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CHAPTER 5—TRACK COMPONENTS AND MATERIALS

5.1 INTRODUCTION

The track components that form the track
structure generzlly include rail, fastenings,
crossties, and ballast. This chapter includes
these and other sundry components and
elaborates on their various designs and
requirements.

Many standard track components and other
track material (OTM) are usable for freight
railway, commuter railway, and heavy transit
{metro) systems. The information provided in
this chapter pertains to light rail transit
systems with overhead catenary or contact
wire distribution that use the running rail as a
negative return for the traction power system.

5.2 TEE RAIL AND GIRDER GROOVE RAIL
5.2.1 Introduction

Rail is the most important—and most
expensive—element of the track struciure. |t
is the point of contact with the vehicle wheel,
the structural beam supporting the vehicle
load, and one Ilocation where noise is
generated. Hundreds of different rail sections
have been created since the first strip of iron
was placed on a timber beam. Each new rail
section has been developed to satisfy a
particular combination of wheelrail loading.
Tee rails were developed for ballasted track.
When rails were placed in streets, girder rails
were developed to provide the needed
flangeway.

North American fee rail sections have evolved
over the years into the current American
Railway Engineering and Maintenance of Way
Association (AREMA) standards—115 RE,
132 RE, and 136 RE. Many other rail sections
are still in use today.

5-1

The rail section identification 115 RE refers to:

* 115 = mass (weight) 57.0 kilegrams per
meter (114.7 pounds per yard).

e RE = AREMA standard rail section.

Rail sections and steel composition continue
to evolve and be improved worldwide. The
115 RE rail section is the primary section
used on contemporary light rail track systems
because it provides a recognized standard
section, as well as a guaranteed continuous
supply. The 115 RE rail easily supports light
rail vehicle loads and has sufficient end area
to act as a low-resistance negative return
conductor in the traction power circuitry.

The standards for rail lengths have improved
from the customary 11.8-meter {39-foot)
iength to 23.8-, 24.4-, and 25-meter {78, 80
and 82-foot) lengths. European rail mills have
recently produced rail in 122-meter (400-foot)
lengths. This is not a standard in North
American rail mills.

Joints between rails have aways been the
weak [ink in the track system. Welding of the
rolled rail lengths into continuous welded rail
(CWR) is customnary to eliminate joints and to
improve the performance of rail in track. The
development of thermite and flash butt
welding allows the track to be constructed in
CWR strings. CWR is the general standard for
all transit except for locations, such as very
sharp precurved track, where jointed rail may
be more practical to suil specific site
conditions and future maintenance
procedures.

Precurving of rail is a requirement on light rail
systems at locations where the radii of curved
track exceeds the elastic limit of the rail.

The two prime maintenance issues associated
with rail are head wear in curves and rail
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corrugation. These issues are discussed at
tength in this section.

Girder rail is needed to support rail in streefs
and to form a flangeway for the wheel. The
rail can then have pavement around the rail to
allow motor vehicles o share the road with
trains. Girder groove rail and girder guard rail
sections are no longer manufactured in North
America. The popular girder rail sections in
use and availeble from  European
manufacturers are the Ri 59N, Ri 60N, IC,
Ri52N, Ri53N, NP4a, and 385G sections.
Previcus popular sections no longer available
include 128 RE-7A, 149 RE-7A and the GGR-
118. There is a limited selection of girder
groove rail and girder guard rail in today's
market. Few girder rails have the minimal
transit flangeway widths, which complicates
the issue of railway wheel gauge and track
gauge. For additional information on girder
rail and flangeways refer to Chapter 4 herein.

Girder groove rail installed to improve track
performance should be welded where
possible. Girder groove rail requires
precurving of rail for nominal radii curved track
alignments due to the section.

5.2.2 Tee Rail

The standard section for running rail on
contemporary light rail systems for the three
types of track structure are generally similar
uniess specifically stated otherwise.

5.2.2.1 Rail Section ~115RE or 124 BC

5.2.2.1.1 AREMA Rail Sections

Selection of the running rail section must be
performed with consideration for economy,
strength, and availahility. The current
selection in North America is limited and the
simplest solution is {0 select an off-the-shelf
115 RE rail section conforming to AREMA

standard raill or  high-strength  rail
requirements. The section has more than
adequate beam strength io support the wheel
on standard crosstie and direct fixation
fastener spacing.

Wheel/rail interface is one of the most
important issues in the design of the wheel
profile and the railhead section.
Contemporary light rail transit systems
provide the opportunity to customize design
and maintain an optimat wheel/rail interface
due to the single standard for wheels and rail

Although rtaill wear and fatigue are
considerations on transit systems, the primary
design concerns are:  optimizing vehicle
aperation, controlling noise and vibration, and
improving ride quality.

A  beiter understanding of and major
improvements to wheel and rail design and
interface issues are evolving. The optimized
wheel/rail interface {OWRI) system considers
hoth vehicle suspension characieristics and
track and rail standards.

Modifications in the rail head radius will
improve the current rait profile of AREMA
sections. The current 115 RE rail section
includes a 254-millimeter (10-inch) crown
head radius. To improve the wheel fread to
rail contact zene, a 203-millimeter (8-inch)
head radius is recommended. This will
reduce and control the contact band along the
rail to a well-defined 12- to 15-millimeter (1/2-
to 5/8-inch) width. Several transit agencies
have incorporated maore radical
improvements, such as asymmetrical rail
grindings for outside and inside rail in track
curves, with documented  operational
improvements in wheel/rail performance.

Vehicle performance is based on the primary
and secondary suspension systems that allow
the vehicle to negotiate curves. The wheel
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and rail profiles control how well the vehicle
fruck steers in curves and how much the truck
will hunt on tangent track. The concentrated
contact zone between the wheel and rail can
be positicned at the gauge comer on the high
outside rail of curves to improve steering. The
contact zone on the low rail is best located
toward the field side of the rail head. These
positions of the contact zones take advantage
of the wheel rolling radius differential and
improved axle steering in conical wheels.

Wheel and rail design that produces a
conformal contact zone, or wider wear pattern,
after @ short period of service life exacerbates
poor vehicle tracking performance through
curved track. [t also infroduces early wheel
hunting and leads to corrugation in the rail
head. Conformal contact conditions are
produced when the rail head radius is worn to
a flat condition and the wheel is worn fo a
similar fiat or hollow condition. This simulates
rail head configuration, producing a wear zone
across the head of the rail.

The current 115 RE rail section consists of a
crown radius of 254 millimeters (10 inches)
and gauge commer radii of 38.1 and 9.5
millimeters {1-%: and 3/8 inches). The rail
head width is 69.1 milimeters (2-23/32
inches) and the rail height is 168.3 millimeters
{6-5/8 inches) as shown in Figure 5.2.1
Railroads, including BC Rail, have been
searching for an improved rail section or
profle—one with increased wear life and
performance. Undesirable wear patterns such
as gauge comer lip formation and shelling on
the standard 136 RE rail section have
required early gauge corner and field corner
grinding. Dr. J. Kalousek (JK) proposed a
203-millimeter (8-inch) head radius for the
standard 136 JK rail section instead of the
standard 254-millimeter (10-inch} radius to
improve the contact location as previously
described.

5-3

5.2.2.1.2 124 BC Rail Section

BC Rail, to improve the standard 115 RE rail
section and retzin the OTM currently in
service opted fo change the rail head portion
of the 115 RE rail section. BC Rait mated the
115 RE rail web and base section to the 136
JK rail head section io create the 124 BC
section.) The 124 BC rail section provides
additional steel in the rall head wear area as
shown in Figure 5.2.1.

The 124 BC rail section improves on rail head
radius and provides additional rail life due to
increased stee! in the rail head wear area. A
rail section of this size may be especially
effective if tee rail is {o be used in embedded
track where replacement of worn rail is more
labor intensive.

An imbalanced  trackfvehicle  system
contributes to excessive wear of both the
wheel and rail. A combination of wheel/rail
vehicle track incompatibilities contribute io
high lateral over vertical (L) rafios,
excessive flanging action, and gauge face
wear of more than 20 degrees on the high
raifs of sharp curves, Corrective rail section
design, rail profile grinding, and an effective
wheel ftruing program along with fiange-
mounted  lubricators  will  improve  ralil
performance, reduce mainienance, and
increase rail life. &

The transit industry and freight raiirpads will
continue to push for improvements to the
current standard rail sections such as
standardization of the 124 BC section and a
compatible wheel profile. For details on the
wheel profile development refer to Chapter 2.

5.2.2.2 Rail Strength—Standard/High-
Strength Tee Rail

Chemical composition guidefines for running

rail are standardized in the AREMA Manuszi,
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Chapter 4, for both standard rall and high-
strength rail. The use of alioy rail is not
recommended to obtain the high-strength
standards because of the additicnal
complexities of welding alloy rail. Current
standard and high-sirength rail hardness,
including the head hardening procedure,
obtain the following standards:
¢ Standard Rail: 300 minimum Brinell
Hardness Number (BHN)

High Strength Rail: 341 o 388 BHN (may
be exceeded provided a fully pearlitic
microstructure is maintained.)

5.2.2,.2.1 Rail Metailurgy®™

The life of the rail can be extended by
increasing the rail’s resistance io;

Wear

Surface fatigue-damage

Fatigue defects

Rail steel hardness, cleaniiness, and fracture
toughness can increase this resistance. The
effect of rail hardness in resisting gauge face
wear is a known fact. Increased rail hardness
in combination with minimized sulfide
inclusions reduces the likelihood of surface
fatigue cracking. This, in turmn, reduces
development of subsequent defects such as
head checks, flaking, and sheliy spots. Oxide
inclusion clean steel, combined with good
fracture foughness, reduces the likelihood of
deep-seated shell formations. Both shelly
spots and deep-seated shells can initiate
transverse defects, which ultimately cause
broken rails.

The current rail standards include increased
rail hardness and improved rail steel
cleanliness, with the peatlitic steels peaking at
390 BHN. Recent research has focused on
other sfructures such as bainitic steels.
Although bainitic steels of the same hardness
as pearlitic steet are not as wear resistant,

5-5

high-hardness low-carhon bainitic steel offers
wear resistance superior to pearlitic steel

As a guideline for transit installations the
recommendation is fo install clean rail steel
with a2 hardness of:

300-320 BHN ({standard rail) in tangent
tracks, except at station stops and severe
profile grades greater than 4%.

s 380-320 BHN in tangent tracks at station
stops, severe profile grades greater than
4% , curved track with radii less than 500
meters (1,640 feet), and ail special
frackwork components inciuding switch
points, stock rails, guard rails, frog rails
and raiis within the special trackwork
area,

These hardnesses may prove to be difficuit to
abtain in European girder rail sections. As a
guideline, the girder groove rait should have a
hardness of 300 BHN and greater.

5.2.2.3 Precurving of Tee Rail

Where the frack radius is sharp encugh fo
exceed the elastic limit of the rail, the rail must
be precurved. These are the general
guidelines for precurving iee raik

Standard Rail

Precurve rail horizontally for curve
radius below 120 meters (400 feet),
Precurve rail vertically for curve
radius below 300 meters (984 feet).

High-Strength Rait

Precurve rail horizontally for curve
radius below 100 meters {325 fesat}.
Precurve rail vertically for curve
radius below 230 meters {755 fest).

Precurved rails are often in high wear
locations where the rail is replaced more
frequently. These locations often have
standard joints rather than CWR to facilitate
maintenance.
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5.2.2.4 Procurement of Rail

Procurement of rail shouid be in accordance
with AREMA Standard Specification Chapter
4, Part 2, Section 2.1, which includes specifics
pertaining o transit agency requirements.

There is no standard rzil or girder rail section
for embedded track. The 115 RE rail section
has been used for embedded frack, with the
bolted Pitisburgh strap-guard, with formed
flangeways in either asphait or concrete, or
with the forming of a flangeway in the street.
All of these have been used by various light
rail fransit systems. The ideal rail section for
embedded track would be girder groove rail,
with girder guard rail for the curved sections
and more pronounced sharper radius curves.

5.2.3 Girder Groove Rail, “Rillenschiene”,
and Girder Guard Rail

The most commonly used running rait in
embedded track (if tee rail is not used} is
girder groove rail for tangent track and girder
guard rail for curved track. The selection of
girder groove rail currently available is limited
to the European standards: RiS9N, RiGON
Ri5ZN, Ri53N, NP4a, and 35G as shown in
Figures 5.2.2 and 5.2.3. To use these narrow
flange girder rails, the whee! gauge and track
gauge must be compatible with a reduced
gauge clearance between wheel and rait to
ailow for wheel passage. The wheel flange
profile may also be specialized, conforming to
a transit whee! profile in lieu of the Association
of American Railway (AAR) AAR-1B wheel
profile.  For additional information on wheel
profiies and girder rail, refer to Chapter 2.

5.2.3.1 Girder Rail Sections

Grooved rail is known as “Rillenschiene” in
Germany. Current popular German grooved
rail sections are Ri59N and RiGON. The rail
identification Ri59N refers {o:

» Ri: Rillenschiene for groove rail

» B589: mass (weight} 58.96 kilograms per
meter (118.6 pounds per yard)

e N f(or -13)  13-millimeter (0.51-inch)
gauge corner radius

A recent revision to the Ri5% and RiGQ girder
rails has been to change the radius of the rail
head gauge corner from 10 to 13 millimeters
{0.39 to 0.51 inches) and introduce the head
configuration as a 1:40 cant position when the
rail base is level. This rail section has been
designated Ri59N or Ri59-13. RIGON rail also
has a 13-millimeter (0.51-inch) gauge corner
radius. These modified rail head sections
match the 115 RE rail head section. The
latest development by an  Austrian rail
manufacturer is the rolling of the RiBON girder
groove rail with a 4-milimeter (0.16-inch)
raised lip section to provide additional girder
guard lip protection.

The new Ri girder rail head profiles match the
115 RE tee rail section. Wheel compatibiiity
based on head radii and wheel contact zone is
possible if the wheel profile is designed to suit
both tee rail and girder rail sections. The
wheel designer and the track designer must
consider the impacts of wheel/rail
performance resulting from standardized rail
sections. For additional information on
wheel/rail conformance refer to Chapter 2.

5.2.3.2 Rail Strength - Girder Rail

The customary Curopean steel manufacturing
practice is to roll standard rail sections in
accordance with cumrent UIC-860 V standards.
The standard girder rails are produced with
relatively soft rail steel in the normal grade,
with a tensile strength (TS) of 685 Newtons
per square millimeter (N/mm?) as shown in
Table 5.1.

s  European steel manufacturers aiso roll rail
sections in a wear-resistant grade with a
minimum TS of 885 N/mm?. This grade of
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standard steel is available in three classes: A,
B, and C, where:

C = Ciass is the wear-resistant

B = Class is the primary class for girder
rails, which provides a hardness of
approximately 266 BHN

A = Class rail is a very soft stee!

A girder rail section to meet North American
BHN standards requires a tensile strength of
1,080 N/mm? which equates to approximately
320 to 340 BHN according to Table 5.2.

Recent investigations with European steel
manufacturers have indicated that girder rail in
this class can be made available in alioy steel
girder rail.

An alternative to the alloy steel is to use the
standard European girder rail steel and

provide wear resistance treatments consisting
of wear-resistant weld inserts at the gauge
comner, top of rail, and/or girder rail lip (see
Section 5.2.5).

5.2.3.3 Precurving of Girder Rail

Like tee rail, girder rait must be precurved if
the curve radius is sharp enough to exceed
the elastic mit in the base or guarding face.
The guideline for precurving girder raits:
Horizontal: precurve girder rait for curve
radii betow 200 meters (650 feet).

Vertical: precurve girder rail for vertical
curve radii below 300 meters (984 feet).

Horizontal bending of girder rail will require
vertical bending to obtain proper configuration
due to the asymmetrical shape of the rail
These operations are best performed in roller
straighteners at the mill.

Table 5.1
Chemical Composition of the Steels used for European Girder Rails

Content In % By Weight
co Si Mn P 5 Cr

TS of 685 N/mm?2
785 N/mm2

A 0.80/0.75 | =0.5 0.80/1.30 | =0.05 | =0.05
Wear_resistant grade with B 0.50/G.70 =05 1.30/1.70 =0.05 =0.05
minimum T.S. of 885 N/mm2

c 0.45/065 | =04 1.70/210 | =0.03 =0.03
Chrome - manganese Special 0.65/0.80 =0.8 0.80/1.30 =0.03 =0.03 0.80/1 .SD
grade steel with minimum TS
of 1080 N/mm2
(1) € =Carbon

Si = Silicon

Mn = Maganese
P = Phosphorus
S = Sulfur

Cr = Chromium
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Table 5.2
Relationship of Brinelt and Rockwell
Hardness Numbers o Tensile Strength

Rockwell Rockwell Superficial
Brinefl Hardness Hardness Hardness Number, Superficial
Number Number Diamond Penetrator
Brinell Tungsten
Indentation Standard Carbide 15-N 30-N 45-N Tensile Strength
Diameter {mm) Ball Ball B Scale C Scale Scale Scale Scale {Mpa) (Nfmm?)

2.50 801 573 89.0 751 635 2282
2.60 555 547 878 727 60.6 2055
270 514 521 86 5 703 47 6 1890
280 477 48.5 853 882 545 1738
2.90 444 471 840 65.8 51.5 1586
3.00 416 415 44 5 82.8 63.5 48.4 1462
310 388 388 418 81.4 811 453 1331
320 363 363 391 800 587 42.0 1220
330 341 341 36.6 78.6 56 4 391 113
340 3 321 4.3 77.3 543 364 1055
3.50 302 302 321 76 1 522 338 1007
380 285 285 299 750 503 3.2 952
370 269 269 27.6 737 48.3 285 397
3.80 255 255 254 725 46.2 260 855
3.0 241 241 100.0 22.8 709 439 228 800
4.00 229 229 8.2 205 697 418 20.1 765
410 217 217 96 4 710
4.20 207 207 94.6 582

5.2.3.4 Procurement of Girder Rail
Procurement of girder rail by North American
transit agencies requires a special contract
specification stating the specifics as to rail
gection, strength, special treatmenis and
potential precurving requirements in specific
lengths of rail. The use of European standard
UIC 860 V as a reference is acceptable, as
long as additional special provisions are
included.

As a guideline, the special provisions for
procurement of girder rail should include: the
ultimate tensile strength of the rait in particular
the Brinell Hardness Number at the wearing
surfaces, the compatibilty of welding,
precurving requirements, specific length of
rails, and the method of corrosive protection
during shipping.

5.2.4 Rail Wear

Rail has continually suffered from abrasive
wear due to the steel wheel running on and
against it. Surface head wear is due to the
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constant running of the wheels and is further
compounded by the additional forces
generated by braking and fraction during
deceleration and acceleration, respectively.
In curved track there is added surface wear,
where wheel slippage and load transfers
occur due fo superelevation and changing
direction of the vehicle truck. Gauge face rail
wear oceurs due to the steering function of the
rail. Sieering contact is at the outer rait of a
curve, which guides the outside wheel of the
lead axle The action commences when the
vehicle wheels negotiate the outside rail of the
curve fo the point where the wheel flange
makes contact with the side of the rail head.
This contact is referred to and measured as
the "angle of attack.” ¥

This attack on the outer rail is not caused by
the vehicle's centrifugal force, but by the
constant change in the vehicle’s direction.
The outer rail constantly steers the outer
leading wheel inwards towards the curve
center,
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The wheel acts as a cutting edge, or grinding
stone, that actually machines the gauge
corner and face of the running rail. This is
caused by several factors, such as the
severity of the wheel's angie of attack to the
rail, the stiffness of the vehicle truck which
retards the curving action, and the velocity of
the vehicle.

