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SECTION 4 - TRACKWORK 

4.1.0 GENERAL 

This section of the Design Criteria details minimum standards and design policies to govern 
the engineering, materials and construction standards for trackwork and its interfaces with 
other elements of RTD's LRT system. The interfacing elements of the system include but are 
not limited to, trackway, stations, structures, traction power, communications, signal 
systems and drainage. Except for the requirements established in these criteria and RTD's 
CADD Standards, construction plans and specifications shall generally follow the AREMA 
Manual for Railway Engineering and Portfolio of Trackwork Plans and the Transit 
Cooperative Research Program (TCRP) Report 57 "Track Design Handbook for Light Rail 
Transit", modified as necessary to reflect the physical requirements and the operating 
characteristics of RTD's LRT system. Track construction and maintenance standards shall 
at all times exceed the current track safety standards of the Federal Railroad Administration 
(FRA). 

In addition, where the LRT operates in a public street or shares its right-of-way (ROW) 
with buses, the design requirements and concepts of AASHTO, CDOT, Colorado State's 
Public Utility Commission (PUC) and the local municipality shall also be utilized. 

This Design Criteria takes into consideration many factors including passenger comfort, 
vehicle-operating envelope and track safety requirements. Passenger comfort requirements 
normally will drive the final track geometry design. For this reason, there are desired RTD 
maximum and minimum values and absolute maximum and minimum. The desired values 
are based on passenger comfort, initial construction cost and maintenance considerations. 
Absolute values are determined primarily by the vehicle design, with passenger comfort a 
secondary consideration. 

The track designer shall make every attempt not to exceed the desired values outlined in 
this design criteria manual. Where desired values cannot be met, absolute values may be 
used with prior written RTD approval. 

4.1.1 Track Gauge 

Track gauge shall be a standard gauge of 4 feet 8-1/2 inches. The gauge is 
the distance between the inner sides of the head of rails measured 5/8 
inches below and perpendicular to the top of rail (TOR). LRT track 
construction tolerances shall comply with Figure 4.1. 

The track gauge shall be widened by 1/4 inch for all curves requiring 
restraining rails with a radius less than 500 feet. Although the restraining rail 
is primarily designed to reduce rail wear, it also inhibits lateral vehicle 
movement.  Therefore no allowance will be made in the clearance 
calculation for the gauge widening. 
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4.2.0 GENERAL TRACK ALIGNMENT 

The track alignment shall be designed to maximize passenger ride quality at the highest 
permissible operating speeds. Where cost, geometric or other physical constraints permit, 
the Design Engineer shall establish alignment, superelevation and track clearance 
conditions which will permit 60 mph operation in the future by adjusting the actual 
superelevation. 

The LRT track alignment for each line section shall be stationed along the centerline of 
track North Bound "NB". Stationing along track "NB" shall be the basic control for locating 
all other system facilities along the route. Separate stationing shall be used for track "SB" 
where tracks are neither parallel nor concentric, where widened track centers are 
required around curves, or where tracks are in separate structures. The stationing along 
track "SB" shall be equated to track "NB" at the points where parallel alignment resumes.  
For East/West track, the East Bound (EB) will be the basic control. 

4.2.1 Horizontal Track Alignment 

In general the horizontal alignment shall consist of tangent sections 
connected by circular curves with spiral transition curves unless otherwise 
approved by RTD. 

4.2.2 Tangent Sections 

The minimum length of tangent track between curved sections is based on 
passenger comfort and vehicle truck/wheel forces. Based on the AREMA 
Manual, Chapter 5, the minimum length is equal to the longest car that will 
traverse the system. Due to the forces between the trucks/wheels on the 
light rail vehicle (LRV) it is recommended that all trucks be on tangent track 
before negotiating a curve, at a minimum two sets of trucks should be on 
tangent track. 

The minimum length of tangent between curved sections (except those with 
compound curves) shall be as follows: 

TABLE 4A – TANGENT LENGTHS BETWEEN CURVED SECTIONS 

Condition Tangent Length 

Desirable Minimum 200 feet 

*Minimum 100 feet or 3 times the design speed (in 
mph), whichever is larger 

Absolute Minimum 50 feet 

(* Not to be exceeded without prior written RTD approval) 

(not applicable with compound curves) 
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The minimum length of tangent track preceding a point of switch shall be as 
follows: 

TABLE 4B – TANGENT LENGTHS PRECEDING A POINT OF SWITCH 

Condition Tangent Length 

Desirable Minimum 50 feet 

*Minimum 30 feet 

Absolute Minimum 12 feet 

(* Not to be exceeded without prior written RTD approval)  

The horizontal and vertical alignment shall be tangent along all station 
platforms and continue a minimum of 50 feet from the end of platform. 

