot of trestle; 40 per cent is wrought,
30 cast and 30 galvanized.

With bridge carpenters at $2.50 per day it is stated that the cost
for framing and erection, including the handling of the iron, should
rarely exceed $10 per 1000 ft. B.M., while the cost of driving the
piles is placed at 7 cents per lineal foot of pile (not per lineal foot
of penetration). Freight or freight and cartage must be added
to the cost of the material if delivery was not included in the
purchase price.

Steel Trestles. The general type of construction is with spans
alternately about 3o and 60 it. without much regard to height of
trestle; longitudinal bracing is placed under the 30-ft. spans joining
the vertical bents in pairs forming towers capable of resisting the
longitudinal forces due to starting and stopping trains on the
track. The open deck is carried by plate girders spaced to support
the ties on the upper flanges; the bents are in vertical planes and
the posts batter about 2 in. per foot. Each post rests on a masonry
pier some 4 to 5 ft. square at the top and large enough at the base
to reduce the unit pressure on the foundation to a safe value.
Anchor bolts are set to templet before the pier is built and masonry
thus adds to stability in the case of wind pressure strong enough to
produce tension in the post.

The following formulas have been given for weight per foot of
steel in terms of height of trestle:

1. C. P. Howard, Eng. News, 1906, for Cooper’s E 40 loading.

Weight per foot = 5zo lb. for height of 20 ft.,
= 1200 1b. for height of 6o ft.,

1530 Ib. for height of go ft.

2. The above values with 20 per cent added for Cooper’s E 50
loading.

3. Editors, Eng.-Conl., 1907, for two 116-ton engines followed
by 3000 lb. per foot, spans 30 and 6o ft. alternating.

Weight per foot = 600 + 12 times height.

It is claimed that this has been used in estimating the weight
of many viaducts of different heights and has been found to give
very close results except for heights as low as 20 to 25 ft.

4. H. G. Tyrell, Eng. News, 1900, for two engines weighing 100
tons each followed by 4000 Ib. per foot. Unit stresses 10,000 and
12,000 lb. per square inch.

Weight per foot:

Deck plate girder = 100 + 9 times span,
= gso0 for spans of 3o and 6o ft.
Bents and bracing = g times height.
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5. Electric railway trestles for 25-ton cars, or 2000 lb. per lineal
foot.
Weight per foot:
Deck plate girder = 30 4 5 times span,
= 260 for spans of 30 and 6o ft.
Bents and bracing = 6 times height.

Combination Highway and Railway Bridges. The following
specification of the Massachusetts Public Service Commission is
widely used. It is definitely stated as for purposes of design of new
bridges or strengthening of old ones, and that it may require modi-
fications in considering old structures and the desirability of con-
tinuing them longer in service.

For the track load these specifications use a so-ton car with
wheel spacing of 5 ft., 15 ft., 5 ft. and a total length of 40 ft. over
all. For roadway and sidewalks loads of 100 lb. per square foot are
used for city bridges and 8o Ib. per square foot for country bridges
100 ft. or less in length. These uniform loads are assumed to cover
the full area of the roadway and sidewalks except a width of ¢ ft. at
each track. For longer spans these uniform loads are reduced 1 1b.
per sq]uare foot for every 5 ft. additional length up to 200 ft., and
for all greater lengths 80 and 6o lb. per square foot respectively
are used. For suburban bridges the floor is designed for the same
loads as the city bridges, while trusses and girders are designed as
for country loads. For highway bridges in city, town or country
the specifications require provision for an alternative roadway load
of a single 20-ton auto truck on two axles 12 ft. on centers and
wheels at 6-ft. gage; the weight assumed to be distributed 6 tons on
one and 14 tons on the other axle; the truck assumed to occupy a floor
space of 32 ft. long and 10 ft. wide, the overhang being equal at
front and back and at the sides. With track and uniform roadway
and sidewalk loads impact of 25 per cent is added for floor beams and
stringers, while for girders and members of main trusses the impact
used varies from 25 per cent to 10 per cent according to the loaded
length producing maximum live-load stresses, except that 4o per
cent is used for counters and floor-beam hangers. With the auto-
truck load 50 per cent impact is used for steel members which receive
their full load from one panel point only and no impact is used for
wood floor or stringers. Tension stress allowed by these specifi-
cations is 16,000 lb. per square inch of ‘“structural steel.” Other
allowed unit stresses in general correspond with those given in other
specifications using the same tensile stress, except that in direct
compression these specifications allow only 12,000 1b. per square
inch of steel, reduced by the Gordon formula.

Ballast. R. C. Cram lists the materials used for ballast in
order of desirability as follows: (1) Broken stone; (2) coarse slag;
(3) screened and washed gravel; (4) chats, granulated slag and dis-
integrated granite; (5) burnt clay; (6) bank-run gravel; (7) cinders;
(8) chert and cementing gravel; (g) sand; (10) shells, and (11) earth.
Gravel is the material most commonly used both on steam and elec-
tric railways, but in city tracks crushed stone is used to a consider-
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ably greater extent than gravel. In selecting ballast the first
consideration should be to obtain a material as free from clay and
loam as possible, in order to afford an opportunity for water to drain
off rapidri;. Crushed stone possesses most of the qualities of an
ideal ballast, while screened and washed gravel is a fairly close
second, and is quite extensively used in city track work. However,
bank-run gravel is in general use, due to its availability and com-
paratively low first cost.

Crushed stone should not be smaller in size than will pass through
a 3{-in. ring nor larger than will pass through a 24-in. ring.
Larger sizes have too many voids, while the smaller sizes wear the
ties less, are less noisy, more easily tamped and give a better
surface with less labor.