Another rail wear phenomenom is the
formation of metal flow. The wheel/rai
interaction causes the rail and steel surfaces
to deform at the point of contact due to the
concentrated load. This contact pressure is
extreme to the point where the sfress is
greater than the yield point of the rail steel,
which causes plastic deformation of the
surrounding steel. This action leads to metal
flow accumulation on the surface edges of the
rail head. Metal flow coliects at the gauge
corner of rail in tangent track, where the wheel
is seldom in contact with the rail gauge corner
or face. This also occurs on the field side of
the inside rail of curves, where the rail head
metal flow migrates toward the field side and
accumulates as a pronounced lip.

Corrugation of rail is another rail wear
phenomenom that impacts ride guality and
noise generation. Corrugation is discussed in
Chapter 9, Noise and Vibration Control.

§.2.5 Wear-Resistant Rail

Transit systems have historically suffered
from womn rails and the need for premature rail
replacement due to accumulative wear limits
of the rail head and/or gauge face. To combat
the wheel machining of the rail gauge face
and loss of metal, an abrasion-resistant steei
is required. Improvements in the chemical
composition and treating process of raif steel
have led to the development of wear-resistant
types of steel. Research has shown that
pearlitic steel with sufficient hardness retards
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the wear and abrasion (or machining) of steel
and the formation of corrugation.

The hardness of rail steel is proportional to its
toughness or its ulimate tensile strength
(UTS). UTS is used to measure the quality of
the steel.

As stated earlier, rait producers in Europe are
net accustomed to supplying non-alloy special
groove rail and other rail sections in the range
of 1,100 UTS (320 to 340 HBN). To
overcome this deficiency in the rail, a special
welding procedure has been used to provide a
wear-resistant surface to the rail. The special
welding known as Riflex® also features anti-
sgueal characieristics.

5.2.5.1 Rifiex Welding

The Riflex welding procedure inciudes three
types of raii welding as follows:
Riffex—corrugation reduction or elimina-
tion and head wear reduction

Eteka 5—rail gauge comer and face wear
reduction

Riflex AQ—anti-screech weld material
developed to control noise

The Riflex process includes four steps:

1. A groove is machine cut into the ball or
the gauge face of the rail.

2. Using submerged arc welding techniques,
an alloy is welded into the groove.

3. The rail is ground smooth.

4. The rail is roller straightened and

ulirasonically inspected. Riflex welding
can also be figld appiied with rail in place.

The three fypes of weld materials used in the
Riflex process have different hardnesses.
The Riflex anti-corrugating material is applied
in a very hard state—approximately 600
BHN—and develops a final hardness of about
700 BHN. The Eteka 5 material is applied o
the rail in a fairly soft form, but develops a
hardness of 550 to 800 BHN very quickly.
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The AQ anti-screech material is applied in a
soft state and develops a hardness of about
80 BHN. Although the AQ material is soft, it is
protected by and designed to wear at the
same rate as the surrounding rail. Additional
information on Riflex welding is included in
Chapter 9.

Riflex welding applications have had mixed
success in North America.  The carbon
content of rail specified in North America has
resulted from adverse performance in the
welding procedure and long-term
performance. The use of the Riflex process
requires a detailed specification procedure
that matches the rail steel.

5.3 RESTRAINING RAIL DESIGNS FOR
GUARDED TRACK

Guarded tfrack in light rail transit design, as
described in Chapter 4, reduces curve wear
on sharp curves by restraining the wheels
away from the outer rail. The guard {(or
restraining) rait is close to the inside raii of the
curve and contacts the back of the inside
wheel flange. The design of guarded or
restraining rail differs, and over the years
various designs have  been  used.
Traditionally, curve guarding on street raitway
systems was frequently achieved using a
girder guard rail section similar to the rail
sections illustrated in Figure 5.2.2. Baliasted
and direct fixation track requiring guarding
used a separate restraining rail rounted
adjacent to the running rail. Exceptions can
be found, depending on the requirements and
gircumstances of a particular system.

The following sections discuss the various
designs for guarded track or resfraining rail.
Sharp curves with restraining rail are very
complicated to fabricate and construct in the
field. Prefabricating curves on a shop fioor
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can improve quality and reduce field

instailation time.

6.3.1 Girder Guard Rail for Emhedded
Track

Many historic North American girder guard rail
sections were either 140ERYB or 152ERSB
and, more recenily, 149 RE7A.  These
sections were developed specifically for
embedded street track to provide a substantial
restraining rail guard lip or tram on the rail {o
act as the resirzining guard face. in tangent
track a mating girder groove rail section of
similar height with a reduced girder rail {ip was
gvailable to complete the embedded track
installation.

These girder groove rail and girder guard rail
sections were developed to suit specific wheel
profile sections and transit wheel gauge
resulting in a reduced flangeway. The last
section rolled in North America, the 149 RE-
7A, was a railroad girder guard rail with a
wider flangeway that was compatible to the
AAR wheel and wheel gauge. Earlier
contemporary light rail systems adopted this
girder guard rail section as standard to suit the
AAR vehicle wheel gauge. These sections
are no longer manufactured or rolled.

Te fill the availability void in girder groove and
girder guard rail, European girder groove rail
sections have been used. The most popular
European sections are RiS9, Ri60, and GGR-
118. These sections are all pure transit girder
rail sections with reduced flangeway widths as
shown on Figure 5.2.2. The GGR-118 girder
groove rail section is no longer available.
Other girder groove rail sections rolled in
Europe that can be considered for transit use
in North America are the IC, Ri52N, RiS3N,
NP4z, and G35. European girder rails are nat
compatible with freight operations. Recently
the Ri60 girder groove rail was meodified to
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increase the girder lip height to introduce a
section conforming to girder guard rail
requirements.

The dilemma confronting the North American
light rail track designers is the lack of a
suitable girder guard rail section with the
increased flangeway width required te provide
guarded track in embedded sharp radius
curved track secticns. The Europsan girder
groove rail sections are adaptable if a transit
wheel gauge is selected for the wheel set.
The AAR wheel gauge of 1414 milimeters
(55.6875 inches) is not compatible with these
girder rail sections.

Alternaie design methods have been used in
embedded track to overcome the flangeway
width issue. These designs inciuded the
“Pittsburgh” strap guard with 115 RE rail, the
use of conventional tee rail restraining rail,
and the use of 115 RE rail with a formed
flangeway with no restraining rail protection.
Unfortunately, none of these design concepts
provides the ultimate rail section, and they
have proven to be adequate at best.

As a guideline, a transit whee! profiie and
transit whee! gauge of 1421 millimeters (55.84
inches) are recommended and the modified Ri
59N girder groove rail section with a hardened
girder fram lip can be used in sharp radius
curved track. This combination of transit-
related standards provides an adequate
guarded track system. A wider wheel gauge
of 1422 millimeters (56.25 inches) wouid allow
the use of RIBON girder groove rail with the
proper truck wheel set (axle spacing).

5.3.2 Tee Rail for Guarded Ballasted and
Direct Fixation Track

Ballasted and direct fixation track with sharp
curves have used various designs to provide
the required restraint. Guarding is typically
provided by mounting a separate “restraining
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rail’ paraflel and conceniric to the inside
running rail, with the horizontal distance
between the iwo rails set at the required
flangeway dimension.

The restraining rail can be fabricated from one
of several steel shapes and may or may not
be physically attached to the running rail. In
versions that are physically bolted to the
running rail, the restraining railfrunning rail
assembly must be designed as a unit so that
curvature is consistent and bolt holes in both
rails are aligned.

5.3.2.1 Vertically Mounted Restraining
Rails

The most common type of restraining rail is a
vertically mounted tee rail as shown in Figure
5.3.1. The restraining rail is fabricatied by
planing away a portion of the base of a
standard tee rail, which is then bolted o the
running rail at intervals of 600 to %00
millimeters (24 to 36 inches). Cast or
machined sieel spacer blocks are placed
between the running rail and the restraining
rail to provide the desired flangeway. Some
designs fabricate the spacer blocks in two
pieces and insert shims between them o
adjust the flangeway width so that the
flangeway can be restored {o the design
dimension as the guard rail face wears.
Aithough this design feature appears sound,
few transit systems actually take advantage of
this maintenance feature.

The restraining rail and the running rail webs
must be drilled to insert connecting bolts. The
bolt hole spacing must be detailed on the
shop drawings because the restraining rail is
on a slightly larger horizontal radius than the
running rail to which it is attached. In addition,
the boit hole spacing will be different on each
rail. While this differential is minor between
any pair of bolt holes, it will become significant
when accumulated over the full length of a
rail.
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163 RESTRAINING RAIL
Figure 5.3.1 Typical Restraining (Guard)
Rail Arrangements

For curves with radii less than 100 meters
(328 feet), combined running and restraining
rails are typicaily precurved and fabricated
together on 2 shop floor. For ease of
shipment, these precurved segments are
usually 12 meters (39 feet) long or less. For
curves with radii greater than 100 meters as
well as through curve spirals, where the
running rail can usually be field sprung (bent}
to the desired curve, shop curving of both
running and restraining rails is typically not
performed. To eliminate the need to drill
countless holes in the field conditions, only
the restraining rail is drilled. The restraining
rail is often the same rail section as the
running rail. In cases where the restraining
rail is elevated above the head of the running
rail, the restraining rait is fabricated from the
next targer rail section (e.g., 115 RE running
rail would be paired with a 132 RE restraining
rait). In other designs, the same rail section is
used, but a riser shim is welded to the rail
fastening plate beneath the restraining rail fo
elevate it.

If elastic rail fastenings are used, the spacing
between the restraining rail bolts and the

T0 SUIT CURVE AN
TRACK DETIEN

crosstie or rail fastener should be coordinated
to ensure that the bolt assembly will not
interfere with insertion of the elastic rail clip.
The bolt must be able to be tightened without
fequiring removal of the rail clip.

The combined running railirestraining rail
assembly will usually be installed on a
common extended rail fastener or tie plate
unlike those used under single running rails.
Restraining rail installed on concrete crossties
will require a special resiraining rail crosstie
with a wider shoulder mounting.

Vertically mounted restraining rails have been
used in all the types of track structures. When
employed in embedded track, it is necessary
to seal the flangeway to keep out moisture
and debris. A restraining rail assembly in
embedded track will have multipie paths for
seepage. Even with sealants, it is critical to
provide sub-drainage to keep the track dry.

5.3.2.2 Horizontally Mounted Restrairing
Rails

Transit systems have used horizontal designs
where the restraining rail is mounted with the
rail's Y axis oriented horizontally, as shown on
Figure 53.1. This is a relatively old design
that is cumently used only in older transit
installations.

As a guideline, horizontally mounted
restraining rail is not recommended for light
rail transit use although some traditional
streetcar systems used it at one time.
Horizontally mounted restraining rail cannot
be used in embedded frack areas.

5.3.2.3 Strap Guard Rail

A relatively recent restraining rail design uses
a2 special rolled section, known as the
Pittsburgh strap guard, with 1156 RE rail as
shown in Figure 5.3.1. The strap guard
section can be boited directly to the web area
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of the running rail. The strap guard section
was developed for the Pittsburgh light rail
transit system in the early 1980s based on
similar sections that were rolled for ASCE
rails in the early 20" century. This section, as
presently designed, accommodates only small
streetcar-sized wheel flanges. Where it was
used with railroad wheel flanges, it was
necessary to insert shims between the web of
the running rail and the strap guard fo obtain a
wider flangeway.

One advantage of the strap guard rail is that it
does not reéquire special rail fasteners or
crossties. The only requirement is a specially
designed rail clip that can bear on the iower
flange of the guard on the gauge side of the
assembly. The field-side rail holddown device
can be the same as that used in single rail
installations, which faciliiates adding strap
guards to an existing curve that is
experiencing rail wear,

The main disadvantage of the strap guard is
that a large number of holes must be drilled in
both the strap guard and the running rail and a
large number of threaded fastenings must be
maintained.

As a guideline, the strap guard rail assembly
should be used only as a last resort for either
girder rail or girder guard rail fight rail transit
installations.

5.3.2.4 UIC33 (U699} Restraining Rail

A new restraining rail design for use in Norih
American light rail transit system is the
popular UIC33 section from Europe. The UIC
33 section is also referred to as the U8G9 or
RL-180 section. For standardization,
hereinafter the section will be referred to as
the UB9 restraining rail section. The WG9
section in Europe has primarily been used as
a guardrait for special trackwork frog
locations. The UEB2 section has alse been
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used for frog guardrails on several North
American light rail transit systems.

The major advantage of using the UB9 section
as a restraining rail is the capability of
independent mounting from the running rail as
shown in Figure 5.3.1. To improve on its
funciion as a restraining rail, the UB9 section
features a raised design  The restraining rail
face is positioned 20 millimeters (0.7887
inches) above the top of the running rail, to
allow additional contact with the flat vertical
face of the back of wheel.

The independent mounting is provided by a
mouniing bracket that allows the restraining
rail 1o he mounted adjacent o the running rail,
providing the required flangeway width. The
mounting bracket design can either be
separate from the running rail fastening plate,
direct fixation fastener, or an integral part of
the fastening plate.

5.3.3 Restraining Rail Recommendations

As a guideline the foliowing mountings are
recommended:

Concrete Crosstie Track—a separate UGS
mounting is provided by two additional
anchor bolt inserts that are cast in the
concrete crosstie during tie production.
The instaliation should be insuiated and
the bracket designed to clear the running
rail fastening.

Direct Fixation Track—a separate UES
mounting is provided by two additional
anchor bolt inserts cast in the direct
fixation concrete plinth during plinth
installation. The installation should be
insulated and the bracket designed to
clear the direct fixation fastener
components.

Timber Crosstie  Track—joint  U&9
mounting with the running rail fastening
plate. A welded assembly or cast steel



Light Rail Track Design Handbook

fastening plate can be used. The single
unit fastening plate with a bracket
provides improved holding by using the
weight of the vehicle to retain the plate
bracket position. The instaliation should
be insulated, and the bracket designed to
clear the running rail fastenings.

The U689 restraining rail assembly provides for
flangeway width adjustment by adding shims
directly behind the U89 restraining rail. This
adjustment can be undertaken without
disturbing the running rail installation.

The UB9Y restraining rail can be provided in 15-
and 18-meter {49- and 58-foot) lengths,
Special four bolt joint bar assemblies are used
to join these lengths. To allow for minor
thermal expansion in the UB9 section, it is
recommended that slotted holes be made in
the joint bars.

On aerial structure installations where thermal
expansion of the structure must be
accommodated, the UBS restraining rail
mounting bolt holes at each mounting bracket
should be sloited to allow the structure to
move longitudinally.

On sharp radius curved track instaliations, the
precurving of the UG9 section is preferred in
lieu of springing (bending) the U9 restraining
rail intc position. Design and shop drawing
layout of the curved frack to conform to the
various instailations is required.

5.3.4 Restraining Rail Thermal Expansion
and Gontraction

Restraining rails undergo thermal adjustment
as do running rails. They should not be
continuously welded because it would be
virtually impossible to install them at the same
zero themmal stress temperature as the
adjacent running rails. 1t is customary,
therefore, to fabricate restraining rail in 9- and
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12-meter (30- and 39-foot)-long segments and
provide expansion gaps at bolied restraining
raif joints. | the adjoining running rail is
continuously welded, any connections
between the restraining rail and the running
rails should allow for some longitudinal
movement between the twe rails. This can be
accomplished by drilling oversized bolt holes.

5.4 FASTENINGS AND FASTENERS

The fastening is the device that holds the rail
in place on either a tie plate, direct fixation
fastener, or concrete crosstie.  While the
original spike was used to provide lateral
support, new elastic fasteners also restrain
longitudinal forces in CWR.

Track designers are continuously striving to
improve rail fastenings and fasteners. Current
popular fastenings include:

Conventional rolled tie plates with cut
spikes, used on timber ties (no insulation).

Rolled formed shoulder tie plates with
elastic rail fastenings and cut or screw
plate holddown spikes, used on timber
fies (with or without insulation).

Piates with rigid crane rail ciips, used in
embedded and direct fixation track.

Insuiated elastomer direct  fixation
fasteners used on direct fixation track and
accasionally in embedded track.

5.4.1 Insulated Fastenings and Fasteners

The light rail vehicie draws power from the
overhead catenary wire and retumns it through
the running rails to the power substation. The
use of the running rails as an electrical
conductor is one of the main differences
between freight railroads and light rail transit
systems. The negative return current must be
controlled at the rail to retard or reduce stray
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current leakage, which causes corrosion of
transit track structures, utilities, and nearby
structures. For additional information on stray
current protection refer to Chapter 8.

The rail fasteners and fastenings are used to
insulate the rail from the ground Ballasted
track often relies on timber ties to insulate
rails from the ground. Although wood is
considered a non-conducting material, the
timber crosstie does not provide total
insulation for the negative return running rail.
Additional insulation may be provided to
further isolate the rail and/or fastening plate
from the timber crossties where stray current
corrasion is an issue.

On concrete and steel ties, elastic clip
fastenings are used. The clips are insulated
from the rail by plastic insulators and the rail is
placed on an insulating pad. Insulated track
fastenings or fasteners are needed to attach
rails in ballasted, direct fixation and embedded
track. However, track fastenings may be
omitted in embedded track designs where the
rails are supperted by embedment materials.

5.4.1.1 Isolation at the Rail Base

To provide electrical isolation of the rail from
the surrounding frack components, the
insulating barrier must be installed at the base
of the rail or mounting surface. The insulating
barrier consists of a rail base pad and
insulators for the edges of the rail base. The
rail base may be fully imsulated from the
mounting surface, as shown in Figure 5.4.1.

5.4.1.2 Isolation at the Fastening or
Fastener Base

To provide electrical isolation of the fastening

from the surrounding frack components, the

insulating barrier must be installed at the base

of fastening or mounting surface. The

insulating barrier consists of an insuiated base
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INSULATED
RAIL BASE PAD

ELASTIC FASTENING RAIL BASE
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Figure 5.4.1 Isolation at the Rail Base

fastening pad and insulating thimble-collars
for the anchoring screws or bolts, as shown in
Figure 5.4.2.

5.4.2 Fastenings for Timber and Concrete
Crossties for Ballasted Track

The current standard for light rail transit
ballasted track is to use either timber or
concrete crossties. For additional information
on ballasted track refer to Chapter 4.

Traditionaily, track constructed with timber
crossties, CWR, and cut spikes also included
rail anchors to restrain the ral from
movement. This style of track installation has
been economically replaced with elastic
spring clips to hold the rail to the tie plate.
The elastic clip now provides the longitudinal
restraint as well as holding the rail down.
These clips eliminate rail anchors that
profrude into the ballast and are virtually
impossible to insulate to provide stray current
protection.

The trend in design of main line LRT track
appears to be toward the use of concrete
crossties. Concrete crossties provide superior
gauge, line, and surface retention gver timber
crossties and the simple fastening method of
elastic clips holds the rails and electrically
isolates them from the ground as shown in
Figure 54.1. Main line fransit track with
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Figure 5.4.2 Isolation at the Fastening or
Fastener Base

timber crossties must consider the insulation
method shown in Figure 5.4.2 with screw
spikes used fo secure the e plate.
Economically, concrete and timber crossties
with insulated tie plates are approximately
equal in cost for large-volume procurements.
This may change depending on the availability
of timber.