All special trackwork shall be located on horizontal tangent track. 

4.2.3 Curved Sections 

4.2.3.1 Circular Curves 

Circular curves are required to connect tangent track alignments. 
Circular curves for LRT designs shall be defined by the arc 
definition of curvature, and specified by their radius rather than 
the degree of curvature. If a comparison between curve radius 
and degree of curvature is required the following conversion 
approximation can be made: 

   Dc = 5729.578  R = 5729.578

        R      Dc

Where: 

 R = radius of curvature 

 Dc = degree of curvature 

The minimum curve radius is determined by the characteristics of 
the LRV. The distance between the truck centers on the LRV 
play the critical role in determining minimum radius. For RTD's 
LRVs the absolute minimum curve radius is 82 feet. 

It is recommended that curved sections of track be designed with 
a radius greater than 500 feet since track maintenance and wheel 
squeal is drastically increased on small radius curves. For curves 
with a radius less than 500 feet restraining rail will be required, 
see Section 4.4.8. 

The minimum radius for a given curve is based on design speed, 
length of spiral and superelevation through the curve. 
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TABLE 4C – MINIMUM CURVE RADII 

Condition Curve Radius 

Desirable Minimum 500 feet 

Absolute Minimum 82 feet 

The desired minimum length in feet of each curve element (spiral, 
simple curve, spiral) is 3 times the maximum speed in mph, or 
100 feet whichever is longer. 

4.2.3.2 Spiral Curves 

Spiral curves shall be provided between circular curves with radii 
less than 10,000 feet and horizontal tangents. Spirals shall be 
Barnett or Talbot as defined by the AREMA Manual for Railway 
Engineering. See Figure 4.2 for spiral nomenclature. 

The minimum length of spiral shall be the greatest length 
determined from the following formulas: 

1. Ls = 1.63 EuV 

2. Ls = 33 Ea

3. Ls = 60 feet 

Where 

Ls = Length of spiral curve (in feet) 

Ea  = Track superelevation for the circular curve (in inches) 

Eu  = Unbalanced superelevation for the circular curve 
(in inches) 

V = Design Speed (in mph) 

If the minimum spiral length obtained above is less than 1/100 of 
the curve radius, then spirals may be omitted with prior RTD 
approval. 

4.2.3.3 Superelevation 

Mainline tracks are designed with superelevations that permit 
desired design speeds to be achieved without resorting to 
excessively large curve radii. The design speed criteria 
stated below are based on a maximum lateral passenger 
acceleration of 0.1 g. 

   Et  =  Ea + Eu  =  4V2 =  0.0007 V2 Dc

           R 
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Where: 

Et  = Total superelevation required to balance the centrifugal 
force at a given speed (in inches) 

Ea = Actual track superelevation to be constructed (in 
inches) 

Eu = Unbalanced superelevation the difference between Et 
and Ea (in inches). 

V = Design Speed (in mph) 

R = Radius of Curve (in feet) 

Dc = Degree of Curve 

The amount of Eu shall vary gradually as follows: 

Eu = 1.33 V² + 0.67 
        R 

Ea = 2Eu – 2 

Actual track superelevation (Ea) shall not exceed 6 inches with a 
desired 4 inch maximum. 

A minimum of 1/2 inch of superelevation should be used on all 
mainline curves with radii less than 10,000 feet. Exceptions with 
RTD approval only. 

Unbalanced superelevation (Eu) shall not exceed 3 inches with a 
desired 1.5 inch maximum. Actual superelevation should be 
attained and removed linearly throughout the full length of the 
spiral transition curve by raising the outside rail while maintaining 
the inside rail at the rail profile grade. Superelevation shall not 
extend in tangent track without RTD approval. 

Yard tracks shall not be superelevated. 

4.2.3.4 Reverse Curves 

Reverse curves without tangent track between them shall be 
avoided on mainline track. Every attempt shall be made to use 
standard circular curves and spirals with tangent sections as 
described in Sections 4.2.2 and 4.2.3. For those sections where 
reverse curves must be used, the following criteria may be used 
with prior RTD approval: 

• Reverse curves shall have spiral transition curves that meet 
at the point of reverse curvature, with the rate of change 
of superelevation constant through both of the spiral 
curves. 
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• If either of the reverse curves is less than 170 feet in 
radius, each spiral shall be at least 62 feet in total length.   
The length of spirals shall conform to the criteria in Section 
4.2.3.2. 