Gravel varies greatly in quality in different localities, and
bank-run gravel will vary in clay, sand and gravel as follows: Dust
and clay, o to 20 per cent; sand, 5 to 60 per cent, and gravel, 35 to
9o per cent. Good gravel ballast should not contain more than
10 per cent clay and 20 per cent sand, as greater proportions of
these materials seriously interfere with drainage. It has been
stated that ties will last from two to three years longer in washed
gravel ballast as compared with bank-run; this is attributed to the
lesser amount of water retained.

Slag, being available only in the vicinity of blast furnaces,
has not been used as ballast by electric railways generally. Coarse
slag, however, is said to be almost as durable as crushed stone
and to equal it in many ways. In certain cases it is stated that
dry rot attacks the ties more rapidly in slag than in stone ballast.
Granulated slag is much inferior to the coarse variety, but is still
superior in drainage qualities to cementing gravel, cinders or sand.

Chats, disintegrated granite, burnt clay, sand and shells are
not much in use for ballast on electric railways, but cinders are
in quite general use, largely through their availability as a by-

product from power stations. There is a wide divergence of opinion
" as to their value, due to the claim that sulphur in them tends to
decrease the life of the ties. Cinders stand eighth in the order
of desirability for ballast materials, but when of good quality
they serve a good purpose as sub-ballast and for ballast in yards
and sidings or upon main lines having comparatively light traffic.

The depth of ballast depends upon the nature of the soil in the
subgrade, the size and spacing of ties, the strength of the rail as a
beam, the weight of the wheel load and the number of loads. The
recommendations in the A.R.E.A. Manual for 1915 are as follows:
Minimum depths of ballast for Class A traffic, 12 in.; for Class B
traffic, ¢ in.; for Class C traffic, 6 in. The recommended minimum
depths given in the 1916 A.E.R.E.A. way committee report are
as follows:

Side tracks

Ballast material Main tracks and yards
Brokenstone................... 8 in. 6 in.
Washed gravel ................. 8 in. 6 in.
Bank run gravel.. .............. 12 in. 8 in.

Cinders............... ........ 12 in. 8 in.
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Ties. The following table, from information by the Government
Forest Service, shows the proportions of different species of woods
purchased for ties by electric railways in 1915:

Kind of wood Per cent

White 0ak. .. ..... oot e 26.
Chestnut......... .ovt tiiiiiii it 3r.
Cedar.. . .. e e e e e 11
Southern pine e e e e 10
Redoak.......... ool 10
Douglas fir.... . . ... ... . 7.
Redwood . .. e e e 3
Westem yellowpme...................... oo n.. 2
Cypress....coovvennn. 1
Eastern tamarack 1
Allothers. ...covviin i 3

CONNGLLW O

White-oak timber is by far the best and most largely used. It
is but seldom treated, as it has been found that it is hardly eco-
nomical to do so, owing to its very high resistance to decay. The
average life of white oak under heavy steam-road traffic is about
nine years, while this is extended to from twelve to fifteen years
for moderate trafic. Bur oak, rock oak and chestnut oak will last
from six to eight years. Other species of oak, such as black and
red o2k, pin or swamp oak and water oak are inferior woods and
have a life of from four to five years if untreated. The several
species of pine are used on steam roads in quantities second only to
oak, but chestnut has taken second place on electric lines and the
pines take third place. While it is a soft wood as compared with
oak, pine is quite slow in decaying and long-leaf heart pine will aver-
age seven years and has been known to last twelve years. Some
pines, if high in pitch, will check badly, but long-leaf yellow pine
1s much to be preferred for bridge timbers and bridge ties, since
it does not warp as much as oak. Chestnut is not used much
for bridge timber because of its tendencies to split and check, but
for ties it is nearly as durable as oak, having a life untreated averaging
seven years. Cedar is a durable species of soft wood and will
resist decay for from twelve to fifteen years, but it is apt to fail
from spike driving and nail cutting; it has an average life of ten
years. Hemlock is a soft wood and is very short-lived when
untreated, averaging not over four years; its use continues to a
considerable degree because of its cheapness. Tamarack and spruce
have characteristics quite similar to hemlock and cost about the
same but have an average life of from five to six years. Red and
black cypress are soft woods, largely used in the south, and they
decay rather slowly. Cypress has an average life of nine years.
In California, redwood is used to a large extent. Itis classed asa
soft wood which resists decay quite well, lasting five years untreated
and without tie plates and twelve years when used with tie plates
and treated. The foregoing information on life of ties is based on
steam road conditions.

The manner in which the tie is cut out of the tree is generally
the basis for defining its kind (Fig. 3). A tie cut from a tree from
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which not more than one tie can be produced from a sectionis
called a “pole” tie and it is hewed or sawed on two parallel faces.
When made from a tree of a size that two or more ties can be made
from a section by splitting, the tie is called a “split” tie. An
inferior tie, named a “slab” tie, is sometimes made from the first
or outside cut of a log. A sawed tie has the two sides and two
faces sawed. The upper or lower plane surface is called the “face.”
A ‘“quartered” tie is one made from a tree of a size to yield four
ties per section. A “slabbed” tie is one sawed on only two faces.
I{ the two faces are of equal width, a slabbed tie is also a “pole”
tie, but should the lower face be wider than the upper, it is called
“half-round” tie. A “hewed”
tie must be hewed on at least
two surfaces other than the
ends. Tie specifications al-
ways limit the amount of sap-
wood, and if the section shows
more than the specified
amount the tie is called a
“sap” tie. If the specified
amount of sapwood is exceeded
on only one or two corners, but
does not measure more than

(c) (d) (e) one inch on either corner mea-
sured diagonally across the tie,
F1G. 3.—Types of ties. it is classed as a “heart” tie.