Speciat trackwork installations on timber and
concrete switch ties must consider the
insulating method shown in Figure 5.4.2. This
is similar to main line timber crosstie
installations, which use larger special
trackwork fastening plates at the switch and
frog areas. Insulated plates, screwed to the
timber or concrete crosstie insert with an
elastic spring clip for rail support, have a
proven service record.

5.4.3 Fasteners for Direct Fixation Track

Direct fixation track is most often constructed
on:

¢ Concrete slab track at-grade

¢ Concrete invert in tunnels

¢ Concrete deck on aerial structures

For additional information on direct fixation
track design, refer to Chapter 4.

Although rails can be atiached to concrete
decks as shown in Figure 5.4.1, the common
practice in direct fixation track is to use a
bonded {or unbonded) direct fixation (DF)
fastener plate as shown in Figure 5.4.2.

The terms fastening and direct fixation
fastener refer to two distinct track
components. Fastenings are the individual
compenents, or series of components,
mounted separately to hold the rail tight in
piace, such as on a concrete crosstie with no
plate. Direct fixation fasteners consist of a
vulcanized/bonded steel plate and elastomer
pad or a stee! plate mounted on an unbonded
elastomer pad. The direct fixation fastener
plate often provides lateral rail adjustment in
the anchor bolt area.

All modern heavy rail fransit systems, starting
with Toronto in 1954 and BART in 1968, have
used resilient DF fasteners in subway track
and aerial track. DF fasteners have been
redesigned and improved to the point where
there are numerous siyles from which to
choose.

One of the earliest DF fastener designs is the
Toronto  Transit Commission's  (TTC)
unbonded fastener with a natural rubber pad.
Later designs included vulcanize bonded
fasteners with rolled steel top and botiom
piates. More recently, fasteners with either
rolled steel, cast top plates, or cast bases are
being used. Fasteners with a soft elastomer
material are available to provide an extra
measure of groundborne noise reduction.

DF fastener designs have used various
fastenings including bolied rail connections,
rigid clips and spring wedges, and elastic
spring ¢lips with variable toe loads. The
elastomer pad has been manufactured with
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synthetic  elastomers, natural  rubber
elasiomers, and polyurethane materials.
These materials have been formulated to
provide both high- and low-spring rates for the
track. Fasteners are held to the invert with
anchor bolts consisting of embedded studs
with spring washers and nuis or female
anchor inserts with spring washers and bolts.
Some of the earlier designs were inadequate
because of problems in design, material,
installation, or overloading.

Resilient DF fasteners have long been used
by U.S. transit systems. These fasteners
provide a moderate degree of vibration
isolation, require less maintenance, and
produce better rail alignment than ballasted
track. The iypical static stiffness of DF
fasteners used by various U.S. systems is on
the order of 20 to 5C MN/m (112,000 to
280,000 pounds per inch), with spacing
ranging from about 760 to 900 millimeters (2.5
to 3 feet). Recent concerns over the control of
rail  corrugation and the desirability of
approximating the stiffness of ballast and
crosstie track have modified the design of DF
fasteners such that the stiffness is on the
arder of 19 MN/m {106,000 pounds per inch).
These fasteners incorporate elastomer
honded between a cast iron or steel top plate
and stamped steel base. A snubber is
installed between the top and bottom plates,
beneath the rail seat, to limit iateral motion of
the top plate. Lateral rail head stiffness is on
the order of 5 MN/m (30,000 pounds per inch).
Fasteners have been supplied with vertical
stiffness on the order of 20 MN/m, but with
very low lateral stiffness on the order of 1.75
MN/m (8,800 pounds per inch), due to lack of

a snubber or other lateral restraint. These
differences in lateral siliffness reflect
differences in design philosophy.

Fastener designs that control structure-

radiated noise often feature an anchoring
system with anchor bolts that directly attach
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the base plate to the concrete invert or
crosstie, without passing through the top
plate.  This approach eliminates lateral
hending moments, which would otherwise be
applied to the anchor bolts due to lateral rail
forces

5.4.3.1 Fastener Design Consideration

The principal design parameters for direct
fixation fasteners are discussed in the
following paragraphs:

5.4.3.1.1 Vertical Static Stiffness

Vertical static stiffness is often called spring
rate, and represents the slope of the load
versus deflection over a prescribed range of
5,000 to 55,000 N (1,000 to 12,000 pounds).
Current light rail track designs inciude a static
stiffness of about 18 to 21 MN/m (100,000 to
120,000 pounds per inch), which, with a 760-
millimeter (30-inch) fastener spacing, gives a
rail support modulus of about 28 MN/m? (3,700
pounds per square inch). One {eature of low
stiffness fasteners is that they distribute rail
static deflection over a larger number of
fasteners, making the rail appear more
uniformly  supported. Low rail support
stiffness reduces the pinned-pinned mode
resonance frequency due to discrete rail
supports, as well as the rail-on-fastener
vertical resonance frequency. Static stiffness
in the 18 to 21 NM/m range provides
reasonable control of track deflection in the
vertical direction without unduly compromising
lateral stiffness.

54.3.1.2 Ratio of Dynamic to Static
Stiffness (Vertical)

The ratio of vertical dynamic to static stiffness
is a very important quantity that describes the
quality of the elastomer. A low ratio is
desirable to maintain a high degree of
vibration isclation. A desirable upper limit on

the ratio is 1.4, which is easily obtained with



Light Rail Track Design Handbook

fasteners manufactured with a natural rubber
elastomer or a rubber derivative. Ratios of 1.3
are neot uncommeon with natural rubber
elastomer in shear designs. As a rule,
elastorners capable of meeting the limit of 1.4
must be of high quality and generally exhibit
low creep.

5.4.3.1.3 Lateral Restraint

Latera] restraint is the ability of the fastener to
horizontally restrain the rail. High lateral
restraint is often incompatible with vibration
isolation design requirements.  Therefore,
fasteners that provide adequate stiffness 1o
guarantee both an adequate degree of
horizontal position control as well as vibration
isolation are desirable. Snubbers are
protruding portions of metal plate that
penetrate the adjoining plate to act as a limit
flange in controlling ateral displacement. The
guiding design principle is to provide a three
degree-of-freedom isolater. Hard snubbers
are undesirable in fasteners, because they
limit vibration isolation only in the vertical
direction.

5.4.3.1.4 Lateral Stifiness at the Rail Head

Lateral stiffness is measured at the rail head
and includes the eifect of fastener top-plate
rotation. Light rait frack design must raintain
rail head position within tight tolerances on
both curves and tangent track. This is
potentially in conflict with the requirement for
horizontal vibration isolation. The lateral
deflection of the top piate of typical sandwich
fasteners is limited by the snubbers and 0 2
lesser extent by the elastomer in shear. If the
shubber is located beneath the rail, a low
fastener with low vertical stiffness will have
low rotational stiffness and thus poor rail head
centrol.  This conflict has been overcome by
one European design, which incorporates
elastomer in shear with a large I[ateral
dimension to resist overturning.  Another way
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of overceming this potential conflict is to move
most of the elastomer to the ends of the
iastener, away from the rail center, thus
maximizing the reaction moment to
overturning forces. A snubber should not ba
installed at the center of the fastener. if a
snubber is required, it should be [ocated
towards the lateral ends of the fastener to
minimize rotation of the rail by forcing the rail
{o rotate aboui a point located towards the
field side of the rail in response o gauge face
forces.

5.5 CROSSTIES AND SWITCH TIES

Ballasted track requires crossties to support
the rail. Chapter 4 discusses crossties in the
design of ballasied track. Crossties are used
mainly for ballasted track, although they are
occasionally used in both direct fixation
encased track, where a crosstie or sections
thereof are encased in a concrete frack
structure, and in embedded track, where the
crossiie is embedded with the track structure

Crossties are generally made of three specific
materials: timber, concrete or steel. There
has been some experimenting with composite
crogsiies consisting of epoxy composites and
plastics. These composite ties have seen
little service and are not discussed further
herein.

The development of pre-stressed precast
concrete at reasonable prices has led {o the
current concrete crosstie design, which
features encased rail shoulders and sundry
inserts for the application of trackwork
components. The concrete crosstie designs
have been refined to suit light rail fransit use.
A recent innovation is the design of the
serrated side (scalloped) concrete crossties
that improve latera! stability.

Light rail transit systems use both timber and
concrete  crossties. The predominant
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standard appears to be concrete crossties for
the main line frack, with timber ties for
maintenance facility and yard tracks. Special
trackwork installations for both main line and
vard track use timber ties, although concrete

ties have been considered and recently
implemented on a transit system.

5.5.1 Timber Crossties

The timber currently used in crossties

includes selected hardwoods, with tropical
species also being considered. The reduced
availability of this timber has driven up the
cost of ties, as has the environmental aspects
of treating the wood. For new light rail fransit
systems consiructed in early 1980s, timber
ties {wood is a non-conductor) provided
sufficient electrical isolation. Today, many
believe that additional insulation is required in
locations where siray current cofrosion is an
issue. Recent timber tie fastening designs
include a tie plate that adds a layer of
insulation between the bottom of the tie plate
and the top of the tie.

The requirement for an insulated tie plate to
be mounted on the timber tie dictates the
general width of the tie. Standard tie plate
widths range from 180 to 190 millimeters (7
to7-% inches), with an insulated tie pad
protruding 2 minimum of 12 millimeters (1/2
inch) on all sides of the tie plate results in a
minimum width of 204 millimeters (8 inches).
A 230-millimeter (S-inch) wide timber fie
provides sufficient surface to support the total
insulator pad with no overhang beyond the
edge of tie. Skewed tie plates at special
trackwork Iocations must consider the
overhang issue in relation to degree of the
skew angle.

The length of crosstie relates to the standard
track gauge of 1435 millimeters (58-% inches)
and is generally 2580 millimeters (8 feet 6
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inches) long. Transit systems with a wider
track gauge require a longer timber crosstie.

Timber crossties are generally required to
conform with the current specifications of the
AREMA Manual, Chapter 30 (formerly 3) Ties
and Wood Preservation.

As a guideline, timber crossties for light rail
transit use should be hardwood—preferably
oak—and generally 180 x 230 millimeters (7x9
inch} wide x 2.6 meters (8 feet, 6 inches) long.
Tie length may vary depending on the track
gauge selected. The 7-inch tie depth is
referred to as a 7-inch grade crosstie. (The
metric system has not been used to classify
tie sizes).

When using timber crossties conforming to
AREMA recommendations, the type of wood,
tie size, anti-spiiing device, wood
preservative treatment, and machining should
be specified in the procurement contract.

5.5.2 Concrete Crossties

Concrete crossties are becoming more
common in light rail transit designs as life
cycle costing makes them competitive with
timber crossties. The most common concreie
crosstie is the monoblock tie with embedded
cast steel shoulders and pre-tensioned wires.
The rail fastening system consists of an
elastic ¢lip with insulating rail seat pad and
clip insutators, as shown in Figure 5.4.1.

In addition to the conventional crosstie that
holds the two running raifs, 2 special crosstie
is needed to hold the restraining rail in
guarded track at sharp curves. The size of
the two ties is similar. The configuration of
the restraining rail crosstie provides a
refatively level surface between the rails to
support the specific design of the restraining
rail assembly.
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The standard size of light rail transit concrete
crossties is generally 255 millimeters (10
inches) wide and 2515 millimeters (99 inches)
long at the base of tie. The tie is tapered to a
180-millimeter (7.5-inch} height at the rail seat
and a 185-millimeter (6.5-inch) height at the
center of the tie. The height at the center of
the tie will increase to suit the restraining rail
design. The length of concrete crossties may
vary between transit systems; however, 2515
millimeters (8 feet 3 inches) appears to be the
most common length for standard track
gauge.

The concrete crosstie design for light rail
transit track is based on the light rail vehicle
weight, anticipated loads and vehicle
operating velocity. [t is generally 2 smaller
version of the concrete railroad crosstie with
less reinforcement and a reduced cross
section sufficient to meet the positive and
negative rail seat and tie center bending test
requirements.  Specifications for concrete
crossties in light rail transit track differ from
standard railroad track crosstie specifications
due to the different vehicle loads and resuitant
forces on the crossties. The concrete railroad
crosstie is a sturdier tie in conformance with
the specifications of AREMA Manual, Chapter
30.

5.5.2.1 Concrete Crosstie Design

The design of concrete crossties for light rail
transit track is based on performance
specifications that consider:

» Tie spacing

« Tiesize

¢ Wheel loads

* Impact factor

5.5.2.2 Concrete Crosstie Testing

Prior to acceptance of the concrete crossiie
design, the manufactured crosstie should be
tested for compliance with specifications and
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the determined calculated load limits. The
tests should be conducted in accordance with
the procedures outlined in the AREMA
Manual, Chapter 30.

5.5.3 Switch Ties—Timber and Concrete

Special trackwork switch ties for light rail
transit system installations have been
primarily timber based on conventional
raiiroad standards

Concrete switch ties have been developed by
the railroad industry to meet heavy haul freight
maintenance regquirements. History has
shown that high engineering design and
fabrication costs contributed to the limited use
of concrete switch tie sets, with timber being
more econornical.

The transit industry’s minimal use of concrete
switch ties has been primarily on commuter
railroad lines utilizing large-size turnouts and
high-speed {urhouts.

Various turnout standards exist among light
rail transit agencies; therefore various
concrete tie geometric layouts and designs
would be required to meet all requirements.
Standardization and simplicity in tie design is
required to provide the light rait transit industry
with a uniform standard concrete switch tie set
for the various turnout sizes.

5.5.3.1 Timber Switch Ties

Timber hardwood switch ties is the standard
for light rail transit special trackwork turnouts
and crossovers. In locations where stray
current corrosion is an issue, added insulation
is needed.

Similar to main line timber crossties, the
requirement for an insulated switch tie plate to
be mounted on the tie dictates the general
width of the tie. A 230-millimeter (S-inch) wide
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timber switch tie provides adequate surface to
support the entire insulator pad with no
overhang beyond the edge of the tie. Special
trackwork plates or fastenings are subjected
to skewing of the plates to provide a
perpendicular mounting at the rail base.
Otherwise, special provisions within the plate
design must allow the plate to mount parallel
to, and entirely on, the tie surface. Skewed
plates or insulation should not project beyond
the edge of tie.

Timber switch ties should be supplied in
accordance with current recommendations, of
the AREMA Manual, Chapter 30.

As a guideline, timber switch ties for light rail
fransit use should be hardwood—preferably
oak—and generally 180 x 230 millimeters (7 x
9 inches) wide and of a suitable length for the
turmout installation. The switch tie sets
generally conform to AREMA Standard Plan
No. 912

When using timber switch ties conforming to
AREMA Manual recommendations, the type of
wood, tie size, anti-splitting device, wood
preservative treatment, and machining shouid
be specified in the procurement contract.

5.5.3.2 Concrete Switch Ties

Current concrete switch tie designs have
generally been a joint effort between the
transit authorities and the concrete tie
manufacturers  through various technical
commitiees. The furnout design provides the
geometric fayout establishing the tie spacing
and the corresponding tie lengths. The
spacing for concrete ties must deviate from
AREMA standards for timber switch ties due
to the increased width of the concrete switch
tie. Threaded anchor inserts in the tie are a
requirement for standard switch plates, frog
plates and guard rail plates. Areas of the
turnout layout where single rail installation is
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required, such as the closure curve zone
between the heel of switch and toe of frog, will
require an alternate rail mounting method.

The standard conventional embedded
shoulder and elastic clip, with proper
insulation, may be used at locations on the
switch tie where clearance allows the four
rails fo be mounted individually. The height
differentials between switch, frog and guard
rail plates and the standard conventional rail
installation must be considered in the design.
Generally the single rail locations have a built-
up concrete base to match the plated top of
rail height.

Standards for concrete switch ties should be
developed for various tumout and crossover
arrangements in  light raill transit  track.
Standardization will aliow for more economical
engineering and manufacturing and increased
use of concrete switch ties, which are more
compatible with concrete main line crossiies.

As a guideline, concrete switch ties for light
rail transit use should be approximately 255
millimeters (10 inches) wide at the top of tie,
285 miliimeters (11.25 inches) wide at the
base of the tie, and 240 miflimeters (9.5
inches) high throughout. The length should
be sufficient to suit the turnout geometry and
provide sufficient shouider length.  The
fastenings and switch, frog, guardrail, and
turnout plates shouid be insulated fo retard
stray cumrent leakage. The concrete switch
ties should comply with the appropriate
specifications for concrete ties, as outlined in
AREMA Manual, Chapter 30.

5.6 TRACK (RAIL) JOINTS

Rail joints are the weakest component in the
track structure, and are unavoidable on any
track structure. To connect the short lengths
of rolled rail, a rail joint is required. There are
various types of rail joints grouped as follows:
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Welded Joinis

Pressure electric flash butt weld
Thermite (kit) weld

insulated joints

Standard non glued bolted insuiated
joint

+ 4-Hole

+ 6-Hole

Glued Bolted Insulated joint

¢ 4-Hole

+ ©B-Hole

Belted Joints

Standard (Non Glued) Bolted Joint
+ 4-Hole

+ 6-Hole

Glued Boited Joint

¢ 4-Hole

+ B-Hole

5.6.1 Welded Joints

Welded rail joints ferming continuous welded
rail out of many short lengths of the rail has
been standard in the railroad industry for over
40 years. Elimination of bolted rail joints has
improved the track structure and reduced the
excessive maintenance required at bolted rail
joints. Rail welding in North America is
generally accomplished using either the
pressure electric flash butt weld or the
thermite weld method.. CWR sirings allow the
DC current fo be carried efficiently through the
rails.

5.6.1.1 Pressure Electric Flash Butt Weid

Most rail strings are welded together by the
pressure welding process (flash butt welding)
in a weiding plant operation. The rolied rall
sticks are welded continuously in various
predetermined rail lengths capable of being
transported to the frack laying location by
special rall trains. CWR lengths are nominally
439 meters (1440 feet). Rail strings used in
light rai} transit construction are often half this
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length to facilitate fransport of the rail to the
site.

Electric flash butt welding is defined as a
forged weld where an electrical charge is
passed between the rails until the steel is
plastic. The rails are then forced together to
the point at which the steel refuses further
plastic deformation.

5.6.1.2 Thermite Weld

Thermite welds are produced with molien
steel, cast from a crucible, and poured into the
gap between two rails. The molten steel is
produced with a chemical “exothermic”
reaction between aluminum and iron oxides.
Additives in the mix create the other
components needed to make the steel
Thermite welding requires preheating the ralil
ends in order to create a good bond between
the old and new steel. It is important that the
resultant steel plug has the same hardness as
the parent rail steel. Manufacturers can
produce welkds with different hardnesses to
ensure compatibility.

CWR rail strings are generally joined or
welded together by the thermite weld process.

Portabie flash buit welding is an alternative o
the thermite weld process. A flash butt
welding head is transporied to the installation
site to join the CWR sirings. Either weld
method is accepiable.