• The superelevation transition through the spirals shall be 
accomplished by sloping both rails through the entire 
transition, as shown in Figure 4.3. 

4.2.3.5 Compound Circular Curves 

Compound circular curves may be used provided that they are 
connected by an adequate spiral transition curve. In order to 
provide a comfortable ride at lower speeds, the superelevation of 
the circular curve should be maintained through the spiral 
transition curve. The length of the spiral curve shall be determined 
by the criteria in Sections 4.2.3.2 and 4.2.3.3. 

For high-speed conditions where the spiral transition curves are 
longer, a differential in the superelevation of the two circular 
curves may be allowed, provided the design does not compromise 
safety or riding comfort and has prior approval from RTD.  For this 
condition, the minimum length of spiral shall be the greatest 
length of spiral determined from the criteria in Section 4.2.3. 

The minimum length of spiral between compound circular curves 
shall be 62 feet. Spiral transition curves need not be used 
between compound circular curves when: 

RL - Rs less than or equal to 0.34 (Rs/V)2  

Where: 

RL = Radius of the larger curve (in feet) 

Rs = Radius of the smaller curve (in feet) 

V = Design Speed (in mph) 

4.2.4 Clearances 

4.2.4.1 General 

The criteria developed in this section apply to the design of the 
entire system.  All designs shall provide not less than the 
minimum clearances as specified in this section. 

Assurance of adequate and appropriate clearance for the passage 
of LRVs throughout the mainline trackage, switches and special 
trackwork, stations, storage yards and operations facilities is one 
of the most fundamental concerns inherent in the design process 
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and must be rigorously monitored during the construction phase. 
Design criteria for clearances are complex and are based on 
numerous assumptions and interfaces. 

It is in the development of clearance requirements that the build-
up of concurrent, multiple tolerances must be scrutinized and 
balanced with the practicality of available space and other 
functional requirements. 

The Design Engineer shall confirm that all structural elements 
provide adequate clearance for the rail maintenance of way 
(MOW) equipment. 

4.2.4.2 Clearance Envelope 

The clearance envelope (CE) represents the space in or into 
which, other than the LRV, no physical part of the system may be 
placed or constructed or may protrude. The clearance envelope is 
normally referenced from, or represented by its relationship to, the 
theoretical centerline of track at TOR. 

Clearance on Tangent Sections: 

Horizontal clearance from the centerline of the track shall be 
no less than 6 foot 2 inches in tangent sections. 

 CE = 6’2” (tangent) 

Clearance on Curved Sections: 

Clearance on curved sections shall be calculated and or 
computer modeled to insure that the nose, tail and mid section 
of the LRV does not “chord” the curve less than the tangent 
CE.  There are several methods of calculating the appropriate 
distance.  The method needs to be approved by RTD prior to 
design acceptance. 

For horizontal curves with spirals, the tangent clearance envelope 
shall end 50 feet before the point of Tangent-to-Spiral (TS) and 
50 feet after the point of Spiral-to-Tangent (ST). The full 
curvature clearance envelope shall begin 25 feet prior to the point 
of Spiral-to-Curve (SC) and end 25 feet beyond the point of curve-
to-spiral (CS). The horizontal component of the vehicle dynamic 
envelope between these two offset points (i.e., 50 feet before TS 
and 25 feet before SC) shall be considered to vary linearly with 
distance between the two points. Horizontal offsets at 
intermediate locations shall be calculated with straight line 
interpolation. For horizontal curves that do not include spiral 
transition curves, the full curvature clearance envelope shall begin 
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50 feet prior to the Point of Curvature (PC) and extend to 50 feet 
beyond the Point of Tangency (PT). More detailed computer 
simulations with more precise geometry may be used, subject to 
RTD approval, to define the clearance envelope in place of these 
25 foot and 50 foot locations and straight line interpolations. The 
clearance envelope through turnouts shall be calculated based on 
the turnout centerline radius. 

Superelevation correction (e) = 2.15 inches per inch of actual 
superelevation (Ea) at car mirror, but not to exceed 10 inches for 
outside end overhang, 1.15 inches per inch of Ea at 5.5 feet above 
TOR. 