An “all-heart” or “strict-heart” tie has no sapwood. A “wane”
tie is made from a tree too small to make a pole tie, by allowing
the original surface of the tree to show on one or more corners.
When a tie has been made from a tree from which the resin or
turpentine has been extracted before felling, it is called a “tapPed”
tie. Ties which do not conform to the specifications are “cull”’ ties.

The thickness of ties varies from 6 to 8 in.; the width from 6
to 12 in., and the length from 8 to 10 ft., the greater length being
for bridge ties and tracks over .marsh land. Electric railways com-
monly use a size of 6 in. X 8 in. X 8 ft., while 7 in. X ¢ in. or 7
in. X 8in. X 8 ft. to 8 ft. 6 in. long are sizes being used more and more
by steamroads. Spacing should be considered as of more importance
than size. Two advantages are obtained by decreasing the spacing:
the unit pressure on ail track material is decreased, and the carrying
capacity of the roadbed is increased correspondingly. The mini-
mum spacing should not be less than the width of track shovels used.
The usual spacing varies from sixteen to eighteen for a 3o-ft. rail or
eighteen to twenty for a 33-ft. rail, indicating a variation of from 2640
to 3200 per mile. Bridge ties are usually 8 in X 8 in. X 10 ft.
spaced from 12 to 16 in. centers. o

Treatment of ties for wood preservation is without doubt an
economical measure for increasing life and thus reducing mainte-
nance charges, inasmuch as the labor cost is now so great a propor-
tion of the total cost of tie renewal.

Fences. The American Railway Engineering Association
Manual gives specifications for three classes of smooth wire fenceg
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4% ft. high with wooden posts. Preference is given to smooth wire,
but if barbed wire is used, a heavy smooth wire, or a plank at the top
of the fence is recommended. For the three classes of smooth wire
fence, galvanized No. g gage is used throughout except for the top
and bottom longitudinal wires of Class 1 which are No. 7 gage.
The longitudinal wires are all coiled; the spacing, commencing
at the bottom, is Class 1:3, 4, 5, 6, 7, 8, 9 and ¢ in.; Class 2:3,
634, 7%, 9, 10 and 1o in.; Class 3:14, 14 and 14 in. The bottom
wire is to be placed above the ground 3, 6 and 12 in., respectively,
for the three classes. The stay wires are spaced 12, 22 and 22
in., respectively. Intermediate posts are to be 8 ft. long and not less
than 4 in, in diameter at the small end, and end posts ¢ ft. long
and 8 in. in diameter; round posts are preferred. The posts are to
be set with the large end down, the end posts 4 ft. deep and the
intermediate ones 3 ft., with spacing from 1634 to 33 ft., depending
upon the nature of the ground and the service required. Gates
are necessary at farm or private crossings.

In Bulletin No. 144 of the Railway Engineering Association,
it is stated that the tendency to use reinforced concrete posts is
increasing and that the figures prevailing for the most popular
form now on the market are from 18 to 22 cents. The prevailing
cost for wood posts of the most durable kinds of timber native to
the road is from 12 to 15 cents. Several forms of metal posts
are being made, and it is claimed by a large manufacturer that
they will have a life of at least 30 years and can be delivered at
reasonable distances for 23 cents f.0.b. line of road.

Camp, Track, estimates that under average conditions the labor
of building a mile of barbed wire fence four strands high, posts
16 ft. apart, is about 13 days work (10-hr. day); with posts 12 ft.
apart, 16 days; with top board and four wires, posts 12 ft. apart,
18 days. For a fence with a different number of wires allow about
8 hours labor for each wire. Experienced fence men working by
contract will build about 50 per cent more fence per day than the
same number of ordinary track laborers engaged on the work only
a short time each season. The average cost for labor in erecting
22 miles of Page woven wire fence, posts 17 ft. apart and set 3
to 334 ft. in the ground, was 17.2 cents per rod as shown by the
report of the fence gang of a certain railroad. The surface was
generally rough and uneven and a great many anchor posts had
to be used. The cost stated covered the labor of loading and
unloading new material, removing the old fence and piling or burn-
ing it, and the time used in moving the fence gang from point to
point.

Snow Fences. Where much trouble is experienced from drift-
ing snow, snow fences have been extensively used to protect cuts
and other places where snow accumulates. These snow fences
may be installed permanently or may be made of the portable
type. The standard portable snow fence of the New York State
Railways is shown in Fig. 4, from the Electric Railway Journal,
1910,

Street Railway Roadbed Construction. The construction of
roadbed in highways must necessarily differ materially from con-
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struction on private right of way, and as the conditions as to subsoil,
highway traffic, pavement, etc., vary so widely, it is not possible to
standardize such construction to so great an extent as has been done
in the case of the private right-of-way roadbed. A careful study
is necessary with respect to the bearing value of the soil in the

x6"x

F16. 4.—N. Y. State Railway’s portable snow fence.

street, and upon this will depend not only the character and depth
of ballast, but whether or not some form of concrete foundation is
desirable. The subgrade and ballast should be rolled, especially
where the street is known to be on made ground or where there has
been much disturbance of subgrade due to foreign subsurface con-

i “Rolled 3 "
Mayederdip 467l . Rolled Ballast g
of fes- dz%vds pig > " Febbles or Ciriders 175
depth of Poving Base Droans only i leary or cley Soils Alfernative Drain

TYPE B € of Double Track

For rmostSoils exce, heayy Clays - Heavy Traftic and
heaviest Cars up fo ;1"2 Provide \S‘erac:dﬂwwh:

Rrving omtted _ Height governed by Raving

3P

7% 9 Concrete 1'3°6

g or
e : B
Min 3 Crushed X Weep-Foles i iRy Loam
Stone, Gravel or 1 %6 e 6"Tife
Sard Baflast P ¢ .(/”dfbbb/as or (inders -
ways Pro?YeP 4 Cer-dra/ns Alernative Drain

For heavy water-retaring Soils andother vncertain &7 €of ouble Track
mode Grourd-Heaviest raffi and Gars Provide Sur face Draws

Fi16. 5.—Types of track foundations for city streets.

structions and cross trenches. When it is impractical to roll,
the subgrade should at least be thoroughly rammed, soft spots
eliminated and ballast placed under tamping which should be con-
tinued until there is no movement observed under load. When a
concrete paving base is to be constructed, the ties should again be
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tamped just prior to the placing of the concrete. The installation
of surface drains and good pavements is necessary in order to pre-
vent the infiltration of surface waters which eventually causes
disintegration of all forms of foundation.

Two of the types of foundation construction submitted by the
1914 Committee on Way Matters of the A.E.R.E.A. are shown in
Fig. 5. Type B has been adopted as a ‘“Recommended Design.”
Some city track is being laid on ties, either wood or steel, embedded
wholly in concrete.

Data relative to the standard track construction on some of the
principal street railways, as compiled by the San Francisco-Oakland
Terminal Railways in 1921, are shown in the accompanying tables,
pages 32 to 33, inc.
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Pic. 6.—Track drain, N. Y. State Rys.

Track Drains. The importance of caring for surface water makes
advisable the frequent use of track surface drains in connection with
street railway tracks. The type used by the New York State
Railways (Fig. 6) is inexpensive to handle and install, takes large
amounts of water from along the rail, does not clog easily either on
the surface or under ground, and may be cleaned with a shovel.

Selection of Rail. For open track, the selection of rail for
electric railways will follow the same general principles as for
steam railways, the Erincipal factors being weight of car, axle
spacing, tie spacing, kind of ballast, frequency and character of
service. However, the loading conditions resulting from the typical
steam locomotive driving wheel arrangement are not found with
electric locomotives or electric motor cars, the latter having less
average wheel loads and better distribution of weight, although
the center of gravity may be lower, thus producing greater lateral
thrust, especially on curves. The stresses in the rail and the ability
of the steel to resist them must be taken into account, as well as
the proportions of the rail which must be such as to properly dis-
tribute the load to the ties. The load due to movement must be
considered as well as the weight of the car at rest; the former is
known as the dynamic augment, and is usually taken as o.7 times
the static load for wheel loads less than 15,000 Ib., or as 10,000 lb.
for wheel loads of 15,000 Ib. or more. The Baldwin Locomotive
Works’ rule for determining weight of rail is: “Each 10 lb. per



DAtA CoVERING STANDARD TRACK CONSTRUCTION ON SOME OF THE PRINCIPAL RAILWAYS THROUGHOUT
THE UNITED STATES

(Compiled by San Francisco-Oakland Terminal Railways, April, 1921)

City Type of rail Type of joint Tie rod Tie plate
Albany........... [ 122 1b.—7” gir., 95 1b., 7 T. | Continuous...,............ ..| None.
Atlanta. ...... .. .0t 103 lb.~—7" gir., 80. 70 1b. | Elec. weld, Cont. plates, .{ Plat.
ASCE, 80, 70 lb., 7" T. Thermit.
Baltimore, ...............000u 1 :{R “xxos-lb —7" gu- ., 100 1b. Weld fish and base plates to 6” X 10" shoulder.
Birmingham....., e 10§ b, —7" gn' 80 1b. ASCE. Bolt plates. ............... Brace plates, Brace plates.
Boston........... [ 132 tb.—9’”” gir., 122 1b., | Lorain, Thermit, arc weld...| 23{"' X13§5” Flat.
7" gir., 100 1b—6 ’ T,
Brooklyn......... O 122 1b.—7"gir............. Castweld........ocovvunnn X", .. None.
Buffalo....... e eee g 124 1b.—9” ,gu- ............. Continuous. at..... Plat.
Chicago........ Cerrererieeenaad] 129 1be—g’ 1b,, | Lincoln, Lorain elec. weld. .. .| 2/ X5{¢"... .| 3§’ shoulder.
7 Eu' o1 lb 7” T 85 1b.
Cincinnati........ e, 140 Ib—0” gir.......oouunn Arc welded channels........ Rail brace...,...| 34" flat.
Cleveland. .. .. v os1b—7" T...cooivinnnns Rivet and weld............ None.. ...... one. ,
Columbus e 123 lb.—1" g\r ............. Columbus joint, arc weld. .. .| Onlyn macadam 34X 634" under
spec. wk.
Conn. Co.....oevvvvnnnn vevve. .| 9”7 gir., 951b.—7" T, 80 1b.— | Continuous, arc weld.......| 3§’ X134”.,.. ... Lundie, tilted
T, 100 1D, ARA. type.
Dallas Ry........ v e 103 lb —7"gir.,80lb.—7" T. | Apex, Indpls............... None........... R. ﬁ S. Co
Denver........... e 80, 65 1b. ASCE............ Cont, arc weld in paved| Nome........... Shoulder.
Sireets.
Detroit.......ooovvvuviiiin.... 9L tbomy” T viiiienn, Cast weld........ PP X1 None.
Indianapolis......... e 95”lb'i‘—8’%’” gir., 91 Ib—~| Thermit........... R 38/ X3 ... None.
Kansas City...... e QT T Gsil‘m-], Thermit, Lorain,|3§””X2”.........| None.
n s,

Los Angeles..... cesvnereeen. .. 1132 Ib—7"” gir,, 116 Ib., | Continuous................[None...ooo L. Brace plates.
7" gir.