Welding rail eliminates bolied joints and most
of the associated joint maintenance.
However, CWR creates other issues, such as
structural interaction on bridges which must
be addressed by the designer (refer to
Chapter 7).
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5.6.2 Insulated and Nen-Insulated Joints

Although bolied rail joints are the weakest
points in the track structure, some bolted
joints are required. These include insulated
rail joints that provide the necessary signai
sections for track operations {0 detect venhicle
locations, tripping signal circuits, clearance
points, and other specific detection networks.
An insulated joint separaies the ends of the
rails to break the signal continuity by use of an
insulated end post.

Both nan-glued and epoxy glued rail joints
have become standard for various conditions.

5.6.2.1 Non-glued Insulated Joints
Standard boited insulated joints (non-glued)
consist of two coated insulated joint bars,
thimbles and end post bolted similar to a
regular track jeint, Standard bolted insutation
joints are recommended for use only in bolted
jointed track, to provide electrical circuit
isofation.

5.6.2.2 Glued Bolted Insulated Joints
Standard glued insulated joints are similar to
non-giued joints, except the joint bars are
shaped to fit the rail fishing to allow the bars to
be glued to the web of the rail. The glued
joints provide a longitudinal connection at the
rail ends to withstand a rail joint pull-apart in
CWR. The glued insulated joints carry the
CWR forces through the adjoining insulated
bars, and do not rely on the shear forces on
the joint bolts.

5.6.2.3 Bolted Joints

in light rail transit systems. jointed track is
used only for very sharp curves with
restraining rail, maintenance yard facilities, or
secondary nen-revenue track.  Rail joints
consist of two joint bars on each side of the
rail and a series of track bolts with spring fock
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washers and heavy square nuts. While joint
bar standards vary, there are iwo general
standards: the 4-hole joint bar and the 8-hole
joint bar.

At one time, various railroads had different rail
driling spacing for the bolt holes; however,
over the years, rail drlling spacing was
standardized, as documented in the AREMA
Manual. The hole spacing recommended in
AREMA should be followed for jointed rails.

5.6.3 Compromise Joints

Compromise joint bars are required 1o join two
dissimilar rail sections. The cormpromise joint
bars are machined or forged to the shape
necessary to join the two dissimilar rails. The
shape allows both rails to align at the top of
rail and the gauge face of both rails.
Compramise joint bars, due fo design shape,
are right- and left-hand installations. The
hand designation is defined by the location of
the larger rail as seen from the center of the
track. To overcome the use of bolted
compromise joints in main line track, welding
of the two dissimilar sections is considered
when the sections are almost identical.
Thermite weld kits are manufactured for this
situation. A recent design in tee rail-fo-girder
rail joints is the use of a compromise rai
block, in which the rail sections of each rail
are machined at each end of a block of steel
and a common fop of rail and gauge fine is
developed in the machining process. The
compromise biock is then welded into the
track providing & boltless connection.

5.7 BALLAST AND SUBBALLAST ¥

Ballast, the material used to support the ties
and rail, is an important component in the
track structure. It is the integral part of the
track structure in the roadbed and the quality
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of the ballast material has a direct relationship
to the frack support system.

Light raif transit vehicles often exceed 45,500
kilograms {100,000 pounds) piacing increased
importance on the track structure, particularly
the baliast quality and quantity. Superior
ballast materials improve the frack structure
performance and are an economical method
of increasing the track strength and the
modulus of elasticity

The importance of the quality and type of
ballast material, zlong with standard test
methods for evaluating the ballast material,
cannot be overstated.

The quality of the ballast will be determined by
the choice of rock and the eveniual testing of
the rock, followed by observing the
performance in the ftrack structure. The
physical and chemical properties of the baltast
rock or stone can be determined by many
material fests and performance evaluations.
However, the true test of ballast performance
is to observe it in the real-life frack structure.

5.7.1 Ballast Materials

Ballast should be a hard, dense mineral
aggregate with a specific configuration of
many fractured faces, angular structure with
sharp edges, and with the minimum of
elongation.

As a guideline, ballast material for light rail
transit use shall be as follows:

With Concrete Crossties

Granite: a plutonic rock with an even
texture consisting of feldspar and
quartz.

Traprock: a dark-colored fine grain
non-granitic hypahyssal or extrusive
rock.

-

With Timber Crossties
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Granite

Traprock

Quartzite: granoblastic metamorphic
rock consisting of quartz and formed
by recrystallization of sandstone or
chert by metamorphism.

Carbonate: sedimentary rock
consisting of carbonate materiats
such as limestone and dolomite,

Ballast size or gradation is important to match
the type of crosstie to be used. The gradation
of the baliast determines the sieve size ic be
used in the process of ballast grading.

Table 5.3 lists the recommended gradations
for light rail fransit use with concrete and
timber crossties.

No. & ballast has been used for yard
applications with fimber crossties to provide
an easier walking surface. The smaller
gradation may lead to earlier fouling of the
ballast and eventual lack of drainage. No. 5
hallast is only recommended when the yard
area is honeycombed with an underlying
drainage system and substantial surface
drainage channels. Yard personnel, walking
within the yard area to service vehicles, will
most probably be provided with a paved
surface walkway.

5.7.1.1 Testing Ballast Materials

Ballast material should be tested for quality

through a series of tests undertaken by a

ceriified testing laboratory. The tests should

include:

1. ASTM CB88: Soundness of Aggregates by
use of Sodium Sulfate (NaSQ,). The
sodium sulfate soundness test s
conducted with the test sample saturated
with a solution of sodium sulfate. This
test will appraise the soundness of the
aggregate. Materials that do not meet
applicable test limits can be expected to
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Table 5.3 Ballast Gradations

Percent Passing

Size No WNominal Size Square 76 (3% B4 (297 51 (2% 38 (1% 25 (17 18 (340 13 (4 10{3/87 Mo
Opening 4

Concrete Crossties

24 6419 {237 - 347) 100 50-100 - 2550 0-10 05 - -

3 54-25 (2" -17) - 100 95-100 35-70 0-15 - 0-5 -

Timber Crossties

4A 51-19 {2" - %"} - 100 20-100 60-90 10-35 0-10 - 03

4 38-19 {1%” - %) - - 190 50.100 20-55 0-15 - 05

deteriorate rapidly from weathering and
freezing and thawing.

1. ASTM C117: Test Method for Material
Finer than 75 micro-inch (No. 200 Sieve)
in Aggregates by Washing (inciuding Dust
and Fracture). The concentration of fine
material below the 200 sieve in the ballast
material is determined by this ASTM test.
Excessive fines are produced in some
types of crushing and processing
operations and could restrict drainage and
foul the ballast section.

2. ASTM C127: Specific Gravity and
Absorption. Specific gravity and
absorption are measured by this test
methad. Specific gravity in the Imperial
(English} measurement system relates to
weight and in the metric system fto
density. A higher specific gravity
indicates a heavier material. A stable
ballast material should possess the
density properties shown in Table 5.4 to
provide suitable weight and mass to
provide support and alignment to the track
structure. Absorption measures the abiiity
of the material to absorb water
Excessive absorption can result in rapid
deterioration during wetting and drying
and freezing and thawing cycles.

3. ASTM C142: Test Method for Clay
Lumps and Friable  Pariicles in
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Aggregates. The test for friable materials
identifies materials that are soft and
poorly bonded and results in separate
particles being detached from the mass.
The test can identify materials that will
deteriorate rapidly. Clay in the baliast
material is determined by the same test
method,  Excessive clay can restrict
drainage and will promote the growth of
vegetation in the ballast section.

4, ASTM C535&: Test Method for
Resistance to Degradation of Large-
Size Coarse Aggregate by Abrasion
and Impact in the Los Angeles
Machine, The Los Angeles abrasion
test is a factor in determining the wear
characteristics of ballast material.
The larger ballast gradations should
he tested in accordance with ASTM
C535, while ASTM C 131 is the wear
test for smaller gradations. Excessive
abrasion of an aggregate will result in
reduction of particle size, fouling,
decreased drainage, and loss of
supporting strength of the ballast
section. The Los Angeles abrasion
test can, however, produce laboratory
test results that are not indicative of
the field performance of ballast
materials.




Light Rail Track Design Handbook

Table 5.4 Limiting Values of Testing for Ballast Material

Ballast Material
Property Granite | Traprcck | Quartzite | Limestone | Dolomitic | Blast Steel ASTM
Limestone | Fumace | Furnace | Test
Slag Slag
Percent Material 1.0% 1.0% 1.0% 1.0% 10% 1.0% 1.0% C117
Passing No. 200 Sieve
{maximun)
Bulk Specific Gravity 260 2.60 2.60 2.80 2.85 2.30 2.90 C127
{minimum)
Absorption Percent 1.0 1.0 1.0 20 2.0 50 2.0 Cci127
{maximum)
Clay Lumps and 0.5% 0.5% 0.5% 0.5% 0.5% .5% 0.5% C142
Friable Particles
(maximum)
Degradation 35% 25% 30% 30% 30% 40% 30% €535
(maximum)
Soundness (Sodium 5.0% 5.0% 50% 5.0% 5.0% 5.0% 5.0% c88
Sulfate) 5 Cycles
{maximum}
Flat and/or Elongated 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% D4791
Particles {maximum)

1. ASTM D4791: Test Method for Flat and
Elongated Particles. The test for flat and
eiongated particles uses one of three
dimension ratios. Track stability is
enhanced by eliminating flat or elongated
particles that exceed 5% of ballast weight.
Flat or elongated particles are defined as
particles that have a width to thickness or
length to width rafio greater than 3.

Table 5.4 lists the recommended limiting
values for the ballast material tests. The
ballast guidelines for timber and concrete

crosstie  applications are based on
experiences with concrete crosstie ballasted
track. The concrete crosstie load

characteristics are quite different from the
timber crosstie loadings on ballasted track.
The concrete crosstie is heavier and less
flexible in absorbing impact loads, thus
transmitting 2 greater load to the ballast
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resulting in a higher crushing degradation load
on the bhallast particles. The selection of
material for baliasted concrete crosstie track
is more restrictive and must be limited to
granites and traprock. The selection of
materials for ballast for timber crosstie track
can include all the materiais listed in
Tabie 5.4.

Other test procedures exist for testing
potential baliast materials, such as the
Petrographic Analysis and the Bailast Box
Test performed at the University of
Massachusetts campus. The services of a
qualified certified specialist and testing
laboratory in the field of geological materials is
recommended to further refine the material
selection process and verify the suitability of 2
quarry for potentiaily supplying ballast.
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5.7.2 Subballast Materials

Subballast material can be classifed as
crushed stone natural or crushed gravel and
sands or a mixture of  these
rmaterials.Subballast should be a granular
base material placed over the top of the entire
embankment or roadbed. It is graded and
compacted to prevent penetration of the
ballast. Subbaliast material that is impervious
should divert most of the water falling on the
track to the side ditches o prevent saturation
of the subgrade. Subballast material that is
impervious requires a layer of sand to be
placed beitween the subballast and the
subgrade to release the capillary water or
seepage of water beiow the subballast A
layer of non-woven geotexiile will accomplish
this as well.

The subbaliast layer must be of sufficient
shear sirength fo support and transfer the load
from the ballast to the subgrade.

5.8 TRACK DERAILS

Track derails are operating protective devices
designed to siop (derail} unauthorized
vehicles from entering a specific track zone.
Generally the track zone is the operating
segment of the main line. The protection is
piaced at all strategic track locations where
secondary non-main line operating side
fracks,such as pocket tracks, siorage or
maintenance tracks, and, in some instances,
yard lead entry tracks connect to the main
line. Derails are occasionzlly used to prevent
vehicle or equipment movement onto portions
of track where vehicles, work crews, or
equipment are utilizing the designated track
space.

Derails should be considered at track

connhections ic the main line where:
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The prevailing ftrack grade of the
connecting track is descending toward the
main line. The secondary track is used
for the storage of unattended (parked)
vehicles.

The secondary track is a storage track for
frack maintenance vehicles only.

The connecting track is a railroad
industrial siding or atgrade crossing
track.

Derails are placed at the clearance peint
(centers to be determined) of all railroad
industrial tracks that connect to either an LRT
joint use track or to a railroad main frack.
Derails are also used at other track locations
where they would be likely to prevent or
minimize injury to passengers and personnel
and/or damage to equipment.

Derails are located sc¢ as to derail equipment
in the direction away from the main track.

Derails are available in various designs:
sliding block derail, hinged block derail, and
switch point derail. Derails are generally
designed to derail the vehicle in a single
direction either to the right or left side of the
track.

The sliding and hinged biock derails consist of
essentiaily two paris: the steel housing and
the derailing guide block. The sliding derail is
generally operated with a connecting swiich
stand. The hinged derail is operated manually
py lifting the derailing block out of the way or
off the rail head.

The switch point derail is exactly as
described, a2 complete switch point (or two
poinis) placed in the track to derazil when the
switch point is open.

As a guideline, the type of derail to be used
depends upon the site-specific conditions and
type of protection to be provided. Main line
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track exposed to the intrusion of heavily
loaded cars, multiple car traing, physical track
conditions that permit the intruding cars to
gain momentum in advance of the derail, and
tight curvature on the siding track lead to the
occasional failure of block derails. The switch
point derail provides the greatest assurance
that all wheels of the vehicle will be derailed.

5.9 RAIL EXPANSION JOINTS

Continucusly welded rail in long strings does
not expand or contract with changes in
tfemperature, unless there is a break in the
rall. This type of installation introduces high
thermal stress in the rail as the temperature
changes.

In certain structures, the interaction between
the CWR and the structure makes it desirable
to limit rail stresses from thermal forces. This
can be accomplished by allowing the rail to
move freely within defined zones. A
combination of low-restraint track fasteners
and rail expansion joints aliows this
movement to take place safely. The use of
low-restraint fasteners at structural expansion
joints zliows the structure to “breathe” without
overstressing the rails. The rails must also be
anchored between expansion zones with high-
restraint fasteners, in order to transfer
acceleration and braking forces into the
structure.

n high-restraint areas, a conventional direct
fixation fastener is utilized, and the structure is
designed to accept the thermal stress loads
generated by movement of the structure. The
expansion or contraction of low-restraint rail
emanates from the high-restraint zone and is
bounded on the other end by a rail expansion
joint.

Rail expansion joints are designed to alfow for
a specific length of thermat rail expansion and
contraction to occur, Cne end of the
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expansion joint is fixed and connected to a
rigid no-movement portion of rail. The other
end consists of the expandable moveable rail
which is zllowed to slide in and out of a
designed guideway. The expansion joint
simulates a switch point and stock rail type of
installation with the expansion rail being the
curved stock rail.

Expansion joints in the track sysiem present
problems, from beth a track maintenance and
an environmental perspective. Due to the
discontinugus running rail surface and the
gpecial trackwork sliding rail joint component,
extra maintenance is required to maintain the
joint and adjacent rails and to monitor the
position of the loose rail end to ensure that
sufficient space is available for further
expansion.  The specific design of the
expansion joint within the discontinuous
running rail surface introduces additional
noise and vibration.

As a guideline, raill expansion joints in
ballasted track or direct fixation track are only
recommended for long bridges or aerial
structures. They are aiso needed at the fixed
span approach to a movable bridge.

Exceptions to this guideline include embedded
track on an aerial structure, wherein the rail is
an integral part of the deck structure and the
design does not ailow the structure to move
independently from the rail. In this situation,
an embedded expansion rail joint at the
expansion end of the structure is a definite
requirement. For this reason, the use of
embedded track on an aerial structure is not
recommended and should be avoided in the
initial planning phase when considering the
fypes of transit cperation modes.

5.10 END OF TRACK STOPS

As important as the fangent and curved track
is throughout the transit system, the end of
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track canmnot be overlooked. There is a
requirement to protect the passengers and
pedestrians (on and off the wvehicles), the
operators, the vehicles, the track and
surrcunding structures. Bumping posts,
stops, and retarders are used to prevent an
accidental overrun vehicle derailment at the
end of track.  The capabilities of the track
stops are limited to halting the vehicie entirely
with minimal damage to the vehicle and
stopping the vehicle with the minimum of
impact to the passengers on board.

The end stop is the point of impact, the
location where kinetic energy has to be
dissipated. The kinetic energy is determined
considering the mass or weight of the vehicle
or vehicles (train) and the velocity of the
vehicle or train. The kinetic energy (KE) can
be calculated using the following formula:

2
KE = MxV
2
_ 200,000kgx (4.47)2

2
=1,888,090J or 1,998kd

where: M =mass of the vehicle or train
= 200 Tonnes (1 Tonne = 1000 kg)
V =velocity of vehicle or train

4.47 meter/secmd (10 MPH)

To safely absorb this amount of energy with
little damage to the vehicle (train) or injury to
passengers or the operator requires an
elaborate end stop with extensive capacity.

To absorb this amount of energy without
causing severe injury to operator or
passengers, an acceptable deceleration rate
must be selected. The transit agency should
select the rate of deceleration; a rate of 0.3 g
is an accepiable deceleration. The
establishment of a deceleration rate will
consider the likelihood of injury to passengers
and operators and damage to the vehicles,
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third parties,
Each agency's

and suvrrounding structures.
requirements are studied

individually and are site specific

Assuming the 0.3g deceleration rate

is

selected, the next decision is to determine the
type of end stop capable of providing this
deceleration rate.

Tc absorb 1,998 kJ of kinetic energy at a

deceleration

rate of 0.3 g, the distance

traveled after initial impact would have to be
3.39 meters (11.12 feet) calculated in the
following manner

From Above Distance =Vet+

The standards for

dot2

Distance = Vet +
V= velocity of train in m/sec
t= time to stop in seconds

d= deceleration rate(—x » 5.8 m!secz)

x = deceleration negative rate (selected)

¢ v 447
d°  0.3x9.81misec?
=152 seconds
de 12

=(4.4741.52)+ (co3x081)(1.52
2

=3.39 meters (11,12 feet)

end stops consist of the

following:

Waming Signs

Fixed Non-Energy Absorbing Devices
Fixed Energy Absorbing Devices
Friction Energy Absorbing Devices

5.10.1 Warning Signs

ldeal

conditions, alert operators, no

mechanical vehicle or signal failures, and a

well-tluminated warning  sign

should be

adequate for the train operator to bring the
vehicle or train fo a safe controlled stop.
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£.10.2 Fixed Non-energy Absorbing
Devices

Most fixed non-energy absorbing end stops
(bumping posts) do no more than delineate
the end of track. The end stops appear sturdy
since they are bolted to the rail, however, they
have little ability to absorb anything but a very
minimal amount of kinetic energy. Impact
often results in breaking of the rail, potential
derailment, and damage to the vehicle.

A positive fixed non-energy stop will halt
heavy vehicles or trains exists at the expense
of wvehicle damage and personnel inmjury.
These stops consist of a solid concrete and
steel barriers generaily located at end of
tracks in the older railroad stations.

5.10.3 Fixed Energy Absorbing Devices

Fixed energy absorbing devices can be either
non-resetting or resetting.

5.10.3.1 Non-resetting fixed devices
Non-resetting fixed devices (bumping posts)
include sand traps, ballast mounds and timber
tie stops. These devices dissipate the kinetic
energy upon vehicle impact. Sand traps and
ballast mounds are effective in stopping large
ioads or frains; however, derailment of the
initial vehicie is inevitable. Under severe cold
weather conditions the sand and bailast can
freeze, reducing the cushioning effect and
possibly causing additional vehicle damage.
The barrier would have to be rebuilt afier
experiencing an impact.