4.2.4.3 Special Clearance Situations 

In addition to the more routine clearance envelope determinations 
above, there are several special clearance situations warranting 
further attention and definition. These special situations include 
undercar clearances, vehicle interface at station platforms, and 
general walkway areas along the ROW where applicable. 

a)  Undercar Clearances 

Vertical undercar clearance is defined from TOR with the 
maximum suspension deflection and car body roll, minimum 
vertical curve radius and fully worn wheels. The minimum vertical 
undercar clearance envelope shall be in accordance with Section 
13.2.4.2. 

b)  Station Platform Interface 

The relationship of the vehicle at rest and the station platform is 
one of the most fundamental interfaces in any rail transit system. 
Horizontal and vertical static clearances or gaps (between 
platform edge and vehicle step) determine the ease of 
boarding/alighting for passengers, and platform edges often must 
be placed within the strict confines of clearance envelopes so as 
to permit safe and practical passenger movement. 

Highblocks:  The station platform interface shall include a platform 
edge located 65 inches horizontally from centerline of track and 
38 inches vertically from TOR with a tolerance of +0.5 inches 
vertically and 0.0 inches horizontally from track centerline on 
tangent track.   

Curb Loading: The station platform interface shall include a 
platform edge located 55 inches horizontally from centerline of 
track and 6 inches vertically from TOR with a tolerance of +0.5 
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inches vertically and 0.0 inches horizontally from track centerline 
on tangent track. 

c)  Walkways along Structures and Tunnels 

An emergency/maintenance walkway shall be provided along 
structures and tunnels in accordance with Section 14.8.  There 
shall be at least one walkway per track.  Single track structures 
only need one walkway.  This walkway shall be above Top of Tie 
and below TOR at the track edge and shall be located at a 
horizontal distance from track centerline as determined by 
regulations.  The walkway shall have a minimum width of 30 
inches.  

d)  Walkway Area along Trackway 

In addition to the clearance envelope requirements per Section 
4.2.4.2, it is desirable that space be provided for maintenance 
walkways adjacent to the trackway. The walkway envelope shall 
extend at least 2 feet-6 inches from the edge of the clearance 
envelope and shall extend to 6 feet-6 inches above the walkway. 
Unless otherwise approved by RTD, walkways shall be provided 
on both sides of the ROW, and shall permit unobstructed passage 
from which passengers can be evacuated. For walkway clearance 
calculations only, traction power poles shall not be considered a 
permanent obstruction. If there are two parallel grade separated 
single track structures, the requirement is to have a minimum 30 
inch walkway on each structure. 

This requirement is not applicable to paved track sections in street 
ROW. 

e)  Track Centers with Center Poles 

For open track with center traction power poles, the track centers 
shall be calculated based on the appropriate clearance envelopes, 
a design width for the traction power poles of 14 inches, and 
lateral deflection due to loading of 0.75 inches below 15 feet from 
TOR and 1.0 inch above 12 feet from TOR. 

Figure 4-6 provides a simplified outline of the dynamic envelope of 
the LRV. 

4.3.0 VERTICAL TRACK ALIGNMENT 

4.3.1 General 

Vertical alignment shall be defined by the "top-of-rail profile" along tangent 
sections and the low rail in superelevated sections. Parabolic vertical curves 
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having a constant rate of change in grade shall be employed for changes in 
gradient. 

4.3.2 Grades 

Grades shall not exceed the maximums specified below: 

TABLE 4D – MAXIMUM VERTICAL GRADES 

Condition *Desirable Maximum Absolute Maximum 

Mainline Track 3.5% 6.0% 

(not more than 2500 ft) 

Stations 1.0% 2.5% 

Yard 0.0% 0.5% 

Storage Track 0.0% 0.25% 

Special Trackwork 0.0% 4.5% 

(* Not to be exceeded without prior written RTD approval) 

All tracks entering the yard shall be pitched downward away from the main 
line, or dished to prevent any vehicles from rolling onto the mainline tracks. 

Grade shall be equalized to the most practical extent possible.  

The minimum length of constant profile grade between vertical curves shall 
be determined as follows: 

Lg = 3V 

Where: 

Lg = Minimum length of constant profile grade (feet)  

V = Design velocity through tangent (miles per hour) 

Absolute minimum Lg shall be 90 feet, unless otherwise approved by RTD. 

4.3.3 Vertical Curves 

4.3.3.1 Length of Vertical Curves 

The minimum length of vertical curve shall be determined as 
follows: 

L = 70(G1-G2) for V greater than or equal to 35  

L = 40(G1-G2) for 15 less than or equal to V< 35  
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L = 20(G1-G2) for V< 15  

Where: 

L = Length of vertical curve (in feet) 

(G1-G2) = Algebraic difference in grades (%) 

V = Design Velocity (in mph) 

Standard Vertical Curves are shown in Figure 4.7. 