(A
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Memphis..........

Milwaukee.........

Minneapolis & St. Paul..........

N. ]. Public Service
New Orleans.......

Oakland. ..
Omaha..
Philadelp
Pittsburgh. ..
Portland, Ore
St. Louis

Washington (Cap. Trac.)........

.| 134 1b.
80b—?

. 133 b. —9” r., 103 lb., 7
gx RA

105 tbe—7"gir.............
1001b. ARA,, 051b., 77 T....
o1 lb —7'" T.L.S. Co., 93~

507
. né lb—'l" gir., 101 Jb.—

xos ﬁ',r_7” gir., 100, 80 1b.

. 141 106 1b—0" Qife.ivnnenn
.lo7lb --7”"3"

141 lb——'Q

7zlb—6 T..

gir., too b, A
olb_sll T

Bar with base plate welded
to rail.
Cast  weld,

thermit, elec.

weld.
Cast weld, thermit, arc weld.
Lorain elec. weld.........--

Channels
on T,

Continuous......cvuyn.
Cont,, thermit, arc weld.
Nlchols zinc & elec. weld

on gir., angles

Continuou
Nichols

[ None.::
ﬁlllel
..| None..... .
.| Round and fiat...
L Bolted. ... il

16 round. . ...,
e Xa"........
L2308 2 SATRPIN
%X
7%’ round.......

"X’I%"-.
one....

,‘"X!}‘"-.., o

367 X s34,
Shoulder.
Plat.

Brace plates,
Brace plates.

.\ Shoulder.
.| Brace plates.
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DATA CovERING STANDARD TRACK CONSTRUCTION ON SOME OF THE PRINCIPAL RAILwAYS THROUGHOUT

THE UNITED STATES—{Concluded)

(Compuled by San Francisco-Oakland Terminal Railways, April, 1921)

City Cross ties 1 Ballast Dran ule Type of pav ng
Albany Yellow pine Cr stone & concrete None (srranite block
Atlanta 6 X B’ sap pinc creosoted Crushed granite, 6" deep 6’ tile Granite asphal' wood or
e BRI QY I gr | brick on concrete
Baltimore 6 X 8"-8" untreated wood | 6’ cr stone under ties 6’ & 8" tile Sheet asphalt gran blkliners

Birmingham

Boston
Brooklyn
Buffalo
Chicago .

Cincinnati

Cleveland
Columbus

Conn Co

Dallas Ry
Denver

Detroit

Int twin steel Creo yel-
low pine
So pine tr Roeping proc

Int twin stee
Rough sawed yel pine heart

Y pine 90% hrt pvd sts,
oaB m open tr Some
Carnegie M-24

Long leaf y_pine,s4s  Some
Carnegie M-25

Oak 2’ centers Carnegie
M~-z5 3’ centers

Cut steel Cam

Carnegie M-25, wh. oak

spec wk
6’/X 8''~-8’ chestnut

Long leaf yellow pine

Int twin steel, Ore long

leaf
6" X 10"-6’ 8” # 1 white cak

6’ cr stone under ties open
trk 6’ slag conc under ties
paved trk

Broken stone 4"-6" under
tie

Natural soit in trench

8" concrete sub-base, 2’
broken stone

Concrete 6’  ynder tie
Spec wk 8" cr stone under

tie
Concrete 7" below tie

12’/ concrete under rail
Concrete and crushed stone

6’ gravel or cr stone under
tie

Gravel

Grav & hroken conc pvg
base 12'/-15" deep
Concrete slab 8’/ under ties

\one
6”-8"" ule.
None

4" ule

None

4" tile

I
6’ tile

6" tle
Some 6" tile

4" tle
None

6" tile

|
|

!
\

|

Gran blk paving
Concrete rick on concrete
with asph filler

§” gran blk & 34'"X4’

wood blk laid on concrete
Granite bl¥s  cement joints
Sandstone blk. on 6’ concrete
base

Granite blk.

Granite blk.

Granite
Granite blk. Bnck,

Hassam block, bnck sad
bitumen

Bitulithic and bnck

Std concrete slab

Gran nose blk ad; to gage
of rails bnick between.

14
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Indianapolis
Kansas City
Los Angeles
Memphis
Milwaukee

Minneapolis & St Paul
N J Public Service

New Orleans

Oakland
Omaha

Philadelphia
Pittsburgh
Portland Ore

St Lous

6 X 8"'-8 white oak .

Int twin steel untreated wh
oak
6" X 8''=6’ redwood

Creo pine white oak

Long leaf y pme, wh oak,
steel

6’ X 8"'-8’ sawed

Long leaf y pinecreo,0ak

Long leaf y pine creo Int
twin steel

6/’ % 8’8’ redwood

6" %X 8’-7' red oak tr with

creo

‘' % ¢'’-8’ yellow pine
6'" X 8'"-8" wh oak
Fir

Oak. Steel ties m  spec | Sohd

const
Washington (Cap. Trac )| Oak and chestnut

6’’-8’ conc slab 3’ dry mix
conc ballast

Cr stone 6”/-8" deep. Sohd
conc 6'' deep

6'’ er stone under tie

6/'-8" ¢r stone

Cr stone 8 deep

6’ cr stone under ties
6" stone

Conc with gir gayl Cr
stone with T-rail

9’/ cr stone under tie

6” cr  stone Conc slab

where necessary

None 1n aity work

8’ cr stone under tie

6’ conc slab with 2" of 1”
stone

conc in  pavemt
Stone 11 unpvd sts.

