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DEFINITION OF TERMS

Relating to Trackwork

Alignment. The horizontal location of a railroad as de-
scribed by curves and tangents.

Branch Line. The secondary line or lines of a railway.
Closure Rails. The rails between the parts of any special
trackwork layout, such as the rails between the switch and
the frog in a turnout (sometimes called Lead Rails or Con-
necting Rails). Also the rails connecting the frogs of a cross-
ing or of adjacent crossings, but not forming parts thereof.
Compromise Rail. A relatively short rail, the two ends of
which are of different sections, corresponding with the sec-
tions of the rails to which they are to be joined. It provides
the transition from one section to a different rail section.
Compromise Joint (Rail). A joint for uniting the abutting
ends of contiguous rails of different sections, or of rails of
the same section but of different joint drillings.

Connecting Track. Two turnouts with the track between the
frogs arranged to form a continuous passage between one
track and another intersecting or oblique track or another
remote parallel track.

Crossing (Track). A structure used where one track crosses
another at grade, and consisting of four connected frogs.
Crossover. Two turnouts with the track between the frogs
arranged to form a continuous passage between two nearby
and generally parallel tracks.

Curve, Simple. A continuous change in direction of align-
ment by means of an arc of a single radius.

Curve, Degree of. The angle subtended at the center of a
simple curve by a 100 £t chord.

Derail. A track structure for derailing rolling stock in case
of an emergency.

Electric Railway (Track). Electric Railway denotes track-
work which accommodates rolling stock: the wheels have
smaller flanges and/or narrower treads. The motive power
is immaterial.

Elevation (of Curves) (Superelevation). The vertical dis-
tance between the outer rail and the inner rail.

Fastenings. Joint bars, bolts and spikes.

Fastenings, Auxiliary. Nutlocks, spring washers, tie plates,
rail braces and anti-creeping devices. )
Flangeway. The open way through a track structure which
provides a passageway for wheel flanges.

Flangeway Depth. The depth of the wheel flange passage-
way, or the vertical distance from the top of the tread sur-
face to the top of the filler or separator introduced between
the tread portion and the guard portion of a track structure.
Flangeway Width. The distance between the gauge line and
the guard line of a track structure, which provides a pas-
sageway for wheel flanges.

Flare. A tapered widening of the flangeway at the end of
the guard line of a track structure, as at the end of a guard
rail or at the end of a frog or crossing wing rail.

Flare Opening. The distance between the gauge line and the
guard line of a track structure at the wider end of the flare.
Foot Guard. A filler for the space between converging rails
to prevent a person’s foot from becoming accidentally
wedged between the rails.

Frog. A track structure used at the intersection of two run-
ning rails to provide support for wheels and passageways
for their flanges, thus permitting wheels on either rail to
cross the other.

Gauge (Track Tool). A device by which the gauge of a track
is established or measured.

Gauge (of Track). The distance between the gauge lines,
measured at right angles. (The standard gaugeis4ft 8% in.)
Gauge Line. The gauge line can be determined in two ways:
(1) A line % in. below the top of the center of the running
rail head, or (2) the corresponding location of tread portion
of other trackwork along the side nearer the track center.

Guard Rail. A rail or other structure laid parallel with the
running rails of a track. Used to prevent wheels from being
derailed or to hold wheels in correct alignment to prevent
their flanges from striking either the points of turnout, the
crossing frogs or the points of switches.

Insulation. A device or material that prevents the flow of
electric current in a track circuit from passing from one rail
to the other or through switches and other track structures.
Joint Bar. A steel member embodying beam-strength and
stiffness in its structural shape and material. Commonly
used in pairs for the purpose of joining rail ends together,
and holding them accurately, evenly and firmly in position
with reference to surface and gauge-side alignment.

Joint Drilling. The spacing of holes in the ends of rails or
other track structures to receive the bolts for the fastening
of joint bars.

Joint, Rail. A fastening designed to unite the abutting ends
of contiguous rails.

Joint, Insulated. A rail joint designed to arrest the flow of
electric current from rail to rail by means of insulations,
placed so as to separate the rail ends and other metal parts
connecting them.

Main Line. The principal line or lines of a railway.

Main Track. A track extending through yards and between
stations, upon which trains are operated by timetable or
train order, or both, or the use of which is governed by block
signals.

Mate. A track structure having a fixed or immovable point
and used on the opposite side of the track from a tongue
switch, as its companion piece. (A mate is termed “outside”
or “inside” depending upon whether it is placed on the out-
side or inside of the curve, the “inside mate” being com-
paratively little used.)

Passing Track. A track which is auxiliary to the main track,
for meeting or passing trains. Same as a siding. -

Rail, Track. A rolled steel shape, commonly a T-section, de-
signed to be laid end to end in two parallel lines on cross ties
or other suitable supports to form a track for railway rolling
stock.

Slip Switch, Single. A combination of a crossing with one
right-hand and one left-hand switch and curve between them
within the limits of the crossing and connecting the two
intersecting tracks without the use of separate turnoutfrogs.
Slip Switch, Double. A combination of a crossing with two
right-hand and two left-hand switches and the curved rails
between them within the limits of the crossing, and connect-
ing the two intersecting tracks on both sides of the crossing
without the use of separate turnout frogs.

Special Trackwork. All rails, track structures and fittings,
other than plain unguarded track, which are neither curved
nor fabricated before laying.

Spur. A stub track diverging from a main or other track.
Steam Railroad (Track). Steam railroad denotes track for
rolling stock which has wheels and treads substantially in
agreement with AAR standard wheels. The motive power
is immaterial.

Switch. A track structure used to divert rolling stock from
one track to another.

Switch, Split. A switch consisting essentially of two mov-
able point rails with the necessary fixtures. (For details see
Split Switch Terms.)

Switch, Spring. A switch with automatic spring device in-
corporated in the operating mechanism. This device returns
the points to their original positions after the trailing
wheels have passed over the flanges.
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DEFINITION OF TERMS «......

Heel End of Frog. That end of a frog which is the farther
from the switch, or the end which has both point rails or
other running surfaces between the gauge lines.

Heel Length. The distance between the heel end and the
half-inch point of a frog, measured along the gauge line.
Heel Spread. The distance between the gauge lines at the
heel end of the frog.

Throat of Frog. The point at which the converging wings of
a frog are closest together.

Toe End of Frog. The end of a frog which is nearer the
switch or the end which has both gauge lines between the
wing rails or other running surfaces.

Toe Length. The distance between the toe end and the half-
inch point of a frog, measured along the gauge line,

Toe Spread. The distance between the gauge lines at the
toe end of the frog.

Wing Wheel Risers. Raised portions provided on the top
surfaces of the wings of a frog, more particularly when of
manganese steel design, directly opposite the point and
gradually sloping down to the general level of the running
surface, thereby providing additional metal at those parts
of the frog which usually wear out first, and also making
the transverse contour conform more closely to that of the
tread of a tapered wheel.

GUARD RAIL TERMS
Guard Rail (Frog). A rail or other device to guide the
wheel flange so that it is kept clear of the point of the frog.
Guard Rail (Switch). A rail or other track structure laid
parallel with the running rail ahead of a split switch and
forming a flangeway with the running rail, to hold the
wheels of rolling stock in correct alignment when approach-
ing the switch.
Adjustable Separator. A metal block of two or more parts
acting as a filler between the running rail and the guard rail
and so designed as to provide varying widths of flangeway.
Guard Rail Brace. A metal shape designed to fit the contour
of the side of the guard rail and extend over the tie. Has
provisions for fastening in order to restrain the moving or
tilting of the guard rail away from the running rail.
Guard Rail Brace, Adjustable. A guard rail brace which may
be adjusted laterally with respect to the rail, to vary the
distance between the guard rail and the running rail.
Guard Rail Clamp. A device consisting of a yoke and fasten-
ings designed to engage the running rail and the guard rail
and hold them in correct relation to each other.

CROSSING TERMS
Bolted Rail Crossing. A crossing in which all the running
surfaces are of rolled rail, the parts being held together with
bolts.
Manganese Steel Insert Crossing. A crossing in which a
manganese steel casting is inserted at each of the four inter-
sections, being fitted into rolled rails and forming the points
and wings of the crossing frogs.
Solid Manganese Steel Crossing. A crossing in which the
frogs are of the solid manganese steel type.

Single Rail Crossing. A crossing in which the connections
between the end frogs and the center frogs consist of run-
ning rails only.

Two-Rail Crossing. A crossing in which the connections be-
tween the end frogs and the center frogs consist of running
rails and guard rails.

Three-Rail Crossing. A crossing in which the connections
between the end frogs and the center frogs consist of run-
ning rails, guard rails and easer rails.

Crossing Plates, Plates interposed between a crossing and
the ties or other timbers to protect the ties and to better sup-
port the crossing by distributing the loads over larger areas.
Center Frogs. The two frogs at the opposite ends of the
short diagonal of a crossing.

End Frogs. The two frogs at the opposite ends of the long
diagonal of a crossing.

Easer Rail (or Easer). A rail placed with its head along the
outside and close up to the head of the running rail and
sloped at the ends to provide a bearing for the over-hanging
portion of hollowed-out treads of worn wheels.

Guard Rail. A rail placed parallel with the running rail, with
the flangeway between them.

Knuckle Rail. A bent rail, or equivalent structure, forming
the obtuse point against which the movable center points of
a movable point crossing or slip switch rest when set for
traffic.

Movable Center Point. One of the movable tapered rails of a
movable point crossing or slip switch.

Reinforced Rail. A bent rail placed with its head along the
outside of and close up to the head of a knuckle rail to
strengthen it and to act as an easer rail; or a piece of rail
similarly applied to 2 movable center point.

Running Rail. The rail or surface on which the tread of the
wheel bears.

TURNOUT TERMS
Turnout. An arrangement of a switch and a frog with clo-
sure rails, by means on which rolling stock may be diverted
from one track to another.
Curved Lead. The distance between the actual point of the
switch and the half-inch point of the frog, measured on the
outside gauge line of the turnout.
Lead. The distance between the actual point of the switch
and the half-inch point of the frog.
Lead (Actual), The length between the actual point of the
switch and the half-inch point of the frog measured on the
line of the parent track.
Lead (Theoretically). The distance from the theoretical
point of a uniform turnout curve to the theoretical point of
the frog, measured on the line of the parent track.
Lead Curve. The curve in the turnout interposed between
the switch and the frog.
Turnout Number. The number corresponding to the frog
number of the frog used in the turnout.
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DEFINITION OF TERMS .......

Switch, Tongue. A switch piece consisting essentially of a
movable tongue with a suitable enclosing and supporting
body structure, designed for use on one side of the track,
while on the other side there is used either a mate or an-
other tongue switch. (A tongue switch is termed “inside” or
“outside” depending on whether it is placed on the inside or
on the outside of the curve, the “outside tongue switch”
being comparatively little used.)

Switch Point Derail. A derail consisting essentially of a
split switch point with the necessary fixtures,

Switch Stand. A device for the manual operation of switch-
es, or of movable center points. -

Tangent. Any straight portion of a railway alignment.

Tie Plate. A plate interposed between a rail or other track
structure and a tie.

Track. An assembly of rails, ties and fastenings over which
cars, locomotives and trains are moved.

Track Bolt. A bolt with a button head and oval or elliptical
neck and a threaded nut designed to fasten together rails
and joint bars. . '
Turnout. An arrangement of a switch and a frog with clo-
sure rails, by means of which rolling stock may be diverted
from one track to another.

Wye. A triangular arrangement of tracks on which loco-
motives, cars and trains may be turned.

SPLIT SWITCH TERMS
Split Switch with Uniform Risers. A split switch in which
the switch rails have a uniform elevation on riser plates for
the entire length of the switch. Since there is no heel slope,
the point rail rise runs off the back of the switch in the
closure rails. '
-Split Switch with Graduated Risers. A split switch in which
the switch rails are gradually elevated by means of gradu-
ated riser plates until they reach the required height above
the stock rail, and therefore have a heel slope.
Manganese Tipped Switch. A split switch in which the head
of one or both of the switch rails is cut away in the point
portion and manganese steel pieces fastened to the rail to
form the point.
Insulated Switch. A switch in which the fixtures, principally
the gauge plates and the switch rods connecting or reaching
from one rail to the opposite rail, are provided with insula-
tion so that the electric track circuit will not be shunted.
Heel of Switch. That end of a switch rail which is the far-
ther from its point, and nearer the frog.
Heel Spread. The distance, at the heel, between the gauge
line of a switch rail and the gauge line of its stock rail. (This
has been standardized at 64 in. for straight switches.)
Heel Slope. The inclination produced by graduated risers in
that part of the switch which reduces the elevation (as the
height of the risers decreases) toward the heel of the switch.
Point of Switch (Actual), That end of the switch rail which
is the farther from the frog; the point where the spread be-
tween the gauge lines of the stock rail and the switch rail is
sufficient for a practicable switch point.
Point of Switch (Theoretical) or Vertex. The point where
the gauge line of the switch rail, if produced, would intersect
the gauge line of the stock rail.
Point Rail, Switch Rail or Switch Point, The tapered rail of
o a split switch.

Planing, Bottom. The cut planed at an angle on the bottom
of the base of the switch rail from the point and towards the
heel to allow the switch rail to rest on the top of the base of
the stock rail when the switch rail is closed.

Planing, Side. The cuts made on the sides of the head of the
switch rail to form the taper.

Planing, Top. The cut made on the top of the head of the
switeh rail from the point and approximately to the head
separation.

Planing, Chamfer Cut. The vertical beveling of the gauge
side of the switch point to produce a sharp edge, so as to pre-
vent wheel flanges from striking the point.

Rail Brace (Switch). A metal shape designed to fit the con-

tour of the side of the stock rail and extend over the switch.

plate, with provision for fastening through the plate to the
tie, to restrain the movement of the stock rail.

Rail Brace, Adjustable (Switch). A rail brace which may be
adjusted laterally with respect to the stock rail, to compen-
sate for variation in the dimensions of the rail and to permit

" adjustment for wear.

Stock Rail. A running rail against which the switch rail
operates. .
Stock Rail Bend. The bend or set which must be given the
stock rail at the vertex of a switch to allow it to follow the
gauge line of the turnout. )
Switch Angle. The angle included between the gauge lines
of the switch rail at its point and the stock rail.
Throw of Switch., The distance through which the points of
switch rails are moved sidewise, measured along the center
line of the No. 1 switch rod or head rod.

FROG TERMS
Bolted Rigid Frog. A frog built essentially of rolled rails,
with fillers between the rails, and held together with bolts.
Spring Rail Frog. A frog having a movable wing rail which
is normally held against the point rail by springs, thus mak-
ing an unbroken running surface for wheels using one track.
The flanges of wheels on the other track force the movable
wing rail away from the point rail to provide a passageway.
Railbound Manganese Steel Frog. A frog consisting essen-
tially of a manganese steel body casting fitted into and be-
tween rolled rails and held together with bolts.
Solid Manganese Steel Frog. A frog consisting essentially
of a single manganese steel casting.
Seft-Guarded Frog (Flange Frog). A frog provided with
guides or flanges, above its running surface, which contact
the tread rims of wheels for the purpose of safely guiding
their flanges past the point of the frog.
Frog Angle. The angle formed by the intersecting gauge
lines of a frog.
Frog Number. One-half the cotangent of one-half the frog
angle, or the number of units of center line length in which
the spread is one unit.
Frog Point. That part of a frog lying between the gauge

~ lines extending from their intersection toward the heel end.

(a) Theoretical Point
The point of intersection of the gauge lines of a frog.
(b) Half-Inch Point
A point located at a distance from the theoretical
point towards the heel equal in inches to one-half the
frog number, and at which the spread between the
gauge lines is one-half inch. It is the origin from
which measurements are usually made.
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SECTION 02450

GENERAL TRACK CONSTRUCTION

PART 1 - GENERAL

1.1 DESCRIPTION

A.

C258/v2

The Work specified in this Section consists of track construction
procedures and requirements that are common to both standard direct
fixation and ballasted track, and to direct fixation and ballasted
special trackwork, including laying and fastening continuous welded

_rail, joining rail, anchoring rail, rail grinding, final alignment,

inspection, and cleanliness of the site.

All materials required for track construction, unless specified as
COMMISSION furnished materials, will be furnished by the
Contractor.

The Contractor may propose, in writing to the Construction Manager,
alternatives for- performing the Work specified herein. These
alternatives may be used in lieu of the procedures specified herein
only if written acceptance of these alternatives has been received
from the Construction Manager.

Trackwork Definitions - The following abbreviations and terms, with
their coinciding definitions, represent the standard glossary of
trackwork terms for the COMMISSION and supplement the definitions
contained elsewhere in the Specifications and in the AREA Manual for
Railway Engineering. In the event of a conflict between the AREA
definition and a definition contained herein, the definition
contained herein will apply.

1. Adze - To cut into the top surface of a tie to provide proper
bearing for a tie plate.

2. Approach Slab - A concrete slab located at interface of ballasted
track with embedded or direct fixation track to provide a
transition : from embedded or direct fixation track to ballasted
track.

3. Ballast - An integral part of the ballasted track structure,
composed of crushed stone, in which ties are embedded.

4. Bonded Joint - A rail joint that uses high-strength adhesives in
addition to bolts to hold rail together. The bonded joint may be
insulated or non-insulated. (standard)

5. Bumping Post - A device attached to the rail, designed to stop a
rail vehicle at the end of a track. A sliding type of friction
arrestor is designed to slide along the track before it brings a
rail vehicle to a complete stop.

02450-1 06.05.7
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10.

11.

12.

Cant - Inward inclination of the running rails, nominaily 1:40.
Cross Level - The vertical relationship of the top of one running
rail to that of the opposite running rail at any point in the
track.

Crossover

a. Double - Two single crossovers which intersect each other
between the two adjacent and generally parallel tracks
forming a connection between them. Sometimes referred to as
a "diamond" crossover.

b. Crossover, Single - Two turnouts, with track located between
the frogs and arranged to form a continuous passage between
two adjacent and generally parallel tracks.

¢. Crossing Diamond - A special trackwork assembly consisting of
two end frogs and.two center frogs that together comprise the
central portion of a double crossover.

Curve
a. Circular Curve - A horizontal curve defined by the arc
definition and specified by a radius.

b. Spiral Curve - A transition curve connecting a tangent to a
circular curve and defined by the AREA Spiral.

¢c. Vertical Curve - A parabolic curve connecting different
profile grades.

Dap - A recess cut into a switch tie to depress the switch
machine.

Derail - A device that protects main track by derailing rolling
LRT vehicles or maintenance equipment, thereby preventing rolling
vehicles or equipment from entering or obstructing the track.

Direct Fixation Rail Fastener - A resilient device for securing
running rail to a concrete trackbed in direct fixation track.

a. Rail Clip Assemblies - One or more components of the direct
fixation rail fastener used to attach the running rail to the
body of the direct fixation rail fastener.

b. Anchorage Assemblies - One or more components of the direct
fixation rail fastener used to attach the body of the direct
fixation rail fastener to a concrete trackbed.

¢. Anchorage Insert - A component of the Anchorage Assemblies

which is embedded in the concrete and is threaded to hold the
anchor assembly bolts.
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13.

14.

15.

- 16.

17.

18.

19.

20.

21.

Dutchman - A short piece of running rail temporarily placed
between the ends of CWR to reduce the damage which would occur to
the rail ends as a result of rail mounted track equipment passing
over those ends.

Electrical Isolation - The electrical resistance required between
the running rail and the ground to prevent harmful levels of
stray current from the DC Traction Power circuit.

Grade Crossing - The crossing of a railway track and a vehicular
roadway at the same elevation. Conventionally constructed of
timber, asphalt, rubber, or concrete.

Heartwood Face - The side of a timber tie about which the growth
rings are concave.

OTM - Other track material. Miscellaneous materials required to
complete track construction, other than rail, special trackwork,
ties, and ballast.

Plate

a. Gauge Plate - A steel plate installed at the switch or the
frog to maintain the gauge.

b. Riser Plate - A steel plate welded to a special switch plate
for the purpose of raising the switch rail slightly above the
stock rail.

c. Special Plate - A steel plate for use in special trackwork
designed to replace the AREA standard gauge, switch, heel and
hook twin tie plates commonly used under switches and
frogs.

Pocket Track - A track located between the two main tracks on
which a train may lay over or reverse direction.

Profile Grade Line (PGL) - The datum line which defines the
vertical alignment of the track, applied at the top of the low
rail.

Rail

a. Continuous Welded Rail (CWR) - A number of standard length
rails welded together into a single length.

b. Jointed Rail - Rails with a nominal length of 78 feet or less
joined together by means of joint bars and bolts.

¢. Running Rail - Rail which supports and guides the flanged
wheels of the rail vehicle.
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22

23.

24,

25.

26.

27.

28.

29.

30.

31.

d. Special Trackwork Rail - Rails »in the special trackwork area
to be manufactured in a shop rather than fabricated in the
field.

e. Inside Rail - On curved track, the rail closest to the curve
center; the rail with the shorter radius. Sometimes referred
to as the "low rail."

f. Outside Rail - On curved track, the rail farthest from the
curve center; the rail with the longer radius. Sometimes
referred to as the "high rail."

Rail Anchor - A track device in ballasted track designed to
resist longitudinal rail movement due to traffic and temperature
variations.

Rail Brace - A device which provides lateral support on the field
side of stock rails to maintain the track gauge.

Rail Field Side - The side of the rail farthest from the center
of track.

Rail Gauge Side - The side of the rail nearest the center of the
track. '

Rail Stop - A steel plate welded to a special plate to provide
lateral restraint to the rail.

Roadbed - The earth bed or foundation which supports the ballast,
ties and rail of a track structure.

Rod
a. Front Rod - A rod connecting the switch rails to the lock

or detector rod (whichever rod is furthest away from the
turnout frog).

b. Switch Rod - A rod which connects two switch rails together.

¢. Operating Rod - A rod connecting the switch rod to the switch
operating mechanism.

d. Lock Rod - A rod connecting the front rod to the lock
mechanism.

Subballast - A material superior in composition to the roadbed
material which provides a layer between the track ballast and the
roadbed. ‘

Superelevation - The design vertical distance that the outer rail
is set above the inner rail on a curve.

Switch machine - A device for remote-controlled mechanical
operation of a switch or derail.

02450-4 06.05.7




32.

33.

34.

35.

Switch Rail (Switch Point) - A tapered rail which diverts the
wheel flanges to the desired track.

Tie

a. Cross Tie - The transverse member of the track structure
which is centered on the track and holds the rails in
position and distributes the rail loads to the roadbed.

b. Switch Tie - A transverse member of the track structure which
functions as a cross tie but -is longer and supports a
crossover or turnout.

Track

a. Ballasted Track - Track constructed of rail, ties, OTM, and
ballast.

b. Direct Fixation (DF) Track - Track constructed of rail and
direct fixation rail fasteners attached to a concrete
surface.

¢. Embedded Track - Track similar to DF track but with other
materials such as asphalt added to bring the surface grade up
close to the top of rail, allowing rubber tired road vehicles
to operate easily along or across the track.

Zero Thermal Stress Temperature - The temperature at which a
string of continuous welded rail will have no stress in it due to
thermal expansion or contraction.

12 QUALITY ASSURANCE

C258

A. Quality Assurance Program

1.

The Contractor shall establish, implement and maintain a quality
assurance program to provide verification of compliance with
contract requirements and in conformance with Section 01453,
Quality Control Requirements, through generation of inspection
and test records and related objective evidence. The quality
assurance program shall consist of detailed procedures and
instructions for monitoring and controlling those activities
related to quality during design, fabrication, delivery,
handling, storage, assembly, inspection and testing. The areas
which the quality assurance program shall address include the
following:

a. Establishment, review and control of quality procedures and
instructions.

b. Calibration/certification of measuring and testing of
construction equipment.
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FOREWORD

Sperry Rail Service has compiled and published this fifth
edition of the Rail Defect Manual as a part of the technical service,
in addition to actual rail testing, supplied to Sperry customers.
It is designed to benefit railroad men concerned with track safety
and maintenance of the right-of-way. Since the publication and
enthusiastic reception of the last edition of the Rail Defect Manual
in 1957 we have received many valuable and helpful suggestions
from interested readers for the improvement of the manual. Each
of these suggestions has been given careful consideration and
many of them have been incorporated in this new edition.

The Sperry Rail Service staff, wotking with railroad men
throughout the country, has spared no effort to make this manual
a complete and accurate handbook of rail defects. The material
which it contains represents the findings of over 40 years of
experience by Sperry Rail Service in the field of rail testing. We
realize that our interpretation of certain defects may not be in
absolute accord with your own ideas and experience, and we
invite your comments and suggestions.

For easy reference this edition has been arranged according to
the location of each defect in the rail. The various types of defects
have been listed according to the classification system used by
Sperry Rail Service, '

We thankfully acknowledge the section titled “Making Steel
for Railroad Rail” which was contributed by the Bethlehem
Steel Co. and consists of excerpts from their Booklet 1822,
“The Railroad Rail”.

We take this opportunity to thank all the railroad men who
assisted us in the compilation of the defect section of the manual.

We also thank the U. S. National Museum, Smithsonijan In-

stitution, for help in obtaining the historical data contained in
this book.

RAILS AND RAIL TESTING

History of Rails

The earliest record of the use of track for transportation comes from
England, where, in 1604, a railway was constructed from nearby coal
mines to the river Tyne. The tracks were made of wooden rails, upon
which wooden carts with flanged wheels were pushed by men or pulled
by horses.

During the eighteenth century, the growth of railways continued in
the mining districts of England and Wales. As yet, the steam locomotive
was unthought of. Horses or mules pulled the early trains. The tracks
were originally made of pine or other soft wood. To improve the wearing
quality, a top strip of hard wood was applied. During the middle period

of the century, strips of malleable iron replaced the hard wood topping.

These iron strips were used only to provide a more durable wearing sur-
face; the timber carried the weight and guided the wheels.

First Metal Rail

In 1776 the first all-iron rail was manufactured near the city of Shef-
field, England. These rails, called plate rail, (Fig. 1) were made of cast
iron in sections 3 feet long. Since flanged-wheel carts were not common
in the south of England nor in Wales, these rails were cast in shape of
an L, the long leg of which rested on the roadbed while the shott leg
projected upward. This construction permitted the use of either flanged
or common cart wheels upon the track, the upthrust leg taking the place
of the wheel flange in the latter case.
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Fig. 1. Plate rail. 3-feet long, made of cast iron, with an
upward projecting flange to accommodate
either cart or flanged wheels.
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Fig. 2. Edge rail, made of cast iron in 6-foot sections, for
use with flanged wheels.

In 1789 William Jessop, who later built the London-Croydon Railway,
developed a new type known as edge rail (Fig. 2). Due to its vertical
section it was many times stronger than either strip or plate rail. In its
earliest form, edge rail consisted of a thin web widening out at both
head and base while the cross section above the supports closely re-
sembled a modern rail section.