5.10.3.2 Resetting Fixed Devices

Resetting fixed devices are self-resetting and
contain an energy-absorbing feature, such as
a hydraulic, elastomeric, or spring shock
absorber. Resetting stops are limited in
amount of energy the shock absorber can
dissipate and the stop structure’s capability to
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withstand the forces at impact As noted
above, the displacement distance of the stop
at impact governs the magnitude of g force—
the longer the distance the lower the g force
The ancharing stability of the end stop to the
substrata governs the amount of energy that
can be ahsorbed by the stroke of the shock
absorber.

5.10.4 Friction (or Sliding) End Stops

Friction type end stops absorb the kinetic
energy of stopping a vehicle or train by sliding
glong the end of track (see Figure 5.10.1).
This sliding action converts the energy to
friction heat at the rail surface. The friction
end stops consist of two types:

Units that are clamped to the rail

Units that are mounted on skids that slide
with the weight of vehicle upon them,
dissipating the energy between the
wooden skids and the concrete base of
track structure.

Friction end stops have the highest energy
absorption of all regularly installed structures.
Friction stops can be designed o cover a wide
range of energy absorption situations from
single vehicle to multi-vehicle trains of varicus
mass. The combination of resefting shock
absorbers and friction end stops can allow 2
friction end stop to accept light impacts
without negotiating the friction end stop while
providing the higher friction end stop
protection for ultimate situations.

Transit conditions have potential use for the
various end of track stops, as follows:

Main Line End of Track (Baliasted-Direct
Fixation): friction/sliding erd stop with
resetting shock absorber, if track sliding
distance available.
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» Main Line End of Track {(Embedded):
Same as above, if conditions warrant, or a
resetting track siop anchored to the
substrata.

» Main Line End of Track (Aerial-Direct
Fixation). friction/sliding end siop with
resetting shock absarber; track distance
must be provided.

+ Yard Tracks (Maintenance Tracks). fixed
non-energy ebsorbing devices, bumping
posts anchored {o the track

e Storage Tracks: resetting fixed devices
anchored to the track.

+ Maintenance Shop Tracks: Fixed
Resetting Energy Absorbing Device
anchored to the structure floor. (Non-
movable}.
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CHAPTER 6—SPECIAL TRACKWORK

6.1 INTRODUCTION

Light rail vehicles, like all stee! fiange wheeled
railway equipment, need to be able 1o fransfer
from one track to ancther or to cross other
fracks. The fabricated {rack systems needed
to support and steer the car at these locations
are collectively calied special trackwork, It is
presumed that most readers of this chapter
are generally familiar with the layout and use
of common special trackwork terms. Readers
who are new fo the topic can find a brief
primer on basic concepis and terminology in
Section 6.2.1.

Readers with a background in railway track
design will note pronounced differences
between requirements for special trackwork
for light raif transit (LRT)} systems and those
for other types of railways. In general,
designers can expect to find that special
trackwork design requirements on a light rail
system will be more numerous and more
complex than those encountered on other
types of raiways. In addition, sources of
supply will be more limited than they may be
used to.

Most turnouts that are available for tangent
frack are standardized for simplfied
manufaciure and installation, both of original
equipment and replacements for worn
components. These turnouts are intended for
installation in tangent track, without any
vertical curvature. One of the most common
design deficiencies is the placement of
tumouts within horizontal or vertical curves.
Construction and mainienance of curved track
is difficult and expensive. Superimposed
special trackwork only exacerbates those
problems. it is recommended that
standardized frackwork be used on flat
tangent track whenever possible.
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Light rail systems that are located in urban
streets, particuiarly those that are located in
Central Business Districts with narrow rights-
of-way, often have sharp curves. This
constraint often requires light rail special
trackwork to be designed for a specific
location, with unique parts.

6.2 DEFINITION OF SPECIAL
TRACKWORK

Special trackwork is customarily defined as
“all rails, track structures and fittings, other
than plain unguarded track, that is neither
curved nor fabricated before taying.” ™ Hence,
any track can be considered special trackwork
that is built in whole or part using rails that are
machined, bent or otherwise modified from
their as-rolled condition. This includes any
additional tfrack components that may take the
place of rails in supporting and guiding the
wheels, as well as miscellanecus components
that may be attached to the rails fo fulfill the
functions required. The term is often
contracted and calied simply “specialwork.”

In general, the following items are customarily

ncluded in special trackwork:

e Turnouts and crossovers, including
switches, frogs, guard rails, stock rails
and closure rails; rail fastening
assemblies unique to turnouts; and
miscellaneous components associated
with turnouts, including switch rods and
gauge plates. Crossover fracks, double
crossovers, and single and double slip
switches are included in this category.

+ Track crossings that permit one track to
cross another at grade. Such crossings
can be designed as a rigid block or can
include movable center points. By
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definition, slip switches include a track
crossing.

» Resiraining rail, either bolted to a paraliel
running rail or supported independent of
the running rall.

e Shop curved rail of any type, including
rails that are precurved in the horizontal
piane, the vertical orientation, or both.

Turnouts, crossovers, and track crossings will
be addressed directly in this chapter.
Information on restraining rail and shop
curved rail can be found in Chapters 4 and 5.

6.2.1 Basic Special Trackwork Principles

The most common form of special trackwork
is the turnout which permits two tracks to
merge with each other. A simpiified layout of
a tumout is illustrated in Figure 6.2.1. The
turnout itself consists of several fundamental
elements:
e The switch point rails (often called either
the switch points or the point rails) are the

POINT OF SWITCH

THEORETICAL LEAD DISTANCE

movable rails that flex back and forth and
intercept the wheel flanges to direct them
to the appropriate track. In its usual form,
2 switch point rail consists of a plain rail
that has been machined and bent into an
elongated wedge shape that is sharp on
one end. This pointed end is known as
the "point of switch.” The cpposite end is
known as the “heel of switch.” Swiiches
come in various lengths and can be either
straight or curved. In general, the longer
the switch point rail, the more gradual the
angle of divergence from the main track
and the faster the rail vehicle can travel
through it. The switch point rails, together
with the stock rails {described below) and
associated fastenings and mechanisms,
are collectively called the switch.

The stock rails are the rails which the
switch point rails lay against when in the
closed position. The stock rails are
otherwise ordinary rails that are
machined, drifled and bent as required to
suit the design of the switch point rails.

THEORETICAL POINT OF FROG

CURVED SWITCH
POINT RAIL

STRAIGHT
STOCK RAIL

RUNNING RAILS

GUARD RAIL

HEEL OF SWITC%— CLOSURE RAILS OPPOSITE

- X

STRAIGHT SWITCH _

LGUARD RAIL
FROG o HEEL OF
FROG

POINT RAIL - j‘

SWITCH THROWING mb
MECHANISM————»

CURVED STOCK RAIL

INTERMEDIATE RAILS

GUARD RAIL

RUNNING RAILS
OPPOSITE
GUARD RAIL

Figure 6.2.1 Turnout Layout
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The frog is an assembly placed where
one rail of a track must cross a rall of
another. Openings called flangeways
must be provided through the top surface
of the frog so that the flanges on the
vehicle wheel can pass through. The
intersection of the gauge lines of the two
intersecting rails is known as the
theoretical point of frog. The theoretical
point of frog would be a razor sharp tip
that would quickly wear and fracture in
service. Therefore, the intersecting rails
are cut back a short distance to a location
known as the actual point of frog, where
the metal will have enough rigidity fo
withstand the effects of service wear. The
end of the frog closest to the switch rails
is known as the toe of frog; the opposite
end is known as the “heel of frog.”
Typically, both rails passing through a frog
are straight, although it is possible for one
or both rails to be curved. Straight frogs
are commonly designated by a number
that indicates the ratio of divergence of
one rail to the other. In a Number 10 frog,
the two rails will diverge at a ratio of one
unit faterally for every ten units of frog
length. In a Number 8 frog, the
divergence ratio will be one to eight, ete.
The higher the frog number, the more
acute the angie of divergence and the
faster the rail vehicle will be able to travel
through it.

The closure rails are the straight or curved
rails that are positioned in between the
swiich and the frog. The length and
radius of the closure rails are dictated by
the angles of the switch and the frog.
Combinations of short switches with large
angles and similar frogs will result in a
sharp radius curve through the closure rail
areas that will limit vehicle speed. The
distance between the point of switch and
the point of the frog measured along the
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straight or main frack clesure rail is known
as the turnout fead distance.

Additional companents that are common on a
turnout include:

Guard Raifs are supplemental rails,
placed inboard of the main running rails
that support the railcar wheels. They
define a narrow flangeway tc steer and
control the path of the flanged wheel.
Guard rails are positioned opposite the
frogs so as to ensure that the wheel
flange does not strike the point of frog or
take the “wrong” flangeway.

Heel Blocks are splicing units placed at
the heel of the switch that provide a
location for the switch to pivot as well as

a fixed connection between the
intersecting rails.
A swifch operafing device. Switch rails

can move from one orientation to another
by either a hand-operated switch stand or
a mechanically or electro-mechanicaily
operated switch machine. 1n both cases,
the switch machines are positioned at the
beginning of the turmout opposite the tips
of the switch rails.

Various arrangements of individual tumouts

create various track layouts, thersby
permitting  alternative  train  operation
scenarios:

A singie crossover (Figure 86.2.2) consists
of two turnouts positioned in two tracks
that allow the vehicle to go from one track
to another. The two tracks are usually,
but not always, parallel, and the turnouts
are usually identical.

A double crossover (Figure 6.2.3)
consists of two crossovers of opposite
hand orientation superimposed upon each
other. In addition to the four turnouts
involved, a track crossing (see below) is
needed between the two main tracks. A
double crossover is used only when it is
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necessary to be able to switch from one
frack to another in either direction and
there is insufficient space to install two
independent single crossovers of opposite
hand orientation.

Ancther common type of special trackwork is
the track crossing. As the name implies, this
specialwork permits two tracks to cross each
other. Track crossings are often called
crossing diamonds or simply diamonds, due to
the plan view shape that they have when
looking diagonally across the tracks (see
Figure 6.2.4). The intersecting angle
between the two tracks can be 80° or less, but
crossings under approximately 15° are rarely
encountered. In its simplest form, a track
crossing is simply four frogs arranged in a
square or parallelogram. The tracks through a
crossing can be either straight or curved.
Straight tracks are preferred since it makes
the unit symmetrical, thereby simplifying
design, fabrication and maintenance. If the
crossing angle between straight tracks is 90°,
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then the four frogs will be identical. If the
angle is not 80°% then the crossing will be
elongated along one diagonal axis calied the
“long diagonal” and the “end frogs” will be
different from the “center frogs.”

If the angle of the intersecting tracks is less
than that in a Number 8 frog (9° 31’' 38%), it is
usually necessary to use a movable point
crossing. Movable point crossings
incorperate movable rails in the two frogs
closest fo the center of the crossing.
Depending on the position of these movable
rails, a flangeway will be provided for cne
track or the other, but not both simultaneously.
Movable point frogs are needed on flat-angle
crossings since it is otherwise impossible to
ensure that the wheel flange will follow the
correct flangeway path through the center
frogs of the crossing diamond. The movable
rails in a movable point crossing are called
knuckle rails and are usually operated by the
same type of equipment used to move
switches.

TURNOUT A

Figure 6.2.2 Single Crossover—Two Turnouts

TURNGUT C

CROSSING (DIAMOND) €

TURNOUT B

TURNOUT D

TURNQUT A

Figure 6.2.3 Double Crossover—Four Turnouts and Crossing
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SINGLE TRACK
CROSSING (DIAMOND)

I[f it is necessary to be able to switch from one
track to another at a flat-angle crossing and
space constraints make it impossible to
provide separate turnouts outside of the limits
of the diamond, a sfip switch can be installed.
A slip switch superimposes two switches and
curved closure rails on top of an elongated
frack crossing as shown in Figure 6.2.5. A
double ship switch provides that same routing
capability along both sides of a track crossing
as shown in phantern line on the figure.

Combinations of turnouts and track crossings
gre used to produce route junctions.
Junctions can range from very simpie to very
complex as seen in Figures B.2.6 to 5.2.8.
The most complex junctions can occur in the
central business districts of urban areas when
two double-track routes cross one another.
Figure 6.2.7 iliustrates a “Grand Union,” an
extremely complex arrangernent that permits
a vehicle entering a junction from any
direction to exit it on any of the other three
legs. A junction that resembles a T
intersection would require a “half grand union”
{see Figure 6.2.8) to provide the same routing
flexibility. Such complex junction layouts were
commeon on traditional streetcar sysiems and
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DOUBLE TRACK
CROSSING (DIAMONDS)

Figure 6.2.4 Single-Track and Double-Track Crossings

have been used on some modern light rail
systems when space was extremely limited.

Lap turnouts can be used to achieve a more
compact track layout in constrained locations.
In a lap turnout, as seen in Figure 6.2.6, the
switch rails for a second turnout will be placed
between the switch and the frog of the initial
turnout.  This introduces a third frog where a
closure rail of the first turnout crosses a
closure rail of the second.

Lap turnouts, movable point crossings, siip
switches, and double slip switches are all very
costly to design, fabricate, install, and
maintain. A more economical track system is
achieved when the special trackwork consists
only of turnouts and simple track crossings.

6.3 LOCATION OF TURNQUTS AND
CROSSOVERS

The ideal iocation for turnouts, crossings and
crossovers is in flat and straight sections of
track. If special trackwork is instalied in track
with horizontal curves, superelevation, or
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SINGLE SLIP

MOVABLE CENTER END SWITCH
POINTS /POINTS

[KNUCKLE RAIL ZEND FROG
DOUBLE SLIP
{PHANTOM INCLUDED)

Figure 6.2.5 Single Siip Switch

THIRD

TURNOUT B

Ty

Figure 6.2.7 Full Grand Union
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Figure 6.2.8 Half Grand Union

vertical curves, the ability of the trackwork to
performt in a satisfactory manner is
compromised. Trackwork designers shouid
work closely with their counterparts who are
defining transit operations requirements and
setting route geometry, so that turnouts and
crossovers are not placed in difficult iocations
and the overall requirements for special
trackwork zre minimized.

6.3.1 Horizontal Track Geometry
Restrictions

6.3.1.1 Adjacent Horizontal Track
Geometry in the Vicinity of a
Switch
Switch point rails direct vehicle wheelsets in
an abrupt change of direction, making it highly
desirable that wheels be rolling smoothly as
they approach the switch. To best ensure that
wheel flanges can be smoothly intercepted by
switch point rails, tangent track should be
placed immediately in front of the switch. The
absolute minimum length of tangent track in
advance of the point of the switch should be
no less than 3 meters (10 feet) and much
greater distances —10 to 15 meters (33 t¢c 50
feet)—are desirable. If a guarded curve is

located in advance of the switch, the turnout
should be paositioned with the point of switch
beyond the limits of the restraining rail.

Horizontal curves that are located beyond the
heel of the frog should generally be positioned
beyond the last long tie of the switch set
Horizontal curves can be placed on the long
timbers within 0.5 meters (20 inches) of the
heel joint of the frog. However, special switch
tie or track concrete layout will be required. If
the curve is guarded, and the restraining rail is
on the frog side of the alignment, the curve
should be located so thai the restraining rail
terminates prior to the heel joint of the frog. If
this is not possible, the restraining rail should
be run into the frog and be continuous with the
frog wing rail to provide continuous guarding
action.

6.3.1.2 Turnouts on Curves

Turnouts can be constructed within curved
track in difficut alignment conditions.
Railroad operating persennel will  state,
however, that turnouts on curves provide a
poor quality ride. Track maintenance
personnel contend that the curved tumnouts
consume a dispropostionate amount of their
maintenance budgets. Therefore, turnouts
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and crossovers should only be located in
horizontally tangent irack, except under the
most unusual and constrained conditions.
This will ensure that the f{rack geometry
through the special trackwork unit will be as
uniform as possible, thereby improving wheel
tracking and extending the life of both the
special trackwork unit and the vehicie that
operates over it.

A turnout on a curve must be custom
designed. The design objective shouid be to
provide an afignment that is as smooth and
uniform as possibie. Designers should note
that this turmout gecometry will differ
appreciably from ordinary turnouts located
along tangent track. Parameters such as
turnout lead distance and closure rail offsets
will be distincily different from those of a
standard lateral turnout with the same frog
number. Several good books exist on the
subject, including Allen’'s Railroad Curves &
Earthwork.

6.3.1.3 Track Crossings on Curves

Either one or both tracks of a crossing
(diamond) may be located in horizontally
curved track if required by the selected
alignment. This is oiten a requirement at a
route junction. At such locations, it is typically
allowable to have one or both sides of the
track crossing on a curved alignment. In
general, however, curved crossings should be
avoided because they are typically one-of-a-
kind units and hence very expensive to
procure, maintain, and ultimately replace. In
addition, the crossing must be flat, without
superelevation. This has a detrimental impact
on the operation of trains over curved track.

6.3.1.4 Superelevation in Special
Trackwork

Superelevation should not be used within any

turnout, crossover, or track crossing, even if
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the main track is iocated on a curve. The
correct amount of superelevation for one hand
of the turnout will be incorrect for the other
and an excessive underbalance or
overbalance could result A particularly
dangerous situation occurs with a turnout to
the outside of the curve, where a severe
negative superelevation situation could be
created on the diverging track. In ballasted
track, normal deterioration of the track surface
could quickly result in the diverging track
becoming operationally unsafe.

When a superelevated curve is required
beyond the frog of a turmout, the
superelevation should begin beyond the last
iong tie of the switch set in a baliasted track
turnout.  In a direct fixation track turhout,
superelevation can physically begin earlier,
aithough typically not within 500 millimeters
(20 inches) of the heel joint of the frog.

6.3.2 Vertical Track Geometry Restrictions

Tumouts, crossovers and track crossings
should be located on tangent profile grades
whenever possible. This is because the
critical portions of a turncut—the switch and
the frog—are too rigid to conform to a vertical
curve, which will cause the switch points to
bind. The area between the swiich and the
frog can theoretically be curved vertically, but
this practice is discouraged since ordinary
construction tolerances make it difficult to
confine the curvature to the closure rail area.
Vertical track curvature outside of the turnout
area should also be restricted; the absolute
minimum distance from the switch and frog
will depend on the type of track structure. in
the case of ballasted track, for example, it is
not practical to infroduce any vertical
curvature until after the last long tie of the
swilch set.
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In difficuit alignment conditions,  vertical
curvature at or near a turnout location may be
necessary. |f it is not possible to avoid a
vertical curve within a tumout, every effort
should be made to avoid non-standard track
components, such as switch point rails or
frogs, that must be shop-fabricated with a
vertical curve. Generally, special designs can
be avoided if the middle ordinate of the
vertical curve in the length of any switch point
rail or frog is less than 1 milimeter (0.040
inches).

6.3.3 Track Design Restrictions on
Location of Special Trackwork

While special irackwork can be required in
batlasted, direct fixation, and embedded track
sections, turnouts are most economical to
procure, construct and maintain in ballasted
track. Alignment design should minimize
special ftrackwork requirements in direct
fixation and embedded track environments,
because these elemenis are expensive {0
procure, construct and maintain. Exceptions
can be made, for example, when route
geomeitry forces a particularly complex special
trackwork layout with muitiple turnouts and
track crossings. It is often particularly difficult
to design a satisfactory switch tie layout under
such complex layouts znd even more difficuit
to renew defective switch ties during
subsequent maintenance cycies. In such
special circumstances, the use of direct
fixation special trackwork track may be
preferable to a ballasted configuration.