The minimum length of any vertical curve shall be as follows: 

TABLE 4E – VERTICAL CURVES – MINIMUM LENGTH 

Condition Length of Vertical Curve 

*Desirable Minimum 200 feet 

Absolute Minimum 150 feet 

  (* Not to be exceeded without prior written RTD approval) 

Vertical curves shall not exceed the limits identified in Section 
4.3.3.4. 

4.3.3.2 Reverse Vertical Curves 

Reverse vertical curves may be used provided the minimum length 
of each curve is not less than that defined by Section 4.3.3.1, 
and prior RTD approval has been obtained. 

4.3.3.3 Compound Vertical Curves 

Compound or non-symmetrical vertical curves may be used 
provided the requirements of Section 4.3.3.1 are met, and prior 
RTD written approval has been obtained. 

4.3.3.4 Combined Vertical and Horizontal Curves 

A four-car train shall be capable of negotiating a combined 
(horizontal and vertical) curved section involving: 

• 82 foot radius horizontal curve and 1640 foot vertical 
curve either crest or sag. 

• 89 foot radius horizontal curve and an 1150 foot vertical 
sag curve. 

• 95 foot radius horizontal curve and an 820 foot vertical 
crest curve. 
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Combined horizontal and vertical curves shall not be more 
restrictive than these absolute minimum requirements. 

4.4.0 MAINLINE TRACK 

For typical track sections, refer to Figures 4.8, 4.9 and 4.10. 

4.4.1 Subgrade 

The subgrade 11 feet both sides of track centerline shall be compacted to a 
minimum density of 95% of the maximum density determined in accordance 
with AASHTO T 180.  The subgrade shall be in a moist condition (within 
±2% of the optimum moisture content as determined by AASHTO T 180. 

If laboratory results indicate that existing material is unsuitable, the material 
must be removed and replaced with clean, sound and properly compacted 
material, per ASTM standards. 

The compacted subgrade shall be sloped at 40:1 downward and away from 
the center point located midway between the two tracks in double track 
territory. In single track areas, the compacted subgrade shall slope toward 
the underdrain at 40:1. Refer to Figures 4.8, 4.9 and 4.10 for typical 
subgrade configurations. 

Configurations other than those mentioned above may be adopted if 
drainage requirements or specific locations dictate a special treatment with 
prior RTD approval. 

4.4.2 Subballast 

Subballast is the transition zone between the subgrade and the ballast. The 
subballast acts as a barrier filter separating the ballast section from the 
subgrade material. This material plays an integral role in the track structure. 
The quality of the subballast has a direct relationship to the overall 
performance of the track structure. This layer acts as a drainage median for 
the track bed. 

An 8 inch layer of subballast shall be installed on top of the subgrade. The 
subballast shall conform to AREMA specifications. Subballast should extend 
the full width of the subgrade and at a minimum 24 inches past the toe of 
the ballast. 

4.4.3 Geotextile Fabrics 

Geotextile fabrics shall be placed under all special trackwork (on the mainline 
and in the yard) and tracks with potential subgrade stability issues. Fabric 
will extend the entire interface zone between the ballast and subballast. 
Fabric will extend 20 feet before point of switch and 10 feet after the last 
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long tie.  Geotextile fabric specifications shall be as recommended by a 
Geotechnical Engineer. 

4.4.4 Ballast 

No. 4 (1-1/2 inches to 3/4 inches) and or No. 3 (2 inches to 1 inch) ballast 
conforming to AREMA specifications shall be used on all main tracks except 
for those in streets and yards, where No. 5 (1 inch to 3/8 inch) ballast will 
be used. All ballast is to be thoroughly washed and or re-screened (0.5% 
maximum passing #200 sieve) as necessary to remove fine particles prior to 
placement. 

A minimum depth of 8 inches of ballast shall be used between the bottom of 
ties and top of the subballast. The ballast shoulder shall extend 16 inches 
beyond the ends of the ties parallel to the plane formed by the top of the 
rails. Ballast shoulder shall then slope downward to the subballast at a 2:1 
slope. The final top of ballast elevation shall be one inch below the top of 
tie, when compacted. Refer to Figures 4.8, 4.9 and 4.10. 

Ballast shall be placed in-between track, around platforms and other areas 
where the tracks are splayed out. 

4.4.5 Concrete Cross Ties 

Mainline tracks shall use concrete cross ties, approximately 8 feet 3 inches 
in length and 7 inches by 9 inches in cross section spaced 30 inches, center 
to center. Tie spacing through curves with less than 1000 feet radii shall be 
27 inches. All concrete cross ties shall conform to AREMA specifications. 