First Public Railway

In 1803 the first railroad intended for public use, the Surrey Iron
Railway, was opened for operation between the London docks and Croy-
den. Intended primarily as a public super-highway, the track was laid
with flanged plate rail to accommodate cargo wagons or any other con-
veyance whose owner was willing to pay for the privilege of a smooth
fast ride on a hard road.

The early iron rails were spiked directly to wooden sleepers. As
loads on the railroads increased the need for heavier roadbeds became
apparent. The most common method of positioning the rails was to set
stone blocks along the line to be
followed by the track, insert
wooden plugs into holes drilled
in these blocks and then spike the
rail to these plugs. Later, edge
rail was supported at each stone
block by a cast iron chair (Fig. 3).

At the beginning of the 19th
century the railways, commonly
known as tramways, had grown
to an impressive size but as yet Fig. 3. Cast iron chair, used
the carrying capacity and thespeed 1o support and join early edge rail.

attainable was limited by the strength of the draft animals used for
locomotion. With the growth of manufacturing came a corresponding
need of better and faster transportation. The natural result was an effort
to improve the railroads.

First Steam Locomotive

Road carriages powered by steam had already been successfully dem-
onstrated. The logical step was to apply steam power to the railroad.

On February 1st, 1804, on the plate rail tracks of the Pennsylvania
tramroad in South Wales, a steam locomotive successfully hauled a train
of cars. The locomotive was designed by Richard Trevithick. The freight
hauled in the cars consisted of several tons of ore for the iron works at

- Merthyr Tydfil.

In 1825 the Stockton and Darlington Railway in England commenced
operation using a steam [ocomotive designed by George Stephenson.
This was the beginning of the commercial use of steam locomotives on
regularly scheduled common carriers. .

It had originally been planned to lay flanged plate rail on the Stockton
and Darlington, but upon Stephenson’s repeated recommendation cast
iron edge rail was used. This instance marked the adoption of flanged
wheels in railway construction.

Origin of Standard Gage

The track of the Stockton and Darlington was laid to a gage of 4 feet
8Y; inches—the gage in standard use throughout England and the
United States today. The story runs that the width of the Killingworth
colliery tramline was 4 feet 8 inches. Since Stephenson, who was the
colliery millwright, designed his early experimental locomotives to run
on that line, he quite naturally built them to that gage. When he was
called upon to design the Stockton and Darlington locomotive he did
so to the width to which he was accustomed. The extra half-inch was

“added to the track width to ease the gage. Stephenson’s personal prestige

helped to bring about the adoption, after considerable controversy, of the
4-foot 8Y;-inch gage as the English standard.

The influence of Stephenson’s work on American locomotive designs,
plus the fact that a number of English locomotives were imported to this
country, resulted in the use of the 4-foot 8%;-inch gage on the Baltimore
& Ohio, several of the New England railroads and on the early Penn-
sylvania line.




Fig. 4. Rolled
iron edge rail,
made in 15-foot
sections and
supported at
joint by cast
iron chairs.

The South Carolina Railroad, as well as most of the other Southern
lines, was built to a gage of 5 feet. The Erie tracks were built to a 6-foot
8age, the Missouri Pacific spaced its rails at 5 feet 6 inches, while the
early Jersey & Ohio road used a 4-foot 10-inch gage. Not until many
years later did the necessities of interchange force the adoption of a
standard gage of 4 feet 8% inches for all American tracks.

First Rolled Rail

A few years prior to the advent of the steam locomotive, John Birken-
shaw, owner of the Durham Iron Works, turned out the first rolled iron
rail (Fig. 4). This rail had a
wide rounded head and a thick
web designed to be supported by
cast iron chairs at the joints, The
rail was rolled in sections 13 to
15 feet long as compared to the
3- to 6-foot length of the cast
iron plate and edge rail, and
weighed 26 Ib. per yard.

The first American railway was
the Granite Railroad of Massa-
chusetts, built in 1826. This 3-
mile stretch of track, from Quincy
to Milton, used iron -capped
wooden rails, and horses for
power.

NN

D\

/
?

T R

Fig. 5. Stevens T-rail rolled
with convex top and base,
designed by Robert L. Stevens
in 1830. Shaded section shows
rail as originally designed.
Unshaded section show profile
as actually rolled.

First American Locomotive

In 1831 the “Best Friend of
Charleston”, the first locomotive
to successfully pull a train on

, with the need for expensive cast iron chairs since it could be spiked

Fig. 6.

Iron strap rail,
spiked to wooden
stringers and
supported by
wooden ties over
a gravel and wood
sub-foundation.

American tracks, was placed in operation on the South Carolina Railroad.
In the spring of the same year construction of the Camden and Amboy
Railroad in New Jersey was started, using the rolled iron T rail (Fig. 5)
designed by Robert Stevens and rolled in England. This rail did away

directly to the tie with a hook-headed spike, also designed by Stevens.
The roadbed was constructed according to the English idea of securing
the rails to stone blocks.

A shortage of stone, however, resulted in the use of wooden ties
similar to those in use today. To the surprise of the railroad world it
was found that the use of wooden ties made a roadbed that rode better
than did track laid on stones.

American Rail Development

Although rolled edge rail rapidly gained favor in English construc-
tion, its use in America was necessarily limited by cost. Until the first
American rail rolling mill was constructed in Maryland in 1844, the
necessity of importing the British product made the use of rolled rail
too expensive for widespread use. :

As a result, much of the early American track utilized iron strap rail
laid on longitudinal wooden stringers (Fig. 6). On the B & O stone
stringers were substituted for the wood. Aside from the fact that the
the wooden rail had poor wearing qualities, the iron straps that topped
it had a pronounced tendency to pull loose from the wooden stringers.
This usually happened during the passage of a train, when the iron strip,
loosened by vikration, would curl back on itself, causing frequent dam-
age to equipment and injury to passengers. These loose rails were known
as "'snakeheads” and were a common occurrence. .

The first rail rolled at the Maryland mill was a 42-pound iron U rail




(Fig. 7). A quantity of this raif
was used by the Baltimore and
Ohio but never achieved much
popularity. In 1845, mills in New
England and Pennsylvania com-
menced production of the Stevens
T rail. The iron smelted in the
United States at this time was in-
ferior to that of England. To pro-
vide greater strength the original
Stevens rail was modified in such
a way that the head was pear
shaped in cross section (Fig. 8).

The difhiculty of splicing pear
shaped rail, led to the development of compound rails (Fig. 9). In
laying these rails the two sections were staggered so that at no point
did a complete gap occur in the rail. At first this type of rail proved
highly satisfactory and provided an exceptionally smooth ride. How-
ever, the iron wore badly on the inner surfaces and required frequent
tightening of the holding nuts or rivets. No new compound rail was
laid after 1860.

In 1848 a rolled iron rail weighing 92 pounds per yard, and having

Fig. 7. Iron U-rail. This was
the first type of rail rolled in
the United States and was used
on the Baltimore and Ohio R.R.
in Maryland in 1844.
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Fig. 8. Pear Shaped rolled iron rail.
manufactured in Pennsylvania in 1855,

Fig. 9. Compound rail developed in 1855
in an attempt to simplify joint construction.
Maintenance difficulties forced its abandonment in 1860.

a cross section very similar to that of modern rail, was tested on the
Camden and Amboy Railroad. The iron rail proved to be too rigid to
withstand batter by the train and the ends soon hammered out. The
rails were removed from the tracks and now form part of the building
framework of the U. S. Mint in Philadelphia.

First Steel Rall

The first steel rails are said to have been rolled at the Ebbv-Vale
works in Wales in 1855. The difficulty of obtaining good iron on this
side of the ocean led the more prosperous American companies to con-
tinue to import steel and iron rails from abroad. In 1865 the first Besse-
mer steel rails made in this country were rolled in the North Chicago
Mills. The first steel rails rolled in the United States were produced in
Johnston, Pennsylvania in 1867. Between 1870 and 1873 several experi-
ments were made with steel top rail, a type in which web and base were
made of iron, and the head of steel. The lessening cost of steel soon
made it more practical to make the entire rail of steel.

By 1900, steel T rail (Fig. 10) had replaced all other types on the
railroads in the United States. From that time until the present, rail
development centered about production of heavier rail sections and
improved manufacturing processes. Only minor modifications have
been made.in the shape of the rail. It is interesting to note that the
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trend toward heavier rail has re-
sulted in the rolling of rail sec-
tions of 152 and 155 pounds for
use in certain heavy tonnage
areas, although the 140 pound
section (see Fig. 10) is believed
to be the heaviest rail section
currently being rolled for general
use by any American Railroad.

Rail Manufacturers and Mills Fig. 10. 140 Ib. Cross Section

Steel mills equipped for the manufacture of railroad rails have
dlways played an essential part in the development and continual
improvement of our railroads. They have developed and tested in
cooperation with railroads new manufacturing methods and pro-
cesses to meet constant needs for better, stronger, longer-lasting rails,
rail accessories and other steel products. New sections or types and
weights have been made readily available as required and specified.
Special treatments (described elsewhere in this booklet) to over-
come new problems arising from today’s heavy-load, high-speed trains
form an increasingly important service which mills render to all rail-
roads seeking the reduced costs and improved performance required
for them to stay alive in today’s highly competitive transportation
market. ‘

Railroads have indeed been fortunate to have their rail needs so
ably served by so wide a choice from among the following principal
steel manufacturers and their rail mills:

Algoma Steel Corporation (Canada)—"Algoma” Mill (Sault
Ste. Marie, Ont.)

Bethlehem Steel Company—“Lackawanna” (N.Y.) and “Steel-
ton” (Pa.) Mills

Colorado Fuel and Iron Corporation—"Colorado” Mill (Pueblo,
Colorado)

Dominion Steel & Coal Corporation (Canada)~—"Dominion”
Mill (Sidoey, N.S.)

Inland Steel Corporation—"Inland” Mill (Indiana Harbor)

Tennessee Coal and Iron Company——"Tennessee” Mill (Birm-
ingham, Ala.)

United States Steel Corporation—"Carnegie” (Pa.) and “Gary”
(Ind.) Mills

Special Rail Treatments or Processes

The last few years have seen a decided increase in special treat-
ment of steel rails designed to increase wear resistance and prolong
life and thus cut costs for all railroads, but particulatly for those

with unusual wheel loads, tonnages, terrain (curves) or all of these

conditions.
Briefly stated, the most common of these are:

Controlled cooling of rails (see page 21)

Heat treating or hardening of rail ends (see page 24)

Heat treating or hardening the head of the rail. (Railway
Track & Structures, Sept. '63—Pages 26-28)

Heat treating entire rails referred to as “Fully Heat-Treated”
Rails (see page 25)

Changes in manufacturing methods, chemical formulas or content
during manufacture to produce tougher steel rails for today’s
traffic conditions and loads.

Rail ends are usually hardened at the mill by an electrical induction
process, gas burners, or other suitable means though this process is
sometimes carried out by railroads on rails already on their property
or in track. :

Heat treating the head of rails or the entire rail may be carried out
at the mill or on railroad property with automated equipment (see
page 25 for Bethlehem Steel’s "Fully Heat-Treated” process). At U. S.
Steel’s Gary, Indiana plant rail heads are heat treated in pairs by an
electrical induction system (A.C.) mounted on a movable carriage.
As the latter rides over the rails the heads of the two rails are brought
to a red hot temperature, then quenched by jets of compressed air
followed by a water spray. Rails so treated by either process are
said to provide 60% greater yield strength and 27% greater tensile
strtength than untreated rail, thus reducing normal rail wear on curves
and grades and prolonging rail life.

End hardening alone is designed to accomplish the same results
in the restricted joint area where rail is normally subjected to un-
usual wear and batter.

Improved rail wear qualities are also being obtained by changes in
specific amounts of certain elements normally specified for the manu-
facture of steel rail. The element, silicon, has drawn renewed recent
artention though the first 17 heats of so-called “High Silicon” rails
were made as early as 1930. Increased shelling of rail and detail
fractures from sheiling by 1950 led to increased investigation and




RAIL CROSS-SECTIONS DOWN THROUGH THE YEARS

1767
.

Cast Iron Plate — 5 ft long

1776-1793

Cast lron Rail — 3 ft long

1789

At Supporis Between Supporis
Cast lron Edge Rail
~Fish-Bellied Plate

1797

Cast Iron Edge Rail

1802

Cast fron Rail —4%2 ft long

1808

Cast Iron Rail

1808-1811
T

Malleable Iron Rail

1820

26 b !

Birkenshaw Rolled Iron Rail

1816

Cast Iron Edge Rail

1830

s
33 Ib

Clarence Rolled Iron Rail

1831

Robert L. Stevens Tee-Rail

1831

I 41 b

P. R. R. Amboy Div.

1835

N | l 401

U or Bridge Rail

1837

Lock Rail

1844

40 Ib

Evans U Rail

1844

Bullhead Rail

1845

First U. S. Tee-Rail

1858

85 Ib

P.R.R. Std.

1864
67 b

P.R.R. Std.

1865
50 Ib

First Bessemer Rail
Rolled in U. S.

1876

I 60 b

1916

130 b

1930

131 b

1946

140 Ib
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SECTION 02457

BALLAST

1.1 DESCRIPTION

The Work of this Section consists of quality acceptance testing,
production testing, and furnishing crushed rock for use as ballast for
ballasted track, ballast pad and walkway construction in the locations
indicated.

1.2 INSPECTIONS AND TESTS

A. Inspections and tests shall be performed in accordance with the
Quality Control Requirements, Section 01453 of these specifications.

B. General Requirements
1. Deleterious substances present in prepared ballast - not to exceed

the following amounts as determined by the specified current
method of test.

MATERIAL PERCENT BY WEIGHT  METHOD OF TEST , =
Soft Pieces 5.0 AASHTO T189 .
Fines less than _

No. 200 sieve 1.0 ’ ASTM C117

Clay lumps and 0.5 ASTM Cl42

Friable Particles

2. Percentage of wear, after testing in a Los Angeles abrasion
testing machine - in accordance with ASTM C535, not to exceed 35
percent for granite, 25 percent for traprock or 30% for
quartzite.

3. The percentage of flat and elongated particles - not to exceed a
weighted average of 5 percent by weight, as determined by the
United States Army Corps of Engineers specification CRD-C 119,

4. The weighted average loss - not to exceed 5 percent as determined
in the sodium sulfate soundness test in accordance with ASTM C88.

5. Determination of weight per cubic yard - in accordance with the
ASTM C29.

6. Samples shall be secured in accordance with the current ASTM L ,
methods of Sampling, designation D75. Test samples shall be T
reduced from field samples by the means of ASTM C702.

C258 02457-1 06.05.7
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No. 200-F

Rail Ancors are manufactured in one piece construction
from spring steel or equal, heat-treated and designed to
eliminate creepage of track. They provide a large bearing
surface against both rail base and tie, avoiding undue

No. 208-S TIE PLATE

Single Shoulder

The use of single or double shoulder tie plates makes a
more stable track and greatly lengthens the life of wood
ties. Punched and sheared from hot-rolled steel sections,
tie plates provide proper cant, uniform bearing surface for
the rail and better load distribution to the ties. They hold
the rail to gauge, providing more uniform wear to rail
head and protect against undue wear to ties. Tie plates
are designed with a long end or field end to be located

*

?E
A

cutting and wear, thus prolonging the life of the wood ties.
They are easily applied by standard maul or a tool similar
to a claw bar, can be used on new, undersized or worn
bases and may be removed or reapplied in other locations.

A A L A I R

No. 208-D TIE PLATE

Double Shoulder

outside of the rails. In the case of single shoulder tie
plates, the shoulder is placed on the field end of the plate.
The gauge end or short end of the plate is located inside
of the rails. When ordering, identification of the rail sec-
tion or the width of the rail base should be specified.
Quality relaying tie plates are also available from our
stocks which offer appreciable savings on railroad track-
age and industrial sidings.

MIDWEST MIDWEST CTEEI

rAnRA®AvIAM
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6.4

Section 6
MICS

DESIGN  AND  PERFORMANCE  CRITERIA
SUPPLEMENT TO LESON 1 " TUg TRACK STRVAVRE
STANDARD TYPE OF CONSTRUCTION ‘

There are two classes of LRT tracks:

o Mainline track is that used by vehicles carrying revenue

passengers.

o Yard and secondary tracks are all other tracks that do not
carry revenue passengers, sgch as tracks constructed for
the purpose of storing, maintaining, or switching transit
vehicles.

N\
Trackwork for these two classes of track may be of three basic

types of standard trackwork construction:

o Ballasted track
o) Ballastless track
o Embedded track.

These types of track may be further classified as guarded track

and special trackwork.

A. Ballasted track shall be the primary type used for trackwork
constructed at grade. It shall consist of subbalilast, ballast,
crossties, rails, and rtasteners. - It shall also be used for
trackwork on aerial or bridge structures of less than 150' in

length when bounded by at-grade sections of track.
The minimum depth of subballast measured from the bottom

of the ballast to the top of subgrade shail be 12" for main-

line track and 6" for yard and secondary tracks.

6-4 4/25/85
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Section 6
MICS

The minimum depth of ballast from the bottom of tie to the
top of subballast shall be _8" for all the tracks except for
ballasted embedded track where the depth of ballast shail be
12", Ballast slopes shall be 2:1, and the shoulders shall be
12" wide. The depth of ballast beneath the bottom of tie on
ballasted-deck aerial structures shall be 8". The final top

of ballast elevation shall be 1" below the top of tie.

No. 4 ballast (1-1/2" to 3/4") shall be used on all mainiine

, traékage, except at grade crossings and embedded tracks

where No. 5 (1" to 3/8") shall be used to reduce settle-
ments. ' No. 5 shall also be used for the yard in order to

provide a better walking surface.

Approach concrete slabs shall be used to support the bal-
lasted track at the transition to ballastless track. Depth of

ballast under the ties shall be 12" minimum.

Ballastless track shall be the primary type used for track-
work conétructed by direct-fixation methods on aerial
structures, bridges, and in subway structures. It shall
consist of. a supporting structural slab and a fastening
system to hold the running rails to the concrete surface.
This direct fixation type of track can also be used for

certain types of embedded track construction.

Embedded track shall be the standard type used where LRT
tracks are located in city streets, crossing the streets
at grade or constructed at the maintenance facilities. These

tracks can be either ballasted or ballastless with the

6-5 ‘ 4/25/85
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6.5

Section 6
M

standard tee or girder rail. The recommended type of
embedded track for installations in streets of downtown Los
Angeles and Long Beach and for intermittent at grade
crossings within the mid-corridor, shall be determined dur-

ing preliminary engineering.

RAIL

Running rail shall vbe 115 RE section, either shop or field welded
in ;gjatinuous lengths, with insulated joints as required by LRT
éignél track circuits. Standard running rail shall be control-
cooled carbon steel, No. 1 rails in accordance with the require-
ments of AREA. -

Wear-resistant rail shall be used in areas where heavy rail wear
is anticipated. Wear resistant rail may be fuily heat treated or
of special alloy, depending upon cost and availability.' VWear

resistant rail shall be used for:

All special trackwork
Curves in mainline track with radii of less than 1,000

Curves in yard track with radii of less than 300

o O o o

Through stations extending 300' beyond the ends of the

platforms.

Seidom-used secondary, emergency, or storage tracks with sharp

curvatures shall not be provided with wear-resistant rail.
Depending on the selected type of embedded track, running rail

for these tracks may be grooved girder rail that shall be com-

patible with the selected wheel profile.

6-6 4/25/85
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Section 6
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Rails in curves with the following sharp radii shall be precurved

using standard shop practices:

o Standard tee rail for curves of 300' radii or less.

o Girder rail for curves of 500' radii or less.

Shop-weided joints shall be used wherever feasible; field-welided
joints shall be used between strips of shop-welded rails, where
rail handling may be a problem or where the rail requires pre-
curving. The use of standard bolted joints shall be restricted
to sﬁécial trackwork, and epoxy-bonded boited joints shall be
used to join welded rail strings of incompatible chemical composi-
tions. All joint bars shall be the 6-hole, 36"-long bar conform-

ing to the AREA specifications.

CUARDRAILS OR RESTRAINING RAILS

A. Guardrails or restraining rails are provided on severe curva-
tures to prevent derailments from wheels climbing the outer
rail and for reducing wear on the gauge side of the outer

rail.

Track with sharp curvatures shall have the inside running
rail guarded in accordance with AREA plans and specifica-
tions. It shall be installed in the following tracks:

o All mainline tracks with a radius of 500' or less.

o All yard and non-revenue secondary track with a radius

of 100' or less.

These requirements do not apply to special trackwork.
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Section 6
MICS

The guarding protection shall be provided by using ver-
tically or horizontally mounted guardrails, set to flangeway

openings based on the selected wheel profile.

For curved embedded tracks where a girder rail is specified,

the girder guard rail shall be used.

Guardrails shall extend beyond the curve onto tangent track

on each end of the curve a minimum distance of 35 feet.

B. Erﬁergency guardrails or check rails are sometimes provided
in an attempt to contain the car wheels in the event of a
derailment. They are normally provided on bridges anrd
aerial structures; however, their value and effectiveness are

questionable, especially in the case of high-speed derailment.

If emergency guardrails are required, then they shail be .
installed near the gauge side of the inner rail at a distance

of approximately 12" from the running rail.

TIES

All ballasted mainline and yard tracks shall use concrete ties
spaced 30" center to center for tangent and curved track of
a radius greater than or equal to 500'. In curves of radii less

than 500', concrete ties shall be spaced 24" center to center.

For ballasted embedded track, the tie spacing shall be 24" center

to center.

Concrete ties shall conform to AREA specifications.

6-8 4/25/85
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6.8

Timber ties ghall be used for special trackwork installations and
for certain types of embedded track construction. Standard
timber ties shall be 8'-0 in length, conforming to AREA Size 4,
spaced 24" center to center or as requiréd by the types of

embedded track surfacing.

Timber ties for special trackwork shall be spaced as established
by AREA and with the trackwork standard drawings. Switch
ties shall be 7" x 9" and of various lengths as required. .

FASTENINGS

Rail shall be fastened to its support in a manner that depends
upon the track construction. Interchangeability of parts and
hardware uniformity are important factors in the selection of the
standard fastening systems. Details of these fastening systems
will be developed during final design. Ballasted and ballastless
tracks -shall use a fastening sylstem'consisting of a non-threaded
elastic rail fastener of a proven design, which electrically

isolates the rail from the tie and the banast or track concrete,

[ &

Ballasted track with concrete ties shall use rail hold-down

fasteners consisting of spring clips, insulators, elastomer pads

and anchor bolts,

Direct-fixation fasteners shall use a fastening system consisting

Section 6
MICS

of spring clips, insulators, elastomer pad, and anchor bolts.

Direct-fixation fasteners shall be spaced 30" center to center.

Ballasted track with timber ties shall use an identical fastening

system with screw spikes replacing the anchor bolts.

6~-9 Revision 4
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CHAPTER I

."..MANUFACTURE OF STEEL RAILS ..: ...

The Open Hearth

Western Pacific's rall 1s made by
the "Open Hearth" method, most of it at
the Colorado Fusl & Iron Corporation plant
at Pueblo, Colorado, The open hearth 1is-
a huge furnace of steel and brick, which:
is capable of handling slightly over 100
tons of molten steel at a tims, Colorado
Fuel & Iron Corporation has sixteen open"
hearths, Each one has a set of oil or
gas burners which are capable of malntain-
ing a temperature of over 3,200 degrees
Fahrenhelt inside the open hearth.

The Heat

Each batch of steel produced in an
open hearth 1s called a "heat," Materials
necessary to make steel are primarily pig
iron, scrap, ore, sand limestone. All the

‘ingredients of a heat are loaded in oblong

steel Y"Charging Boxes" which are loaded .
on narrow-gauge cars and hauled to the ﬂa

. .open hearth. A "Charging Machine" picks:
- up each box, shoves it through the

]
.
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"Charging Door" of the open hearth, turns
it upside down, and withdraws it. Under
the lntense heat of the flames, the mix-
ture melts down into a bubbling white-hot

liquid.

At precisely the proper moment an
opening is made in the open hearth, and
the entire hundred or more tons of molten
metal are allowed to run into a large
brick-lined laedle. This 1s called

"tapping the heat,"

- Work begina immediately, to charge
the next heat, Each open hearth can pro-
duce about two heats every twenty-four

hours.
Due to ths nature of the operatlion,

it is imposslble to make the heats exactly

Therefore, a careful record is
kept of each heat; 1its weight, its in-
gredients, its temperature, etc. Onse
ingredient particularly important to the
rallroads 1s carbon. Thls is because,
while the total carbon content 1s less
than one percent of the whole, it adds to
the hardness and toughness of the steel.
The railroads select the rails with the
higher carbon content for use where the

alike,

wear 1s greatest, such as on curves, etc..

If the final quality of the heat does
not measure up to the rigid specifications
for rail, it 1s slated for some lower- ...

grade product like tie plates.uJ;ﬁa R
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shrinks as it cools; 30, as the outsidse
cools and shrinks, the st11l molten metal
at the center settles downward to £111 the

_space created by the shrinkage. Thls -

A.ﬁ.i\ saa. . A_C &V.itx___t,g_gpp__eaxj_ - .
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\E\Heab No.B8342 1s the 342nd heat produced - -e-er
in Oopen Hearth Ro.8 during the year.

—y. et
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Colorado heats are numbered consecu- .

tively by open hearths. For instance,

Likewise, Heat No.16036 would be the 36th
heat out of Open Hearth No.l6. :

The Ingot

After the molten metal has run from
the open hearth jnto the ladle, an over-
hesd crane picks up the ladle and carries
it to the ingot molds. These molds are
vertical cast iron boxes about two feet
square inside and about sevsen feet high.
About twenty-four molds are placed on
narrow-gauge rallway cars for the pourling
or "Teeming" process. The ladle 1is
spotted over the first of the molds, and
a stopper 1is 1ifted from the bottom of
the ladle. When the first ingot mold has
flowed full of stesl, the stopper 1s re-

laced and the ladle moves over to the
next ingot mold. An average heat will’
£111 from 19 to 23 ingot molds. The first
ingot poured becomes Ingot No.l, and suc-
ceeding ingots are gumbered in the order

they are poured.

The inkots are allowed to cool and

FIGURE 2
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~Blooming

The ingot is laid on its side, on &8
set of power driven rollers. The rollers
trundle the ingot to the "Blooming M1ill,"
a large machine that 1s faintly reminisc-’
snt.of a washing machlne wringer. The
ingot is forced between a palir of stesl
rolls which are a bit closer than the
ingot 1s thlck. The ingot comes out &
bit thinner and longsr than it was. The
rolls are then brought closer together
and reversed, the ingot is flopped over,
and the rollers which carry it are re-
versed so the ingot heads back to the
Blooming Mill and gets squeezed agalin.
The ingot passes back and forth until it
ijs about nine inches square and about

fifty feet long.

It will be noted, by referring to
Figure 4, that the pipe is still present
in the ingot, only it has been narrowed
and elongated. Most of the cavity has
been closed, but the discontinuity of the

metal still exists.