Stone

Some 4% tile
6" ule

4" tile
6 nle
6" tile

None

Some 4" & 6"
tile

Small amt

6’ tile

Small amt 6"
tile

None

0’ tile

4" tile

67 tile,
6" tile

( Gran block, brick

Spec  dressed gran  biks,
gnck gran filvys & conc

Asphalt on concrete

Asphalt bnck & woo! blk

Various city r~quire nents

Granite blk preferred
Gran blk wit'iceme tgrout

Gran & wood (creo) blk

11,’’ asphalt on conc

Vit brk blk, gran bik,
conc base

Gran blk on concrete
Block stone.
Concrete.

Concrete, brick. Wood blk
under protest

Asphalt and macadam
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yard of ordinary rail steel, properly supported by not less than
14 ties per 3o-ft. rail, is capable of supporting a safe load per wheel
of 2240 1b.” R. C. Cram has suggested that in the application
of this rule to an electric railway, the dynamic augment should be
added to the static load.

Pi1G. 7.—A.S.C.E. rail section. F16. 8—~Am. Ry, Eng. Assn. rail
section.

For use in public streets, a 7-inch girder rail usually will be
necessary to care for paving requirements satisfactorily. With
modern joints and paving blocks not over four to five inches deep,
the g-inch girder rarely will be required, as the 7-inch rail
with proper ties spacing will carry very heavy static and dynamic

le——2V5-
%

5/’
18

7’

F1G. 9.—Am. ElL Ry. Eng. Assn. Pi1c. 10.—Am. El. Ry. Eng. Assn.
ot1-lb., 7-in. T-rail. 80-lb., 7-in. T-rail.

loads. Where shallow pavement is used, the standard T-rail may
be used with economy. The recommendations of the Am. EL Ry.
Eng,. Assn. are as follows:

The selection of plain girder rails for use in paved streets requires
the most careful consideration of the type of pavement to be installed
and the vehicular traffic to be sustained. Particular care should
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The first is the A.S.C.E. standard 8o-1b. rail, while the others corre-
spond to the Am. Ry. Assn. old standard Series A go and 100-1b.
rails. The three types are recommended in order to provide for
varying degrees of rail service as may be desired. For use in light
service with deep pavement, a 7-in. plain girder rail, weighing 8o
lb. per yard, as shown in drawing in Fig. 10, has been adopted.
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P1G6. 13.—Am. El Ry. Eng. Assn.
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Fi16. 15 —Jomnt plates for Am. EL

Ry. Eng Assn. 9-in. girder rails.
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i
P1c. 14—Am. EL Ry, Eng. Assn.
7-in  girder guard rail. Amencan
Standard E6-1923.
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Pic. 16 —Joint plates for Am. EL
Ry. Eng. Assn. 7-in girder rails.
Amencan Standard Ez2-1923.
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This section is identical with L.S. Co. Section No 80-335and B.S.Co.
Section No. 277. For use in heavy service, in connection with
deep block pavement, a plain girder rail 7 in. in height, weighing
o1 Ib per yard (Fig. 9) is recommended. This section 1s identical
with L.S. Co Section No 91-375 and B.S. Co. Section No. 282.
For use in heavy service in connection with deep block pavements
in the congested sections of narrow city streets where the vehicular
traffic is largely confined to the pavement area to be maintained
by the railway, which conditions exist, as a rule, only in cities of
the largest class, the committee recommends the use of the Associa-
tion Standard 7 and g¢-in. girder grooved rails, as shown in
Figs 11and 12. The corresponding girder guard rails are as shown
in Figs. 13 and 14, and the girder rail joint plates in Figs. 15 and 16.
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As to the relative merits of the plain girder rail for use in paved
streets, either can be used satisfactorily as far as car operation goes,
and pavement can be installed with plain girder rails in such a man-

L st ot
Heollrgle. 4 s 4L 2 fige of Tam
,/7’;1;{)‘):\1?",‘
%ww,/ 5 ,b"""'l'p
P e Y=0epthof
3 o
i S E[i[ Ay T Grooe
R E gf’:}‘;::dlde ) Ga_qe&l?d'e/‘ry/ej Topof Tram
I8 ¢ of Web~ Undlerside of Tram
g%&" © A,B,C Doresmull Fillefs
£ » E F.6,H oce Fisting drgles
}E \ WEB-Sometrmes Dagh Line of Tram Indicates
§ + called "Neck ™ | the Portion o Girder
™ Thickness 717 Ruu!riOngmolly called
A ic wike G
I the'Tnloy
$ Bop of Base Top of Base (or Flange)
' (arFIarZil | H
; 3 Fllet, B F
AL 90T — -7 9° 8

BA

Errhire Base offen colled the oot
. . » v Ha,yr

Uhersidle
of Base

F1G6. 17.—Rail nomenclature.

ner as to be unobjec-
tionable to teamsters.
Less wheel flange wear
obtains with plain
girder rails but in some
cases this may be offset
by the less paving main-
tenance costs with
groove girder rails. A
groove girder rail of
proper design may
weigh 122 1b. per yard
where a plain girder of
ample capacity for the
same loads will not
weigh over g1 1b.; the
price per ton being the
same for both, the plain
girder will cost less per
foot of track. Based
on wear of pavement
alone, the groove girder
rail is preferable for use
in narrow streets of

large cities under heavy steel-tired wagon traffic which is largely
confined to the railroad pavement area. 2
(high-T) rail can be used in small cities and towns where wide streets
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P1G. 18.—Pacific Electric grooved F1G. 10.—Special ''frictionless’* rail for

rail for M.C.B. flanges.

inside of sharp curves; So. Pac, Ry.