4.4.6 Timber Switch Ties 

Timber switch ties shall be of various lengths conforming to the specific 
requirements of the turnouts used. Anti-splitting devices shall be used on all 
wood ties.  Ties shall be free of twist, bow and detrimental splitting.  

4.4.7 Rail 

Rail for all mainline track shall be 115 RE section, new Premium or Standard 
rail manufactured in accordance with current AREMA specifications (See 
Figure 4.11). Used No. 1 or new IQ rails may be used in yard and other non-
main tracks. 

High Carbon (0.90% Carbon minimum) rails shall be used in all special 
trackwork and on all curves of radii equal to or less than 600 feet and 
extending into the spiral until the point of radius on spiral exceeds 600 feet. 
High Carbon rails shall not be installed on seldom used emergency or storage 
tracks, even though they may satisfy the above criteria. High Carbon rails 
may be used in other locations where excessive rail wear is anticipated. 
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All rails shall be ground to remove mill scale from the top and gauge side 
profile of the rail head prior to the start of integrated/acceptance testing. 

Rail in curves of radii equal to or less than 300 feet shall be precurved using 
standard shop practices. 

4.4.8 Restraining Rails 

Restraining rails are used to provide continuous support to LRVs negotiating 
sharp radius curves. This use of restraining rails reduces the wear to the 
flanges and to the rail also reducing the possibilities of a derailment. 

All mainline track excluding special trackwork with a centerline radius of 500 
feet or less shall have inner restraining rail mounted adjacent to the low rail in 
accordance with RTD plans and specifications. The flangeway shall be set at 
1 7/8 inches wide to engage the back of the inside wheel. Restraining rail 
shall extend beyond the curve on both ends a minimum distance of 10 feet. 
Restraining rail shall be continuously welded (CWR) or jointed to prevent rail 
end offset.  Restraining rail detail is shown on Figure 4.12. 

Restraining rail joints shall be bolted using D-bar installation.   

4.4.9 Emergency Guardrails 

Emergency guardrails are used as a safety device. In the event of a 
derailment, the guardrail is designed to catch the inside of the wheel and 
guide the LRT along the track until it stops and/or to prevent derailed LRV 
from striking an abutment wall or any support structure. Emergency 
guardrails shall be installed adjacent to the inside running rail of all tracks on 
bridges and fills with a vertical drop of more than 3 feet. Guardrails shall also 
be applied where the guideway is located adjacent to major structures, unless 
that structure is constructed with an approved safety barrier. Emergency 
guardrails will not be installed within the limits of special trackwork or 
restraining rail.  Guardrail is required under overhead bridges unless the 
overhead structure has sufficient crash wall protection. 

Emergency guardrail shall be designed so as to retain the wheels of a derailed 
vehicle moving at maximum speed. The striking face of the emergency rail 
shall be uniformly located approximately 1 foot from the gauge line of the 
running rail. Guardrail shall be fastened to every second tie in ballasted 
track. 

4.4.10  Rail Seats and Fastenings 

Due to the negative return requirements, the rail seats and fasteners not 
only hold the rail to the ties; they also need to insulate the rail from the 
ground (see Figure 4.13). Concrete and wooden cross ties will use spring 
clips isolated from the tie using plastic insulators and placed on an insulating 
pad. Rail anchors will not be needed or used. 
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Other rail fastening methods shall be evaluated for street track, ballasted 
track and Special Trackwork. Direct fixation rail fasteners shall provide the 
required lateral and longitudinal restraint for continuous welded rail (CWR) 
and the electrical insulation required for the negative return current and the 
proper operation of 60 Hz track signal circuits. Direct fixation fasteners or 
concrete ties shall provide a 40:1 cant of the rail. 

Direct fixation fasteners shall incorporate, or be placed on, a suitable 
elastomeric pad for reducing transmission of high frequency (i.e., greater 
than 30 Hz) loads to the support structure. 

Rail fasteners for use in direct fixation special trackwork shall be of a design 
compatible with the standard fastener used in conventional direct fixation 
track. 

Rail clips or other devices used in direct fixation fasteners shall produce the 
required longitudinal rail restraint after repeated load testing in accordance 
with AREMA Chapter 10, except load application angle in that test shall be 
27˚. The clearance envelope for direct fixation fasteners is shown in Figure 
4.15. 

4.4.11  Rail Welds 

Rail shall be welded into CWR strings of site-specific length by the electric 
flash-butt or aluminothermic weld processes in accordance with AREMA 
specifications. The ends of the welded rail strings will then be field-welded 
together by the thermite welding or flash-butt process according to AREMA 
specifications. All welds will be ultrasonically proof tested with documentation 
delivered to RTD prior to service operation. 