The ingot has now been reduced to a
size where it becomes necessary to start
ahaping the rall. Before starting on the
shaping process, the ingot 1s cut into

~two pleces, because, 1f the full ingot
were to be rolled in one plece, 1t would
result in a rail over 200 feet long, ‘
which would be too unwieldy to handle.
The cutting is done on the “Blooming .
Shears,' a machine that 1iterally bites

off the nine-inch-square bloom.
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The first bite is made at the top
end, far enough back to include the pipe.
The piece which contains the pipe, called
the ftop discard,” 1is conveyed out and
scrapped. Sometimes &an ingot with an
extra long pipe gets by with some of the
pipe remaining, which condition is detect-
ed later, as we shall ses. The ingot 1s
then cut in two at about its midpoint and
enother cut is made near the bottom end to
remove the imperfect butt callsd the
"bottom discard.” The two pleces remain~
ing are called figlooms." These blooms,
still red hot, continue on to be rolled
into three realls each.

Roughing

The blcom now approaches the
"Roughing gtand," a rolling mill similar
to the Blooming Hill, except that the
surfaces of the rolls are shaped so that,
with each pass through the rolls, the
bloom begins more and more to resemble a

. rail. It also grows in length as 1ts
sectional area is reduced. After nine
trips back and forth, the bloom is ready

for its finishing pass.

" Finishing.

The elmoat-finished rail now goes to
the "Finishing stand” for its final roll-
ing. The bottom roll in the Finishing

-10-
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Stand has carved into its surface the

~ Jetters which form the "Branding" of the

rail, which shows the year and month
rolled, size of the rail, name of the
mill, and "CC" to designate #Control
Cooled." When the rail comes from the

finishing stand, 1t is about 130 feet long.

Hot Saw

The finished rail now approéches the

. ngot Saw" to be cut into 39-foot lengths.

The hot saw is & high-speed circular saw
which cuts through the red-hot rail sec-
tion in less 'than ons gecond, in a
spectacular shower of sparks.

The section of rail made from the top
bloom is first cut near the top end, to
remove the imperfect putt end. Next a
plece about fourteen inches long is cut
off as a "Nick-and-Break Test Plece.”
on about every tenth ingot, a five-foot-
long "Drop Test piece” is cut off the rail
from the top bloom. The main section 1s
then cut into three zg9-foot rails, and the
short butt end remaining 1s scrapped.

The section of rail made from the bot tom
bloom of the ingotb is cut similarly,
except that no test pleces are cut.

One 39-foot rail leaves the hot saw
every 25 seconds, and each rail has spent
ebout 5% minutes under the rolls since
leaving the soaking pit in Ingot form.:

M B &
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Stamping

he six rails which have come from
the 1£gdt gre cerried on rollerg fromhthe
hot saw to the SStamping Wheel. Eizh
rail, which 1s 1lying on {tg side, W a
the branded side down, 13 stamped on s
upper side, in ths web, with its heatd
number, ingot number, rail letter, &n
jetters "CC" (which designate controlt
cooled rails), or "CH" (which designate
control cooled end hardsensed rails), bytgd
wheel which hes the stamping dies,mount
on its rim. The top rail of-e&c% ingg
1s lettered "A", the next one B, an
so on. (See Flgure 6) .

Section Inspection

jnspector is stationed where the

railsAiome gut of the stamping whesl.

He removes one red-hot rail for ev;ry cs
heat, from the roller 1line, and suijec
it to rigid inspection. The railit;
welghed, 1ts section is checked wf B e
tompLatos, 1ts hoteht ol race s seruti-

measure an

gi:ed for defscts. This inspection 1:nd
witnessed by the Western Paciticbmaﬁ and
" also by the millwrightas, who g0 acia-
ad just the rolling mills if anyazir ,
tions or flaws show up in the r .

-16-

The Hot Bed

The rails, now finished with the
rolling process and still rad hot, ars
carried on rollers to the "Hot: Bed.,"

This 1s nothing more than a set of skids:
on which the rails are lined up, silds by
side, for cooling. The rails are allowed
to 1lie there until they cool to just under
1,000 degrees, the temperature at which :
they lose the last of their red color.

Control Cooling

The rails are then picked up by large
magnetic cranes and lowered into insulated
steel "Control Cooling Boxes," each one
big enough to hold 100 rails., A 1id 1s
put on each box as 1t 1s filled, and thea
box is not opened for at least ten hours,
until the rails are under 300 degrees. :
This process is called "Gontrol Cooling"
and its purpose 1s simply to slow down
the cooling of the rails between the tem-
peratures of 725 and 300 degrses, ' :

Control cooling was first used in the
late 1930's to combat the "Transverse

Fissure." &Every section foreman is more
familiar with transverssa flssures thean he
cares to be, It is a mysterious "disease"
of the rail, which starts without werning
inside of the rail, grows erratically,

then-causes a sudden bresk of the rall.

-17-



Drop Test

The flive-foot-long drop-test plece
of rail which is cut from the top end of
the second, middls, and last ingot of
svery heat, 1s stamped wilith its identi-
fication, and 1s put into a miniature
Yecontrol cooling box" so that it cools
under the samé conditions as the ralls
it represents, Wnen it is cold, 1t 1is
placed under the "brop Test Machine."

. The plece rests “Head" up on a pair of
supports which are four feet apart, and
a one-ton weight called the "tup" 1is
allowed to fall on it from a height of
twsnty feet. 4An inspector msasures the
amount that the rall has bsnt under the
blow. A 115-1b. rall will ususally take
a 3/4" permansnt set at the first blow,
Every third drop-test plece is glven &

total of five blows to sse how it stands

up undser such punishment. Most ralls
will bend through 45 degrsees without
breaking. This test 1s also witnesaad
by the Wsstern Pacific inspsctor.

If a drop-tsst plece should break
under the first blow of the tup, all of

the "A" rails of that heat are rejocted

and scrapped: end another drop test 1s
made of the "B" rails. '

-20-
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Straightening

Going back now to the co
ntrol -
égg ggxsg, webfind the ralls, now ugggi

§rees, being lifted from ty

and sent on thelr wa Lanaros
Yy to the "Finigshing
Mé}l." ,The f£irst finishing operatibnnfs
at-the "Straightening Presses," "

Ralls are quite crooked éf i
iggéisgggggflgfhtge handling ﬁhgirhgggl-
; ot and soft, snd b W
of the cooling stressgeg ; Yorge

?oved under a press on rolfeﬁg.raéieis
Straightener" stands at the end of the
rgil and squintsg along 1t against g v

3c;ong %ight. He determines where the

o og s arﬁ and signals to his assistant

g 8 "Gagger" where to apply the pre ‘
0 straighten the rail, ‘ proasure.

The straightener, when saq
squinti
ﬁgfigzgrghgliighf, zgmetimes discovggs
ws in ® rall. Blisters
zggcghgcgégaitrzﬁq gftthe little bubbles
@ bottom tip of th
in the ingot, and are ci ; » 0 5’
0sely relat
gip:. These 1ittle bubbles gre roligdto
op:ﬁ &; fhetgolling bprocess, but they
n ® cooling, to form
in the web of the rail: and are égge:gggs

in the course of inspection.

-]l -



Milling and Drilling

The straightened rall goes to a pailr
of milling mechines which smooth the ends
of the rail and cut off the rough burrs
left by the hot saw,

Tne rall tken moves to a palr of .-

miltiple drill presses which drill the 5
bolt holes. . ’ &

End Hardening

After drilling, the rail moves under
a set of burnsrs which heat about 2-1/2
inches of the top of ths rall at each end.
When the metal reaches red heat, it 1is
sub jected to & sudden jet of cold air,.
This treatment hardens the matal of the
rall whers it 1s subjsctsd to the pound-
ing of car wheels &as they Jump over the
gap between rails.

End hardening 1s a development which )'
reduces end batter and low Jjoint condi- ' ;
tions, thereby considerably reduclng wear I

in the joint-bar arsa.

-89

Inspection

The rails, which are now ready for
track except for end beveling and filing,
are laid ocut 1n groups of 60 or 70 for
inspection. Men with air grinders and
files touch up the ends of the rails
during the inspection opsration.

Two men called "Rail Turners™ turn
the ralls so their basss are up, &nd a
palr of mill inspectors called "Rail
Walkers," and the Western Pacific inspec-
tor, walk back and forth on the inverted
rails, ssarching them for flawg, If a
large flaw 13 found, the rail is marked
for scrapping, or, if the flaw 1s near
enough to the end of the rall, it is
marked for cutting back. If a minor flaw
is found, the rail 1s classified as a

~Ho.2 rail.

The rail turners then turn the ralls

.on thelr sides so that the stamped side

is up.- The inspectors then refer to
their notes and mark each rail as to
whether 1%t is high or low carbon. They
also refer to the list of ingots which |
showed pipe in the nick-and-break test.
The "A" ralls of these ingots are found
and marked for special attention.

-03.
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The rails are then turned h
sad
gnd again the inspectors walk back agg,
orth, searching and marking. The in-

Spectors then inspsct the ends of all "an .~

rails for pipe, with articul
talls s P cular attention
piece?se which showsd Pipe in the test

The last check is mede for "erooks, "’

the term used fop crooked
rails, b
squinting along each rail from gacg end.

Three crews of ins '
pactors ars -
quired, to handle the work, and there

Western Pacific man spe
time with each crew. pends part of his

Painting

At ths complstion of the inspection;

the reil turners paint the ends of the

ralls In accordsncs wi
chelk marks. All ths ;g.gh§&i§§p:;gors'
palnted white and a "g" jg stamped on
each end of each rail, A11 #g® rells ere
palnted yellow. A" rails ape separated
from the other rails becauss they come
from the top of the ingot, which 1s con-
sldered the lsast desirable, Scrap rails
;zinggéngid“redid High carbon rails are
ue, . !
pain unpaintéd?n low carbon rails-a?e

-24-
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Sorting and Loading

An overhead crane, equipped with
magnets which can plck up thirteen rails °
at a time, sorts each bed of inapectsd
rails., HRed ralls are dumped on & car
and routed back to the open hearth, for
remelting., White, yellow, blue and plain
ralls are sorted and loaded on cars for
shipment to ths customer.

"Crooks" are talen to the
"Restraightening Press" and are reinspect-

ed, painted and loaded. '

Ralls marked for cutting back are

~*tgken to the "Cold Saw," whers the defec-

tive end is cut off, end the rall is
redrilled., o :

4 Short rails coming from the cold saw
are reinspected, pzinted green, and loaded.

It is interesting to note that the
mill has no provision for cerrying a stock
of rail.  Rails must be loaded on csrs
immediately, as thsy are finished, or a
serious "traffic jam" occurs in the in-

spection and loading area,

-25-
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Records

As the cars of rail leave the steel

mill, the Western Pacific inspector tele- 

graphs the cer numbers, contents, and
departure dates to the General Office,
so that arrengsments can be made to
unload the rail as soon as it shows up.

The 1nspector then sits down at his
desk at the mill and prepesres a very im-
portant record. This record shows, in
very compast form, the history of evary
heat of rail that was rolled for Western
Pacific. The information is entered on
two sides of a 5" x 8" card which will
later bs filed in the Enginsering Depart-
ment, to remain there for the entire 1life
of the rail, ‘

Figure 8 shows the front side of the

card, filled in to show an imaginary heat.
While few cards show so many defects, we -
have mede the entries here to show the -
simple code that is used.

Referring to the card, we see right
away that the card covers Heat 16036 '
which was rolled into 115-1b, rail in
1952, at CF&I, to Western Pacific's
Purchase Order No.11699-951-RE, dated
November 30, 1851.

We can see that there wers 21 ingots
cast from the heat. We also see that
"Drop Test" pileces were cut from Ingots 2,
10, and 21. No.2 was given one blow and

- -26-
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took a psrmanent sot of .85 of an 1nch,
No.10 also received one blow and set .80
of an inch. No.21 was given five blows
end set .80 of en inch atter the first
blow,
Tourth blow, the entry in the "Blows!
line would have been "4BY and the nature
of the frecture would huve been entersd
on the line marked “Fract,"

The lins merked "IXB" ghows the out-
coms of the "Hick-sand-Bresk" tsst, . We
can see that Nos.4, 6, 7, and 18 chowed
pips (P) and thet all the others woers 0K
(K). There was no test made for Ingot
No.l2, for the resson that the ingot wasg
omitted (0); that 1s, Ingot No.l2 was
not rolled into rails because of somse
defect,

Looking at Inzot No.4 a bit closer,
%8 ses that, in addition to thse ripe in
the Nick-end-Breek test, thse "M rail
also showed pipe, and that it was cut
beck to & I5-foot rail to eliminate the
Five. Likeswiss ths "4A" yall of Ingot
ho.18 wag cut back to eliminsats pips.
The pipe in Ingot No.8 veas not asrious
bscause tha "A" rgil was ¢clear; howsver,
in Ingog No.7 we rind the entirse "A" pail
scrapped on &ccount of pips.
little lines mseen "scra§"§ (oo thres

28w

IT the pilece had broken on say the

o e e,

Ingots 9 and 14 sevidently had some
blister present, for we see the "A" rails
cut back to 30 and 33 fest for blistsr (B).
Rail 11-A &lso had a blister, but it was
close to the middle of the rall, so it was

scrappsed.
Something must have gone wrong with
the bottom bloom of Ingot 2 1n the rolling

‘process, for we see that the D, E, and F

rails are marked*COB" (Cobbled). Such
cobbled rails are usually fished out of
the machinery, partially rolled, and are
scrapped,

Rells 10-E, 15-C, and 20-B were class-
ified as No.2 white reils, one of them
marked "M" (Mechanical) for a rolling de-
fect, the others marked "C" (Common) for
dafects that were in the stesl before
rolling. Rails 4-D, 13-E, and 19-D were
acrapped for the same kind of defects but
of & mors serious nsture.

~ Rail 1-F was scrapped on account of
bsing damaged (D). It may have been
dropped by a cranse or banged agalnst a car
while loading.

So -~ of the 126 possible ralls in the
heat, Western Pacific received only 111,
and, what 1s more lmportant, we know which
of the 126 we didn't get and why.

The reverse slde of the card shows a
lot of technical data which we will not-
attempt to explain.
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If the heat 1s good, end its rsails
give nermal aervico, this information on
the baclk of the card will probably never
bs looked at again. However, if' the heat
should glve trouble later, both rellroad
and stesl mill psople will be intonsely
interested in the information.

.- With the cowpletion cf the cards,
the inspector comss home, the cards are
filed, and ths rail is laid In track, and

" another chapter is written in the Weatern

Pecifict's never-ending improvement program.

Now let us go back and ses why that
reil was bought in the first plece. Rall
ig pretty expensive matoerlal, and it 1s
certein that rallroads do not buy it un-
lesy they ars quite sure they nced 1t.
fnd, vhen spproval is sought {'rowm tho
Board of Directors, for & raill expsndl-
ture, ths Board needs somothing morse to
consider than one msn's word that he
thinks it is about time that a certain-
section of track got new rail.

The following chapter will attempt
o explain how the Englneering Dapeartment
keeps & current set of records that show
at a pglence tho condition of the rail ‘
over the entire system, and how these
records sutomatically indicate when any
section of track should be considered for
rall renewal,

~51-
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Over 60 thousand miles of American
track is now welded into continuous, low-
maintenance rails. CWR lasts longer and
increases tie and ballast life.

Until now, fixed rail welding plants were eco-
nomically infeasible for the short lines and
branch lines of larger railroads.

Now, there’s Railtrack. A full scale rail
welding plant, offering all of the quality
and consistency you’d expect of a stationary

Trailer #1—The Transfer Table—
As many as 20 standard 39 foot rails
are loaded onto the conveyor chains.
Then, one by one, they are

aligned and fed into. . .

plant, coupled with the economy, availability
and mobility of a plant on wheels.

‘Railtrack—a miniaturized version of a full

scale rail welding plant. ..ready to roll to
wherever you need it and start making welds

" in just 36 hours after arrival at the job site..

The Railtrack mobile rail welding plant con-.

sists of eight specially designed semi-truck

trailers that contain everything needed for

flawless, consistentg hﬁg.vy-c‘i;ty rail welding.
eaaﬂ omd bolirew bose

1:"”?0 4 s ofone on Tte s1des,

Trailer # —The Polishing Trailer— -

Here, the ends of the rails are polished and

prepared for welding. In the case of

relay rail, saws crop off rail ends

prior to the polishing operation.

The polished rail segments then

move automatically into..

Km < w/ 5ml&5 0mol eruu rwet

Trailer #3—
The Welding Trailer—
This trailer houses a unique

machine. The hydraulically-
controlled welding electrodes =
clamp the rail ends into alignment.
Then, with the rail ends held rigidly

in place, as much as 650 kilowatts of
power produce the weld. The welded
length of rail tlien passes intop.. M

wiled thacthe 11 Tmas

The Ofﬁce a.nd Mamtena.nce Trailer—-ThJS 40 foot van houses f
S . our f1e1d offlce an inventory of spare parts a.nd 8,55

_The Power Generator 'I‘raxler— :
_This trailer carries a self
contained 650 KW diesel

. generator complete with 1200 . .:
_amp circuit breakers, fuel tank @ -
... . andcontrol panel.

"Th Back—Up Power Traller— :
.'This unit consists of hydraulic pumps air compreSSor
a back-up 300 KW generator, fuel tanks and contro)
panels. The entire Railtrack operation is completely:
"self contained and totally mobile. The first welds can
“be produced within 36 hours of arrival at the. site




" Macro-pnotograph
§ ofatypical Railtrack - )
. weld cross section. .
i- Welds produced by the
i { Railtrack system meet
i or exceed AAR speci-
- fications, Full test
B8 results are available
4 upon request.
| : . i [ ,/"'—/-”""”—‘
SR -— ’ : .
Trailer #4—The Stripper Trailer #5— : - milelengths of welded rail, ready for
and Straightener Trailer— . The Inspection and Pusher Trailer— stock piling or immediate laying.
|| Automatically, the excess metal is . The weld is now ready for testing and Railtrack’s unique rail dollies can deliver
stripped from the weld. And power- ~ Y At finishing. The weld is finish ground as many as eight quarter mile lengths of -
al hydra,uhc jaws bend and torque ﬂﬂ{ to AREA tolerances and a magnaflux CWR to the installation site without the
6‘2 yﬂ,, testing unit examines the joint for use of a costly locomotive work train. All
> U coalescence and integrity. 4 that is required to move the rail trainis a
groundand the continuous length v The Pusher Unit then delivers qua,rter heavy duty ballast regulator.

¥ rail moves to...

?o :;Jt FEAN)

T ]

312/323-7990

Ralltrack is the unique rail welding service that Ienables all rall lines t
enjoy the economy of running on welded rail.

Let us show you the mechanics and the economics. . .

o
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shall be cut, rewelded and retested at no cost to the
Commission.

PART 2 - PRODUCTS

2.1 EQUIPMENT FOR FLASH BUTT WELDING INTO CONTINUOUS
WELDED RAIL STRINGS

A. The following -welding plant components shall be provided by the
Contractor as a minimum:

1.

2.

9.

£ 22 FIELD JOINING OF CWR SECTIONS

.l RAIL STRAIGHTENING

10.

The Contractor shall maintain all its equipment in good working order
at all times.

Thermite welding materials and equipment shall be as manufactured by
"Boutet", "Orgotherm", "Elektro-Thermit", or other approved equivalent.

Welding kits and all apparatus required to produce finished welds shall be
supplied by the Contractor.

ART 3 - EXECUTION

A. Prior to welding sections, each section will be inspected for the
 tolerances specified in Exhibit 16. Any rail not within
tolerances shall be straightened to within the specified tolerances. !

rail storage rack for 78 foot rail sections;
feed table with rollers;
power generators;

finishing table ‘with rollers;

crane for loading rail sections at the welding site complete
with spreader bar to handle 78 foot rail lengths;

shelter for welding components to permit welding during
inclement weather;

hydraulic press for aligning and straightening rails; '
welding head with electric current monitoring equipment;

rail pusher; and

all other equipmert necessary to the electric flash butt welding
process.

these

02456-17 06.05.7




TR IR N AP SRR St

B.

Any rail sections that cannot be straightened shall be cut back a
suff1c1ent dxstance to achieve the specified tolerances.

3.2 RAIL CUTTING AND DRILLING

A.

All rails cut for any reason shall be cut clean and square by means
of Construction Manager accepted rail sawn or abrasive cutting discs.
Torch cutting of rail is prohibited.

Holes will not be permitted in the rail, except as noted on the
Drawings.

3.3 RAIL END PREPARATION

A.

_ % 34 WELDING

A. Electric Flash Butt Welding

Rails used for electric-flash butt welds shall have their ends saw-
cut or abrasive disc-cut. Flame cutting rail ends shall not be
permitted. The head and base of the rail for a length of
approximately six inches from welding end shall have mill scale
removed down to bright metal. All burrs shall be removed from the

area where the welding current carrying electrodes contact on head
and base of the rail. :

Rail ends for thermite welding shall be prepared in accordance with
the recommendations of the welding kit manufacturer.

1. The Welding Supervisor shall be responsible only for the welding
" equipment and its operation, during the entire period in which
rail welding is taking place.

2. Welding site locations and the approximate number of welds to be

produced at each site shall be determined by the Contractor and
agreed with the Construction Manager. Information on four
welding sites may be obtained from the Construction Manager and
used by the Contractor in determining its welding program.

3. All electric flash butt welds shall be forged to point of

refusal to further plastic deformation and have a minimum upset
of 0.5 inches with 0.625 inches as standard. If flashing of
electric flash butt welds is interrupted because of malfunction
or external reasons, with less than 0.5 inches of flashing
distance remaining before upsetting, rails shall be reclamped in
the machine and flashing- initiated again. The upset cylinder
shall not bottom out during the upset portion of the weld cycle.
After the welding cycle is completed and while the weld metal is
still hot, the upset metal shall be sheared off from the head,
web, and base of the rails. Post weld straightening may be
permitted if performed before the surface temperature of the
weld falls below 500 degrees Fahrenheit. Quenching the weld
metal shall not be permitted. The welding machine shall be
capable of automatically recording pertinent data including pre-

02456-8 06.05.7
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heating impulses, flashing time, upset current, time and platen
travel during flashing.

4, CWR strings shall be fabricated so that the branding of all

individual rail sections appears on the field side of installed
track.

B. The thermite welding method and procedure shall comply with the
AREA specification for "Thermite Welding - Rail Joints" as found in
Chapter 4 of the AREA Manual for Railway Engineering, and with the
welding kit manufacturer’s recommendations and the detailed
specifications required by Paragraph 1.6.E of this Section.

3.5 FINISHING AND ALIGNMENT

All heavy grinding used in the finishing process shall be performed while

the rail is hot. Trimming and grinding of rail welds shall result in the
weld being within the following tolerances:

A. The top and sides of the rail head shall be fmxshed to within plus
or minus 0.005 inches of the parent section.

B. The top, bottom and sides of the rail base shall be finished to
within plus 0.010 inches or minus zero inches of the parent section.

within plus 0.125 inches or minus zero inches of the parent section.

D. Finishing shall eliminate cracks visible to the unaided eye. Notches

created by offset conditions shall be eliminated by grinding to blend
variations.

E. Protrusions and gouges in the weld areas shall be removed and the
weld area shall be blended into the rail contour in a manner which
will eliminate fatigue crack origins.

F. The crown of the rails at the weld shall not be greater than 0.040
inches in three feet or 0.060 inches measured 48 inches from the
weld. No dip in the adjoined rails will be permitted.

G. The alignment of the rails shall not deviate more than 0.040 inches
in three feet or 0.060 inches measured 48 inches from the weld.

REPLACEMENT OF DEFECTIVE WELDS

The defective weld shall be cut out, and a new section of rail not less
than 15 feet long shall be inserted, welded with two thermxte welds and
retested at no cost to the Commission.

A. On a weekly basis a record shall be submitted to the Construction
Manager documenting the production of each string of CWR. Included
shall be the following:

02456-9 06.05.7

C. The web and underside of the head of the rail shall be finished to™
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PRE-HEAT
THERMITE
WELDI
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® New Track Construction

® Improving old trackage
with new or old rail

e Welding compromise joints
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THE CALORITE THERMITE PROCESS
HAS BEEN USED TO WELD RAILS
FOR OVER 75 YEARS...

Five steps to better welds.

9. PREPARE THE RAIL

Clean and gap rail ends, cutting with a saw, grinding disc
or, if necessary, by a guided torch to obtain the correct
interval. Align rail vertically and horizontally, foliowing
instructions in the field manual. Relocate ties, if neces-
sary, to allow for mold installation.

INSTALL MOLDS

Attach the mold clamp to the rail. Position and seat the
molds and clamp them in place. Seal all joints with fusal
paste (fire clay) according to directions. Place crucible on
stand and then install thimble.

PRE-HEAT-

Using a simple propane torch designed to fit in mold
opening, heat the rail ends for 4-5 minutes. This is neces-
sary to remove all traces of moisture and bring rails to a
temperature adequate for welding. Whlle rail is heating,
pour charge into crucible.

WELD

Swing the crucible so that the outlet is centered over the
mold opening. Ignite thermite match and insert in the
charge. In less than 40 seconds the charge will be trans-
formed into molten metal at 4500°F, melt the fusible plug
and flow into the joint, completing the weld.

FINISH

After removing hardware and allowing 1-3 minutes for
cooling, the mold and excess metal are removed. Surface
grinding completes the weld and track is ready for service.

NOTE: It is extremely important to carefully follow the
instructions contained with the Calorite Kit. Do not take
short cuts. Do not substitute any part of the welding
apparatus with homemade or otherwise obtained
components.
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3. Apply mold in exact location over rail gap and seal properly.
4. Follow detailed manufacturers instructions for the specific thermite process being
used without deviation.
5. It is assumed that flotation of impurities in the crucible and the mold, and proper

gating and feeding, are provided for in the equipment and instructions supplied
with the thermite package.

Following are minimum requirements for quality welds, good track alignment through the
weld, and satisfactory riding characteristics over the welded joint:

19R1

1.

The rail end faces should be square to the running surface of the rail. In order to
obtain this condition, the rail should be properly aligned first if the gap is to be cut
in track, or pre-cut square rail ends should be properly aligned and spaced.

The gap between the rail end faces should be between %3 inch and 1 inch, depending
on the welding process and rail section involved.

The joint gap may be either flame, saw, or abrasive-disc cut with the saw or
abrasive disc strongly preferred. If flame cut, the following must be observed:
flame cuts should be reasonably smooth. The rail should be preheated prior to
flame cutting. A precaution should be observed in the case of flame cutting in that
the weld should be made as soon as possible, preferably within an hour, in order
to prevent deep thermal cracks from forming on the flame-cut rail end faces. If
flame cut, the rail ends should be thoroughly cleaned of the residual oxide resulting
from the flame cutting operation.