Yard frackage, which is usually ballasted,
often requires that successive turnouts be
constructed close to each other. The track
designer should verify that turnouts are
sufficiently spaced to permit standard switch
ties to be installed and to permit raintenance
personnel to renew individual switch ties.
When special swiich tie arrangements are
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required, the track designer should either
detail the tie layout or require the frack
fabricator fo provide a submittal of the
proposed layout In the latter case, the track
designers should be certain zhead of time that
a workable fie layout is possible. It is
absolutely essential that switch ties supporting
switches are perpendicular to the straight
track. This is a problem when switches are
placed immediately beyond a frog on the
curved side of a turnout.

Special trackwork in embedded track can be
particutarly complicated and should be
minimized. Route intersections within street
intersections can be phenormenally complex
and require intricate plans and pre-delivery
assembly on the factory floor. When speciai
trackwork must be located in embedded track,
it should be positioned so that pedestrians are
not exposed to switch point rails and switch
operating mechanisms and frogs are not
positioned in pedestrian paths. Reliable
signal systems and switch operating
mechanisms for embedded track turnouts are
also difficult to procure and maintain as noted
in Sections 6.3.4.1 and 6.5.4.3.

6.3.4 Interdisciplinary Restrictions on
Location of Special Trackwork

Special trackwork should be located so as to
minimize requirements for special Overhead
Contact System (OCS3) and frain control/
signaling system structures and devices.

6.3.4.1 Overhead Contact System Interface
The installation of catenary is complicated by
the presence of turnouts and crossovers.
Additional wires, pull off poles, and insulating
sections are needed to provide a smooth ride
for the pantograph. Electrically isolating the
opposite bound main tracks is particularly
difficult at double crossovers if the adjacent
tracks are close fogether. These conditions
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should be discussed with the catenary
designer to ensure that the catenary can be
aconomicaily constructed.

6.3.4.2 Train Control/Signaling Interface
Switch machines that comply with North
American signal system standards are difficult
to obtain for fully guarded open track turnouts
and are not available for tongue switch
embedded track turnouts. The principal
problem is that proper switch locking is
required for automatic routing at design track
speed. Many rail transit systems require train
operators to stap, verify switch position, and
then proceed at any tumout that is not
equipped with a locking switch device. This
causes delays and, for this reason alone,
designers are strongly encouraged to avoid
these types of turnouts. In addition, the track
circuits that are needed to determine frack
occupancy are more difficult to install and
maintain in embedded ftrack since the
embedment material will resfrict access to key
areas where unintended shunts can cause
signals to drop. Accordingly, embedded track
switches should be avoided to the maximum
degree possible.

Insulated rail joints in special trackwork can
be especially complicated, particularly if they
must be located in guarded track or in and
around crossing diamonds. The trackwork
designer should coordinate with the signal
designers to verify that a workable insulated
joint layout is possibie. In many cases, a
workable track plan cannot be properly
signaled and the route geometry must be
redesigned.

8.3.5 Miscellaneous Restrictions on
Location of Special Trackwork

6.3.5.1 Consiruction Restrictions
The construction [imits of any trackwork
contracts should not be located within any
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special trackwork unit, including guarded
curved track. This will ensure that one
contracter will be responsible for the
uniformity of the horizontal and vertical track
alignment through the special trackwork unit.

6.3.5.2 Clearance Restrictions

Special trackwork shouid be located with
adequate  clearances  from  trackside
obstructions. For example, uniess the
vehicles are equipped with automatic bridge
plates for pedestrian access, tangent track is
required alongside platforms to meet the tight
tolerances required by Americans with
Disabitities Act (ADA). If a station platform is
iocated ahead of a point of swiich, the
minimum tangent distance between the end of
the platform and the point of switch should be
equal o the truck center length of the LRV
plus the car hody end overhang. Refer to
Chapter 3 for additional guidance on special
trackwork clearances.

6.3.5.3 High Volume of Diverging
Movements
Track designers shouid be very cautious
whenever the route geometry results in a
preponderance of the traffic passing through
the curved side of a turnout. High traffic
volumes through the curved side of a switch
will result in accelerated wear of the switch
peint and the adjcining stock rail. Whenever
possibie, turmouts at juncitions should be
oriented o guide the branch with the more
frequent or heavier traffic over the straight part
of the switch.. If the f{raffic is (or wil
eventually  be) approximately  equal,
consideration should be given to an
equilateral turnout design as discussed in
Section 8.4.4. This will reduce rnaintenance
of the switch poinis.

Turnouts at the end of a double-track segment
shouid be oriented to guide the facing point
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movement over the straight side of the
tumout. If this resulis in an unsatisfactory
operating speed for the trailing movement, the
designer should consider using elther a
equilateral turnout design or a turnout with a
flatter divergence angle and curve than might
ordinarily be provided. Ordinarily, facing point
diverging movements should be limited to
situations where the single-track section is
temporary and the double-track section is to
be extended.

6.3.5.4 Track Stiffness

Ballasted turnouts, crossovers, and crossing
dizamonds have a considerably higher track
modulus than ordinary ballasted track due to
their mass and the freguent interconnections
between rails. Nevertheless, they are stilt
more resilient than either direct fixation or
embedded track layouts. Because of this
differential, baltasted track turnouts located
close to interfaces with stiffer track structures
will ride poorly and reguire more frequent
surfacing, particularly if vehicie speeds are
relatively high. To aveid these circumstances,
main tracks where vehicles operate at speeds
greater than 100 kph (62 mph) should not
have specialwork units located within 75
meters (233 feet) of a transition between
hailasted track and a more rigid frack
structure. As a guideling, this distance can be
reduced in areas where modest operating
speeds are contemplated. A minimum travel
time of 3 to 5 seconds between the special
trackwork unit and a more rigid structure is
recommended. Design exceptions will require
stiffening of the ballasted frack or retrofiiting of
the adjoining track to be more resilient.

6.3.5.5 Noise and Vibration Issues

Even well-designed special trackwork can be
a source of noise and vibration. As such,
special trackwork installations are undesirable
in the vicinity of residential buildings, schools,
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hospitals, concert hails, and other sensitive
noise and vibration receptors. If special
trackwork must be located in such areas,
investigation of possible noise and vibration
mitigation measures should be undertaken.
Such investigations should include the
ramifications o©of repositioning the special
trackwork away from the area of concern.

6.4 TURNOUT SIZE SELECTION

Track designers have a wide array of standard
turnout geometric configurations to choose
from when considering route alignment. While
not all transit systems can use the same menu
of turnouts and crossovers, the designer can
usually achieve an acceptable route alignment
without resorting to special designs. Using
standard, off-the-shelf, and service-proven
materials will reduce the probability that future
maintenance will be complicated by the need
to purchase expensive one-of-a-kind products.
This also avoids the situation where essential
repiacement parts may not be available when
needed. Figures 64.1 to 644 show
standard turnouts and crossovers. Situations
will arise when a non-standard turnout design
is needed. In such cases, justification should
be documented. This validation should
include: the reasons why a particular turnout
size is required; what alternatives were
investigated; why standard options were
unacceptable; and the ramifications of using a
srmaller turnout, including its affect on vehicle
operations, signafing systems, and QCS
systems. Consideration should also be given
to procurement of a spare assembly along
with the original unit, so as to save the design
and tooling costs that would be incurred to
purchase the unit at a later date. This
provides an immediate replacement part if one
is needed.
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6.4.1 Diverging Speed Criteria

Turnout size (by either frog number or radius)
should be selected fo provide the highest
diverging movement speed possible that is
consistent with adjoining track geometry. A
high speed tumout is not needed if the
adjoining track geometry restricts operating
speed. Similarly, a sharp turnout should
generally not be used in a track segment that
has no restrictions on operating speed. Limits
on operating speeds through the curved side
of turnouts are typically based on the turnout
geometry and the maximum unbalanced
superelevation criteria adopted for the system.
In many cases, the closure rail zone will
impose a greater restriction on operating
speed than the switch, particulariy if tangential
switch geometry is not used. There are
typically no operating speed restrictions on
the straight through side of a turnout.

While larger numbet/radius turnouts will
generally have higher initial costs, they will
incur less wear and tear and can be more
economical in the long run. There are
reasonable limits to this rule of course—it
makes little sense, for example, o instalt a
Number 20 turnout that will never be traversed
at more than 40 km/hr (25 mph). 1n general,
trackwork designers will find that Number 8,
10 and possibly Number 15 turnouts will
typically be the most economical choices for
main line track on virtually any light rail
system.,

6.4.2 Turnout Size Selection Guidelines

The following criteria recommend various
turnout sizes for various track applications.
The fypicat conditions and operating speed
objectives are based on a rule of thumb which
states that the frog number should be about
one-third of the desired diverging movement
operating speed in kilometers per hour (one-
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half of the desired speed in miles per hour).
Handbook users should keep in mind that
operating speed objectives vary among light
rail operations, as weil as from one portion of
an LRT system to another.

High speed on one system may be low speed
on another. Accordingly, the
recommendations that follow should be
modified to suit on site-specific requirements.
Route junctions beiween primary tracks
should use No. 15 furnouts. A larger
number turnout should be employed if the
route geometry in proximity o the turnout
does not restrict higher speed operations.
When sufficient space is not available for
a No. 15 turnout, or if there are nearby
speed restrictions—such as station stops
or roadway crassings—a sharper turnout,
such as a No. 10, may be considered.

Connections between primary main line
tracks and slower speed yard and
secondary tracks, including center pocket
tracks, should #ypically use No. 10
turnouts. When design space for a No. 10
turnout is not available, 2 No. 8 turnout
may be sufficient.

Seldom-used crossover tracks that are
provided for emergency and maintenance
use only should use No. 8 turnouts.
When sufficient design space for a No. 8
tumout is not available, a No. 6 turnout
may be considered.

Turnouts within mainienance facilities and
storage yards should use either No. 8 or
No. 6 turnouts. Main line connections to
the maintenance facility and storage yard
should use Nurmber 10 turnouts

Turnouts that are located in embedded
track are often in odd geometric layouts
and thus must be sized in accordance
with the use and function of the turnout
Alternatives to the use of an embedded
turnout should always be investigated
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6.4.3 Sharp Frog Angle/Tight Radius
Turnouts

Many light rail systems, particularly older

street railway operations, use turnouts that are

sharper than those suggested above, Frogs
as low as number 5 and 4 are not uncommon.

Many difficult alignment conditions may be

resolved using turnouts that are curved

through both the switch and the frog. Some
transit agencies have curved frog tumnouts
with radii as sharp as 15 meters. In virtually
alt cases, these sharp turnouts were required
due to unique site conditions and the
particular requirements of the system. While
such sharp turnouts are not recommended for
general application, there is nothing inherently
wrong with their use provided that they meet
the requirements of the transit operation and
the transit agency understands and accepts
the limitations that sharp turnouts impose.

Some of the restrictions imposed by sharp

turnouts are:

s Vehicle fleet must be designed to be ahle
to negotiate them. This may reduce the
number of candidate light rail vehicles that
can be considered for the system.

*» Operations will be slower. Operating
personnel must be made aware of the
speed restrictions that the sharp turnouts
impose and systems must be in place to
limit speeds to the allowable limif. This
can be a significant problem on a system,
or portion of a system, where vehicle
speed is entirely under the operator's
control. Most vehicle storage vard tracks,
which are the most likely location for
sharp turnouts, do not have signal
systems that provide speed control. This
mzakes it highly probable that sharp
turnouts will be negotiated at higher-than-
design speeds, leading to excessive wear,
more frequent maintenance, and an
increased risk of derailments. A common
preblem in this regard, known as
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‘cracking the whip,” is a distressingly
common operating practice on many
systems where the LRV operator may
docilely enter the turnout at the posted
speed limit but then accelerate. The result
is that the rear fruck enters the curve and
traveis through the tumout at a much
higher speed than intended. High rail and
wheel wear will resuit and derailments of
rear trucks and trucks on rear cars of
muitiple car trains are not uncommen.

e Maintenance expenses will be higher.
Even if vehicle speed is confrolled, either
through the signal system or by strict
enforcement of operating rules, sharp
turnouts will incur more wear than fiatter
turnouts. If the associated maintenance
expense is preferable to the additional
first cost of a right-of-way that would
parmit the use of flatter turnouts, then
sharp turnouts may be a prudent choice.
If, on the other hand, a life-cycie cost
analysis shows that procuring additional
right-of-way that allows flatter turnouts will
reduce the overall expense, then that
course should be pursued.

6.4.4 Equilateral Turnouts

Equilateral turnouts spiit the frog angle in half
between both sides of the turnowt, thereby
producing two lateral diverging routes. Both
sides of the turnout are curved. Equitateral
turnouts are cccasionally suggested for the
end of double-track locations and for locations
where a turnout must be installed on a curve.
The ftrack designer should consider the
following characteristics
= A perfectly symmetrical equilateral turnout
will evenly divide not only the frog angle
but aiso the switch angle. The division of
the switch angle will require 2 custom set
of stock rails, each with half the normal
stock rait bend. This is the preferred
arrangement when both hands are used in
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the facing point direction, such as the
diverging turnout at & route junction.

» An alternative to customized stock rails is
to configure the switch in an ordinary
lateral turnout, thereby giving one
movement the straight route through the
switch and the other movement the lateral
route. The frog does not need to be
oriented symmetrically and the optimum
alignment for each route may be achieved
by rotating it by an amount equal to the
switch angle. This switch and frog
orientation wouid be a preferred
arrangement for an end of double-track
location where extension of the doubie
track is not expected to oceur in the near
future.

e [f the switch angle is to be split equally,
curved switch points will need to be
specially designed and fabricated since
each point must not only have a concave
curve on its gauge face, but also a
concave vertical surface on its back face.
Such poinis are not off-the-shelf items
and the transit system will have to procure
spare points for future replacement.
Straight switch points on the other hand,
such as the AREMA 502S-millimeter
{16.5-foot) design, can be obtained off-
the-shelf although they still must be
matched to custom stock rails. [If the
switch is oriented as in an ordinary lateral
turnout, standard switch point rails can be
used.

« The lead distance of the equilateral
furnout need not have any direct
correlation to the customary lead for a
lateral tumout.  The closure curves
between the switch and frog can be
configured to any geometry that is
suitable to meet the speed objectives of
the turnout.

The use of an equilateral turnout on a curve
usually does not provide satisfactory ride
quality and is, therefore, not recommended.

6.4.5 Curved Frog

A straight frog is standard for most tumouts,
for both normal and diverging train
movements. This creates a “broken back
curve” alignment for the diverging movement
that can provide a disagreeable ride quality,
particuiarly in lower numbered (sharp radius)
turnouts. If a system will have a large number
of lower numbered turnouts, such as for yard
tracks, and there are approximately egqual
quantities of right-hand and left-hand turnouts,
it may be beneficial to consider curved frogs
that allow a uniform turnout curve. A superior
yard layout may be possible using curved frog
turnouts, as shown in Figure 6.4.5, without
incurring excessive costs.

6.4.6 Slip Switches and Lapped Turnouts

Slip switches and lapped turnouts are often
suggested as a means of concentrating a
large number of train movements into a
consirained site. Such componenis are very
expensive to procure and maintain and are
seldom justifiable in a lifecycle cost analysis.
They should only be considered in cases
where extremely restrictive rights-of-way
leave no other design options.

6.4.7 Track Crossings

Whenever possible, track crossings
{diamonds) should have angles that do not
require movable point design. Movabie point
crossings have high initial costs and require
more frequent maintenance and, therefore,
should be used only as a last resort. To
provide for the use of rigid crossings only, the
route gecmetry engineer will be required to
configure the tracks so that crossing tracks
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intersect at an angle at least equal to that of a
No. 8 frog (9°31'38"). Some systems have
successfully used crossings with flatter
angles, but they are not recommended
because of the increased potential of
deraiiment at the unguarded center frog
points. If a flat-angle movable point crossing
appears to be required at a location such as a
route junction, a detailed investigation of
altematives should be conducted before
trackwork final design commences. These
alternatives could include spreading track
centers to permit one track to cross the other
at g sharper angle or substituting a crossover
track in advance of the junction for the
crossing diamond.  Simulations may be
required to determine if the operational
scenarios resulting from an alternative track
plan are acceptable.  The maintenance
requirements of the baseline movable point
crossing should be included in the analysis,
including the operational restrictions that may
be enforced during such maintenance.

6.5 SWITCH DESIGN

The switch area is the most critical portion of
any furnout. Most turnout maintenznce is
switch related, requiring both trackwork and
signal maintenance. Most derailments occur
at and are caused by unmaintained or
negiecied switches. As such, they are one of
the most important locations to examine for
the interaction between the wheel and the rail.
As a guideline, the foliowing sections wili
discuss the various types of switch designs
that can be used on light rail systems, and will
provide guidelines to follow in selecting what
design to implement.
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6.5.1 Conventional Tee Raii Spiit Switches

Most rail transit systems in North America use
switch point rails that are identical or similar to
designs used by North American freight
raifroads.  Such switches, known as spli
switches, generally conform to designs
promulgated by the American Railway
Engineering & Maintenance-of-Way
Associalion (AREMA).  Split switches are
produced by planing and bending a piece of
standard tee rail to a knife edge point on one
end. The sharpened point then lays up
against a section of standard rail and diverts
the flanged wheel from one track io another.
Split switches are relatively inexpensive io
produce and provide satisfactory service
under most operating scenarios.

Split switch paint rails can be either straight or
curved, Straight switch point rails can be
used universally within a turnout, but are
aimost always an inferior choice for a
diverging route. As a guideline, curved switch
point rails are recommended for all transit
designs to provide a much smoother transition
through a turnout.

6.5.2 Tangential Geometry Switches

Conventional North American curved switch
points still require the wheeis to make a
somewhat abrupt change of direction near the
point of switch. The actual angle at the point
rail will vary depending on the iength from the
switch point to the heel of switch, but it
typically ranges between 1 and 3 degrees.
Depending on the speed of the transit vehicle,
this change in direction can produce an
uncomfortable ride. In addition, a switch point
used for diverging movement wili frequently
incur a much greater amount of wear due to
the abrasive impact associated with
redirecting the vehicle wheels.
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To improve switch performance and service
life, European frack designers developed
“tangential geometry” switches. In a
tangential geometry switch, the switch point
that deflects the diverging movement is not
only curved but alsc orienjed so that the curve
is tangential to the main track The wheel is
not required to make an abrupt change of
direction; instead it encounters a flatter
circular curve that gradually redirects the
wheel. The lead distance for a tangential
geometry turnout is typically much longer than
for an ordinary turnout with the same frog
number

European tangential geometry switch point
rails are usually manufactured frem special
rolled rail sections that are not symmetrical
about their vertical axes. These asymmeitrical
switch point rail sections are also usually
shorter in height than switch stock rails,
thereby permitting the switch slide plate to
anchor the stock rail to resist rollover. The
difference in rail configuration and height
usually reguires a shop-forged connection
between the asymmetrical switch point rait
and the common tee rail used in the turnout
closure curve. The Zu 1-60 section (Figure
6.5.1) is a typical asymmetrical point rail
section. Nearly all tangential design switches
also employ a floating heel design. '

FULL SECTION

120 (4 340
BEFORE MACHINING

i, o |
SWTCH THROW

OF POINT DETAIL —14 (557
Zu =80 i 3
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Figure 6.5.1 Zu1-60 Rail Section for Switch
Point

Tangential geometry turnouts should be
considered whenever high speeds or a large
number of movements must be made through
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the diverging side of a turnout. A few North
American manufacturers are now preducing
proprietary tangential geometry switch peint
rail designs. These may be appropriaie for
some applications on a light rail transit system
but are not generally warranted.