Tmit the wagon traffic to keep away from the tracks, there is an
increasing tendency toward the use of standard section (low-T)
rails weighing 100 1b. per yard and of a depth of about 6 in. These
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rails can be purchased at prevailing prices for standard section rails
which are much less than the prices for plain girders (high-T).
Incidentally the 6 in.-100 Ib. low-T rail will permit the use of many
types of pavement which are suitable for moderate traffic.

There seldom should be occasion for the adoption of a section
other than one of the A.R.E.A. or A.E.R.E.A. standards, except
possibly in the need for a groove girder rail to carry M.C.B.
wheels, as the A.E.R.E.A. groove girder rail provides little head
wear when used with M.C.B. wheel flanges. Fig. 18 shows a
groove rail designed by the Pacific Elec. Ry. for use with M.C.B.
flanges.

Special Rail Head Section for Curves. Special rails for curves
have been designed mainly to give additional metal available for
wear. The Manning rail, tried some years ago on the Baltimore
& Ohio R. R, had }4, in. of additional metal on the inner side
of the head and ¢, in. less on the outer side. The special 110-b.
rail of the Lehigh Valley R. R. has the head slightly wider and
considerably deeper than that of the standard rail. The special
feature of the so-called “frictionless” rail (Fig. 19) is a very narrow
head, and its purpose is to reduce the slip of the inside wheel,
which takes place in compensating for the greater length of travel
of the wheel on the outside rail. It is claimed that there is a
diminution of friction and resultant wear to both the outer and
inner (frictionless) rails and the wheel flanges, while the reduced
friction gives a freer and smoother passage of the wheels, with
a reduction in power required to handle a given tonnage.

Rail Renewals. There is little or no standard practice regarding
the limits of wear for the various types of girder and high T-rail.
Allowable rail wear has been fixed by various engineers at from 35
to so per cent reduction in area of the head. Many engineers
believe that with the grooved-girder and tram girder rails the limit
of wear has been reached when the wheel flanges ride on the floor
of the groove or tram, but others favor the opposite extreme in per-
mitting wheel flanges to shear the tram completely off. The
large investment in track compared with that in wheels might under
some conditions dictate a temporary change in the wheel flange
contour to prolong the life of track, especially where rolled steel
wheels are used, but safety of operation must be a controlling factor.
Limits of wear fixed for T-rails are usually based on steam-road prac-
tice. Conditions governing the life of T-rail on open track with
high-speed trains, however, are not analogous to those in paved
streets where speeds are comparatively slow, and the unmodified
application of steam-road practice to electric railway tracks in paved
streets is in utter disregard of the economics of the problem at hand
and results in most extravagant track maintenance methods. Gener-
ally speaking, street railways cannot afford to use relay rails, except
in temporary work, on account of the expensive construction
employed and the difficulty experienced in making repairs, although
some relay rails have been taken from heavy trunk lines and laid
in extensions of light traffic lines, but usually such practice is eco-
nomical only if undertaken at the time of pavement renewals. In
some cases the limiting factor of the life of the rail has been railway
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traffic, in others vehicular traffic, in still others, corrosion. Pre-
vision has been made in modern rail sections for these and other
factors which might influence serviceability. The general adoption
of the girder-grooved rail as a substitute for the tram rail with the
horizontal wagon-wheel tread is certain, except under extraord!-
nary conditions, to eliminate vehicular traffic as a life-determining
factor. The shape of the groove also makes flange riding less
hazardous, and the depth of the groove insures a liberal wear
value in the head of the rail.

The wear of electric railway rails in streets is dependent upon
operating speed, wheel load of equipment, density of car and
vehicular traffic, use of brakes, frequency of stops, grades, general
alinement with respect to curvature, design of rails, design of wheels,
upkeep of wheels, use of sand, cleanliness of streets and manufacture
and composition of rails. When pavement renewals become neces-
sary, or the foundations, ties or joints have failed, the question often
arises whether it is economical to use the old rails in the new work.
Before the economy may be determined, it is necessary to fix some
limit of wear, but with a limit fixed, the remaining life of the rail
may be estimated by obtaining the average head reduction for the
period the rail has been in service. If corrosion indicates that it
may limit rail lite in advance of wear, the rate may be determined
in a similar manner. The condition of the foundation, ties and
joints also affects the economy of renewal. When the problem can
be decided solely on the basis of economics, it resolves itself into
one of balancing interest, depreciation and maintenance of the new
rail against the old.

The report of the Am. Ry. Eng. Assn. committee for 1919 states
that the average rail wear on a 6-deg. curve is about 100 per cent
more than that for a straight rail, and 25 per cent for a 3-deg.
curve, the variation being approximately as the square of the degree
of curve.

Tilted Rail. For the purpose of obtaining a full line contact
between the wheel and rail, some companies have tilted the axis
of the rail inward at a slope of 1: 25, with good results. The tilting
is accomplished by the use of a tapered tie plate, or, where steel
ties are used, by bending the channels at the proper points depend-
ing upon the gage and type of rails.

Length. The standard length is 33 ft., but 6o-ft. rails are
used to a considerable extent in paved streets, the increased cost
of the latter being offset by the first ccst and maintenance of the
reduced number of joints. Specifications provide for the accept-
ance of about 10 per cent of rails of lengths shorter than the stand-
ard by whole feet down to about 25 ft. because the cropping of the
top of the ingot may prevent the remaining portion from cutting
into full rail lengths.

Composition of Rail Metal. The quality of the metal in the
finished rail will depend upon the chemical composition, the tem-
perature of rolling and the work put upon the metal during rolling.
The chemical composition, to be determined from drillings taken
from the ladle test ingot, 1s to be as follows in the Am. Ry. Eng.
Assn. specification for carbon steel rails, 1915:
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Elements, Bessemer process Open-hearth process
per cent 70—84 lb. 85-100 lb. 70~-84 1b. 85-100 lb.