All burrs should be removed from the cut rail ends at the joint gap, all fins and heat
metal flow in relayer rail ground away, and loose oxides and foreign material
removed from the weld area surfaces for at least S inches back from the ends of the
rails: This permits close fitting of the molds and reduces contamination of the weld.
Copper material from head bonds should be totally removed from within 2 inches
of the rail ends. It is desirable that holes should not be allowed within 6 inches of
the weld gap, and holes within 2 inches of the weld shall be prohibited.

Sufficient preheat to promote good fusion is required. Some thermite mixtures
require external preheating and some do not. If manufacturers specify preheating,
strict adherence to the prescribed times is imperative. Preheating may be accom-
plished with oxy/acetylene, air/fuel gas, air/gasoline, oxy/propane, or a generated
gas flame. If preheating is not specified by the manufacturer, the initial filler metal
passing over the rail end faces acts as the preheat source.

The prefabricated molds used in any of the processes should be centered exactly
with the center of the rail gap.

The luting or sealing of the molds to the rail should be performed with care so that
the luting material is not introduced into the weld chamber. It has been found
practical to use sand mixed with bentonite in proper proportions with a minimum
of moisture in the mixture as a luting material.

Molds and charges stored for excessive lengths of time may absorb detrimental
moisture. Manufacturers should be consulted for maximum recommended shelf life
and charges stored beyond that time shall not be used. Molds should be stored in
such a manner and environment as to prevent moisture contamination and freez-
ing. Care should be taken when transporting from storage to the work site to
protect charges and molds from the elements.
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LESSON 1
THE TRACK STRUCTURE

This lesson deals with the various parts which come
together to form a complete track structure. It covers
the proper names of each part, the purposes of these parts,
some of the more common problems that develop and how the
different parts relate to one another. Many of the details
of construction, maintenance and inspection of these parts
will be covered in following lessons.

The names which are used to describe the parts of
the track structure in this lesson are widely used through-
out the railroad industry. In most cases, they are not the
only names in use. You may find cases where egqually
acceptable names are commonly used on your railroad. There
may be other cases where slang names are in use locally.
There is probably nothing wrong with using such a slang name
in giving instructions to someone working under your
direction, if he is more familiar with such a name. You
should know the generally accepted names of these parts
and use them in discussion with railroad officers, represent-
atives of governmental agencies, suppliers, or shippers.
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Consider the way egquipment loads act upon the track
structure and how each part is related. The loads are
first transferred from the wheels to the rails. We shall
first consider the rails. The type of rail which is in
general use is known as tee rail, except for a limited
amount of rail in track built within paved streets. The
principal parts of the tee rail are known as the head, the
web and the base. When rail is placed in track, the side
of the rail which faces the center of the track is known as
the gage side. The side of the rail towards the outside
of the track is known as the field side.

U

Tee rail comes in many sizes and with some minor
variations in shape. Rail is usually identified according
to its weight per yard and by the shape of its cross section.
For example, 119 RE rail means that a piece of this rail
3 feet in length weighs 119 pounds and that its shape is
according to the design recommended by the American Railway
Engineering Association. (AREA

Most railroads have a number of differently sized
rails in track. This is because the trend over many years
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has been for the size of rails to increase to meet the
demands of cars and locomotives of ever increasing capacity.
Usually, the older and lighter rajl sections will be found
in yard and industrial tracks and in branch lines with
lesser density of traffic.

All rails have certain information on each side of
the web that tells a good deal about the rail. At times
it may be necessary to do a good bit of scraping or cleaning
with a wire brush to read these marks. On one side, the
characters will be branded with raised letters and figures.
An example would be as follows:

119 RE cC Name of Mill 1974 1111111

This means that the rail is of the 119 pound RE settiong
CC stands for control cooled. The name of the mill at which
the rail was manufactured will be identified. The year and
the month (seven vertical strokes indicating July) in which
the rail was manufactured is shown.

On the other side the characters are indented. Follow-
ing is an example:

CT 287165 B 12

CT means that the rail is heat treated. The following
numbers indicate the heat number from which the ingot is
poured. The letter B indicates that it is the second rail
from the top of the ingot. This is followed by the ingot

i number.

New rails also are classified as No. 1, No. 2, "A"
and "short." No. 1l rails are those found to be free from
injurious defects and flaws of all kinds. No. 2 rails may
have a few surface imperfections or had sharp kinks or camber
in them before being run through the straightening presses.
Before shipment, the top of the rail head will have a white
mark painted on it about 3 feet from the rail end. "A"
rails are rolled from steel cut close to the top of the
ingot and may contain some porosity which could develop
into "piped" rail during rolling. The top will have a
yellow mark painted at one end. The "shorts" are rails
shorter than the conventional 39 feet and may vary between
25 and 38 feet. The top at one end is painted green on
these rails.

A track foreman should become familiar with the
various sections of rail in use on his railroad. There are
two dimensions for each section of rail that he should know.
One_is the width of the base and the other is the height
of the rail, It is recommended that you make a list of the
rail sections on your railroad and write down these two

Ao,
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measurements beside each one. Refer to them frequently

until you have memorized them.

The wheel loads have to be passed on from the rail
to the other parts of the track structure. The rail acts
as a beam or girder in distributing the load. Although
the tie which is directly under a wheel receives more of
the load than the adjacent ties, it does not receive the
full load. The greater the girder strength of a rail,
the better it can distribute the load over a greater
number of ties. By contrclling the maximum load which a
tie receives, the wear on the ties and the breakdown of
the ballast support can be kept within reasonable limits.
This greater girder strength is one important advantage
of the heavier rail sections. Another advantage is that
lower internal stresses are set up by a wheel locad in
heavy rail than in light rail. This means that heavy rail
is less likely to break under traffic.

Just as the unit weight of rail has tended to become
heavier over a long period of time, so have rails tended
to become longer. There are still many rails in track
that were manufactured to 30-foot or 33-foot lengths. A
good many years ago, there was a general changeover to
39 feet as the standard length. Although some efforts
were made to adopt longer lengths, particularly 60 feet
and 78 feet, 39-foot rails remained the most common
length manufactured. Even though the present trend is
towards continuous welded rail, most new rails which are
welded are 39 feet in length. Some rail will continue to
be laid as jointed rail for a number  of reasons. The
greatest part of the rail in track is jcinted rail and will
continue to be so for some time. Therefore, rail joints
continue to be a very important part of the track structure.

DESCRIPTION OF RAIL JOINTS

An ordinary rail joint consists of two joint bars E
plus the required number of bolts, nuts and spring washers. '
The two joint bars are considered to be a pair and usually
have holes for either four or six bolts. The joint bars
may be either of the toeless type or may have a toe or base
angle. They may be of either the head contact or head-free |
type, depending upon the portion of the area under the !
rail head where the bars make contact. Figure 1 illustrates
the difference between head-contact and head-free joint bars.

The bolts which are used to secure the joint are !
known as track bolts. These bolts usually have an oval or
elliptical neck under the bolt head. The joint bars usually
have alternate holes which are oval in shape; the intermediate
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holes are round. When the bars are matched up to form a
joint, one on the gage side and one on the field side of
the rail, an oval hole is always opposite a round hole.

See Figure 2. By inserting each bolt from the side with
an oval hole, the oval bolt neck fits into the oval hole
in the joint bar. As long as the bolt is fully inserted,
the nut can be tightened or loosened without the bolt
turning. This arrangement requires that alternate bolts
within a joint be inserted from opposite sides of the rail.

This pattern has a potential advantage should a
derailed wheel pass by the joint. Such a wheel is more
likely to strike the nut which protrudes considerably, than
the rounded bolt head which protrudes very little. Under
such conditions, it is unlikely that more than half the
bolts in a joint will be broken or severely damaged.

This can be an appreciable advantage in restoring
the track to service guickly, if such derailed equipment
traveled several miles before being detected.

The usual practice is for track bolts to be ordered
with nuts and for them to be shipped together. They are
frequently accounted for as a unit. The spring washers
are more commonly treated as a separate unit.

In addition to the ordinary rail joint, there are a
number of joints for special purposes. One of these is
the insulated joint electrically insulating one rail from
the next. These are used to isolate signal circuits or
circuits controlling automatic crossing protection. Figure
3 illustrates one type of insulated joint. Another type
of rail joint is the gompromise joint, used to match heads
of adjacent rails of different sections. A typical com-
promise joint is shown in Figure 4. A joint of more recent
development which is being used on a number of railroads
is one which employs the use of adhesives between surfaces
where the joint bars and the rail are in contact. These
joints are designed to connect lengths of continuous
welded rail. The adhesives transfer much of the stress
that occurs in welded rail due to temperature changes.
Otherwise these stresses would have to be carried by the

track bolts. —

With the exception of the adhesive-type joints,
rail joint assemblies are usually expected to permit a
small amount of movement between the rail and the joint
bars. This provides for the expansion and contraction
of rail in which stresses are to be relieved as the temp-
erature changes. Bolt holes in the rail are usually
oversize in relation to the diameter of the track bolts
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in order to permit such movement. Some railroads require
that a lubricant be applied during rail-laying operations
to the areas where the rails and joint bars come in contact.
This reduces the frictional resistance to such movement

in a joint with tight bolts.

When laying jointed rail, there is usually a small
opening left between rail ends, unless the temperature is
very warm when the rail is being laid. The proper way
to do this will be discussed in another lesson. It should
be remembered that much of the rail traffic which passes
over a rail joint does so while there is a small opening
between the rail ends.

Rail joints are normally designed to carry loads
that the rail can carry. They generally do gquite well if
all parts are in good condition and well maintained.
Nevertheless, it is in the joint area that maintenance
work is most frequently required. The present trend toward
the use of continuous welded rail is due to the high cost
of maintaining rail joints and the fact that joints are
weak spots in the track structure.

There are a number of reasons why a rail joint
deteriorates. If only one of these conditions is present,
in time, some of the others will appear. If left uncorrected,
the deterioration of the joint occurs at an ever-increasing
rate. The gap between the rail ends, even though small,
causes an appreciable amount of pounding or impact because
of the heavy loads being carried. 1In time, this impact
can cause batter tc appear on the head of the rail end
located on the receiving rail end. On tracks with a sub-
stantial amount of traffic in both directions, such as a
single track operation, this battered condition may be
equally severe on both of the rail ends in a joint.

The vibrations caused by loads moving over a joint
can also cause bolts to lose tension. If this condition
is not promptly corrected excessive movement takes place
in the areas where the joint bars and rails make contact.
Again, if not corrected, this will cause wear on these
surfaces so that the bars became incapable 9of providing
full support, even if the bolts are retightened. Any of
these conditions can cause excessively high impact forces,
that may result in a breakdown of the joint in additional
ways.

Having considered the part played by the rail which
receives the loads from the traffic moving over the track,
and the rail joints which connect the rails; we should
next examine thcocse parts of the track structure which
support the rail.
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FUNCTION OF TIE PLATE

The first of these parts is the tie plate. Most
railroads have very few tracks, if any, constructed with-
out tie plates. Such tracks are usually of little im-
portance and need not be considered here. Why are tie
plates used? It is easy to see that a tie plate causes
the load being transferred from the rail to the tie to
be spread out over a greater area than would be the case
if the rail were laid directly on the tie. It is not
uncommon to see cases where tie plates become embedded
in the ties so that the tie plates are below the top of
the ties. This condition is generally described as plate
cutting. It is most common in tracks carrying a high
deusity of traffic. This condition would occur in relation
to the rail base if tie plates were not used and it would
develop at a much faster rate.

As an example, suppose the locad on a rail is such
that when a wheel is directly over a certain tie, the load
going from the rail to the tie is 24,000 pounds. Suppose
that the rail base is 6 inches wide, no tie plate is
used and the tie is 8 inches wide. The total bearing
area of the tie receiving this load is the 6 inch rail
base times the 8 inch tie width. The pressure on the
wood can be calculated as follows:

24,000 pounds _

I %8 In 500 pounds per sgquare inch

Next, consider the same load on the same tie. This
time a tie plate is used which measuraes 8 inches by 12
inches. The pressure on the wood is:

24,000 pounds

8 in. x 12 in. = 250 pounds per square inch

Although the total load on the tie is the same, the
pressure on any particle of wood has been reducCed by one
half. This can have a considerable effecCt on the life of
the tie.

The size of tie plate has tended to increase over
2 long period of time just as the weight of rail has.
This, too, has been done to better meet the demands of
ever increasing locads moving over the track structure. The
situation on most railroads is such that there are in use
a number of different sizes and types of tie plates.
Each track foreman needs to have a good working knowledge
of the tie plates in use on his own railrcad. There are
a number of different things to look for when learning to
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recognize the various types which you can expect to work
with.

One thing to check is the size of the tie plate.
This can be determined by measuring the length and width
of the tie plate.

Another characteristic to look for is whether the
tie plate is of the single-shoulder or the double-shoulder
type. Although the present trend is to double-shoulder
tie plates, many plates are in track of the single-shoulder
type. Shoulders are the raised lips on the top of the
tie plate intended to contact the outside edge of the rail
base. Single-shoulder plates are designed for a shoulder
on the field side of the rail only. Double-shoulder plates
have shoulders for both the field and gage sides. Figure
5 shows both a single-shoulder tie plate and a double-
shoulder tie plate.

Most tie plates are designed for one width of
rail base. This applies to all double-shoulder tie plates,
and is determined by measuring the flat width between the
two shoulders. On single-shoulder plates, it is determined
by measuring the distance from the inside edge of the
shoulder to the nearest edge of the hole for the gage side
rail-holding spike. Some single-shoulder tie plates can
accomodate rails of more than one base width. This is
done by providing more than one hold for a rail-holding
spike on the gage side. The holes are at different distances
from the shoulder to provide the necessary clearance for
various rail-base sizes for which the tie plate is intended.

- Still another consideration in classifying tie plates
is the hole punching for insertion of spikes. Such holes
can be classified into four categories. There are gage
side and field side rail-holding spikes and there are gage
side and field side plate-holding spikes. Look at Figure
6 and identify each type. Rail-holding spikes are intended
to hold the rail in place. In most situations, one gage
side and one field side rail-holding spike are required
per tie plate. Some railroads require the use of a second
gage side rail-holding spike under certain conditions.
Where this is done, the main purpose is to provide additional
restraint against the possibility of a rail being rolled
over or pivoted about the field side of the rail base by
loads imposed. When this is required, it is usually on
curves, particularly sharp curves. Sometimes it is specified
in territory with heavy traffic or at locations which have
had a history of such problems.

Plate-holding spikes, where used, have two purposes.
If properly driven into a sound tie, plate-holding spikes
secure the tie plate firmly to the tie. This reduces the
tendency for the tie to become plate cut which exists when
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movement occurs between the tie and the tie plate. Another
advantage of plate-holding spikes is increased gage holding
capability. When wheel loads are such that they tend to
spread the rails or widen the gage of the track, the field
side of the rail base bears against the field side shoulder
of the tie plate. The amount of restraint against this
movement which the tie plate provides is dependent upon
the total number of spikes in the tie plate and the sound-
ness of the tie. Some railroads do not have traffic
conditions which justify the use of plate-holding spikes.
Some may require their use under certain conditions,
especially on curves. Where used either one or two plate-
holding spikes per tie plate may be specified. 1t is
essential that you become familiar with your own railroad's
requirements for spiking, both as to the number required,
and the pattern of placing them in relation to each other.
Spiking patterns are important because the relative
location of one spike to another can affect the tendency
of a tie to develop splits and to slew its right-~angle
position.

One more thing that must be considered in the use
of tie plates is the cant of the rail seat. Formerly,
all tie plates were designed so that the base of the rail
would be parallel to the top of the tie. 2all of the
newer tie plates are canted, usually with a slope of 1:40
but, sometimes with a slope of 1:14 or 1:20. The rail seat is
designed so that the field side of the rail base is slightly
higher than the gage side of the rail base. This results
in the entire rail being slightly tilted towards the center
of the track. Figure 5 illustrates canted tie plates.

While this has certain advantages such as improved
contact between wheel and rail, the important thing to
remember is the relation of one type of tie plate to another.
It is poor practice to use flat and canted tie plates
interchangeably. If this is done, the rail cannot be
seated uniformly on both types of tie plates. This can
result in a tendency for the rail to twist, possibly break,
and for the development of plate-cut ties and bent tie
plates. To further complicate the problem, some railroads
use tie plates with various amounts of canting. The
amount of cant is usually described as a ratio of vertical
to horizontal distances. Again, it is necessary that you
know what cants are used on the various tie plates on your
railroad. For example, mixing tie plates with a 1 to 20
cant, with tie plates having a 1 to 40 cant is just as bad
as mixing flat tie plates with those having a 1 to 40 cant.

TIES ARE MOSTLY WOOD

U

e i o
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In this study of the track structure, the next part '

that will be considered is the one that receives the load
from the tie plate. 1In North America, these parts are known
as cross ties and commonly referred to as ties. The most
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common material used for ties is wood. 1In recent years,

a considerable amount of interest has been shown in sub-
stitute materials such as reinforced concrete, steel and
plastics. Studies are also being made of the practicability
of wood in different forms such as laminates and wood chips
with adhesives. The great majority of ties presently in
track is solid wood. This situation will no doubt continue
for some time; therefore, this discussion will be concerned
principally with the solid wood tie.

The number of different types of wood used in the
manufacture of ties is considerable. One of the things
which governs this is the species that are available in
any geographical area. Each type of wood has qualities of
its own that are different from those of other types of
wood. Some woods have more strength, more resiliency or
more resistance to decay than others. Unfortunately, the
most desirable woods are not always available in the
quantity desired. This may result in a railroad accepting
several types of wood for the manufacture of ties. 1In
some cases, the railroad may require that ties of certain
woods be used only in designated tracks or that some
woods shall not be used in certain tracks. Such rules can
vary widely because of local conditions. Because of this,
it is not possible to recommend here how each species of
wood is to be used. What is important for the track foreman
to know is the standards which his company has for various
types of ties and what is expected of him regarding the
selection of ties for any kind of track.

Ties also vary in size. While not all railroads use
ties of the same length, in most cases, a railrocad will
use ties of uniform length except for minor variations.
Differences in size usually occur in the thickness and the
width. Most ties which are used in yards are six inches
thick. Depending upon a railrocad's standards they may be
in the range of 6 to 8 inches in width. Most main-line
ties are us ven i s _thick and i

to 9 inches in width, Either one or the other grouping

or an intermediate group may be used on branch lines. Due
to variations in practice among railroads, the specified
use of ties according to size is another subject which

the track foreman needs to determine for his own situation.

We have seen how the rail spreads the load from a
wheel among several tie plates, and how the tie plates
distribute the load over a greater area of the tie so that
the tie does not wear out guickly. The tie also needs
adequate support for the loads which it in turn passes on
to the ballast. The process is similar in that the tie
spreads the load which it receives from the tie plate.
When it is passed on to the ballast, the pressures are
further reduced from those which exist between the tie
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plate and the tie. This better enables the ballast to '
provide adequate support for the tie.

~So far, we have been considering the vertical loads
which are placed on the various parts of the track structure.
In addition to the part played by the tie in supporting
these vertical loads, a number of other types of loads are
placed upon the tie. One such load is that which tends to
spread the rails outward, increasing the gage. Such loads
may be minor or may be very great. Things which determine
such loads are curvature, superelevation of track, the
nature of the traffic and local operating conditions such
as speed and braking. It has been shown that tie plates
and spiking can be important in helping to control this
type of load. The tie, of course, is the part of the track !
structure which keeps the rails in their position relative
to each other. The ability of a tie to do this is one of
the most important things to determine in deciding whether
the tie is defective.

EFFECT OF LATERAL ACTION

Loads which tend to spread the rail outward are known !
as lateral loads. 1If such a load is pushing outward i
against one rail without an opposite load against the ;
opposite rail, this load will be tending to push the track
out of alinement as well as tending to increase the gage
of the track. The resistance to this type of lateral load
comes from an interaction between the tie and the ballast.
At this point, we should consider the part played by the
tie. The resistance provided by the ballast will be
discussed later.

Try to visualize a situation where a train is trying
to push the track in a lateral direction; that is, off |
to one side. This might occur when the train is moving
through a curve at a substantial speed, tending to push
the track towards the outside of the curve. Another
situation where such a lateral load might occur is where
a hard run in of slack in the track takes place. First of
all, this lateral load or push to one side, is spread out
by the rail so that the job of resisting it is done by
several ties, not just the tie right under the wheel. Now
let's consider just one of the ties that is involved in
resisting this push or helping to keep the track in aline-
ment. Since the load is trying to move the track to one
side, it is trying to push the tie along its long axis.

If the end of the tie was tight against a solid concrete
curbing, it probably would not move. Generally, this is
not the case. It can be seen, however, that resistance

at the end of the tie is very important.
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Part of this resistance depends on how good a job
the ballast does. Part of it depends on the size of the
tie. A seven-inch by nine~inch tie with an end area of
63 square inches will probably develop more resistance in
contact with the shoulder ballast than a six-inch by six-
inch tie with an end area of 36 square inches. Important
as it is, the end of the tie does not provide all of the
resistance to these lateral forces. Anyone who has ever
looked at the bottom of a tie which has been removed from
a track after having been there for some time knows that
this bottom surface of the tie has become indented. It
has assumed a shape similar to the pieces of ballast with
which it has been in contact. The harder and more angular
the ballast is, the more pronounced the indentations will
be. This bond between the tie and the ballast does not
exist with a newly installed tie. It is considerably
reduced after the track has been surfaced, breaking up
the o0ld contact between the tie and pieces of ballast which
fit the indentations in the tie. It is important to be
aware of these conditions when renewing ties or surfacing
track. Except for a track which has been disturbed in
such a way, it is possible for a considerable resistance
to movement to be developed by this frictional bond be-
tween the tie and the ballast. This is particularly
true when a train is on the track. The weight of the
train increases this frictional resistance between the
bottom of the tie and the ballast even though the train
may create other forces which are tending to push the
track out of alinement.

Another factor in resisting forces which tend to
push the track to one side is the friction between the sides
of the tie and the ballast in the cribs. If the ballast
in the cribs is level with the top of the tie, more
frictional resistance will be developed than would be the
case with partly filled cribs. The type of ballast used
will also help determine the effectiveness of this re-
sistance to lateral movement. Ballast which has become
compacted will provide more resistance than ballast which
has recently been disturbed by trackwork.

ANCHORS RETARD RAIL MOVEMENT

There, is one other type of load placed on the track
structure which the tie helps to resist. This is the type
of locad which tends to make the rails move lengthwise,
that is to slide in the tie plates between the spikes.
There are a number of conditions under which this tends to
happen. They are generally related either to the traffic
which moves over the track, to changes in temperature, to

grades and to braking. (LONGITVOINAL FORCES)
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RESTRAINT OF TRACK FROM CHAPTER ] BALLAST

f The second requirement of the FRA ballast standard is

' that the ballast will restrain the track laterally,
longitudinally, and vertically under dynamic loads imposed
by railroad rolling equipment and thermal stress, exerted
by the rails. In most ways, the ability to restrain the
track laterally and longitudinally is inter-related. Most
lateral displacement results from failure to restrain the
track longitudinally. It has been shown that rail tends
to creep longitudinally. The main reasons are the influence

of rail traffic and temperature changes within the rails.

' If rail is permitted to move longitudinally, at some

point in the track and at some period of time, higher than
normal compressive stresses will develop in the rails. 1If
these compressive stresses become large enough, the track
will begin to move laterally, or vertically, or buckle.
This can be extremely dangerous. It can happen quite
suddenly, in front of or under a moving train. A serious
derailment may result. i

Such hazards can be avoided if the rails are restrained
from moving longitudinally. This restraint must be provided
by other parts of the track structure. Anchors are applied
to the rail. Rail anchors, if properly applied, will keep
the rails in the same position relative to the anchored
ties. If the ties, to which anchors are applied, are not
( adequately restrained, the rail will still be free to move
— longitudinally. It is necessary that these ties be restrained

from creeping.

The ties must be restrained by the ballast. The amount
of restraint provided by the ballast can be very small or
it can be considerable. There are several things which
determine how much restraint should be provided.

The amount of ballast_in the cribs between ties is.ane
of the more Jmnortant factors in the restraint of fieg You
should know what your railroad's standarcs are for the amount
of ballast in the track structure. Many railroads require
that ballast cribs be full to the .top of the ties, at least
for welded rail. Such standards should never be ignored, even
for short periods. If the standard is not met, temporary
operation of trains may be justified, but at reduced speed.
Consideration must be given to existing and probable rail Y
temperatures. Any such expediency should only be for short
periods, until adequate ballast is provided. Slow-speed
train operation may minimize immediate danger. It must be
recognized that insufficient ballast may permit some
longitudinal movement. A later application of ballast will
not correct this. This could combine with some subsequent
condition, such as a high rail temperature, to cause excessive ’

Q} compression.
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Since it is the rails which tend to move, it is
necessary to provide some means of securing the rails.
This is done by devices known as rail anchors. There
are a number of types of rail anchors in use. Most of
them are clipped around the base of the rail. They are
applied at a point on the rail where one edge of the
rail anchor will bear snugly against the side of the tie.
Other types of anchors are secured through a tie plate
hole as well as to the base of the rail. 1In the latter
case, the anchor is capable of resisting rail movement
in both directions. 1In the first case, an anchor can
only resist rail movement in one direction. It is
necessary to provide anchors on both sides of ties if
thexre is a likelihood of rail movement in either direction.

Whatever method is used the rail is, in effect,
anchored to the ties to prevent this type of movement.
If movement of the rail is to be prevented, the ties must
also be prevented from moving. This is another job
which the ballast must perform. The amount of resistance
which will be developed between a tie and the ballast
which surrounds it, depends upon some of the same
conditions which determine the resistance to lateral
movement of the track. This includes the bond between
the bottom of the tie and the ballast, the amount of
ballast in the cribs, the type of ballast and whether
the ballast is compacted or loose. In addition to all
of these conditions, which are variable, the loads which
tend to make the rail move can also vary widely. The
recommended practice is to anchor enough ties so that
there will be enough resistance to prevent movement of
the rail.

PART PLAYED BY BALLAST

It has already been necessary to give some con-
sideration to the ballast in dealing with the function
of the tie. At this point we should take a further look
at the part played by the ballast in the track structure.
We have seen how the loads which are placed on the track
structure are transferred through the various parts of
this structure until they reach the ballast. In turn,
it has to resist these loads so that the track remains

in pla These include the vertical load, which is the
weight of the equipment moving over the track, lateral
loads, which tend to push the track out of alinement and
longitudinal loads, which result from the tendency of

| the rails to creep lengthwise.[ Ballast is expected to

resist all of these loads. It is also expected to do
other things. It should further spread the large vertical
loads which it receives from the ties so that when they
are in turn passed on to the roadbed, they are spread

Meamommmsuan,
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over larger areas with lower pressure. Ballast should
also be capable of quickly draining itself of watexr. 1In
addition to supporting and transferring loads placed
upon it, ballast should have sufficient strength so that
it does not break up or pulverize under repeated loads.