6.5.3 Uniform and Graduated Risers

Split switch designs, whether using
conventional AREMA geometry or tangentiai
alignment, typically elevate the top of the
switch peint rail approximately & milimeters
(1/4 inch) above the top of the stock rail. This
prevents false flanges on worn wheels from
contacting the top of the stock rail and
possibly lifing the wheel off the top of the
swifch rail. To achieve this elevation, special
rigser switch plates are incorporated beneath
the switch rails. This additional elevation can
be eliminated once the switch rail has
diverged sufficiently from the siock rail such
that false flanges on wheels are no longer a
concern. The two design details that achieve
this transition are calied uniform risers and
graduated risers.

A uniform riser switch maintains the additional
§ millimeters of height through the heel block
of the switch and then ramps it out over a
distance of 4 to 5 switch ties beyond the heel.
At each of these ties, a special rail fastening
piate must be installed that provides
progressively less riser elevation until the
base of the closure rails beyond the switch are
in the same plane as the stock rails. Such
turnout plates must be specizally fabricated
and each will fit in only one Jocation within the
turnout.

A graduated riser switch maintains the
additionat elevation cnly as long as absolutely
necessary and then ramps it out prior to the
heel block of the switch. Two vertical bends
are required in the switch rail—one concave
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and the next convex—so that the 6 miliimeters
of riser elevation is eliminated in increments of
2 or 3 milimeters. Special plates are not
required beyond the switch hesl block; most
timher tie bailasted track turnouts with
graduated risers use hook-twin tie piates in
that area.

As a guideline, uniform risers will usually
provide the best and most economical service
for turnouts in main frack or where insulation
is required. Uniformity of maintenance
suggests that switches in yard and secondary
tracks on the same transit system should also
use uniform risers. Graduated risers should
only be considered for use in maintenance
and storage yard tracks—areas where special
plates for stray current isclation are typically
not required.

European swilch point design does not
consider the raised switch point concept
Therefore, the selection of either uniform or
graduated risers is not a concemn. However,
both raised swiich point and level switch point
design perform best during operation with the
reguiar maintenance of wheel truing. This will
eliminate the false flange and secondary
batter caused by the false flange., The
standards for wvehicle wheel maintenance
plays an important part in the switch point
design and must be considered when
contemplating the interface between the
wheel and switch point.

6.5.4 Switches for Embedded Track

Turnouts in embedded track are 2 signature
characteristic of light rail transit systems.
Whenever the railroad or rail transit track must
be paved or embedded to permit either
rubber-tired vehicles or pedestrians to travel
aiong or across the track area, conventionai
ballasted track split  switches—either
conventional or tangential design—are
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impractical. The switch point “throw,” the
distance the switch point rail needs to move
from one orientation to another, results in an
unaccepiably large void in the pavement
surface. This void is dangerous to roadway
vehicles and pedestrians. Voids also tend fo
collect debris and dirt, which impair switch
cperations. To deal with these difficulties,
trackwork designers long ago developed what
are known as tongue switches.

A tongue switch consists of a housing that
incorperates the three rails that converge at
any switch The swiich tongue is usually
located in a roughly frianguiar opening in the
center of the housing . The switch tongue is
typically grooved on its top surface and either
pivols or flexes on its heel end. This
movement directs the wheel flange to either
the straight track or the diverging track.

Tongue switches can either be used in pairs
(a “double-tongue” switch) or a single tongue
switch can be paired with a “mate.” A mate is
a rigid assembly that has no moving parts but
rather only two intersecting flangeways in the
top surface. The mate does not sieer the
wheels, it only provides a path for the wheel
flange. All guidance must therefore come
from the companion tongue switch. Traditional
North American street railway operations used
tongue switches and mates almost exclusively
until very recently.

In a street environment, tongue switches are
far easier to keep clean than conventional tee
rail split switches. The mate component,
having no moving paris, is especially well
suited to a street environment; since the
flangeways are no deeper than those in the
adjoining track and are thus easy to keep
clean.
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6.5.4.1 North American Tongue Switch
Designs

North American tongue switches are typically
constructed of solid manganese steel and are
designed as illustrated in the 980 series of
drawings in the AREMA Porffolio of Trackwork
Plans Those drawings show both double-
tongue switches and a tongue switch/mate
design. White these examples are
conveniently available, a detailed examination
is required to appreciate the differences
between the AREMA designs and the
configurations used by traditional street
railway operations. Figure 6.5.2 illustrates a
typical tongue switch designed in accordance
with the practices of the former American

Transii Engineering Association (ATEA).
These design differences include the

following:

Figure 6.5.2 Tongue Switch and Maté—-——
Non-embedded 149 RE 7A Rail

Traditional street railways  {transit
systems) in North America typically
employed tongue switches and mates
rather than double-tongue switches which
were more common for railroad service.
This was probably due to a desire fo
reduce the number of moving paris to be
maintained, a key factor on large sireetcar
systems that could have hundreds of
swiiches in embedded track.

Tongue switch and mate designs for
street railway service, as well as modem
flexible double-tongue switches, are
typically curved throughout their length,
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with the point of the fongue recessed into
the switch housing. The nearly tangential
geometry results in turnout lead distances
much shorter than straight tongue
switches. Tongues with radii as short as
about 15 meters (50 feet) were not
uncommon.

The flangeway widths in traditional street
railway tongue switches and mates were
narrower than those for railroad service.
Track gauge was also usually unchanged
from tangent track. The AREMA designs,
on the other hand, have exiremely wide
fiangeways and widened track gauge to
accommodate steam locomotives with
mulfipte axles and large diameter driving
wheels. These factors make railroad
fongue switch designs ill-suited for light
rail vehicles that have narrower wheel
treads and aimost aiways have small
wheel diameters. The wide flangeways
are also hazardous to pedestrians.

Typically, the swiich fongue is placed on the
inside rail ieading to the diverging curve, so
that truck steering action is provided by the
interaction between the back side of the wheei
flange and the tongue This produces reliable
steering of the fruck due to the curve being
continuously guarded. Some tongue switch
designs amplified this guarding by depressing
the wheel tread level of the diverging
movement immediately beyond the point of
switch, as shown in Figure 6.5.3. This
causes the tongue to become an even more
effective guard because it is higher than the
wheel tread.

Switch tongues require frequent maintenance
to keep them clean and tight. Traffic riding on
top of a rigid tongue tends to joosen and rattie
it. For that reason, many properlies
positioned tongue switches on the ouiside of
the curve for turnouts ihat were used either
infrequently or only for  converging
movements. With the tongue positioned on
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the outside of the curve and the mate on the
inside, straight through LRV  whesel
movements do not ride on the tongue,
providing a quieter street environment. Nete,
however, that with the mate on the inside of
the curve, outside tongue switch turnouts are
not fully guarded. The deletion of a
continuous guard through the critical switch
area can result in derailments under some
circumstances.  Accordingly, outside tongue
switches were typically not employed on
switches with radii of less than about 30
meters (100 feet).

The AREMA switch tongue design pivots on
an integral cylinder that is positioned beneath
the heel of the tongue. This cylinder is held in
place by wedges on either side that are
tightened by large diameter bolts. These
wedges tend to work loose as both they and
the cylinder wear, causing the tongue to ratile
and rock which leads to noise and accelerated
wear.  Tightening the wedges wil only
temporarily correct the problem and over-

tightening can make the switch difficult to
throw.

The ATEA standard tongue swiich included a
tongue heel design that could be locked down
by lever action. American special trackwark
fabricators produced several other proprietary
heel designs. These alternative heel designs
generally required less maintenance and
performed better in sireet railway use than the
AREMA designs, but may have been iil-suited
to the heavy axle load demands of railroad
service. Manufacturers of these alternative
designs are nc ionger in the transit indusiry
and the patents on their designs may have
lapsed, placing them in the public arena.

Standard American-designed tongue switches
and mates were typically fabricated from
manganese stee} castings, similar to the solid
manganese steel frogs. Some altemative
designs were partizlly fabricated from either
girder or tee rail sections. Tongue switches
and mates have always been expensive items
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because it is difficult to produce large castings
o precise tolerances,

6.5.4.2 European Tongue Switch Designs
European light rail manufacturers developed
flexible tongue switches in the post-WWH era.
A typical flexible tongue switch is illustrated in
Figure 6.5.4.

Figure 6.5.4 European Fabricated Steel
Double Tongue Switch

Fabricated from rolled and machined rails and
flat steel plate sections, these designs are
considerably less expensive to manufaciure
than the salid manganese steel castings used
in North American tongue switches and
mates. The European design aiso typically
employs double tongues (no mate) so that
both wheels provide the steering action.
Some European designs provide a rigid mate
in lieu of an outside tongue switch, but usually
only in complex layouts where overtapping
turnouts make it impossible to provide the
second fongue. In nearly all cases the
tongues are rigidly fastened at the heel and
flex, rather than pivot as is the case with North
American design.
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A number of North American light rail
operators have procured such switches. [n-
track performance of these installations has
varied. Traditional street railway operations
rate fabricated flexible tongue switches as
inferior to the robust design of the cast
manganese steel tongue switches and mates,
particularly with respect to wear. This poor
performance could be due to the use of
relatively soft European girder rail steels.
Newer LRT operations, on the other hand,
have no problems with the European designs,
perhaps because they have no basis for
comparison. Specizal surface hardening weld
treatments can be incorporated in the design
of flexible tongue switches to provide
enhanced protection against wear. Refer to
Section 5.2.4.

6.5.4.3 Switch Tongue Operation and
Control

The switch throw of a tongue switch must be
extremely short to preserve the switch
tongue’s ability to perform as an effective
guard and to keep the cpen point flangeway
as narrow as possible. The ATEA switch
throw was only 64 millimeters (2-1/2 inches)
long; a steei company designed an even
shorter throw, 57 millimeters (2-1/4 inches).
Such small swiich throws are completely
outside of the adjustment range of any
standard railroad power switch machine of
North American design. Instead, traditional
North American street railway properiies
employed switch machines that are
essentially a large solenoid. Depending on
the current flow direction in the solenoid field,
the switch will be thrown in one direction or
another, Once thrown, the tongue is held in
place by a spring loaded toggle. The toggle
keeps the tongue in place until the solenoid is
activated to throw the switch in the opposite
direction. it also makes the swiich trailable
without having to first throw the switch. The
most common design, which is siill in
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production, was known as a Cheatham switch,
after its original manufacturer. A major
drawback of the solenoid design is that the
spring toggle does not lock the switch tongue
in place. This makes it possible for a switch
tongue to accidentally throw under a rail car.
Some North American operators have
eguipped Cheatham switches with point
detection relays that verify electronically that
the swiich tongue has been completely
thrown.

European suppliers have developed more
madern switch machines for tongue switches
that do provide point Jocking. Their design
philosophy, however, does not comply with
conventionai North American signal practice.

6.5.4.4 Embedded Switch Drainage

Tongue switches, regardless of design, create
an openping in the street surface that will
inevitably fill with water and miscellaneous
debris that is biown or washed into the switch.
A positive drainage system must be instalied
that will also permit solid debris to be flushed
away. The switch design should promote free
drainage of any cavity and should also aflow
access into ail cavities to enable cleaning out
any solid material that may accumulate.
Leaving such materials in place can interfere
with the operation of the switch, promote
corrosion, and facilitate stray currents. If the
design includes cavities that are not essential
to operation of the switch, but are likely to
cause problems if they become filled with
water or debris, the designers should consider
fiting such areas with a2 non-conductive
material, such as an epoxy grout, prior to
installation in track The maintenance
program should include sweeping, vacuuming,
flushing, or blowing out embedded switches
on an as-needed basis, as well as an
inspection to verifly that the drainage systems
are clear and functional.
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Corrosion of threaded fastenings in embedded
switches can make them impossible to adjust.
All threaded fastenings in embedded swiiches
shouid be made of corrosion-resistant
materials, such as bronze or stainless steel, to
avoid corrosion problems.

6.5.4.5 Design Guidelines for Embedded
Switches

If pedestrians can be reliably restricted from
the location, embedded frack switch designs
identical to those used on open track turnouts
can be considered, as shown in Figure 6.5.5,
since conventional North American
interlocked switch operating mechartisms ¢an
be used. If pedestrians cannot be reliably
excluded from the vicinity of an embedded
turnout—which is usually the case—
embedded switches should use either
traditional North American street railway
tongue switches and mates or European
fabricated flexible double-tongue switches.
AREMA tongue switch and mate and double-
tongue switch designs should not be used, as
the flangeway openings are too large for
areas where the general public has access.

Figure 6.5.5 Embedded Tee Rail Switch—
Equilateral Turnout, Steel Cover Plates,
Epoxy Filfer
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6.5.5 Fully Guarded Tee Rail Switch
Designs

Readers will have noted that tongue switch
and mate tumouts provide a continuous
restraining rail through the entire turnout. This
includes the critical switch area, where the
vehicle trucks must first make a change of
direction. The preponderance of deraiiments
occurs at switches. Providing a guard in the
switch area can be very beneficial, particularly
if the turnout curve immediately beyond the
switch is sharp and protected with &
restraining rail. Rail transit systems that have
extremely sharp turnouts in open track often
employ what are variously known as either
“house fop” or “cover guard” switches. These
switch designs are the signature component
of “fully guarded” turnouts. A typical house
top double-point switch is illustrated in
Figures 6.5.6 and Figure 6.5.7. As the name
implies, a fully guarded turnout is one in which
the diverging movement through the turnout
includes continuous guarding from ahead of
the point of switch through the frog.

The switch area provides the unigue
characteristics of a fully guarded tumnout,
including:

GUARD RALS
UNRERCUT CURVED
STRAIGHRT SWITCH
STOCK RAL PONT RAL
=3 8 ) = =
B O BNE B /R VR )|

=3
_

The house top guard piece, which is
positioned above the straight switch point,
protects the critical first 300 fo 450
millimeters (12 to 18 inches) of the
diverging switch peint by pulling the wheel
set away from it. Because the house top
is rigidly fixed and must aliow the passage
of a wheel that is traveling on the straight
switch rail, ¥ does not provide any
guarding action for lateral moves beyond
the immediate vicinity of the point of the
switch. The house top is usually a
continuation of a conventionally designed
restraining rail that is placed in the
tangent track ahead of the switch point.

The “double point” for the straight switch
rait provides a continuation of the
restraining rail along the curved stock rail
from the house top to the heel of the
switch. This restraining rail is fastened
directly to the back face of the switch
point and extends the restraining face
through the switch area beyond where the
house top provides guarding action.

Nofe that the spread at the heel of the
switch is much larger than in conventional
AREMA split switch design. This is
required so that the connection can be
made between the double-point switch

AROJUSTABLE RAL BRACES
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AEEL BLOCK
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Figure 6.5.6 Fully Guarded House Top Switch
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Figure 6.5.7 Fully Guarded Turnout—
115 RE Rail Switch with House Top and
Double Point Guarding

and the restraining rail. Some transit
agencies have installed house tops without a
double point, thereby protecting the point of
the swilch bui not the remainder of the
diverging switch rail.

In order for the double point to act as an
effective restraining rail, the switch throw must
be as short as possible. A throw distance no
greater than 88 mm (3-1/2 inches) is required
and a shorter throw dimension would be
preferred. The normal throw distance for a
powered switch in accordance with standard
North  American railroad practice is
approximately 121 mm {4-3/4 inches). Most
conventional North American power switch
machine designs allow for an adjustment of 89
to 140 millimeters {3-1/2 to 5-1/2 inches). If
they were set to the smaller dimension, they
wouid have no adjustment left for wear.
Hence, a power switch machine for a house
top switch must be custom designed. North
American signal equipment manufacturers
can provide machines with short throws;
however, the locking rod design cannot be as
robust as those provided with ordinary switch

machines. This makes them a high
maintenance item that requires frequent
adjustment.
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A large amount of freeplay between wheel
gauge and frack gauge is essential for a
house top to be an effective guard and to
protect an appreciable portion of the curved
switch rail. Therefore, house tops are most
effective when used with railroad standard
wheel gauges. if conveniicnal transi
standard wheel gauge is used as the standard
on a light rail system, track gauge wili need to
be widened through the switch area.

Fully guarded tumouts with house {op
switches are rarely justified and should be
used only as z last resort in cases where
sufficient right-of-way cannot be acquired to
permit the use of flatter turnouts.

6.5.6 Switch Point Detail

Very careful attention must be given to the
cross section of the switch point rail at the
point of the switch, pariicuiarly if the whee!
contour is not a standard railroad design. If
the transit system includes a street railway
wheel profile with a narrow or short wheel
flange (generally less than 25 millimeters (1
inch) in either dimension), there is a real
danger that the wheel will either “pick” or ride
up on the switch point. This is a particutar
problem in facing point diverging movements.

In general, the top of the tip of the switch point
rail should be at least 8 to 13 millimeters (3/8
to 1/2 inch) above the bottom of the wheel
flange and should rise to the full height of the
flange as rapidly as possible. Special
attention must be given if the whee! flange, in
either the new or maximum-wear condition,
has either a flat bottom or a sharp bottom
corner. Such wheels can readily ride up the
flat surface provided by the second machined
cut in the AREMA 5100 switch point detail. If
the light rail system employs such wheels, it
may be necessary to use swiich point details
other than the 4000, 5100, and 6100 designs
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contained in
Trackwork Flans (see Figure 6.5.8).
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Figure 6.5.8 Switch Point and Stock Rail
Deftails

The ATEA had a switch point standard for use
with American Society of Civil Engineers
{ASCE) rails that placed the top of the switch
a mere 6 millimeters (1/4 inch) below the top
of the stock rail as shown in Figure 6.5.8.
These dimensions are not achievable with
more medern rails that have broader gauge
comer radii. Some light rail operations have
reduced the distance hetween the wheel tread
and the top of the switch peint.  This is

the AREMA Portfolic of
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accomplished by either grinding or planing
away a portion of the head of the stock rail for
a distance of approximately 300 millimeters
(12 inches) ahead of and beyond the point of
the switch. This “stock rail tread depression”
lowers the relative position of the tip of the
wheel flange so that it cannot easily climb on
top of the point. The gauge corner radius of
the stock rail is reduced to approximately 15
millimeters (about 9/16 inch) through the
depressed area. While the stock rails with the
depressed tread must be custorn fabricated,
this technigue enables the use of off-the-shelf
AREMA 5100 detail switch points. An
alternate design where the undercut stock rail
and switch point machining of the 5100 point
detail actually places the switch point 1/4 to
3/8 inches below the top of the stock rail has
recenily been implemented to improve gauge
point contact. For future transit design of
switch points, a 7200 point detail number
should be considered.

Trackwork designers on new systems should
strongly encourage the adoption of wheel
profiles with flange contours that are no less
than 25 millimeters (1 inch} high. I addition
to the above mentioned problems with switch
points, short wheel flanges alsc concentrate
the lateral component of the wheel-to-rail
loading onte a narrower band than taller
flanges. This higher contact pressure ieads to
accelerated wear on both wheels and rails.
Refer to Chapter 2 for additional discussion on
this topic.

6.6 FROGS
6.6.1 Frog Design

Track and vehicle design teams must carefully
consider frog design in conjunction with the
selection of a preferred wheel profile.