4.4.12  Rail Joints 

Insulated and standard rail joints shall be placed only at locations where 
required to accommodate signal track circuits and connections to special 
trackwork. The insulated rail joints for signal operations shall be prefabricated 
miter cut plugs, welded into the CWR rail using the welding techniques 
specified in 4.4.11.  Insulated plugs should be trimmed down to 14 feet.  
Only frogs may be bolted. Insulated joints shall use huckbolts.   Any other 
bolted connection must be approved by RTD. In no case will joints be located 
within street or pedestrian crossings.  

4.4.13  Rail/Switch Heaters 

Electric switch heaters shall be installed on all power and spring operated 
turnouts in both mainline and yard tracks in accordance with requirements of 
the signal system.  A list of approved manufacturers and types can be 
obtained from RTD.  Others may be submitted for approval.  
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4.4.14  Special Trackwork 

Special trackwork shall be manufactured and installed in accordance with 
RTD's specifications generally following AREMA plans and specifications. All 
frogs and flangeways shall be designed to accommodate the LRV wheel 
profile. 

All special trackwork shall be fabricated using galvanized lag screws and 
Pandrol e-clips. (no spikes) 

The preferred location of special trackwork is in ballasted at-grade areas. 
Single crossovers shall be used in lieu of double crossovers unless space 
restrictions dictate their use, and then only with prior approval by RTD. 
Special trackwork in paved track shall be kept to an absolute minimum; 
however, when it must be so located, it shall be designed to reduce the 
exposure of pedestrians to the operating mechanisms. Switch points shall not 
be located in areas designated as pedestrian crossings. 

All special trackwork shall be located on vertical and horizontal tangents. 
The desirable minimum horizontal and vertical tangent distance preceding a 
point of switch shall be 50 feet (absolute minimum shall be 20 feet with 
prior RTD written approval).  Special trackwork shall not be superelevated. 

As special trackwork is a source of noise and vibration, its location shall be 
selected to minimize their effect. 

Operating speed through turnouts shall be as indicated in Figure 4.16. 
Turnouts and crossovers for various applications shall be selected in 
accordance with the following criteria: 

• No. 10 turnouts (19 feet-6 inch curved switch points) shall be used on 
mainline ballasted track.   At specific locations where high-speed 
operation is essential No. 20 turnouts (39 feet-0 inches switch points) 
should be used. 

• No. 8 turnouts (19 feet-6 inch curved switch points) shall be the 
standard mainline turnout in paved track areas. 

• No. 6 turnouts (13 feet-0 inch curved switch points) shall be used on 
the mainline in areas where space limitations prevent the use of No. 8's 
with prior RTD approval. 

Rail clips shall be installed in lieu of cut spikes on ties for special trackwork. 

All turnouts shall use AREMA Point Detail 5100 with graduated risers. All 
mainline track frogs shall be of the rail-bound manganese type with high 
Carbon steel guardrails. Self guarded frogs are to be used in yard tracks. 
Paved track switch points shall be bolted to closure rails with a solid heel 
block. 
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Special drainage provisions shall be made in paved track turnouts to preclude 
standing water in flangeways, switch points and in switch-throwing 
mechanisms. 

Special trackwork in paved areas shall have removable replaceable precast 
concrete panels throughout the special trackwork limits.  

4.4.15  Paved Track 

All road and street design shall be in accordance with the current 
specifications and design guidelines of the involved local jurisdictions. For 
those cases where the local jurisdictions have no design guidelines, the 
Colorado Department of Transportation (CDOT) Design Standards shall be 
used. 

Corrosion preventive measures must be utilized on all embedded track 
components. 

Trackwork located in streets shall use 115RE rail on concrete ties, except 
for special trackwork, which will use timber switch ties on AREMA No. 5 
ballast. Figure 4.17 shows paved track with a concrete surface. Figure 4.18 
shows typical section of rail connection detail in embedded track. Flangeway 
filler material shall have a volume resistivity of 1012 ohm-cm or greater.  
Flangeway filler shall be a “Polypro EPFLEX RAILSEAL field side spec 12-621 and 
gauge side 12-622” or approved equal.  The flangeway filler shall be formed to 
tightly surround the e-clips and or other specified railroad tie fasteners.  Fasteners 
under the flangeway filler shall be coated with a corrosion resistant material 
“Petrolatum” or approved equal. 