A wide range of materials is used for ballast.
During the steam engine era, cinder was used extensively,
especially in yards and branch lines. With the present
limited availability of such materials, many tracks so
ballasted are being converted to other materials. Even
so, there is still a good deal of track mileage with
cinder ballast. Materials which are most frequently used
include crushed rock, crushed slag from both blast furnaces
and open-hearth furnaces and gravel. Various materials
are used for making crushed rock ballast, depending on
what is available locally as well as a balance between
price and gquality.

Usually a railroad specifies what type of ballast
is to be used in various types of tracks. The top guality
ballast will normally be used in high-speed, heavy-

i¢ main tracks. If this material is available in
limited quantities, a second best material may be used in
lighter traffic branch lines. Another possible variation
in ballast specifications might occur when ballast of a
smaller size is used for yard work. This is sometimes
done at such locations because it is easier for employes
to walk on than the usual standard size.

When a train passes over a track and a wheel load
is passed tn a tie and then to the ballast directly under
the tie, all of the load is not transferred straight
downward to the roadbed below. Part of the load begins
to spread outward in a diagonal direction from each bottom
edge of the tie. Again we see the sort of thing happening
that has happened in the case of the rails, tie plates,
and ties. A distribution of the load from a smaller area
on top, to a larger area where it is passed on to the
support below, results in a lower pressure being placed
on the supporting material. It can be seen that this is
necessary when the strength of each of these materials is
considered.

Starting with the steel rail which has considerable
girder strength, then the tie plate made of relatively
flat steel, followed by the wood tie, next by a material
such as crushed rock or slag, and finally, the natural
soil, a pattern of materials of decreasing strength can
be seen. It is only by this process of spreading the load

Page 16



weaker material below, that it is possible to support the
loads which trains place on the track structure. In the
case of the ballast, with the load being spread diagonally
downward and outward from the bottom of the tie, the
depth of the ballast is important. If there is only two
or three inches of ballast under the tie, there is not
going to be much spreading of the load. A substantial
depth of ballast can provide for a good distribution of
the load. Usually a depth of ballast in the range of

12 inches is adequate to distribute the loads well. 1In
some cases, even more is desired.

F—~;;;r a larger area in order to reduce the pressure on the -W \j

One of the things that determines how well ballast

resists the loads placed upon it, is how well the individual

pieces of ballast interlock to form a bond. One 6f the
things which contributes to this is how well the ballast
is compacted. A new track or one that has been recently
disturbed because of maintenance work will have relatively

loose ballast. A track which has had a good deal of traffic

over it since the ballast was last disturbed will have
relatively compacted ballast. Some interest is now being
shown in the use of machines to help compact ballast which
has recently been disturbed. It is possible that this
practice might be used more in the future. Another thing
that helps determine how much of a bond the ballast

develops is the type of ballast. A crushed rock with sharp,

angular edges will bond together better than gravel with
mostly rounded surfaces. The gravel will have more of a
tendency to roll like marbles when a load is placed upon
it.

It would be possible to increase this bonding of
the ballast by the addition of smaller pieces of material
to £ill the openings between the larger pieces of ballast.
Unfortunately, if this is done it reduces the ability of
the ballast to do another of its jobs which is to drain
itself effectively. If the presence of fine particles of
materials results in water from rainfall becoming trapped
in pockets within the ballast and only seeping away

slowly, problems can be expected. | For this reason, it
is important to determine that new ballast does not

Keeping ballast free of materials which interfere with
drainage and removal of such materials if they do get
into the ballast are very important to good track main-

contain fine materials not permitted by the specifications.

~Esggggg;_f§3ch work will be covered later.

Ballast which cannot withstand the loads placed
upon it crumbles under the loads or which deteriorates

due to exposure to the weather, will lose its abili
support the loads and will also contribute to the|foulin
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of the remaining ballast. Since some tracks are subjected
to much more severe traffic conditions than others and since
top quality ballast is not always available in enough
guantity to meet all needs, it is important for any track
foreman involved in unloading ballast to be certain that

the proper ballast is being unlocaded in the proper location.

A good track structure will have under the ballast
another layer of material which is known as sub-ballast.
There are two principal jobs_which sub-ballast is expected

to do. \OneJof these is to catch water draining downward from
the ballast and to reduce the amount of water continuing
downward toward the soil, draining as much as practicable

to one or both sides of the track. It will be diverted

away from the roadbed by ditches or other drainage structures.
Some water does penetrate to the soil under the sub-ballast.
If this causes the formation of mud pockets, [a _secon

function of the sub-ballast is to retard any upward movement
of the mud into the ballast as the result of the pumping
action of the track when a train moves over it.

For these reasons sub-ballast is expected to have
different gualities than ballast. Cinder was formerly
used extensively as sub-ballast. Present day new track
construction relies extensively on gquarried materials
containing mostly fine screenings. It is important that
the top surface of the sub-ballast be sloped downward
towards the sides of the track to promote the water run-
off. This description of sub-ballast refers to the type
of construction that is usually used when new tracks are
built in the present era. Most tracks were built many
years ago and a wide range of conditions will be found
with regard to sub-ballast and ballast conditions in the
normal course of maintenance.

Sub-ballast is laid upon whatever the local material
the roadbed is constructed. This can cover a wide range
of soils or rock depending on what is natural to the area.
It might be located directly upon the natural surface of
the ground or more frequently the roadbed consists of
fills or cuts.

ROADBED MATERIAL

The fills may have been made of select materials
that provide good support for heavy loads or they may have
been built of whatever was closest at hand, regardless of
guality. They may or may not have been adegquately com-
pacted. The side slopes of the fills may have been
constructed at a suitable angle to provide good support
or they may have been made as steep as possible creating
other maintenance problems. There may have been adequate
drainage facilities built at the bottom of the £ill to
handle whatever runn-off of water that may occur. 1In
other cases, this may have been ignored.
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In the case of cuts, a wide variety of conditions
may also be found. There may or may not have been
sufficient excavation to provide for ditches capable of
carrying off the water and of keeping the water table
well below the track. The sides of the cuts may have
been sloped or benched to eliminate problems from slides
or they may not have been. There may have been springs
located when the cut was excavated which may or may not
have been adequately drained. The soils of the roadbed
in the cut may or may not have been found to be of a
type that will provide good support. If not, they may
or may not have been replaced with more suitable conditions.

All of these undesirable conditions which have been
described can cause maintenance problems within the track
structure. The source of the problem may or may not be
easy to locate. The symptoms may need correcting, whether
it be irregular track surface, mud pockets, or some other
condition. Chances are these symptoms will keep returning
unless the source of the problem is located and corrected.

In this lesson we have been mostly concerned with
how the basic track structure is put together and the
reasons tracks are so constructed. It is not a perfect
structure. It is a flexible structure that requires a

considerable amount of maintenance. Yet it has served well

for a long time. During this time, it has undergone many
changes. This process is a continuing one. Changes will
continue to be made in the design of railroad tracks,

the materials used and the methods employed to construct
and maintain them. All who make a career in the field of
track maintenance and construction will have to keep abreast
of those changes as they occur.

Very little has been said in this lesson about how
to maintain a railroad track or the proper methods to use
in building one. These subjects will be covered in depth
in following lessons. If, in this introductory lesson,
you have acquired a good understanding of why tracks are
constructed as they are and how the loads that are placed
upon the track affect the track, you will better understand
the reasons for the procedures which will be described in
future lessons.
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11.

LESSON 1
EXERCISE QUESTIONS

Describe two things which are commonly done to provide
for expansion and contraction of jointed rail.

Plate-holding spikes can help prevent wide gage. True
or false.

Name two special types of rail joints.

Joint bars have oval holes so that rail end gaps can
open and close. True or false.

When installing ties, you normally place one rail-
holding spike on the field side, and one rail-holding
spike on the gage side of each tie plate. You are
instructed to install an additional rail-holding spike
in each tie plate. On which side would you install
the additional spike?

A 100 pound rail, 30 feet in length weighs about 3,000
pounds. True or false.

A tie which is 7 inches thick by 8 inches in width is
most frequently used in which type of track?
Main Line Yard

If all other conditions are equal, in which type of
ballast are defects in track alinement most likely
to occur?

Crushed rock gravel

Some of the following conditions have an important
effect on whether rail will move longitudinally

(lengthwise). Others have little or no effect.
Indicate the conditions described which are important
in preventing such movement of the rail. A). The

number of rail anchors on the rail. B). The amount
of shoulder ballast. C). The number of spikes in
the tie plates. D). The amount of ballast in the
cribs between the ties. E). Having double-shoulder
tie plates. F). Having 6-hole joint bars. G).

Having anchors placed snugly against the sides of ties.

Explain three things that ballast is expected to do.

Describe two times at which ballast is likely to be
relatively loose and uncompacted.
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14.
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17.

13.

20.

Explain two things that sub-ballast is intended to
do. .

What are two problems that are likely to occur on
a fill because of the way it was constructed?

What are two problems that may be found in cuts?

What three kinds of load may be placed on the ballast
by the ties when a train is moving on a track?

Some of the following are reasons for using tie plates.
Some are not. Indicate the valid reasons for using
tie plates. A). To hold the rails to gage. B). To
reduce wear on the base of the rail. C). To increase
the life of the ties. D). To keep track bolts tight.
E). To reduce the amount of ballast that is needed.

When single-shoulder tie plates are_used, should the
shoulder be on the gage side or the field side of
the rail?

Why is a substantial depth of ballast below the bottom
of the ties important?

Is it good practice to inspect ballast loaded in cars
before unloading it in track. What should you look
for?

Identify two sizes of rail used on your railroad.
Indicate the weight, section, base width, and height
of each.

Weight Section Base Width Height

Weight Section Base Width Height

Submit your answers to these questions to The Railway Educational
Bureau in the prescribed manner. Be sure to include your name,
file number, address, company's name and lesson number on the
upper right hand corner of your paper.
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LESSON 14
WELDING AND GRINDING

r INTRODUCTION

Several techniques of welding and grinding are used in
various ways in the maintenance of the track structure.
These procedures are very useful in improving the gquality
of the track, and prolonginag the life of track materials.
The abilities required of those who perform this work ranae
from semi-skilled to highly skilled. Acquiring the skills
of a welder or grinder operator requires training under the
direction of a competent instructor. The extent of the
. training needed will vary with the particular orocedure
which is to be mastered. Finally, qualification or certi-
fication should be based upon a practical demonstration of
competence to a designated examiner.

It is not the intention of this lesson to attempt to
train students in the skills required of welders and grinder
operators. Some Track Foremen have acquired these skills,
but such abilities are not generally considered to be part
of the foreman's job.

Many decisions to perform welding or grinding work on
some part of a track structure, are based on inspections
and recommendations of a Track Foreman. Many welding and
grinding procedures are performed incident to a track
maintenance project, which is being progressed under the
direction of a Track Foreman. This lesson is intended to
provide him with sufficient understanding to determine when
to use these procedures ané to adegquately supervise those
who do this work.

PART 1 =-- WELDING

Some of the grinding operations which are frequently
performed on various parts of the track structure are carried
out independently, while others are done incident to welding
procedures. Welding will, therefore, be considered first.
The procedures to be examined are:

1. Rail end welding -- may be done by either the
oxy-acetylene or electric arc process.

2. Engine driver burn welding -- done by the oxy-
acetylene process.

3. Switch point welding -- done by the oxy-

acetylene process.



4. Frog welding -- Manganese castiras done by the
electric arc process. Other portions may be
done by the oxy-acetylene process or the
electric arc process.

5. PRail end butt welding (in track) -- done by
the thermit process.

6. Rail end hardening -- done by the oxv-
acetylene process.

7. Cutting of rail and other steel parts -- done
by the oxy-acetylene process.

THE OXY-ACETYLENE WELDIMG PROCESS

Acetylene is a combustible gas. When burned in com-
bination with oxygen in proper proportions and pressures,
an extremely hot flame is produced. Oxy-acetylene flames
are capable of cutting through, fusing together or heat
treating steels and other metals. The oxy-acetylene
process is highly versatile, having many practical appli-
cations. Oxygen and acetylene are commonly stored at
high pressures in portable cylinders. The ability to
readily bring these materials and the other equipment used
in oxy-acetylene welding to a job site adds to the useful-
ness of this process.

OYYCEN AND ACETYLEHE CYLINDERS

Oxygen cvlinders are characteristically long and of
relatively small diameter. The usual dimensions are 57
inches in length and 9 inches in diameter. Vhen comrletely
filled with oxygen, these cylinders are pressurized at
2,200 pounds per square inch and weich about 175 pounds.
Figure 1 illustrates a typical oxygen cylinder.

These cylinders are not designed to be kept in a
vertical position, unless they are supported in a manner
that will prevent them from fallina over. When laid in a
horizontal position, they must be secured, if necessary,
to prevent rolling.

Acetylene cylinders are considerably different from
oxygen cylinders. Acetylene in its free form should not
be stored at pressures above 15 pounds per square inch,
in the interest of safety. To safely overcome this
limitation, and to get practical gquantities of acetylene
into a cylinder, the acetylene is stored in a different
manner. The cylinders are packed with a porous material.
The openings of this material are then filled with acetone,
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The Linde oxveen
cvlinder is made from a scam-
less steel shell and. when full.
contains 244 cu. {t. of oxygen , ;
at 2.2co lb. per sq. in. pressure Linde Div.
at ;o deg. T.

Courtesy Union Carbide Corp.

Fig. 1

a liguid chemical. Acetone has the akility to absorb
large quantities of the gas acetvlene. In this dissolved
condition, acetylene can be stored safely.

It is important, both in use and in storage, to keep
acetylene cylinders in a vertical or near vertical position.
This is necessary to keep the liquid acetone awav from the
valve at the top of the cylinder. Acetylene cylinders
are not as long as oxygen cylinders and are larcer in
diameter. This vermits them to be stored and used in a
vertical position when on a solid, level foundation and
not subject to being bumped. Tigure 2 depicts a tvpical



acetylene cylinder. When being transported, either by
truck or by on-track equipment, they must be supported
acgainst falling. 2 full size acetylene cylinder will
have a pressure of about 225 pounds per sauare inch when
full, and will weigh about 240 pounds.

Acetylene c¢yvlinders are packed
with a porous filler which contains acctylene Courtesy
which is dissolved in acetone.

Fig. 2

Care must be exercised in the use and storage of
oxygen and acetylene cylinders, both hecause of the
pressures involved and the nature of the gases. The
pressures which have been indicated are for full tanks at
70 degrees Fahrenheit. Excessive heatino of the cvlinders
can produce leaking or an explosion of the cvlinder. They
should be stored away from fire hazards, furnaces, radiators,
or steam pipes.

They should not be subjected to rough handling, drop-
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ping or falling over. Care must be exercised to avoid
damage to the valve. When a cap is provided, it should he
kept on the cylinder whenever it is not in use.

A leaking cylinder should never be used. If a
cylinder leaks with the valve closed, it should be moved to
an outdoor location away from any source of ignition. The
valve can then be opened slightly, so that the acetylene
can escape slowly. When empty, the tank should@ he marked
defective, kept separate from other tanks and the manu-
facturer notified.

OXYGEN AND ACETYLEME REGULATORS

It has been shown that it is necessary to store oxyaen
and acetylene in the cylinders at high pressures, in order
to get practical quantities of the gases in the containers.
These pressures are not practicable for use at the welding
torch or blowpipe. Working pressure of acetylene must
not exceed 15 pounds per sguare inch. Oxygen pressures
which are used may at times be higher, but still at relative-
ly low pressure. It is, therefore, necessary to provide
a means of reducing the pressures of the gases as they
leave the cylinders to the desired working pressures. The
pressures desired are not always the sare for all types of
work. A means of adjusting to the desired pressure is
needed.

As the gas within a cylinder is used, the pressure
within a cylinder érops. If the working pressure drooppe-r
correspondingly, this would have an unsatisfactu.v effect
on the welding. A means of providing constant working
pressure is needed. These are the functions of the
oxygen and acetylene regulators. Fiocure 3 pictures an
oxygen regulator and Figure 4 an acetylene regulator.
Each has two gauges; one indicates cylinder pressure, and
the other indicates the working pressure.

Regulators can be readily damaged through rough
handling. Damaged regulators can be dangerous, if they
permit the uncontrolled escape of the gas. Damage durinc
the course of a job can also make the entire set of
welding equipment unavailable at a time when you are de-
pending on it. Regulators can also be damaged bv opening
the cylinder valve guickly, and exposing the regulator
to sudden high pressure. 2Always open cylinder valves
slowly. Suspected leakage of gas from regulators can be
detected by using socap and water. Regulators known or
suspected to be defective should be inspected and repaired
at a repair station authorized by your emplover.



The Oxweld R-66 accty-
lene regulator is similar in its op-
erating principles to the oxygen

This is an Oxweld R-64

oxygen regulator, used for. welding regulator. but is not designed for
operations. ‘An 8'65 cutting regu- as high-pressure operation. The
lator is similar in appearance ex- ; nut for connecting to the acetviene

cept that the right-hand gauge face . . cylinder valve has a leit-hand
is graduated to 200 or 400 Ib. per Courtesy Union Carbide thread. which is standard practice

sq. inch. Corp., Linde Div. for acetylene regulators.
Fig. 3 Fig. 4

HOSES

Specially designed hoses are regquired to connect the
regulators to the torch or blowpipe. Figure 5 shows
typical hoses. Red is the standard color used for acety-
lene hose and green for oxygen hose. Hose connections
are marked as being for oxygen or acetvlene. The oxygen
hose connections have right-hand threads and the acetylene
connections have left-hand threads. This prevents using
the oxygen hose for acetylene and vice-versa.

Oxweld double hose is actually two
pieces of hose joined by a web. This ar-
rangement eliminates the breakdown of the
adjacent sides of the hose walls and conse-
quent intermingling of the gases.

Fig. 5
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Hoses should be inspected about once a week for-
leaks. This can be done by immersing the hose in water
while connected with normal working pressure.

Various welding operations require different types of
flame. It is not necessary for the Track Foreman to have
a complete knowledge of flames and welding technigues. It
may be sufficient to understand that oxy-acetylene welding
flames can be classified into three groups:

Neutral flames -- with equal amounts of oxyaen
and acetylene.

Carburizing flames -- with an excess of acetvlene

Oxidizing flames -- with an excess of oxygen

The flame is controlled by the blowpipe or torch. Both
the green oxygen hose and the red acetylene hose are con-
nected to the blowpipe. The oxygen fitting has a right-
hand thread and the acetylene fitting has a left-hand thread,
so that they cannot be interchanged. There are valves
adjacent to each hose connection so that the flow of each
gas can be controlled independently. There will be inter-

s
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Injector Nozzle \Acetylene

Key
O Oxygen
B Acetylene

I Mixed Gases
This injector type Oxweld W-17 blowpipe illustrates a blowpipe designed for both low and medium-
pressure operation. The injector used in this blowpipe is shown in Fig. 36.

Courtesy Unton Carbide Corp., Linde Div.
Fig. 6
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changeable tips provided, with various size openings, to

accommodate different types of work. The oxygen and P
acetylene are mixed within the blowpipe. The amount of each

gas will depend on the blowpipe valve settings and the

regulator pressures. Figure 6 illustrates a welding hlow-

pipe.

Cutting blowpipes are somewhat different. In addition
to providing for the mixing of the gases, as is done in the
welding blowpipe, a separate supply of oxygen is passed
through the blowpipe. This is ejected through a separate
hole in the tip adjacent to the hole from which the mixed
gases escape. The mixture of oxygen and acetylene is
required to heat the metal. After sufficient heating, the
separate supply of oxygen is regquired to cut the metal.
Figure 7 illustrates a cutting blowpipe.

Mixed gasek

for Prehea?t
Flames B Acetylene
Mixed Gases

The gases for the preheating flames in the Oxweld C-31 cutting blowpipe are mixed by the injector principle. Injector principle
blowpipes can be operated from low-pressure acetylene generators as well as from medium pressure supplies.

Courtesy Union Carbide Corp., Linde Div.
Fig. 7

While these tools are of fairly rugged construction,
it is possible for leaks to develop. A blowpipe should
never be used if it is leaking. If dirt gets into the hose
connector fittings, leakage may result. It may also damage
the threads. If any part of a blowpipe is suspected to
be leaking, soap and water can be used to detect a leak.

Here are some tips for using oxy-acetylene eguipment s
safely:

10



Avoid rough handling of cylinders. If necessary
to handle with hoisting equipment, never use

a magnet or sling. Place them in a suitable
container from which they cannot fall (see Figure
8).

Do 10t move
cylinders with apparatus
connected. Use a safe

cradle or hoat—never a Courtesy Union Carbide Corp.,
sling or electric magnet, Linde Div

Fig. 8

The welder and other employees near the work
must wear proper goggles.

Use a friction lighter to light blcwpipes, not
a match,

Keep cylinders away from excessive heat.

Don't release acetylene where it might cause
fire or an explosion.

Never use oxygen as a substitute for compressed
air.
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7. Never lubricate any part of the oxy-acetvylene
apparatus.

8. Never use acetylene at a pressure in excess of
15 pounds per square inch.

9. Never use equipment which has a leak.

1¢. Never hang a blowpipe or hoses on regulators
or cylinder valves.

ELECTRIC ARC WELDING

Electric arc welding is the only suitable method for
some types of welding, such as the welding of manganese
frogs. In other situations, it is optional. RPRail end
welding is an example. Electric arc welding can be more
economical than oxy-acetylene welding, particularly where
there is a large volume of work.

It is not always as convenient to make the necessary
electric arc welding equipment available at a job site, as
it is with oxy-acetylene eguipment. A generator is
required to produce the needed electric current. This
consists of high current (or amperage) at relatively low
voltage. The generator is normally powered hy an internal
combustion engine. The generator set may be truck mounted,
trailer mounted or mounted on an on-track piece of eguipment.
Feavy wire cables are used to carry the current €from the
generator to the point of work. The end of one cable is
clamped to the frog or rail to be welded. The end of the
other cable is attached to the welding rod.

If there are access roads convenient to the track
location where the work is to be performed, rubber tire
equipment can function efficiently. If a job is to be
done such as welding all rail ends in a stretch, and
absolute use of track can be obtained, on-track generators
will serve nicely. Consider a job such as a froa, which
is to be welded, which is a considerakle distance from an
access road. Rail traffic is heavy, and on-track equipment
is not practicable. In this case, a generator must be
loaded to on-track equipment, transported to the work site
and unloaded adjacent to the work. When the job is completed,
the process must be repeated. Usually, hoisting eguipment
must be made available. This can be much more cumbersome
than moving oxy-acetylene equipment which can frequently
be done by two workers.

WELDING RAIL ENDS

This type of welding involves depositina additional
steel on the head of rails, close to the ends of the rails.

12
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The purpose is to restore a smooth running surface to the
rail head in the rail end area. This procedure is used

to eliminate batter and chipped ends and to make a smoother
transition where vertical mismatch exists.

The irregularities which develop on the running sur-

face of the rail head can be measured with a steel straight-

edge and either feeler gages or a taper gage. Measuring
procedures vary between railroads. You should determine
what standards your railroad has for:

Length of straightedge to be used
Positioning of straightedge
Minimum depth of buildup

Maximum depth of buildup

Maximum length of weld

Method of marking weld limits

Once you become familiar with your company's standards,
you can determine minimum limits at which welding is
justified as well as maximum limits at which it is permitted.
You will then be able td make recommendations for rail end
welding based on actual conditions, rather than on judament.

There are two general types of situations in which-rail
end welding may be employed. OCne of these involves random
conditions in which one or more joints recuire welding.
Examples of this would include the case where a defective
rail has been replaced with a rail having a head that does
not match well with the adjacent rails. 2nother example
would be where a joint has become battered much more than
other joints in the area. Isolated joints like these do
not lend themselves to high production methods. Getting
the welding equipment to the point of work may be time _
consuming. The welder may not be able to complete-his work
promptly, if other phases of the job are still underway.

At other times, there may be a situation where all or
most of the joints in a stretch of track are battered to
the extent that a welding program is recommended and approved.
This type of job requires organization of the work so that
it progresses smoothly. The welding may be done by either
the electric arc or oxy-acetylene process. Electric arc
welding will be somewhat faster, if the equipment can be
kept at the point of work, either by exclusive use of track
or by parallel access road. If oxy-acetylene welding is
used, a procedure should be set up for efficient handling
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of the cylinders, since an extensive project will require a
sizable number of them.

Regardless of whether a random joint or a programmed
stretch is to be welded, any other defects in joint main-
tenance should be corrected prior to welding. Loose bolts.
should be tightened. Worn or cracked joint bars should be
replaced. Joint ties, with defects that result in poor
support should be replaced. The joint should have good
surface and be well tamped. If there is an excessively
wide rail end gap, this should be adjusted. The existence
of any of these conditions probably contributed to the
battered condition, and if not corrected, the battering
process would repeat itself.

The intention in welding rail ends, is to restore the
running surface to conform to the rail head contour, as
it exists beyond the battered area. The weld does not
restore the rail head to the contour it had when new,
unless this is the condition which exists beyond the hatter.

The process of depositing welding steel on the rail
head will not result in the smooth running surface which
is desired. This must be accomplished by orinding. Veld
metal is applied so that the surface is slightly higher
than required. The surface can then be brought to the
desired level by grinding. Final surface can he checked
with the same equipment used to determine the extent of the
batter. Your railroad may also specify tolerances permitted
in the final job.

Part of the grinding process should include rail end
cross-grinding. To do this properly, the welding should
extend full height to the end of the rail. Mo attempt
at beveling should be done while welding. This is accomplished
by cross-grinding. Neither the surface grinding nor the
cross-grinding should be done until the surface has cooled
so that a hand can be held to it.

ENGINE DRIVEP BURN WELDING

Engine driver burns are caused by slipping drive wheels.
They heat the portion of the rail head with which thev are
in contact sufficiently to permit the slipping wheels to
displace some of the steel. 1In addition to the depression
which this causes, there may be upset metal adjacent to the
depression, in the direction toward which the wheel is
spinning.

Severe depressions or numerous burns within a rail

14



length are cause for replacing the damaged rail. 1In less
severe cases, the rail can be repaired by welding. The
oxy-acetylene process is normally used for this work.

If there is upset metal present, this should be re-
moved first, by grinding. Within the depressed area,
the surface metal has been damaged due to excess heating
and uncontrolled cooling. This should be removed by
grinding, before any welding is done. As grinding pro-
gresses, small shatter cracks may be detected within the
rail head. Grinding should proceed until all such cracks
are removed. If grinding extends too deeply, the rail
will have to be replaced or protected with joint bars
after completion of the welding. Unless your railroad
specifies some other limit, it is recommended that the
depth at which this becomes necessary should he 3/8 inch.

When depositing the welding steel to kuild up the
depressed area, it is necessary to avoid overheating the
rail. Overheating can lead to a permanent saag in the
rail, particularly if a train passes over it while hot.
The temperature which the rail attains in the vicinity
of the work depends on the length of time that the
welding flame is applied to the work. 1In the case of
long burns, it is necessary to stop after completing part
of the weld, and allowing the rail to cool before pro-
ceeding. This is no real detriment to the progress of
the wurk, since engine burns oOccCur in groups, and the
welder can rotate hetween the various hurns in the group.
If your company does not specify otherwise, it is
recommended that the maximum length of weld be limitea
to 3 inches, until the rail has cooled so that it can be
touched.