Carbon . 040t00 S0 0 45t00 55 0 53to0 66 o0 62to0 75
Phosphorus, not

to exceed . 0 10 o 10 0 04 0 04
Manganese 08 tor 10 o0 B8otolr 10 0 60too 90 0 60 to 0 90
Silicon, not less

than .. 0 10 o 10 o 10 o 10

The Am. EL Ry. Assn. specifications for carbon steel rails, 1922,
contain the following requirements, with the statement that it is
desired that the percentage of carbon in an entire order of rails
shall average as high as the mean between the limits specified.

Elements,
per cent 50-69 1b. 70-84 1b 85-100 lb. 101-120 lh.
Bessemer steel

Carbon 0 37t00 47 0 40t00 50 0 45t00 §5 0 45to o 55
Manganese 08tor 10 o8 tor.10 o 8tor.10 o0.80to1 10
Phosphorus. 0.10 0o 10 o 10 o 10
Silicon, max1-

mum . o 20 o 20 o 20 o 20

Open-hearth steel

Carbon 0 50to0 63 0 53to0 66 o0 62to0 75 o0.62too0 75
Manganese 060to0 90 0 60100 90 0.60t00 90 0 60too go
Phosphorus. 0o o4 0 04 o0 04 0o 04
Sihicon o 20 0 20 0 20 o 20

Carbon increases hardness and tensile strength and decreases
ductility. Manganese tends to prevent the coarse crystallization
due to phosphorus and sulphur, and raises the critical temperature
to which it is safe to heat the steel. The effect of silicon is small
although in manufacture it acts like manganese as a flux and tends
to prevent injury by oxidation. Phosphorus tends to produce
coarse crystallization and hence lowers the finishing temperature.
Its effect when cold, up to about o.12 per cent, is to increase strength
and hardness, but it renders the steel brittle under shock and should
be kept at the lowest practicable limit. In the Bessemer process
an acid lining is used in the converter and this prevents burning
out either phosphorus or sulphur. In the open-hearth method
a basic lining is used and this permits the conversion of the phos-
phorus into a slag with lime, and the sulphur with lime and manga-
nese ore. The basic open-hearth method thus allows the use of
cheaper ores and the reduction of phosphorus and sulphur to low
limits. It also furnishes a more uniform product, as the melt can
be sampled and the proportions corrected if found desirable before
pouring.

Alloyed Steel Rails. The consensus of opinion seems to be that
the use of special alloy steels is not generally warranted for ordi-
nary street service when cost differences are taken into account. In
certain special cases, as in subways, on elevated roads or in other
locations where the radius of the curves is very short and where
the renewal work is expensive, some alloy steel may be warranted.
In general, special alloy steel can only be justified when its life
is three or more times that of ordinary open-hearth steel. Girder
and high T, as well as standard sections, can be easily rolled from



44 ELECTRIC RAILWAY HANDBOOK
the following special steels possessing the general characteristics
mentioned.

Kind Steel containing General properties anticipated
Titanium. ... .... 0.1 per cent metallic| Less segregation, cleaner metal,

Nickel

Nickel chrome. . .

titanium. .

3.5 per cent nickel
Containing varying per-
centages—nickel  and

chromium.

hence, longer life.

Tnoreased Tifs by bei h
ncrease e by i t
and hard. ne toug

Manganese... .. About 12 per cent man-| Very tough and hard, cannot be
ganese. easily cut or drilled, wears
. slowly.
Electric......... Made in electric furnace.| Very clean steel, free from im-
purities, thus adding life.
High silicon. . ... About 0.33 per cent sili-| Increased life. Much used in
con. England.

Ferro-titanium Steel.

The addition of the alloy ferro-titanium

to either Bessemer or open-hearth steel is to-day the most common
method of seeking to prolong the life of steel rails without materially
increasing their cost. The alloy is, as the name indicates, composed
chiefly of iron and titanium, the latter being a chemical element
found in various ores and conspicuous for having great affinity
for oxygen. The manufacture of the alloy renders obtainable in
it various proportions of titanium, so that a 13 per cent alloy
means that nominally there is that amount of titanium present as
against 85 per cent of iron, but these figures are not fixed and allow-
ance must g: made for the presence of other ingredients, as carbon,
aluminum, etc. The theory on which the use of ferro-titanium is
advocated is very simple, hinging upon the affinity that titanium
has for oxygen, or largely upon the effect of chemical reactions that
occur from its addition to the molten steel, resulting in a cleansing,
so that the name “scavenger’ has often been applied to the alloy.
There are two brands of ferro-titanium, alloy available for use.
The one known as the Rossi process is most frequently used, and
differs principally from the other or Goldschmidt alloy in being
practically free from aluminum. The latter brand contains from
4 to 6 per cent of aluminum, which is a deoxidizing element often
used in casting steel to reduce piping and blow holes. The amount
of titanium alloy to be used is a matter of some argument, but in
short it may be said that enough should be added to thoroughly
saturate the molten metal with titanium. Theoretically, then, a
trace of titanpium in the finished steel may be regarded as proof that
enough has been added to the molten steel to effect complete
deoxidation. Recent practice advises the addition of one-tenth
of 1 per cent metallic titanium to either Bessemer or open-hearth
steel, and while this figure may be taken as a safe minimum,
there is abundant reason to think that a larger amount would
be more satisfactory, especially under some conditions. The
use of the alloy requires close attention to detail in the steel works,
and should be attended with such supervision as will insure a
strict adherence to the recognized principles and specifications








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