If the light rail vehicle whee! is generally
identical to the AAR 1-B wheel, then frog
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designs can generally conform to AREMA
standards as cited in the Portfolic of
Trackwork Plans. Suggested revisions are
noted below. Such frogs should comply with
the following standards:

Frogs in primary frack can ordinarily be
railbound manganese stesl, heavy wall
design, conforming to details given in the
AREMA Porifolio of Trackwork Plans.

Frogs in secondary track can be either
railbocund manganese steel or solid
manganese steel construction conforming
to the details given in the AREMA
Portfolic of Trackwork Plans.

Railbound manganese frogs tend fo
introduce more noise and vibration at the
interface between the wing rail and the
manganese irregular running surface.
Joint  LRT/railroad systems  should
consider solid manganese frogs with
welded rail joints to eliminate irregularities
in the rail surface to improve on reducing
special trackwork noise.

Monoblock welded frog construction is
extremely popular in Europe and has seen
increased use in North America. Monoblock
frogs have a central portion that is machined
from a block of either rolled steel or cast steel
that is metallurgically consistent with normal
rail steel. Rolled stesi rails are then welded to
the central portion to form the frog arms  This
design can be advantageous for production of
smali quantities or one-of-a-kind frogs such as
those required for crossing diamonds. See
Figure 6.6.1 for the arrangement of a typical
monoblock frog.

6.6.2 Frog Design Modifications

Even if AREMA frogs are chosen, track
designers should consider several
modifications, including:
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Figure 6.6.1 Monoblock Frog Details

Frog arms should be longer than the
current {1997) AREMA standard to ensura
that the toe and heel spreads are wide
enough to permit field thermite welding.
Additional length may be required to make
it possible to crop off a failled thermite
weld and make a second weld.

Consideration should be given to
depressing the point of frog slightly below
the top of rail plane for a distance of
approximately 100 millimeters beyond the
actual point of the frog. This will minimize
frog point batter from the wheel's gauge
corner fillet, parficularly on a transit
system that features a compound radius
wheel tread design, such as the AAR 1-B
wheel {see Figures 6.6.2 and 6.6.3).

POSITION OF WHEEL EXTREME FHGHT
AT LOCATION OF LOAD TRANSFIR FROM
FROG WING TO POINT

POSITION OF WHEEL EXTRENE LEFT

WHEEL POSITION
CENTERED

JETWEEN GAUGE}

THEORETIC,
FOINT

OF FROG
45mm {1 3/4%)
FLANGEWAY

L. ND, 8 FROG POINT DEPRESSED
8 53mm IN 152 4mm [5/8° N 67)
L NQ § FROG POINT DEPRESSED
8.53mm K 152 4mm (3/8° IN §7)

Figure 6.6.2 Plan View at Frog Area with
45-mm Flangeway
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Figure 6.6.3 Section at 15-mm Frog Point

If the light rail vehicle whee!l has a tread
that is less than 100 milimeters (4 inches)
wide, it may not have continuous support
while passing over the opposite flangeway
of the frog. Excessive impacis can ccour
if the wheel tread has less than 25
millimeters (1 inch) of support width as it
passes over the open flangeway,
particularly if the operating speed is
relatively high. If tight conirol can be
maintained on both track gauge and
wheel gauge, it is usually possible to
correct this situation by narrowing the
flangeway widths from the customary 48
millimeters {1-7/8 inches) to about 40
millimeters (1-9/18 inches) as shown in
Figures 6.6.3 and 6.6.4).

WEE, O AT
100 ML TERY 3 15467

WHEEL POSITION - WARD 1EFT
(RIGHT WHEEL AGAINST GUARD
RAL FACE)
WHEEL MOMINAL POSITION
(ASLE CENTERED M TRACK)
PECCMNERGED DESIGH

DERRESSION
Wome {03947

NOTE:
TRANSIT AGENCIES WTH A NAPROW WDTH
COMPLY WITH BOTH

WHEEL PROFILE QRE OR
A MARROW FROG AND GUARD RAR FLANGEWAY
OR FLARGE-BEARING FROG JESGN

Figure 6.6.4 Section at 15-mm Frog Point,
Flange Bearing

if open point frogs are not possible, then
either flange-bearing frogs, spring frogs, or
movabie point frogs are needed.

e CONVERTION AL RAILWAY FLANJEWAYS

ALCOMNENDED TRANSIT FLANGEWATS
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6.6.3 Flange-Bearing Frogs

Flange-bearing frogs are typicailly provided
whenever continuous wheel support cannot
be provided by the wheel tread. This
condition is most prevalent on light ralil
systems that employ a narrow wheel tread but
also can occur on a transit system with wider
wheels. Inadequate support often occurs in
sharp angle fregs and crossing diamonds and
is a8 universal problem as crossing frog angles
approach 90 degrees. It can alse ocour at the
mate opposite a tongue switch.

6.6.3.1 Flangeway Depth

Flange-bearing design carries the wheel load
past the point of inadequate wheel fread
support by transferring the load to the wheel
flange tip. Typically, the tread is elevated a
few millimeters above the normal top of rail
elevation as this occurs. As the flangeway
floor wears, equilibrium of both the flange and
tread bearing may be achieved. This may or
may not be acceptable depending on how
vniformly the system’s vehicle wheels are
maintained. The depth of the flange-bearing
partion of the frog should be 3 millimeters {1/8
inch) less than the nominal height of the LRV
wheel flange. The flange-bearing section
should extend longitudinally from about 300
milimeters {12 inches) ahead of the
theoretical frog point to a location 200
millimeters (8 inches) beyond the actual frog
point (see Figure €.6.4) to ensure that the
wheel is carried well past the point of non-
tread support.

6.6.3.2 Flangeway Ramping

The wheel flanges on maost rail systems tend
to get higher as the wheels wear since the
wheel tread experiences virtually all of the
wheel wear. |n order for a flange-bearing frog
fo accommedate normal  maintenance
folerances in wheel flange height, there must
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be a transition ramp from the ordinary
flangeway depth of perhaps 50 milimeters (1-
7/8 inches) to the flange-bearing depth. The
slope of this ramp should be varied depending
on the desired vehicle speed so as 1o
minimize the impact. A taper as flat as 1:60 is
not unusual in situations where a flange-
bearing frog is used in 2 main line track. Asa
guideline, the ramp ratio should be no steeper
than 1 divided by twice the design speed in
kilometers per hour

6.6.3.3 Flange-Bearing Frog Construction
Flange-bearing frogs are typically fabricated
as solid manganese steel castings or welded
monablocks. Hardened steel insers have
also been used in bolted rail frog construction.
The center manganese steel insert in a
railbound maganese (RBM) frog may not be
long enough to obtain ramps of appropriate
length for typical transit operating speeds.

Flange-bearing frogs tend o develop a wheel
wear groove in the floor of the flangeway that
can steer the wheels. If one side of the frog is
only used rarely, this groove can become
deep enough to possibly cause wheel tracking
probiems when a vehicle passes through the
rarely used flangeway. Flange-bearing frogs
may therefore require additional flangeway
fioor maintenance, including grinding away
sharp edges and cccasional welding to buiid
up the groove.

6.6.3.4 Speed Considerations at Flange-
Bearing Frogs
The support between the wheel flange and the

flangeway floor can cause moderately
disagreeable noise and vibration. For this
reason, flange-bearing design is usually

fimited to relatively slow speed operations
(less than 25 k/hr is common). The 1998
revisions to the Track Safety Standards of the
U.S. Federal Railroad Administration (FRA)
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recognizes flange-bearing design for the first
time, but limits operation over such frogs to
FRA Class 1 speeds of 16 k/hr freight and 24
k/hr passenger (10 mph freight and 15 mph
passenger). While the FRA standards do not
apply to most rail transit operations, they will
in segments of light rait systems whers
railroad freight operations are permitted. [f
any flange-bearing construction is considered
for joint use areas, system designers should
be aware that the operating speed of both
freight and light rail passenger equipment will
be restricted by federai mandate. If such
speed restrictions compromise the iransit
system’s operations plan, it may be necessary
to forgo flange-bearing design and adopt other
approaches to provide wheel support.

€.6.3.5 Wheel Flange Interface

A light rail system with a minor amount of
flange-bearing special trackwork can typicaliy
use a conventional wheel contour with a
rounded flange. On the other hand, if there is
a significant amount of flange-bearing special
trackwork, & rounded flange tip tends to flatten
due to wear and metal flow under impact.
This results in flanges that are shorter than
design, which in furn could cause problems at
switch points. If a large amount of fiange-
bearing specialwork is expected,
consideration should be given to a wheel
flange design that is flat or nearly flat on the
bottorn.  This will minimize the likelihood that
wheel flanges will experience damaging metal
flow from traversing flange-bearing frogs.
Refer to Chapter 2, Figure 2.6.5F, for a typical
wheel design intended for use with flange-
bearing special trackwork.

It is important for track designers to recognize
that when an LRV wheel is running on a
flange tip, its forward velocity is slightly
greater than when it is operating on the wheel
tread even though the rotational velocity in
terms of revolutions per unit time is
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unchanged. Thus, if one whee! is running on
its flange and the other wheel on the same
axle is rolling on the tread surface, the flange-
bearing wheel will attempt to travel slightly
further ahead. This condition cannot persist
for long before wheel slip will force both
wheels to resurme their normal orientation
opposite each cther. This is rarely a problem
provided that each axle is independently
powered. However, if the LRV truck design
powers both axies from a single motor
(“monomotor” truck design) flange-bearing
design can introduce loadings that may
overstress mechanical portions of the LRV
drive train as one wheel attempts to travel
further than the other three to which it is rigidly
connected. Failures of gearbox connections
between the axles and the monomotors have
been common and vehicle manufacturers in
part blame flange-bearing special trackwork.
To minimize this problem, some European
track designers inciude a flange-bearing
grooved head girder rail opposite any flange-
bearing frog.

6.6.4 Spring and Movable Point Frogs

When continuous support is required and
flange-bearing design is not appropriate due
to operating speed or-other conditions, either
spring frogs or movable point frogs can be
considered. Such components are cosily,
high maintenance items and should be used
only when unavoidable. If the system
includes tracks where high vehicle speeds are
reguired, system designers should seriously
reconsider whether the use of narrow wheel
treads is advisable.

6.6.5 Lift Over (“Jump”) Frogs

Any frog will generate noise and vibration,
which can be an environmental concern at
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many locations. In locations where an
embedded turnout is used only very
infrequently, such as an emergency

crossover, some light rail systems have
employed what is known as either a “lit over’
or “jump frog” (see Figure 6.8.5)

A jump frog provides a flangeway only for the
main line movement. When a movement
occurs on the diverging route, the frog
flangeway and wing rail portion is ramped up
o a level that allows the wheel to pass over
the main line open flangeway and running rail
head. To protect the direction of the raised
wheel, a restraining guard rail is provided on
the opposite wheel. The lift over action will
introduce noise and vibration comparable to a
flange-bearing frog.  However the more
frequent  straight through main line
movements will have a continuous wheel
tread support and the overall amount of street
noise attributable to the light rail system will
be reduced.

6.6.6 Frog Running Surface Hardness

Regardless of frog design, the portions of the
frog that support the wheels should have a
minimum surface hardness of 385 BHN. This
can either be inherent in the material from
which the frog is fabricated or achieved by
post-fabrication treatments such as explosive
hardening. if flange-bearing design is
employed, the flangeway floor should aiso be
hardened.

6.7 FROG GUARD RAILS

Guard rails must be installed opposite from
frog points bath to protect the fragile frog point
and to prevent wheel flanges from tracking on
the wrong flangeway through the frogs.

If transit wheel gauge standards are followed,
it may be necessary to provide a very narrow
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guard rail flangeway in order tc ensure that
the wheel flange remains in the proper path
through the frog. Widened track gauge may
be required. Guard rails should extend ahead
of the point of frog for a distance not less than
that given in the AREMA Portfolio of
Trackwork Plans. They should extend beyond
the frog point to at least the focation of the
heel end of the frog wing rail. Where the
closure curve radivs of the turnout is sharp
enough that curve guarding is required, the
required restraining rait system and the frog
guard rail on the diverging side of the turnout
should be continuous.

Frog guard rails should be adjustable and
generally compatible with the restraining rail
design adopted for the project.

Installing an adjustable guard rail in
embedded ftrack is difficult; therefore
traditional street railway operations typically
installed a section of girder guard rail in lieu of
a conventional guard rail Some
contemporary embedded track installations
provide a segment of U89 guard rail fastened
to chairs in a manner that nominally permits
adjustment (provided that the fastenings do
not become corroded and unusable). If the
guard rail cannot be adjusted in the installed
environmernt, complete removal and
replacement of both the pavement and the
guard rail may be required. In addition, frog
quard rail rarely need adjustments if properly
installed. Designers should carefully consider
whether frequent guard rail wear is likely
hefore selecting a complex design that may
have limited value,

6.8 WHEEL TREAD CLEARANCE

Throughout any special trackwork unit, it is
important to be certain that nothing projects
above the top of rail plane into a zone where it
might be struck by the outer edge of the LRV
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wheel tread. The designer must not only
consider the as-new width of the wheei tread,
but also the aliowable wear limits on both the
side of the whee! flange and on the gauge line
of the rail as weli as any allowable metal
overflow on the outer edge of the wheel.
Wheel tread clearance will rarely be less than
125 mm (5 inches} except for systems with
narrow wheel treads. For additional
information on wheel profiles refer to Section
264,

6.9 SWITCH TIES

While domestic hardwoods are the most
popular materials for North American switch
ties, significant advances have been made in
the design of concrete switch ties. Particularly
on any system that elects to use concrete
crossties for main fline ballasted track,
consideration should be given to the
employment of alternative materials for switch
ties.

Tropical hardwoods from forests in Africa and
South America, such as Azobe, Jarrah, and
Quebraco, were briefly popular in North
America for switch ties and crossties in
special applications. They have falien out
favor in recent years due to environmental
concerns relative to rain forest depletion and
unsatisfactory  experiences that some
railroads and transit agencies have had with
these products. They remain in common use,
however, on railways and transit systems in
countries that do not have iarge hardwood
foresis.

Trackwork  designers  must  consider
requirements for siray current control when
choosing the type of swifch tie to be used. If
insulated installations are required, the
designer must consider the dielectric
properties at each rail seat and the switch
plate must be evaluated on both timber and
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concrete switch ties. For more information on
rail seat insulation refer to Chapter 5.

Concrete switch ties can improve the stability
of tumnout and crossing installations and wili
provide a track modulus comparable to main
line concrete crosstie track. Concrete switch
ties must be individually designed to fit at
each specific location within a turnout. Hence,
a concrete switch tie designed for use at a
particular location in a No. 6 turnout will likely
not be usable in a No, 10 turnout. However,
because of their size—they generally are 230
millimeters (10 inches) wide—concrete switch
ties require a spacing layout that is distinctly
different from that used with timber switch ties.
The new tie layout can impact turnout switch
design by requiring alternate switch rod
positions. The two ties at the point of switch
area that support the switch machine must
remain at the 559-millimeter (22-inch) AREMA
standard center distance if they are to
accommodate  power  standard  North
American switch machines, Figures 6.9.1
and 6.9.2 illustrate typical Number 8 and 10
concrete tie batlasted turnouts using Sl units.
For addition information on switch ties, refer 1o
Chapter 5.

6.10 RESTRAINING RAIL FOR GUARDED
TRACK

As noted in the beginning of this chapter, the
broad definition of special trackwork includes
restraining rail systems for guarded track. For
details concerning these topics refer to the
following:

For additional information on guarded
trackwork, refer to Chapter 4.

For addition information on restraining rail

designs for guarded track, refer to
Chapter 5.
When curves with restraining raills are

adjacent to turnouts and track crossings, the
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track designer shouid consider integrating the
restraining rail into the turmout by design to
avoid makeshift connections between them in
the field.

6.11 PRECURVING/SHOP CURVING OF
RAIL

Precurved rail is also considered special
trackwork since shop fabrication or special
processing is required 1o bend the rail steel
beyond its elastic limit.

6.11.1 Shop Curving Rail Horizontally

For additional information on precurving of tee
rail and girder groove rail refer to Chapter 5.

6.11.2 Shop Curving Rail Vertically for
Special Trackwork

If a special trackwork unit is within a vertical
curve, as often happens when embedded
trackwork must conform to existing street
geometry, it may be necessary to shop curve
rails vertically so that they lay uniformly
without kinked joints or welds to adjoining
rails. This is particularly true when it is
necessary to field weld adjoining rails.

An 1189-mm (39-foot) long 115 RE rail is
supported only at its ends, can assume & sag
vertical radius of about 1524 meters (5,000
feet). A similar cresi radius can be achieved
by a rail supporied only in the center, These
equate to a mid-ordinate deflection of about
25 mm {1 inch) over the length of the rail. If
the requisite verticai radius is sharper than
this, the rails should be shop curved vertically
tc avoid assembly problems in the field.
Technically, the shapes assumed by such
simply supported rails are neither circular
curves nor parabolic curves, but are close
enough for practical field purposes.
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In extremely sharp horizontal curves, it will be
necessary to accouni for rail cant when
bending the rails. This requires that the rails
be cambered vertically prior to horizontal
bending

6.12 PROPRIETARY SPECIAL
TRACKWORK DESIGNS AND
LIMITED SOURCES OF SUPPLY

Many of the innovative transit-specific special
trackwork designs developed by Eurcpean
fabricators are not produced by WNorth
American special trackwork manufacturers,
Some of these designs are proprietary, but, in
general, North American special trackwork
manufacturers have been disinterested in
undertaking the investment necessary to
satisfy ihe limited demand for such products.
Instead, they concentrate on the materials
customarily required by their largest
customers—North American freight railroads.
The trackwork designer rmust carefully
consider the prudence of designing a system
where essential trackwork products will be
difficult to cbtain at reasonable cost through
competitive bidding. Use of sole-source
products or proprietary designs should
generally be avoided. Because complex
interrelationships can exist between the
various elements of the overall trackwork
design, this evaluation should be performed
before design details are selected and
procurement and construction contracts are
advertised. The designer should also
consider whether the same products or
interchangeable substitutes are likely to be
available for future maintenance and
expansion of the system. Caution is
recommended if special trackwork sources
are limited solely to overseas manufacturers
or a single domestic supplier.
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Regardiess of the source of supply, special
trackwork units should be standardized to the
maximum degree possible so that economies
of scale are possible during both initial project
construction and subsequent long-term
maintenance. One-of-a-kind assemblies
should be avoided.

6.13 SHOP ASSEMELY

Special trackwerk  layouts,  particularly
complex layouts involving more than one
tumout, should be preassembled at the
fabrication shop. This will enable inspectars
to verify that all compenents fit together as
specified and are iIn accordance with
approved shop drawings. Any allowable
deviations from the approved shop drawings
should also be noted on assembly plans so
that field installation crews can make any
necessary adjustments to the trackwork.

During shop assembly all components should
be fully assembled ready for instaliation in the
field. The only exception wouid be insulated
joints that are glued during field installation,
which can be assembled dry in the shop. If
crossties and rail fastenings are to be
furnished with the layout, they should be
installed during shop assembly. If timber
swifch ties are included as a part of the
assembly, they can be permanently preplated
during the shop assembly, particularly if
elastic rail fastenings are being used.

6.14 REFERENCES
[1] American Railway Engineering and
Maintenance of Way Association,
Manual for Railway Engineering, 1964.
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