Surface grinding is necessary to provide a smooth
running surface. Sufficient welding steel must be applied
to permit grinding. Grinding should only be done after
the rail has cooled. The grinding operation should restore
the affected area to the same contour as the surrounding
POsvion of the rail. :

SWITCH POINT L DING

Many railroau. repair the tips of switch points that
are worn, chipped, Cl..ked or broken, by welding. On some
lines this is permitted i zpy track, regardless of the
allowable speed. Other rauv,5sds restrict this practice
to slower speed tracks; SOMe iw.jt jt to yard tracks. In
addition to determining what your -~mpany permits, you
should also find out the maximum lenyw ¢ weld permitted.
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Before a switch point is welded, any lip on the stock
rail or back side of the switch point should be removed
by grinding. The switch point should then be adjusted, if
necessary. If the switch needs surfacing, this should be
done before welding.

All defective steel must be removed before welding
begins. This is done by grinding with the switch point in
the open position. This may cause the switch pqint to be in
a condition which renders it unsafe for movement of trains,
until the full point is restored. You must establish a
proper understanding with operating personnel, so that
the route can be removed from service during progress of
the work, if its condition so regquires.

.When it appears that grindina has progressed to sound
metal, a careful inspection must be made to see if any
hairline cracks remain. If all cracks cannot be removed,
arrangements should be made to replace the switch point.
It may be necessary to restore the point to service
temporarily, by welding, until a replacement switch point
can be obtained.

Most welding of switch points is done by the oxy-
acetylene process. W%Welding steel is applied to the switch
point while in the open position. VWork should begin at
the tip and work back toward the undamaged portion. It
may be necessary to close the switch point occacsionally
to be certain that tlhie weld metal does not interfere with
the proper clesing of the point.

The welding operation must result in the placement of
sufficient steel to provide a full contour switch point
after grinding. Upon completion of the welding, the tio
should be heated until cherry red. The switch point is
then thrown to the closed position, and the heated portion
is hammered to provide a goocd fit against the stock rail.
After grinding, the point should have a prover taver. A
blunt taper increases the risk of a wheel climbing the
point. A thin tip increases the chance of hreaking. The
tip should be properly rounded and of the proper height
in relation to the stock rail. A point with verti~1 taver
may provide the opportunity for a wheel to climr ©On top.

FROG WELDING

The portions of most frogs that £8Ce€ive the most
severe service is in the area whe-¢ Wheel loads are
transferred to and from the r <Nt and the wing rails. This
can result in vertical we--¢ CIushing, chipping, cracking
or breaking out of a ~-+tion of the running surface. At
times, the rail er-- @t the toes and heels of frogs,
require weldir- 10r reasons simllar to ordinary rail joints.
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The guarding faces of self-cuarded frogs, sometimes reguire
welding because of wear.

The portions of a frog constructed of open-hearth
steel may be welded by either the oxy-acetylene process
or the electric arc process. This includes any part of
a bolted rigid frog, or the heel and toe joints of a
rail-bound manganese frog. Any portion of a frog con-
structed of manganese steel can only be welded by the
electric arc process.

Many frogs can be welded in track, while rail
traffic is maintained, or by obtaining exclusive use of
track for a period of time. Some frogs contain defects
of such extent, that removal of the defective metal,
would render the frog unsafe for traffic for a longer
period of time. A frog in this condition should be re-
placed. Frogs with defects that cannot be welded under
traffic, can frequently be welded after they have been
removed from track. Many railroads do this work at a
central shop.

Before welding a frog in track, all bolts should
be tightened. 1If needed, the frog should he surfaced.
The frog may be floating, or moving laterally, because
of spike-killed ties. If this condition exists, it
should be corrected.

Before starting the welding, it is necessary to
remove any defective steel. This can be done with a
grinder. It can also ke done by electrode cuttinc. If
the latter method is used, the surface must be around
before welding is started. 1If the reason for weldino is
worn surfaces ané not defective metal, it is necessary
to remove the work-hardened surface to a denth of at
least 1/8 inch before beginning the welding.

While engaged in removal of defective metal, and
depositing weld metal under traffic, relative elevations
of the wings or risers and the point must be maintained
in a manner that will avoid wheels impartina a heavy
impact to the frog, as they pass over it. Weld metal
must be applied so that there is enough to permit grindincg
the surface to provide the proper contour.

THERMIT WELDING

This process is used to weld adjacent rails together,
in track. This creates a continuous rail, eliminating
rail joints where the process is used. The most common
use of this procedure is to join adjacent strings of
continuous welded rail together. Thus, it is possible to
elininate all non-insulated joints over long stretches.
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Thermit welding has several other useful applications
in track work. It can ke used to eliminate rail joints
within grade crossings. Some crossings have highway traffic
conditions that preclude closing more than half of the
crossing at a time. In these situations, half of the cross-
ing can be reconstructed and restored to traffic. Vhen the
second half is rebuilt, thermit welding can eliminate rail
joints in the center of the crossing.

When a defect develops in a string of CWR, a lenath
of rail can be cut out to eliminate the defect. Each end
of the piece of rail which is installed, in place of the
rail which is removed, can be thermit welded, so that joints
are not introduced into the CWR stretch. Some railroads
prefer to fabricate adhesive type insulated joints in a
shop, rather than in track. These assemblies, consisting
of two rails joined by the insulated joint, can be set
in track with the ends being thermit welded.

Thermit welding is also useful in the elimination of
rail joints within turnouts. One example is the practice
sore railroads employ of eliminating frog toe and heel
joints. It is also useful in eliminating the joints
between adjoining sections of turnouts constructed by the
panel method.

‘There are several companies that manufacture the
materials needed to make thermit welds. Each has certain
differences from the others, but most parts of the process
are similar. Unlike the procedures used in a welding plant
where CWR strings are made, the rail ends are not butted
tightly together. Each manufacturer specifies a certain
gap that must exist between the rail ends to be thermit
welded. These gaps range from 5/8 inch to 1 inch, depending
on the brand used. The welding is accomplished by intro-
ducing extremely hot, molten filler metal into the gap
between the rail ends. A mold retains the metal within the
gap until it hardens. Vhen it cools, it fuses to each of
the rail ends.

It is not the intention in this lesson to instruct
you in the making of thermit welds. This should be done
by an employee who has been gqualified in the technicues for
the particular type of kit being used, by a competent
instructor. There are several phases of the work 'in which

Track Foremen are frequently involved. These will be examine?d.

At times, it will he necessary to shift a tie away from
the location where a thermit weld is to be made. This is
necessary to provide clearance for the mold which is fitted
around the rail ends to retain the molten metal. You can
soon become familiar with the amount of clearance reauired
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for the type of kit being used.

The need for a specific gap between rail ends has
been mentioned. At times, it mav be necessary to cut out
a small amount of rail to provide the proper gap. In other
instances, it may be required to draw rail ends together
to attain the desired opening. It is then necessary to
prevent changing thermal forces from either increasing or
decreasing the rail end gap, during the period of pre-
paration and welding. This can be accomplished by the
use of a special jack assembly which is attached to both
rails. These assemblies keep the adjacent rails the same
distance apart, without infringing upon the clearance
needed for the welding ecuipment.

If one or both rail ends have to be cut in order to
provide the proper set-up, the cutting can be done with
either an oxy-acetylene torch, a saw or an abhrasive disc.
The cuts must be square to the running surface. Torch
cuts must be reasonably smooth. 21l burrs must be removed
from the rail ends. The weld must be completed within one
hour of making a torch cut to prevent the formation of
shatter cracks.

The preparation should provide for obtaininc a close
fit of the mold and minimal contamination. Any rail head
lips should be removed from relay rail. Grease, dirt,
loose rust or mill scale should be removed from the portion
of the rail that will be within the mold. There must not
be any moisture on the rail.

The rail ends must be well matched. If relay rail is
used, the running surface and gage side of the rail heads
must be matched. Proper vertical anéd horizontal alinement
must be secured, in advance of welding, and not be disturbed
during the work. If the two rail ends form a dip, crown
or lateral kink before welding, this defect will bhe permanent
after the weld is made.

After these preparatory steps, the welder can proceed
with setting up the eguipment and making the weld. The
mold is applied to the rail ends. The mold must be luted
or sealed to the rail. A mixture of 4 parts of locomotive
sand to one part of western bentonite with a minimum of
moisture makes a satisfactory material.

The materials used to form the filler metal and to
provide 'the heating reaction are placed in a crucible on
top of the mold. Some of the processes recuire the rail
ends to be preheated by flame. Others, accomplish this
by the manner in which the molten material is introduced

into the mold.
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When the materials in the crucible are ignited, the
reaction produces a very high temperature -- almost 5000
degrees F. As the reaction in the crucible progresses,
slag separates and rises to the top, leaving the molten
filler metal in the bottom of the crucible. Some of the
systems in use have to be tapped manually, to allow the
molten metal to enter the mold. Other processes are
self tapping. When the material has cooled sufficiently,
the mold and crucible are removed.

The next phase of the work is to remove excess filler
metal from the rail. This can be done with a chisel, with
a grinder to provide the finished surface, particularly
on the rail head. A cutting torch must not be used in
this operation.

Thermit welding needs to be done under the direction
of someone well trained in the process being used. There
are several operations involved which are basic to track
labor. At times, several track laborers may be assigned
to assist in this work, so that the welder can attain
maximum productivity.

RAIL END HARDENING

New rail which has bolt holes drilled at the mill
is normally end hardened at the mill. If the rail is
shipped without bolt holes for welding into CWR, it is
not end hardened. There are times when it is necessary
to cut and drill rails at the job site. This is particularly
true around turnouts arnd other special trackwork, and for
the proper location of insulated joints.

Rail ends cut in this manner should be end hardened,
to reduce the tendency to become battered under traffic.
The end hardening should be done promptly upon installing
the rail in track.

It is not necessary to end harden special heat treated
rails, nor rail ends which are to be thermit welded. Relay
rail has a greater surface hardness than new rail because
cf the cold rolling effect of previous traffic. End
hardening is not generally performed on relay rail.

The process of end hardening involves heating the
first few inches of the rail end with an oxy-acetylene
welding blowpipe, to a temperature of about 1550 degrees F.
To be effective, this heating should be done guickly. The
rail end should then be allowed to cool rapidly. Use of
a shield or box on the rail head is desirable. This is
for the purpose of retaining as much of the heat as possikle
on the area being worked. The heated area will cool more
rapidly if the adjacent portion of the rail does not have



a chance to warm up.

The heating process will normally take less than a
minute. The shield is then removed to promote rapid cooling.
" The welder can confirm his judgment of temperature by the
use of a Tempilstik.

OXY-ACETYLENE CUTTING

The oxy-acetylene cutting blowpipe or torch is an
extremely useful tool in trackwork. It is widely-used in
cutting rail. Bolts which have become too rusted to remove
with a wrench can readily be cut off by this process.

Many other uses occur in special situations.

While this provides a quick method of cutting rail to
a desired length, there is a disadvantage. Sometimes
small shatter cracks develop along the cut edge. These
are not visible immediately after the cutting operation.
They can grow under traffic, and in time, can cause a broken
rail. For this reason, many railroads permit rails to be
cut by this method, only if they are to be used in slower
speed tracks.

Once a rail is cut, it is necessary to provide bolt
holes adjacent to the new rail end. It is sometimes a
temptation to cut the bolt holes with this method, rather
than to use the much slower process of drilling the holes.
There is a considerable likelihood of broken rails develop-
ing from holes cut with an oxy-acetylene torch. 'It is not
good practice to make bolt holes by this method.

BUTT WELDS

Lengths of continuous welded rail are fabricated in a
central shop; therefore, the Track Foreman normally does
not get involved in these operations. The presence of these
welds in track may be of some concern to him, though.
Procedures vary between railroads as to the amount of grind-
ing that is done to remove upset steel in the weld area.
The rail head area will be ground to a smooth finish. If
the underside of the rail base is not completely finished,
each weld must be over a tie crib. This will necessitate
shifting some ties. Should the rail creep, this upset
metal will cause problems when the weld reaches the closest
tie.

Normally, complete removal of upset metal is not carried
out on the web, the top of the base or underside of the head.
Should it be necessary to install joint bars for anv reason, such
as a broken weld, the weld area must first be ground smooth.

The weld can also create problems around switches. It is
necessary to avoid welds where switch points fit against a
stock rail base, or within the limits of heel blocks.
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PART 2 -- GRINDING

TYPES OF GRINDERS

.There are several types of grinding machines in general
use for track work. Most of them are powered by gasoline
engines. Figures 9, 10, and 11 show three types which are
widely used.

The grinding machine shown in Figure 9 is used for
rail end cross-grinding. With a machine such as this, cross-
grinding can be done neatly and accurately. The carriage
upon which this machine is mounted, permits the engine and
grinder to be readily positioned over either rail.

3 e Paa e s YR — "y
Courtesy Railway Track-Work Co.
Fig. 9

The. grinder illustrated in Figure 10, is highly
effective for removing lips from the gage side of stock
rail heads and from the back side of switch points. Where
it is desired to provide a recess in the side of the stock
rail head to better protect the switch point, this type of
grinder is the preferred machine to use. This machine can
serve as the power source for a flexible shaft attachment,
leading to a grinding head similar to the one shown in
Figure 11.

The type of grinder pictured in Figure 11 is highly
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4 Fig. 10
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Courtesy Railway Track-Work Co.

/'& Figo ll
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versatile. It is shown here as it might be used on a

frog. This type of grinder can remove defective metal

prior to welding a frog. It can provide the final finish
after a frog has been welded. It can also remove lips

from the gage corners of a frog running surface when welding
is not regquired.

The flexible shaft type grinder shown in Figure 11
can also be used for grinding incident to the repair of
engine burns and to finish welded rail ends. It is useful
for work incident to the welding of switch points. This
type of machine can remove excess metal around thermit welds
or butt welds.

CUTTING BACK SWITCH POINTS

Some railroads employ another procedure to repair switch
points in addition to or instead of, welding. A thin,
chipped, cracked or broken switch point can have the head
portion of the tip removed by grinding. A new tip is formed
at the location where the removal of the head stops. The
gage side of the switch point head must be retapered beyond
this point by grinding, to avoid a blunt point. Much cutting
back of switch points is done to the extent of a 6 inch to
12 inch range. In addition to determining whether this
procedure is recommended on your railroad, you should find
out the allowable limits, should this practice be used.

CARE CF GRINDING WHEELS

If misused, a grinding wheel can be a hazardous tool.
Grinding wheels rotate at high speeds. Should one dis-
integrate while in use, fragments may fly off in un-
predictable directions. It is necessary to observe certain
precautions in handling grinding wheels, to maintain them
in a sound condition.

Grinders should always be operated with the hood or
shield designed for the type of wheel being used in place.
The operator should be aware of the speed at which his
grinder is operated. Grinder speeds are rated in revolu-
tions per minute. This can be checked with a tachometer.
Grinding wheels must never be operated at speeds greater
than that for which they are rated.

A grinding wheel). with a crack must never be used.
Cracks may not be visible to inspection. Avoid bumping
a grinding wheel. A wheel may be bumped from moving
the machine with the wheel attached. Placing a grinding
wheel in a vehicle or storage compartment where other
tools or material may be thrown against it, can cause a
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crack. Suspend a wheel and listen to the sound which is
made when it is tapped lightly with a tool such as a
screwdriver. Once you learn to recognize the sound of

a good grinding wheel, you can use this test on any wheel
suspected of being defective.

Grinding wheels should not be used if they are
vibrating. Determine whether it is improperly mounted.
If the vibration cannot be corrected, do not use the
grinding wheel. Grinding wheels tend to absorb moisture.
Should a portion of a wheel absorb some moisture, it
may be off-balance, causing it to shatter when used. Store
in a dry place where it won't be exposed to the elements.
If necessary to leave the machine outdoors when not being
used, remove the grinding wheel and store it where it will
be protected. Never lay a grinding wheel on the ground.

CONCLUSION

The welding and grinding procedures which have been
discussed in this lesson are the princival ones encountered
in track work. You may have occasion to become acgquainted
with some less frequently used procedures, but the

"principles are similar to those contained in this lesson.

This lesson has not covered all details which welders
and grinder operators should know concerning the operation
of their eguipment. What has been covered, is that which
a Track Foreman should know, so that he can properly direct
such work to be done, and know whether it is done in a safe
and proper manner.
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LESSON 14
EXERCISE QUESTIONS

What welding process would be used to repair a solid
manganese self-guarded frog?

Vhat is the approximate weight of an acetylene cylinder
when full?

What is the name of the device which is used to reduce
the pressure in an oxygen or acetylene tank to a
suitable working pressure?

How can leaks in oxygen or acetylene hose be detected?

How do the fittings on oxygen and acetylene regulators,
hoses and blowpipes differ from each other?

When a battered rail end is welded, when should surface
grinding and cross grinding he carried out?

What is the recommended maximum depth of weld to repair
an engine driver burn?

When building up a switch voint by welding, what position
should the point be in?

‘What tools may he used to remove excess filler metal

from a thermit weld?
Answer the following questions TRUF or FALSF

The flexihle shaft type grinder is used to rerove defective
metal in preparation for welding a frog.

"here oxy-acetylene cutting of rail ends is permitted,
bolt holes may be cut in the same manner.

The joints at the ends of strings of CWR do not have
to be end hardened, if it is intended to thermit weld
them.

Prior to thermit welding relay rail, anvy lip on the
field side of the rail head must be removed.

(Exercise questions continued on next paqe)
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14.

15.

1le.

17.

18.

After welding a switch point, any lip on the gage side
of the stock rail should be removed by grinding.

2 major consideration in welding engine burns is to
avoid overheating the rail.

When welding rail ends, the joints should be surfaced
upon completion of the welding.

WVorking pressure for acetylene should not exceed 15
pounds per sqguare inch.

Cxygen cylinders should always be kept in a vertical
position.

Sukmit your answers to these questions to The Railway

Educational Bureau in the prescribed manner. Pe sure

to include your name, file number, address, company's

name, and lesson number in the upper right hand corner
of your paper.
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10,

10.1

10.2

System
SD1

TRACKWORK

Tie and Ballast Track

Ballasted track will be located throughout the mid-corridor
segment, except in intermittent at-grade street crossings. This
type of trackwork will consist of 115 Ib/yard tee-rail welded in
continuous lengths, concrete ties, a minimum of 8-inch deep sub-
béllast and 12-inch deep ballast (Figure 10-1). Rail fasteners for
both .tie and ballast and embedded tracks will consist of spring
clips fastened to the tie. A resilient pad will provide a cushion
between the rail and tie. The track gauge on all tangent track

sections will be a standard 4 feet, 8% inches.

Embedded Track

Embedded or paved track will be used in downtown city streets
and in some mid-corridor grade crossings. The recommended
design for on-street alignments in downtown Los Angeles and
Long Beach consists of 128 Ib/yard girder rail on concrete ties,
with asphalt surfacing (Figure 10-2). Several segments in
Long Beach call for surfacing with architectural treatment, and the
recommendation is to use paving block surfacing with tee-rail,
concrete ties, and ballast. Rubber filler around the rails will be
used to provide good electrical resistance between the track and

ground.

The recommended design for paved tracks embedded in some of the
mid-corridor grade crossings calls for tee-rail, with asphait paving
and concrete ties. The use of girder rail is not recommended
since it would involve cutting continuously welded strings of

tee-rail.
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10.3

10.4

11,

System
SD1

Special Trackwork

The term "special trackwork" refers to all of the track elements
required to divert a train from one track to another. . It includes
turnouts-, crossovers, rail crossings, and pocket tracks, which are
necessary for permitting flexible operation of the ‘system during

different periods of the day or during emergencies or failures (see

Chapter 4).

The ‘mmainline route schematic (Figure 10-3) shows the proposed
locations of seven crossovers and one set of pocket tracks, the
latter of which provides for temporary train storage between the
double tracks. All special trackwork will use tee-rails, wooden
instead of concrete ties, steel tie plates with spring clip fasteners,
and special assemblies involving switches, frogs, crossing angles,

and guardrails.

Direct Fixation

This technique will be used in the subway segment of downtown
Los Angeles and on all grade-separated or aerial sections. Tee-
rails will be connected directly to concrete slabs by resilient
fasteners (spring clips), and no ties will be required. Either one
continuous concrete slab will be poured, or two separate blocks
will be provided in a second pour to support the rails. If
required to meet noise limitations, the use of floating slabs or

other vibration-damping measures will be considered.

STATIONS/STOPS

Station/stop locations have been shown on the mainline route

schematic (Figure 10-3). A shelter stop is distinguished from a

38 08.15.5
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station on the basis of unrestricted passenger access onto a safe
area (e.g., city sidewalks). The downtown Los Angeles stops
(except 7th/Flower) and the Long Beach stops are therefore con-
sidered to be shelter stops. Some of the at-grade mid-corridor
stops may also be so designated. Seventh/Flower, elevated mid-
corridor stations, and the remainder of the mid-corridor stops will

be classed as stations.

'Stat-i"t‘)ns/stops are listed in Table 11-1 with information such as

vertical alignment -- at-grade, aerial or subway -- placement in
the right-of-way, platform configuration, and availability of
parking. In general, these locations have been selected because
they 1) provide reasonable station spacing for maximizing service
coverage and operating speed, 2) provide cross-corridor bus
connections, 3) serve major sources of ridership, and 4) are
highly visible. A typical station concept design is shown on

Figure 11-1,

Platforms

Platforms will be designed to accommodate 2-car trains (210 feet),
unless they are located in special -- aerial or subway --
structures. The latter structures will have the potential to accom~
modate 3-car trains (280 feet). High-level platforms, which are at
the same level as the light rail vehicle floor (39 inches above the
top of rail), will be used at all station locations. At-grade and
aerial stations will have center platforms, where passengers will
wait for trains arriving from either direction. The 7th/Flower

Station will have side platforms.

L0 Revision No. 2
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Timber crossing panels from Koppers
have provided years of maintenance-
free service in countless installations
on public highways, railroad yards
and industrial plants. Over the years,
the Koppers brand has become
synonymous with durable crossing
panels throughout the railroad indus-
try. Now Koppers offers two types of
prefabricated panels, plus optional
features which will make for an even
smoother crossing.

Select your model

Koppers can provide Premium Grade
or Industrial Grade crossings, each
with its own features and advantages.
Optional features such as engineering
fabric, crossties, spring-loaded drive
spikes and rubber cushions are avail-
able with either one. These options
help to insure a tight, smooth, long-
lasting crossing.

Common features

All Koppers prefabricated timber
panel crossings are made from
selected mixed hardwood or gum
timbers, machined to your
specifications. Wood is pressure-
creosoted for lasting protection
against the ravages of weather, decay
and attack by termites. Panels are
preassembled with drive dowels, four
%" steel dowels to each panel. Indi-
vidual panels are shipped completely
assembled with full installation in-
structions, match-marked so that they
can be identified and installed easily
by work crews.

In the completed installation, traffic
loads are spread over the entire
panel, reducing the stress and flexing
of individual panel members. When
installed properly, Koppers grade
crossings won't sag or spall.

Before crossings are installed, care
should be taken to assure that new
ties and bailast are used and that
good drainage is provided. If repairing
the track becomes necessary after
installation, the panels can be easily
removed and replaced with no dam-
age or loss.

Preassembled timber grade cross-
ing panels from Koppers ...

«are prefabricated for maximum

economy

s are pressure-creosoted for pro-
tection against weathering, decay
and termites
*minimize your installation costs
*minimize your maintenance
expenses
- withstand heavy loads

- «stay level with a stable roadbed
«ride smoothly
«don't sag or spall
-are easy to remove and replace




he importance of grade crossing foundations
nd roadway-to-crossing transitions

s

Whatever type of crossing is ordered,
regardless of its producer, a proper
foundation and good road-to-crossing
transitions are vital to a smooth and
long-lasting crossing. If the foundation
is unstable or if a transition surface
adjacent to the crossing is too high or
too low, bumpiness and reduced
service life are certain.

Properly installed over an adequate
foundation with appropriate transi-
tions, Koppers grade crossings can
provide years of low-maintenance
service. They are, however, no better
than the system around them. See

the installation procedure described
on Page 8.




" e A AL < — s ! o % §
o ugi%’?qw st s RS A sty S SShf 2
4 A : gt x : :

PICAL-PREMIUM GR

T %
awX

5 -t»’“v%’éwq’«wi%x«::a%%




Koppers Industrial Grade Crossings
combine economy and practicality

Panel sizes and types

Koppers Industrial Grade Crossings
are recommended for side tracks of
industrial plants, farm crossings and
other low density traffic areas.

Panels are made from selected
crosstie stock. Standard thickness is
6” or 7" . Qutside panel width is 17"
+ one inch. Inside panel width is 25"
+ one inch. Either four or eight
hold-down spikes are used for each
panel. Panels can be pre-bored if
desired, providing ties are spaced on
193/16 " centers.

Standard panel lengths are 8’ and
6'4% ", Additional crossing lengths
are obtained by using multiples of
these basic units.

Panels may contain two or three
members. They can be placed di-
rectly on the crossties and held by
washers, dome-head drive spikes or
lag screws.

Industrial Grade Crossings are not
prefabricated for curves or with
skewed ends.

Shipping and installation

Koppers panels arrive at the crossing
site ready for immediate installation.

Koppers supplies

«a diagram of the complete cross-
ing. Location of each panel is
shown in detail, including site
preparation and installation
instructions.

-completely assembled panels,
match-marked for easy installation.

+ %' washer head drive spikes or
lag screws of suitable length or
dome-head drive spikes for fasten-
ing panels to the crossties, if
requested.

Quotations and delivery

To obtain quotations and delivery in-
formation, fill out the enclosed Form
FP-718 and mail to your nearest
Koppers Sales Office as listed on the

- back page of this catalog.



Data required

for fabrication of

INDUSTRIAL

grade crossings

(Not recommended for heavy traffic patterns and/or where
small wheeled vehicles are used.)

A—Crossing Location

DATE

B—Number of Tracks

C—Angle of Roadway to track, if skewed.

Degrees.

C-1 Skew is to right (as shown) ]

To Left O

D—Length of Crossing

(8’ and 6/-4%" are standard panel lengths}

1 Width of Crossing Along Track

"

(Measure from one edge of the roadway to the other along rail.)

E—Width of Usabie Roadway

(Please complete other side)




ﬁ\“«\\\\\\\\yw

J—Weight and Section of rail J-1

K—Tie Plate K-1 Thickness

J-2 Panel Thickness Desired

K-2 Length

K-3 Qutside Projection

K-4 Inside Projection

(outside edge of rail base to outside edge of tie plate)

K-5 Depth of Dap to clear spikes

L — Width of outside panels in inches 17" standard width

O—Prebore panels for ties to be spaced on 19%; inches (1.6 ft centers) [] YES [ NO

..0-1 Prebore for [] Four [J Eight Spikes per pane! (see note)

-Do not prebore panels for drive spikes to avoid respacing ties [J

Q—Koppers is to supply installation hardware [] YES O NO
Q-1 Type of installation hardware—check one.
[J Dome-head drive spikes [0 Washer-head drive spikes

] Washer-head lag screws

NOTE: Eight drive spikes per panel are recommended where rail traftic is heavy

or where heavy vehicles will use the crossing.

Preferred Shipping Instructions

R—Double coil spring washers [J YES [ NO
S—Rubber cushion desired J YES O NO

T —Crossties O YES ONO

U — Engineered fabric 0 YES O NO

NAME Mail to your local Koppers Sales Office or to:
Koppers Company, Inc., Forest Products Group
900 Koppers Building, Pittsburgh, Pa. 15219
COMPANY :
KOPPERS
Engineered
CITY STATE ZIP Products

FP-718
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Installation procedure

for Koppers Grade Crossing

1, 2, 3. Before installing panel type
grade crossings, the roadbed at the
site should be completely recon-
ditioned. The ballast and sub-bailast
should be dug out a sufficient dis-
tance below the bottom of the ties,
beyond the ends of the ties, beyond
the crossing and then reballasted with
prepared stone, slag or gravel bailast
meeting AREA specifications. Provi-
sion should be made to intercept
surface and subsurface drainage and
discharge it away from the crossing
area.

4. New rails and crossties are then
positioned. All crossties under the
panels should be treated, sawn ties.

5. After ties are spaced to suit the
crossing (five tie spaces equal exactly
eight feet), ballast is poured to bring
the ties up to grade.

6 P-liast and ties are then properly
d.

", Crossing panels and flange filler
are placed in position according to the

assembly plan. Flangeway fillers
should be installed before adjacent
panels are secured to ties.

8. If panels are not pre-drilled for
drive spikes (to avoid re-spacing of
existing ties), 13/16” diameter holes
are drilled through the panels and
counterbored 2%z diameter x 1%
deep. Field drilled holes and counter-
bores should be flushed with creosote
before installing drive spikes.

9. L.ead holes should be drilled in the
ties for 3" diameter drive spikes,
spaced to suit the holes in the panels.
/15" diameter bit should be used in
hardwoods or %' diameter bit in
softwoods. Holes in ties should be
flushed with creosote before drive
spikes are installed.

10. After drive spikes are installed,
counterbored holes should be filled
with a bitumastic material to keep
water out.

11, 12. Crossing is then ready for
service.
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Optional features

Engineering fabric
The use of engineering fabric will help  ing ballast loss to the subsoil, while
maintain the loadbearing capacity of providing roadbed drainage. A

the track bed. It acts as a barrier,

preventing nearly all fine silt particles
from fouling the ballast and prevent-

stabilized roadbed means a smoother,

longer-lasting crossing.

Crossties

In installing a new panel crossing, it
is advisable to replace the crossties.
Koppers, a leading producer of

dependable pressure-creosoted
crossties, can supply your tie needs
with every crossing ordered.

Spring-loaded drive spike

This double coil spring-loaded drive
spike absorbs shock from the traffic
and is designed to keep tension be-

tween the drive spike and timber.
Hard grease lubricates and seals the
hole to keep water out.

Rubber cushion

This special rubber strip reduces vi-
bration and keeps pressure on the
hold-down spikes. Measuring %/1s"
thick x 8" wide x 8’6" long, the
cushion can be laid over the full
length of the tie underneath the plate,
or full length except for the area

underneath the tie plate. Wear to the
tie is reduced and panels are kept
tight.

The spring-loaded drive spike and
the rubber cushion can be instailed
separately or both features can be
installed in the same grade crossing.



Crossings produced to last

ymputer-generated designs, gquality long-time suppilier to the transporta-

ntrol checks and years of experi- tion industry. The expertise developed
ence help assure that a Koppers over decades of production involving
grade crossing will be produced effi- various products — for common,
ciently and correctly and that it will standard units as well as unique ones
perform as expected. — contributes to the reliability of

Koppers is a world leader in the every crossing shipped from a Kop-
pressure treatment of wood and a pers facility.

% '.»-"Blank is exam/ned after passmg througl'r a planer where ltIS' surfaced to the proper'
widthrand deptl'r A : S :

4 vHoIes are: dn/led forhold dowrrsp/kes whlle steel do wels are dnven in from the srde to
. -securely fasterr panel tlmbers together : a

Dap* deptlr is checkectafter bottom cut/s made ta allow t/e- plate clearance '

i
i 6‘ End panels: are: g/verr a bevel cut:

) 7‘ Panels are: pressure-treated: withr creosote preservat:ve ira treatmg cylmder
8

After treatment* panels ares loaded lnto railroad’ cars: forshlpment'




Forest Products Group
Sales Offices

Transportation Department |

Suite 2051

122 South Michigan Avenue
Chicago, IL 60603
312/939-2410

2830 Koppers Building
Pittsburgh, PA 15219
412/227-2400

/

i

Treated Wood Products Division

4380 Georgetown Square
Atlanta, GA 30338
404/458-8851

Paragon Building

10 Rooney Circle

West Orange, NJ 07052
201/736-9150

Suite 215

16630 Imperial Valley Drive
Houston, TX 77060
713/448-4999

188 Industrial Drive

Elmhurst, IL 60126
312/530-6300

Kv ‘

FP-716R
©1981 Koppers Company, Inc.

The full size replica of Union Pacific locomotive “119” passes over a

Koppers grade crossing at Golden Spike National Historic Site,
Brigham City, Utah. Each summer, thousands of visiting motorists use
the crossing to watch the daily reenactment of the completion of the

. first transcontinental railroad.

Western Wood Products Division

Suite 134

101 S. Kraemer Bouievard
Ptacentia, CA 92670
213/624-1076 or 714/524-0850

1801 Murchison Drive
Burlingame, CA 94010
415/692-3330

P.O. Box 407

3016 Beacon Boulevard
West Sacramento, CA 95691
916/372-6920

5601 Fox Street

Denver, CO 80216
303/892-1624

Koppers Company, Inc.
Pittsburgh, Pa. 15219

KOPPERS

Printed 1n U.S.A.
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NOTE

181, 220,
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American Rallway Engineering Assoclation
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PREFERRED NAMES OF PARTS
FOR SPLIT SWITCHES
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PREFERRED NAMES OF PARTS FOR
RAIL BOUND MANGANESE STEEL FROGS
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Frog Spring

The spring is either of the double pattern recom-
mended by the A.R.E.A., when it is placed ahead of the
point of the frog and operates on a spring bolt passing
through both wing rails, or is of the single pattern,
connected to the spring wing rail over the second tie
behind the point 6f the frog and backed upon the bear-
ing plate attached thereto. The spring is generally
double coil; .the larger spring is called the outer coil
and the other, the inner coil. The pressure of the coil
springs is received on a metal cylinder called the spring
follower and metal housings are provided for the
springs. :

The hold-down consists of a horn projecting at right
angles from a reinforcing strap bolted in the A.R.E.A.
design to the wing of the spring wing rail, which moves
back and forth inside an inverted-U housing with little
play, to prevent the movable wing rail from rising,
especially when ice forms under it. Usually two hold-
downs are considered sufficient.

Manganese Frogs

Manganese steel has been in use as a frog material
since about 1900. Its marked resistance to abrasion and

. impact has led to its adoption in the construction of

frogs for installation at points of heavy service, where
it usually outwears two to three frogs of plain carbon-
steel construction. Due to the relatively high cost of
manganese steel, present practice favors its limitation
in tracks carrying moderately heavy traffic, to the wear-
ing parts in carbon-steel rail frogs. It is used in the
form of a single manganese casting for the point wings
and throat of the frog and is surrounded by rails of
carbon steel. These frogs are known as manganese-
insert or rail-bound manganese frogs. The construction
offers the advantage of the longer life of the manganese
steel, without an excessive increase in cost over that of
the carbon-steel rail frog.

Manganese steel, in its cast condition, has a Brinell
hardness of only about 190, but is unique in its reaction
10 impact and rolling loads. The grain becomes denser
in proportion to the work-hardening applied, with a
corresponding increase in Brinell hardness. During
this change, the surface metal “‘flows,”” but once this
flow has stopped, the surface keeps its shape and will
withstand the severest impact.

This work-hardening will occur under traffic, after
which the flowed metal must be removed by grinding to
restore the original contours of the casting. In the
process, the point and wings will be depressed as the

“etal becomes denser. To maintain a smooth surface, it
ay be necessary to build up the casting by welding.

It is possible, however, to provide the initial work-
hardening before a frog is installed in track. This may
be done by the hammer, press or explosion hardening
methods. The cost of the hardening process will be off-
set by eliminating the need for initial grinding and weld-
ing after the frog has been placed in service.

$17-11

The solid manganese steel frog is favored for use in
freight yards; where curves are sharp, axle loads are
heavy and switching movements are numerous. The
single manganese casting functions as & unit; there are
no fastenings to maintain and the service life is extend-
ed. The solid manganese steel frog is not regarded as
economical for Nos. above 12, for which the railbound
manganese steel frog is usually substituted. The latter is
economical for all Nos. and is preferred for installation
in main tracks.

Railbound Manganese Frogs

" “"The railbound manganese-steel frog is the most desir-

able type for long turnouts, since manganese steel is
especially suited to the long thin points and such frogs
require comparatively little maintenance. This type is
also desirable for main-line turnouts and crossovers,
where a considerable protion of the track is diverted
through the turnout, and is also adapted for locations
involving high-speed movements in yards and station
layouts. Proper blocking is essential at the toe and heel
to insure the accurate alinement of the rails with the
casting and, heavy tie plates, frequently equipped with
shoulders or hook clamps, should be used to protect the
switch ties and also to hold the frog in accurate aline-
ment. <

The A.R.E.A. plans for railbound manganese-stee
frogs include Nos. 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16,
18 and 20. The designs specify a manganese steel center
casting supported on the flanges of carbon steel reinfor-
cing rails and secured to them through bolting. The en-
tire casting is known as the manganese body, the two
sides at the right and left hand as manganese wings and
the center portion as the point; the other parts have the
same names as those in the ordinary bolted rigid frog.

In A.R.E.A. designs for railbound manganese frogs,
the manganese body is extended well behind the throat
of the frog and has a heel extension which fills the space
between the heel rails and joins them to it, serving also
as a heel riser. Opposite the point of the frog, the wing
rails are of full section.

The actual point of the frog for all types of manga-
nese frogs, except those intersecting at an angle of 25
degrees or more, is established where the distance
between gage lines is 5/8 inch instead of the customary
172 inch. The real theoretical 1/2-inch frog point is
marked on the frog by a notch for working purposes.
For manganese frogs of 25 degrees or more, the point of
the frog is at the 1/2-inch point. Both the width and
depth of the flangeways are 1 7/8 inches and the bottom
is formed with & 27/32-inch radius.

Solid Manganese Frogs

This type is designed especially for use in busy yards
and station layouts. Those designed with flat surfaces
are used in locations where speed is unrestricted, while
solid manganese frogs with flange guards, commonly
referred to as “‘self-guarded,”” are suited to locations
with speed restrictions, The detail of the design is rela-
tively simple; the frog consists of a single casting with
bars and bolts to fasten to the connecting rails. Twin
hook plates are used with these froes.
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LESSON 15
RAILROAD-HIGHWAY GRADE CROSSINGS

Whenever the alinement of a railroad and a highway,
street, road or other route for motorized or foot traffic
intersect, one of three situations will exist. The
highway may be located above the railroad on some type of
bridge structure. The highway may pass under the railroad,
requiring a bridge to support the track or tracks. These
arrangements are known as grade separations. If no grade
separation is provided, a grade crossing is necessary.

Sometimes, the natural terrain lends itself to a grade
separation. At other locations, grade separations have
been constructed because either rail or highway traffic
conditions, or both, have made the existence of a grade
crossing sufficiently undesirable to justify the cost of
the grade separation.

Grade crossings are unpopular with many groups with
varying interests. Maintenance of Way personnel are all
too aware that they are expensive to maintain, that they
are an obstruction within the basic design of a track
structure interfering with the smooth flow of various
maintenance operations, and a frequent cause of complaints.

Railroad operating personnel know that grade crossings
represent a potential hazard. The vehicle that stalls on
a crossing when there is an approaching train, or the
motorist who attempts to race a train to a crossing create
frightening images. When crossings exist where shifting
operations are performed, the need to clear crossings for
the passage of highway traffic every few minutes can
seriously hamper train operations.

The traveling public is frequently annoyed by crossings
which ride roughly. Delays which they encounter for the
passage of trains can be another irritant. Occasionally,
nearby residents are irked by such things as the blowing
of whistles, traffic congestion or vibrations caused by
traffic passing over a crossing.

Political and law enforcement agencies become involved
in various controversies over conditions at grade crossings.
Frequently, the natural tendency is to press for solutions
at someone else's expense.

Track forces generally have the basic responsibility
for the maintenance of grade crossings. Where there is
dissatisfaction with conditions at grade crossings, much




of it becomes directed towards the track maintenance
organization. Where track forces succeed in doing an
outstanding job of maintaining crossings, this becomes
expected as the norm.

Even though crossings create various unsatisfactory
situations, they are necessary. Public conveniences require
access routes across railroads. The alternative of pro-
viding grade separations invariably requires large funds.
Unless a grade crossing creates serious problems, such
expenditures can seldom be justified.

In view of the foregoing, it should be apparent that
if grade crossings are neglected, serious problems may
develop. Making repairs to one or two crossings, on
short notice, may not be an overwhelming project; bhut
if there is a tendency to neglect grade crossings in
general, the day may come when the size of the job which
must be done will be a great burden.

There are various things which a Track Foreman can
do to keep this phase of maintenance under control. One
is to develop a sense of awareness of developing defects.
and to correct small problems before they become large
problems. Another is to perform crossing maintenance in
a manner that will provide lasting results.

TRACK FORCES' RESPONSIBILITY

Although local, state and federal government monies
are currently available for grade crossing work, maintenance
of the road surface and track structure is generally per-
formed by track forces. On some railroads, this responsibil-
ity is assigned exclusively to track forces. Elsewhere,
bridge and building forces have partial responsibility.

If automatic crossing protection is provided, signal
forces will have responsibilities, but track forces will
usually maintain the insulated joints. If crossing watch-
men are assigned, they will usually be under the juris-
diction of a Track Foreman. Track forces will also be
charged with maintaining visibility at crossings, by
controlling the growth of vegetation. With these important
and varied duties, the Track Foreman is the key employee
in the maintenance of his company's grade crossings.

MAINTAINING THE TRACK

Basic to the maintenance of any arade crossing, is the
necessity of keeping the track in an adequate condition.



This, includes meeting the demands of the rail traffic,
which operates on the track, as well as providing sufficient
support for the roadway which is placed upon it. One of

the greatest obstacles to maintaining track in a crossing

is its inaccessibility. Most repairs to the track cannot

be made until at least a portion of the roadway is removed.
Surfacing track, renewing defective ties, eliminating

a water pocket, replacing a defective rail, correcting

gage -- all require removal of varying portions of the
paving.

Crossings present a number of drainage problems.
Runoff of water from the paved surfaces frequentlv finds
its way in the track structure adjacent to the rails. A
descending highway grade towards the railroad frequently
includes ditches discharging drainage onto the roadbed.
Water, which is directed towards a railroad from highways
and their ditches usually includes sizable amounts of
foreign materials, causing serious fouling of ballast.
Because the ballast and sub-ballast are covered, they do
not dry out readily. Much deterioration of track structures
in grade crossings can be traced to lack of drainage.

The impact of highway traffic can cause deterioration
of the track. This is particularly true if the rail heads
are higher than the adjacent road surface and if heavy
truck traffic is present.

Grade crossings are sometimes the okhstacle that
restrains a general tendency for rail to creep. This can
create line kinks adjacent to the crossing. Occasionally,
there is a creepage of the highway paving which causes the
track to move laterally.

MAINTAINING THE HIGHWAY

Various types of construction are used for the highway
surfaces within the limits of grade crossings. Riding
quality for highway traffic is but one of the factors in
the decision as to type. Economic considerations and
relation to the track structure must be considered.

Regardless of the type of construction used, the track
structure will serve as a foundation for the highway surface.
Ballasted track is a flexible structure. Some deflection
will occur under load. If the type of construction is to
prove satisfactory over reasonable periods of time, it
must be capable of withstanding normal flexing of the track
structure under rail traffic. An alternative is to sub-
stitute a non-flexible foundation in place of the ballast.

In many situations, this is not acceptable from a track
standpoint. ’




The requirements for durability of the wearing surface
are subject to wide variation. Major factors are the
density and load characteristics of the highway traffic.
Climatic conditions can also be important.

The impact caused by highway traffic will have a major
effect on the life of a crossing. From this standpoint,
traffic speeds as well as density and loads are important.
A worn or rough surface increases the impact received from
traffic. The amount of exposure of the rails because of
flangeways or worn highway surfaces will be an important
element in the severity of the impact forces.

The highway profile at a crossing can cause poor
riding qualities. If the grade of the highway is level
and it crosses a single level track, this is not a prohlem.
If there are two tracks and they are not at the same
elevation, there will be an irregular profile, and the ride
will be adversely affected.

If there is a single track with superelevation, and
the highway grade does not conform to this slope, there
will be an irregular profile. Should there be multiple
tracks with superelevation, not in the same plane, a
sawtooth pattern will result.

|
1 From a highway standpoint, it is much more difficult
to maintain a good riding condition within a grade crossing
than on a conventional roadbed. The maintenance of track
within a crossing also presents major problems not present
in open track. Sometimes, the demands of the two modes of
service are not compatible, and a compromise is made which
is not completely satisfactory.

SPOT MAINTENANCE CF TRACKS

Except for the rail heads, the track structure within
a crossing is normally covered. Direct observation of
many kinds of track defects cannot be made unless the high-
way surface is removed. This is mnot done unless there is
good cause for it.

Fortunately, that which can be determined can provide
a good idea of the condition of the track materials. Rail
defect detection equipment can identify most rail defects.
Track surface, alinement and gage can all be determined
without disturbing the crossing. These can provide important
clues to the condition of_ties, ballast and drainage. There
may be rail joints within the crossing requiring attention.
Track geometry observations or measurements can call
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attention to them.

There may be a suspected problem, such as the possibility
of defective ties. This can usually be confirmed hy re-
moval of a small part of the crossing material such as a pre-
fabricated panel or a timber plank to permit inspection.

The amount of difficulty that will be encountered in
making spot repairs to the track structure within a crossing
will depend upon the type of construction used for the road
surface. If a crossing is paved with bituminous material,
this must be removed and replaced with new material, in

.whatever area of the crossing is to be worked. If a rail

is to be replaced, the paving must be dug out along the
rail for the full length of the rail. If a line of timber
headers is used on each side of the rails, removal of one
line of timber is usually enough to permit replacement of
the rail. If only one portion of a crossing requires

spot surfacing, it is easier to remove and restore pre-
fabricated panels than bituminous paving.

SPOT 'MAINTENANCE OF PAVING

Many crossings are paved with bituminous material
the full width (from one end of the ties to the other).
This results in paving being packed against the rails. If
there is a good track foundation, this may work reasonably
well provided there is light traffic, particularly rail
traffic. Flexing of the rails under load tends to break
up the paving material adjacent to it. After small pieces
of paving break out close to the rail, highway traffic
will tend to break out bigger chunks.

There are several factors that will determine the
effectiveness of patching bituminous paving. A good bond
between the new material and the old material against which
it is placed is essential. Loose material should be removed
from the surfaces against which the paving is to be placed.
There must not be any moisture on the surfaces to be paved.
Compaction is another necessity. If a roller or mechanical
compactor cannot be made available, the new material should
at least be compacted with truck wheels.

Even with these precautions, the effectiveness of
bituminous patching will depend on the stability of the
track structure, drainage and the severity of freezing
conditions. All too often, the conditions which first
caused deterioration of the paving will still be present
to break up the paving again. This is one reason why other
types of crossing surfaces are used.



SURFACIMG TRACK

When a general surfacing of a stretch of track is
undertaken, it is usually desirable to surface the track
through crossings as part of the job. There are times
when crossings are skipped during such work. Vhen this
happens, it is usually because of the difficulty of
opening the crossing. Poor track surface through the
crossing frequently develops when it doesn't get the
same routine maintenance as the rest of the track.

In oxrder to surface track through a bituminous
crossing, all of the paving must be removed from the
crossing and replaced with new material. This is
another limitation of the bituminous crossing. Mech-
anized equipment can he particularly effective in doing
this work. Backhoes and Gradall type equipment are
efficient in removing paving. Dump trucks can be used
for disposing of the 0ld paving and delivery of the new
bituminous material. A roller is necessary for a good
paving job. :

A major advantage of most other types of crossings
is that they can be removed readily in sections and re-
placed after work on the track is completed. Crossings,
so constructed, are particularly desirable in important
tracks that are resurfaced at regular intervals.

REPLACEMENT OF HIGHWAY SURFACE

Some crossings with severe highway traffic will
require replacement of all or most of the highwav surface
while the track structure is still in basically good
condition. If the ties, rails and drainage are qood,
there will be no need to rebuild the track through the
crossing. While the crossing is open, care should bhe
taken to correct any track surface irregularities and .
to tamp any loose ties. For a bituminous crossing, the
procedure will be similar to that used in opening a
crossing for resurfacing.

2t times, the worn surfaces may be confined to a
rather limited portion of the crossing. This can happen
if there is an appreciable width for sidewalks and if
the traffic tends to be restricted to well defined lanes.
When this condition exists, it may onlv he necessary to
replace the surface within the worn areas. If this
happens in a bituminous crossing, with rows of timber
next to the rails, replacement of only the worn timhers
may be the best action. This can reduce impact against



‘to obtain exclusive use of track for several hours, even

the rails. It can also provide the protection needed
to restore the bituminous paving to its original surface.

If a panel type crossing has the wear restricted to
limited areas, it may be good practice to reverse the
positions of the worn and unworn panels. In this way, full
usage of the entire set of panels can be obtained. Other
crossings will have traffic wear patterns over most of
the crossing width, and complete renewal of the highway
surface will be needed when the surface becomes worn.

COMPLETE RENEWAL OF CROSSING

There .are many instances where crossings deteriorate
to the point where limited repairs are not adequate. Both
the track structure and the highway surface may reguire
complete replacement. There are various wavs in which
this kind of project can be progressed. The methods that
should be used for a particular crossing are agoverned by
conditions such as the extent of track usage that can be
obtained, whether the road can be completely or partially
closed and the types of equipment that can he made
available.

Where the circumstances are such that the track must
remain in service for rail traffic during the course of
the crossing renewal, this will severely restrict the
efficiency of the work. It is usually much more desirable

if some expense is incurred due to the detouring of trains.
Should this not be practicable, the work can proceed under
traffic, but productivity will be limited bv this condition.

When rail traffic must be maintained, the usual
procedure is to strip the crossing of the materials which
form the highway surface, taking care to avoid disturbing
the track structure. If panelized material is used, the
fastenings are removed and the panels are lifted out. The
same applies to timber planks, whether they are used only
next to the rails in a hituminous crossing, or if they
form the complete highway surface. Backhoe type egquipment
is useful for removing bituminous paving. Care rmust he
exercised not to disturb the rails or ties when such eaquip-
ment is used. It is also essential to comply with your
railroad's regulations governing the fouling of tracks with
construction equipment.

Once the crossing is stripped to the level of the tops
of the ties (except for the rails) renewal of the track
structure can begin. This discussion will be based on the
corplete replacement of rail, ties and ballast.




| The replacement of hallast requires skeletonizing the

cribs between the ties. This is usually done to a depth

of a few inches below the bottom of the ties. Supvort must ,
be maintained under the ties to carry the loads imposed €¢
by rail traffic. An opening should be made a sufficient

distance beyond the ends of the ties, and to a greater depth,

to promote drainage from the track area. These trenches

should then be sloped so as to direct run-off towards the

ends of the crossing. Some installations, where drainage

is known to be a problem, are constructed with perforated

pipe laid for the length of the crossing. These pipes

are laid a few inches beyond the ends of the ties and helow

the bottoms of the ties. They must be sloped to carry

water away from the crossing. Four inch diameter pipe is

most commonly used.

The amount of track that can be skeletonized at one
time will depend on the temperature, whether CWR is present
and the speed of trains. It is desirable to replace ties
while the adjacent cribs are empty. A decision will have
to be made regarding the tie beds. If the old ties are
not plate cut and if drainage is not a major proklem, it
may be decided to avoid disturbing the hard packed tie
beds. Less settlement of the new track structure will take
place if the o0ld tie beds are preserved. On the other
hand, if there is a muddy condition or if plate cut ties
create a need for additional clearance to install new ties,
these tie beds may be dug to the same level as the cribs ,
before installing the new ties. ('H

When new ties are in nlace, the cribs and shoulder
areas that have been opened can be backfilled with new
ballast. This will also permit the new ties to be tamped,
as necessary. As one portion of the track within the
crossing is backfilled, the process of skeletonizing and
renewing ties can advance further through the crossing
area. The best ballast materials available should be used
within crossings. Since track within crossing is relatively
inaccessible for resurfacing, the most durable materials
should be used. Considerable effort is made in this kind
of job to provide good drainage. Use of dirty ballast
can do much to defeat this purpose.

At some point in the work, the rails will be replaced.
It is desirable to do this before new ties are installed,
so that the new ties will only have to be spiked once.
There may be complications that make this difficult. If
the tie plates are to be replaced or if the track gage
must be corrected, badly plate cut or deteriorated ties .
may interfere with such work. When conditions such as this
exist, it may be essential to renew ties hefore replacing
the rails.

It is very desirable to avoid installing rail with =
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rail joints within the limits of a crossing. It is also
good practice to avoid all joints within a few feet of
the ends of a crossing. Some railroads furnish extra
length rails for croéssings. 60 foot and 78 foot rails
have been extensively used for this purpose. Another
practice is to provide pieces of CWR of suitable length.
Yet another alternative is to field weld joints within
the crossing. )
At crossings where automatic protection is provided, -

such as flashers or gates, there are insulated joints
frequently located a short distance from the ends of the
crossing. Your railroad may have standards for the
location of such insulated joints. You should determine
what your company's approved practice is. This may
cover minimum and maximum distances from the crossing for
- these joints, as well as allowable stagger between joints

in opposite rails. In many crossing installations, rails
are provided of sufficient length so that the insulated
joints are the first joints beyond the crossing.

The process of removing old ballast, renewing ties,
and placing new ballast, together with replacerment of. the
rails at an appropriate time, will be carried out until
the entire crossing is worked. Frequently, badlv fouled
ballast is found in the track for a short distance beyond
the ends of the crossing. This may ke caused by the run-
off of drainage from the highway which carries foreign
materials into the ballast. It could also be due to pump-
ing joints adjacent to the crossing. The ballast renewal
process should be carried beyond the crossing to correct
such conditions. Particular care should be taken to
provide good ties and well-drained bhallast under insulated
joints.

After renewal of the track structure is completed,
the track must be brought to proper surface with the rails
at the desired elevation relative to the highway. This
must be done before restoration of the highway surface
within the crossing is begun. Once the desired track
surface and alinement are obtained, it is good practice to
allow rail traffic over the track so that any settlement
can be corrected before restoring the highway surface.

The procedure for renewing the track structure
within a crossing, which has just been described, requires
a considerable amount of hand labor. Unfortunately, this
general arproach is necessary if track usage cannot be
obtained for periods in excess of that which is required
to replace the rails. One of the best labor saving svstems
available for this kind of project is an air compressor
with appropriate tools. Pneumatic power can be used to
break paving, to loosen ballast to be excavated, to drive

11



spikes, to tamp ties and to compact ballast and paving.
Excavating equipment, such as a backhoe, Speed Swing or
Gradall with one or more dump trucks, is useful for dis-
posing of paving, fouled ballast, scrap ties and crossing
timbers, as well as handling new ballast, ties and paving.
Either suitable hoisting equipment or adequate manpower
will be needed for handling the rail.

-REBUILDING TRACK BY THE PANEL METHOD

The length of time required to renew a grade crossina
can usually be reduced substantially by using the panel
method to renew the track structure within the crossing.

The total requirement for labor can also be reduced. This
approach can be used if exclusive use of track can be secured
for a sufficient length of time and if adeguate equipment

can be made available. The track usage required will fre-
quently amount to several hours except for small crossings.

If a panel type of highway surface is in place, this
is removed prior to securing use of track. If there is a
bituminous surface, the crossing is opened in advance just
enough to permit removing one line of rail-holding spikes
from each rail. :

When track usage is secured, the first step is to
remove the rails from the track through the crossing. With
proper preparation this can be done quickly. Next, paving,
ties and ballast are excavated. A good piece of eguipment
for this is a front-end loader. The type which is mounted
on Caterpillar tracks will usually be more efficient for
this type of work than the rubber tire type. When the
crossing has been excavated to the desired depth, a well-
graded subgrade surface can be provided which will promote
drainage away from the crossineg. This capahilitv, together
with the ability to provide a deeper bed of good hallast
under the ties is another advantage of panel crossing con-
struction.

Depending on the depth of ballast desired under the
ties, some of the ballast may be placed and leveled before
installing the track panel. If the track panel is laid
directly on the subgrade, the ballast base is obtained by
raising the track.

There are various ways in which track panels can be
provided. Some crossings are short enough so that a panel
constructed with standard 39 foot rails is adequate. Such
a panel may be furnished from a central fabricating facility

12
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or local forces mav construct it. Long crossings may require
two or more panel sections. These can be set in individually
and connected with joint bars. After the track has been
brought to final grade, the joint bars can be removed and
the rails joined by thermit welds. 2n alternative to

this is to replace these rails with suitable lengths of

CWR.

It is also possible to construct one long track panel
for crossings of greater length. This is frequently done
adjacent to the crossing. It can be done at the same time
that the crossing is being excavated, since that job
requires very little labor. A good way to do this is to
set the ties across the rail heads, adjacent to one end
of the crossing. This has two advantages. It provides a
good surface for assembling the panel.  The rail heads
also make it easier to slide the panel into place. If
ties are furnished with tie plates already attached at
proper gage with plate-holding spikes and with holes for
rail-holding spikes pre-bored, such a panel can be readily
assembled. Some type of hoisting equipment will be
needed for.lifting.the long raids onto such a panel. . This

~equipment, together with the unit being used to excavate
the crossing, serve as the means for moving the track panel
into position in the crossing. If necessary, scrav rails
can be laid on the bed of the crossing near the tie ends

to facilitate sliding, and pulled out after the panel is

in place.

Once the panel or panels are installed and connected
to the track on each side of the crossing, ballast is
placed and the track brought to prover surface. There is
usually a greater depth of new ballast under the ties when
this method is used, than when the track is reconstructed
under traffic. This will provide better drainage of the
track in the future, but initially more settlement of the
track can be expected. It is usually desirable to allow
rail traffic to consolidate the ballast at least overnight,
then to correct any settlement, before working on the high-
way surface. Initially, a speed restriction on the track
may be necessary.

The advantages of the panel metnod for this work are
reduced labor requirements, greater productivity and im-
proved drainage within the crossing. This approach must
be well organized in advance, and proper eguipment is
essential. It is preferable that anyone who is inexper-
ienced in this work undertake a shorter crossing as his
first project with this method.

13



MAINTENANCE OF HIGHWAY TRAFFIC

At many locations, advance planning with local auth- (’
orities will result in an arrangement for the detouring
of highway traffic. You may have to arrange for barricades
and lights at the crossing. Sometimes, railroad forces are
asked to cooperate in the placement of detour signs.

Occasionally, a crossing cannot be completely closed
to traffic. It might be necessary to rehabilitate half of
the crossing at a time. This can be done whether the work
is done by skeletonizing or panelling, although it will be
less efficient than doing the entire job at once. Thermit
welds can be used to eliminate rail joints at the center of
the crossing. '

BITUMINOUS PAVING

Some crossings are paved entirely with bituminous
materials, with the flangeways either heing cut by rail
traffic or formed with boards such as 2 x 3s. In other
crossings, rows of timber headers are placed next to the
rails and fastened to the ties with drive spikes or lag
screws. This may be done adjacent to the gage side of the
rails only or next to both the gage side and field sides.
Some crossings are constructed with rails beinc used '
instead of timbers adjacent to one or both sides of the
running rails. g

The depth of bituminous paving to be applied will
depend on your own railroad's practice., Many railroads
place ballast above the ties, then apply 3 or 4 inches
of paving. Some railroads favor pavina from the tops
of the ties, particularly where severe highway traffic
is anticipated. 1If ballast is placed above the ties, it
is desirable to use a crushed material with sharp, angular
edges. Difficulty is frequently experienced with
stability if rounded gravel is used. Thorough compaction
is necessary for a good job. This should start with the
ballast cribs and shoulders. It is not desired to tamp
so as to create center-hound track, but voids under the
centers of the ties should be filled. A vibratory compactor
can improve the consolidation of the ballast in the cribs
and on the shoulders. Such a tool can also be useful in
compacting paving, but a roller is recommended for the
finished job.

Normally, a base course of paving will be placed first.
After this is leveled and compacted, a finer top course
is placed. This serves as the wearinag surface as a
sealer against the penetration of moisture. Placing excess
material in anticipation of future settlement is not a

14



" panels, in order to get a firm hold in the ties. ‘

good practice. This usually results in a rounded surface,
being high along the center of the track, and low adjacent

to the rails.

In many crossings where timbers or rails are installed
next to the running rails, or where some type of panelized
road surface is used, bituminous paving is placed in the
openings adjacent to the running rails. This is to promote
the flow of water dralnlng from the road surface, towards
the ends of the crossing. The amount of water which
penetrates into the roadbed, within the crossing will be
reduced. —_

NON-BITUMINOUS CROSSINGS

There are several types of construction used for
crossings which don't involve bituminous surfaces. These
will be described in the following portion of this lesson.
Those which are fabricated as panelled sections are
fastened to the cross ties. A major problem with such
crossings is the tendency for the fasteners, usually drive
spikes or lag screws, to work loose. In addition to per-
mitting the panels to become loose, these fasteners some- )
times become a hazard to highway traffic. Worn holes
can be plugged, after which the fasteners can be reinstalled.
When this is no longer effective, it may be desirable to
shift the panels slightly or to make new holes through the

TYPES OF CROSSING

A major advantage of the plain bituminous crossing is

FORM FLANGEWAYS
COMPACTED / BITUMINOUS PAVEMENT
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its relatively low first cost. It serves well where there
is comparatively light highway traffic, and where rail
traffic does not require the track to he resurfaced at fre-

quent intervals.

A disadvantage is that it must be completely removed
and replaced when track is to be surfaced. Under heavier
highway traffic, it will require frequent patching
and tend to have a rough riding surface.

When timber headers are provided with a bituminous
crossing, they will reduce the tendency for the edges of
the bituminous paving to break out. This increases the
durability of the crossing. :

BITUMINOUS TIMBER OR BITUMINOUS
AVEM
TIMBERS | E“\ BITUMINOUS MATERIAL  PAVEMENT
E%%ﬁ@?%pﬁﬁﬁ%ﬁwﬁzf i
I—J d

6"8" BALLAST
MN Y X

Z'suB BASE:]
MATERIAL?
. '.:‘,".“. v, '::- PORES RESE AN _’_'.'.' :~"-'. -.'.-' :':</ S st
St '2f::2't§§9I 7, 4 INCH

- ¢ = a o J
wI%el\, 107 MIN. BASE MATE_RIAL.... N

- . T e e

7 S DRAIN PIPE

N\ W'
WHERE TREATED BASE IS GRADATED AGGREGATE BASE
USED, PLACE UNTREATED FILTER g YREATED BASE
MATERIAL OVER DRAIN PIPE

ON EACH SIDE
TYPICAL CROSS SECTION THRU BITUMINOUS CROSSING
WITH TIMBER HEADERS

. The cost of providing and installing the framed, treated
timber, increases the cost of the crossing somewhat. The

timbers, themselves, may become badly worn under heavy traffic

and require replacement. They sometimes hecome unstable
because of the need to cut away part of the base to provide
clearance for tie plates and spikes. This crossing has the
same disadvantage as the plain bituminous type when track
must be surfaced.
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GlroER

If flange rails are provided with a bituminous crossing
instead of timber headers, the problem of wear on the timber
surfaces is eliminated. Other advantages and disadvantages
remain the same. The lower diagram shows one method of
placing the rails. Another method is to use Nelson rail
chairs. These devices are welded to the tie plates to form
a seat for the flange rail. These permit the flange rail,
which is smaller than the running rail, to be installed
in an upright position.

- 4'-8%"
r kY ag 3% ——*

FILLER BLOCKS

>
ASTIC s
AN ST o (g e e S

}q—r—{ TIE 7" x 9" x 9°-0"

HEADER \— 14" TIE PLATE

"TYPICAL CROSS SECTION THRU
- FULL DEPTH TIMBER CROSSING

The timber plank crossing may he constructed of full-
depth timbers to the tops of ties as shown here, or may
consist of 4 inch thick planks laid upon shims which are
laid on top of the ties. The individual planks in this
crossing are not connected. Each plank is fastened to the
ties separately. '

The planks may be removed to permit surfacing, or
other maintenance operations to be performed on the track,
then reinstalled. Another advantage is that worn planks
can be replaced separately, if only a small part of the
crossing is deteriorating.

A disadvantage is the relatively large number of
fasteners which must be used. There is a choice of leav-
ing exceptionally wide openings adjacent to the rails,
with increased impact acainst the rails, or having relatively
unstable timbers with undercut bases at these locations.
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The sectional timber panel crossing is somewhat
easier to remove for track maintenance and to reinstall
than the individual plank crossing. This type of con-
struction permits smaller openinas adjacent to the rail

without loss of stability, reducing impact against the
rails. ’
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The timber wearing surfaces can be adversely af-
fected by heavy highway traffic. This is a good type of
crossing to use in important tracks which are maintained
on regular cycles, where there is light to moderate
highway traffic.

Precast concrete slab crossings may either be full-
depth to the top of ties or placed on shims. This type
of construction can provide a more durable wearing
surface than timber surfaces. If spalling of the concrete .
surface develops, epoxy products can be used to repair
the panels.

5" MINIMUM
EDGE ARMOR 2° x %" x Yo STEEL CHANNEL FILLERS IN % MULTIPLES
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L4
SAWED TILS 8 67 LONG

TYPICAL CROSS SECTION THRU CONCRETE SLAB CROSSING

L4

There is sometimes a tendency for these crossings
to become loose and to rock under traffic. The concrete
panels are quite heavy and require hoisting eqguipment
to set them in or remove them from track.

8" ¢ Longitudinal Bars 2nd Pour, with
12"lap at midpoint between top of tie and
top of concrete

6 Min. -— 127 12"
. r = 141" SV BV
Paving ——pr— R
. .

Flangeway

%" x 3" Bevel
/

KK

8" Min. ~»

3" ¢ Longitudinal Bars, 15"ctrs, 12"tap
%" % Transverse Bars, 15 ctrs.

24" Min. Cover

CROSS SECTION OF A TRACK IN A PAVED AREA

Concrete is sometimes poured for a crossing surface,
either to the top of ties or including the cribs between
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ties. Concrete is extremely difficult to remove. This

type of construction is quite inflexible. Track constructed

on ballast does have some flexibility. This can result

in breakage and heaving of the concrete, without the (’
capability of correcting irregularities in track surface.

Whenever a cast-in-place concrete crossing is used,
the track should be laid directly on a reinforced concrete
slab. After this is done a second pour of concrete is
made to form the crossing.

This type of construction should only be used where
rail traffic conditions are such that the track need not
be disturbed for the life of the crossing. It is not
suitable for main tracks. Such construction can provide
excellent riding gualities for highway traffic with very
little maintenance. The initial cost of such a crossing
is comparatively high.

Steel reinforced rubber panel crossings can be readily
removed from track maintenance and easily replaced. The
flangeway openings can be closely controlled without loss
of stability. The wearing gqualities are very favorable,
providing a relatively long life. The riding qualities
for highway traffic are excellent.

The only disadvantage of this type of crossing is its
initial high cost. It is considerablv greater than for
any other type of crossing. This limits the location (f>
where such a crossing can be justified. It is usually
necessary to show that other types of construction will
prove to be more expensive because of much higher main-
tenance costs and a shorter life.

L//'OTHER CROSSING PANELS

Additional types of, crossing panels in limited use
include structural foam and metal panels of an open grating
type. Steel planks have also been developed. Metal types
also require extensive provision for insulation of
electrical circuits for signals and grade crossing protection.

A precast concrete slab crossing developed in Germany
has been gaining acceptance in the United States. Used rail
forms the edges of the slabs--one center slab and one on the
outside of each running rail. The standard slab is 8 ft.
long and 5 in. thick. A feature of this crossing is the
placement of each slab unit on several plastic bags filled
with fresh grout which adjust the riding surface to the
proper grade and assure uniform bearing on the supporting
crossties. The slabs are not fastened to the crossties, but
are held in position by specially designed steel fastening
devices which secure the slabs to the running rails. This =
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type of device can be readily used with concrete crossties
because the crossing is not secured to the ties.

' DOUBLE SHOULDER RUBBER TIE PLATES
SERVES AS RAIL PLATE AND PAD

% INCH THICK RUBBER TIE PAD
(EXTENDING FULL LENGTH OF THE TIE)
POSITIONED BENEATH THE BASE OF THE
STEEL TIE PLATES AND EXTENDING

THE FULL LENGTH OF EACH TIE IN THE CROSSING.

RUBBER ABRASION PAD

(ALTERNATE TO OOUBLE SHOULDER TIE PLATES)
POSITIONED BETWEEN THE BASE OF THE

RAIL AND THE STEEL TIE-PLATE.

ILLUSTRATION OF VARIOUS METHODS OF RUBBER CUSHIONING
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stalled. Some railroads follow the practice of installing
tie pads under all ties within crossings in order to reduce
plate cutting. (f

SUMMARY

It is unlikely that all of the alternatives for grade
crossing construction will have been adopted as standards
by your company. It is probable that a variety of crossing
types will be in use, in an effort to meet variable grade
crossing conditions. Whoever determines the type of
construction to be used at any crossing should understand
the advantages and disadvantages of each.

Grade crossing maintenance covers a wide range of
activities from minor patching to complete construction of
both track and highway structures. Fven smrall jobs,
frequently repeated, due to correcting symptoms and ignoring
the cause of the problem can become expensive. Major
crossing jobs can involve large commitments of labor and
other resources. Careful planning of each job in advance
can do much to insure that the job gets done in the most
efficient manner.
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10.

11.

12.

13.

LESSON 15
EXERCISE QUESTIONS

Name three types of track defects that can be identified

within a grade crossing by a Track Foreman, without
removing the highway surface.

What is an advantage of the plain bituminous crossing?

What are two precautions to follow when patching a
bituminous crossing in order to get a lasting job?

Timber headers used in bituminous crossings usually
have the base undercut so that they can bhe installed
close to the rail head. Give one reason why this is
done.

It is desired to install perforated pipe beyond and
below the ends of the ties to improve drainage in a
crossing. What size pipe would you use?

When the track is rebuilt through a grade crossing,
it is considered to be desired not to immediately

restore the crossing when the track is ballasted and
brought. to grade. Why?

Name three types of work that can be done by pneumatic
tools when renewing a crossing.

What are twe advantages of the panel method of re-
constructing a track through a grade crossing?

Why is bituminous material sometimes placed in the
openings between the running rails and timber headers?

What type of crossing should never be used in high
speed main line tracks?

What are two conditions that will tend to restrict the
amount of track that can be skeletonized at one time?

What is an advantage of panel type crossing surfaces
over bituminous surfaces?

Answer the following either TRUE or FALSE

Washed gravel makes a good base for bituminous paving
in a grade crossing.

(Exercise questions continued on next paae)
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14.

15.

16.
17.

18.

19.

20.

Within a crossing, voids under the centers of ties
should be filled.

Timber panel surfaces are ideal for main line tracks
where high-speed heavy truck traffic uses the
highway.

Rail defect detecticn equipment will not locate rail
defects within a crossing.

A backhoe is an effective machine for removing
bituminous paving from a crossing.

Track panels should not be built at the site of a
grade crossing job because there is seldom a good
place to assemble them.

Poor track alinement in the vicinity of grade cross-
ings is sometimes caused by rail creepage.

Timber plank crossings are more difficult to remove
for track maintenance than timber panel crossings.

Submit your answers to these questions to The Railway

Educational Bureau in the prescribed manner. Be sure

to include your name, file number, address, company's

name, and lesson number in the upper right hand corner
of your paper.
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LESSON 2
TURNOUTS AND CROSSOVERS

Railroad operations require many types of movements of
trains and equipment other than simply going from one point
to another on a single-track. Cars need to be placed on side
tracks for loading and unloading. Sidings are needed for one
train to pass another in single track territory. Trains may
be routed to move from the main line to a connecting branch
or vice versa. Classification yards provide many tracks for
sorting cars into blocks which are more efficient to handle.
Trains may have to be diverted from one track to a parallel
track. One track may cross another. 1In congested areas, it
is sometimes necessary to provide special trackwork that will
permit many possible routings for trains in a limited space.
Sometimes the nature of the operation requires such movements
to be made at considerable speed. In other cases, relatively
slow speeds are quite satisfactory. There is available a
wide variety of trackwork designs to meet all of these needs.

In this lesson we will study just two of these types of
trackwork--the turnout and the crossover. These are the most
common types in general use, by far. Other types will be
dealt with in another lesson. In this lesson we will examine
the principal parts used in the construction of turnouts and

crossovers. We will consider some of the things in the design
of these parts which people responsible for building and main-

taining turnouis and crossovers should understand. It is not

the purpose of this lesson to teach you how to construct or to

do major maintenance work on turnouts and crossovers. This

will be dealt with in succeeding lessons. The foundation which
this lesson provides is necessary before you are ready to do a

good job of building and maintaining such trackwork.

If you are able to observe any turnouts or crossovers as

they are installed in track while you are studying this lesson,
you will find this to be of considerable help in improving your
understanding of this text and the illustrations included with
. this lesson. If you study part of this lesson in an evening,

look the next day for examples of what you studied in actual
installations.

It is necessary to have a good understanding of what is
meant by the words turnout and crossover. The easiest way to
do this is by looking at diagrams. Figures 1, 2 and 3 show
three different types of turnouts. Figure 1 is a right hand
turnout. Figure 2 is a left hand turnout. Figure 3 is less
common and is called an equilateral turnout.

©

—

|
|
i
i
\
\.,
%

PN







It is entirely possible that you may be in the habit of (T
referring to a turnout as a switch. This is a fairly common
practice but it is not accurate. A switch is part of a turn-
out. The switch consists of two switch points (or switch
rails) plus the fittings needed to hold them in position. A
turnout consists of a switch and a frog connected by closure
rails together with the necessary timber and other parts
needed to complete both routes.

DETERMINING TURNOUT DIRECTION

It can be seen that the way to determine whether a turn-
out is right hand or left hand is to stand at a location ahead
of the switch points and look toward the turnout. From this

ocation the curved side of a right hand turnout will go to
your right. The curved side of a left hand turnout will go to
your left. While standing in this position and looking toward
the turnout, you are looking in the direction in which a train
or other equipment makes a facing movement. This applies re-
gardless of whether the switch is set for a straight-through
movement or for movement to the curved side.

Now suppose you were to go to the other end of the turn-
out and turn around so that you will again be looking at the
turnout. From this position you are looking in the direction
in which a train or other equipment would make a trailing (:
movement through the turnout. This would apply to movements
from either the straight side or the curved side.

“““ ) The curved route through a turnout is frequently referred
to as the "turnout side". The straight route might be refer-
red to as the "main track", the "parent track", the "straight
side" or the "ladder track" depending on the location of the
turnout.

The less-frequently used equilateral turnout might be
found at a location where two main tracks converge into a sin-
gle main track. The equilateral turnout splits the curvature
between both sides. Neither route has the unrestricted speed
that the straight side of a turnout would have, but both
routes have less of a speed restriction than the turnout side
of a right or left-hand turnout would have. Another location
where an equilateral turnout might be found is on a main-track
curve where the turnout side goes to the outside of the curve.
Local circumstances will determine whether this produces a
true equilateral turnout with the curvature evenly split or an
approximation. EQUILATERAL TURNOUTS Wil Be useD !N RceT TrRack( .

Figure 4 shows a right-hand crossover and Figure 5 shows
a left-hand crossover. After comparing Figures 4 and 5 with
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Figures 1 and 2, it might be said that a crossover consists of
two turnouts. This is almost true, but not quite. Behind the
frog of a turnout, one of three things can happen. The turn-
out track can curve back to parallel the main track, as shown
in Figures 1 and 2. The turnout track can continue to curve
away from the parent track. Another possibility is that the
turnout track may continue at the same angle as the frog. 1In
a crossover, the track between the two frogs follows the frog
angle. The timber layout for half of a crossover will be dif-
ferent from that of a turnout. Except for these minor limita-
tions, a crossover might be considered as two turnouts. Most
of this lesson will deal with turnouts, but the material
covered will apply equally to crossovers.

LET'S LOOK AT THE FROG

The first part of the turnout structure that will be con-

sidered, is the frog. _A_frog is a device that permits flanged,
wheels running on a rail to cross other running rail. Every
turnout must have a frog. In addition, turnouts are classed
as to size by the frog. In determining where a turnout is to
be located, it is the position of the frog that is determined

first. All other parts of the turnout are then located rela-
tive to the position of the frog.

Some turnouts are designed for operating trains on both
routes at substantial speeds. Others, such as a spur off a
main-line track, are designed for high-speed operation on one
route and low-speed on the other route. At other locations,
such as in yards, they are designed for low-speed operation
only. Turnouts of various types and sizes are available to
meet the requirements of local conditions. The size of a
turnout will be considered first. The sizes are usually
stated as a whole number. Somg _of the more frequently used
turnouts are the No. 6, No. 8,|No. 10;{No. 12, No. 15 and
No. 20. Quite a few other sizes are sometimes used, but on
most railroads some or all of the above sizes are commonly
used. Actually, these numbers refer to the frog angle.

At is because the frog angle is so important in detexr-
mining the size of the turnout that this designation is used
EE_%EQ%EEEQ_ihe_sizeﬁgf the turnout. The frog angle- g
angle between the two gage lines of a frog. Figure 6 shows
what the frog angle is. Angles are usually measured in de-
grees, but an easier method is used to measure frogs. All
track foremen should know how to measure a frog angle. The
first thing to find is the intersection of the two gage lines,
brought forward from the point portion of the frog. The

actual point of the frog is blunt. If the frog were construc-
ted with the actual point brought forward to the intersection
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of the gage lines, the point would come to a knife edge and (T
would quickly break off under traffic.

Determine where the gage lines come together. This can
be done with a straight edge or a piece of string. If there
is not much wear it might be done by sighting. It does not
have to be highly accurate. Mark the location. If you are
within an inch of the right point, that's good enough. Next,
you will need something to measure with. Anything of a con-
venient fixed length will do. You can use a pencil and mea-
sure in pencil lengths. Let's assume you have a pocket ruler.
Go back on the point of the frog and find where the distance
between the two gage lines is exactly one foot. Now, mark
the point of this line midway between the gage lines. Next,
measure the distance from that point to the point you located
at the intersection of the gage lines. Let us suppose it is
8 feet. This tells you that it is a No. 8 frog. Possible
you have measured 7' 11-1/4", or perhaps 8' 1-3/8". You
still have a No. 8 frog, because your method of measuring is
not that accurate, and most frogs are built to whole numbers.
However, if your distance is about 7' 6-1/2", you had better
remeasure more carefully. It might be a No. 7 frog.

Try another example. Locate the intersection of the
gage lines the same way. This time in determining the spread,
you find that you would have to go back a long way to find a <:
one foot spread. Take a more convenient unit. A six inch
spread will do. After locating the point midway between gage
lines on the six inch spread, measure from there to the inter-
section point, that you located first. Suppose it comes to
about ten feet. Remember, that you are no longer using one-
foot units. This time you are counting six-inch units. Ten
feet is 20, six-inch units, so this is a No. 20 frog. Maybe
you had to use a pencil. You find the location where there
is a spread of one pencil length. Then count ahead in pencil
lengths to where the gage lines intersect. The number of
pencil lengths will tell the frog number.

SIZE AND FROG NUMBER

The smaller the frog number, the larger the frog angle
will be, The larger the frog angle, the sharper the curve
will be through the turnout. The sharper the curvature, the
lower the maximum permitted speed will be. For example, a
No. 20 turnout is usually found in main tracks where substan-
tial speeds are required on both the straight side and the
turnout side. A No. 8 turnout, if well maintained will permit
high speeds on the straight side but only low speeds on the
L\ turnout sides.




It has previously been stated that the point of a frog
is somewhat blunted so that it does not break off under traf-
fic. The location where the frog point ends is called the
"actual point". The intersection of the gage lines, which
has also been described, is also known as the "theoretical
point" of the frog. The theoretical point, in addition to
its importance in determining the number of a frog, is of
value to surveyors in determining the proper location of a
turnout. There is another frog point which you need to be

amiliar with. This is the so called "half inch point".
This is usually located a short distance ahead of the actual
point and on most frogs is identified with a chisel mark.

It is so named because it is at the location where the gage
lines on either side of the frog point are one half inch
apart. It is from the half inch point that most distances
that you will have to work with are taken.

— The two legs of the frog closest to the switch are known
as the toe of the frog. The two legs of the frog furthest
from the switch are known as the heel of the frog. T