Particular attention shall be directed toward proper drainage of street 
trackage. The adjacent surface pavement shall be designed so surface water 
will drain away from the track. Track drains shall be used to prevent water 
from standing. In areas of special trackwork, particular attention will be 
directed to provide drainage for the special trackwork units and switch-
throwing mechanisms. When possible, track drains shall be located in 
tangent track. 

The pavement material shall be 1/4 inches below the TOR on the field side 
to prevent the wheel tread from damaging the pavement material. An elastic 
or filler material shall be placed between the rails and pavement materials in 
order to prevent damage to the pavement materials and increase electrical 
isolation.  Any application of flangeway filler shall allow for the future removal 
of the rail. Rail clips in paved track shall be protected from corrosion. 

4.4.16  Direct Fixation Track (DF) 

Direct fixation (DF) track is a ballastless track structure in which the rail is 
mounted on direct fixation fasteners that are attached to a concrete deck or 
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slab. Trackwork located on DF shall use 115RE rail attached to the direct 
fixation fasteners using spring clips and isolated from the structure using 
elastomeric pad and plastic insulators. 

Any grade separated structure longer than 400 feet in length, including 
bridges, tunnels and cut and cover structures will require DF unless 
otherwise approved by RTD. It shall consist of a second pour concrete plinth 
block and a fastening system to hold the running rails onto the concrete 
surface canted 1:40 toward the track centerline. An approach slab shall be 
provided at each transition between DF and ballasted track. 

DF sections shall be designed for storm water runoff of a 100-year storm 
event.  

4.4.17  Grade Crossings 

Mainline grade crossings shall be prefabricated and made of durable, long-
lasting materials. Grade crossing panels shall be constructed with due regard 
to removability for track maintenance, electrical isolation, to non-interference 
with electrical track circuits or rail fastenings, tire adhesion and slip 
resistance for vehicles and pedestrians. 

Grade crossings shall be located on tangent track and away from special 
trackwork areas unless otherwise approved by RTD. Rail joints and 
thermite welds shall not be located in grade crossings. 

Cross tie size and spacing at grade crossings shall be in accordance with the 
grade crossing manufacturer's recommendations. 

Crosswalks shall be provided at areas where pedestrians will be crossing 
mainline tracks. They shall be located on tangent track, if possible, and away 
from special trackwork areas. 

4.4.18  Maintenance Access Point 

Access points for maintenance personnel and equipment shall be provided 
everywhere possible. Areas shall be provided at or near wayside equipment 
for the parking of maintenance vehicles to prevent infringing on highway 
travel lanes or pedestrian areas.  Tail track shall be constructed with adjacent 
paved walkway(s), 30 inches wide and 4 inches thick. 

High-rail access points shall be provided at least every 2 miles. They shall be 
located on tangent track and be constructed of grade crossing materials 
durable enough to withstand maintenance vehicles. High-rail access points 
shall be adequately secured to prevent unauthorized entry. 
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4.4.19  Track Bumping Posts 

Track bumping posts shall be designed to clear the coupler and engage the 
car’s anti-climber. They shall be installed at the ends of all stub-end yard and 
mainline tracks.  Track bumping post shall be primed and painted yellow. 

4.4.20  Rail Expansion Joints 

During final design, locations where rail expansion/contraction is anticipated to 
present a problem (on bridges and certain sharp curves on ballasted track), 
shall be analyzed for methods of control. If mechanical rail expansion joints 
are used, the expansion capacity of the joints shall be greater than the 
anticipated rail movement within the full range of rail temperatures.  Expansion 
joints must be bonded for negative return electrical conductivity.  

4.4.21  Noise and Vibration 

Noise and vibration shall be measured and mitigated, if necessary, according to 
environmental studies and the current FTA guidelines. 

4.5.0 YARD TRACK 

Yard tracks will be constructed to the same standards as mainline track, with the 
following exceptions: 

4.5.1 Subballast 

Subballast will not be required unless it is needed for subgrade stabilization.  
Use of subballast shall be as recommended by a Geotechnical Engineer. 

4.5.2 Ballast 

No. 5 ballast conforming to AREMA specifications shall be used on at least 
the top 2 inches on all yard tracks.  No. 4 ballast may be used for the 
remainder of the section. 

A minimum depth of 9 inches of ballast shall be used between the bottom 
of tie and top of subgrade. The top of ballast elevation shall be at least 1 
inch below the base of rail yet fills the tie crib to 1 inch from top of tie.  The 
ballasted shoulder shall extend level 18 inches level on the field side with a 
maximum slope of 2 foot horizontal to 1 foot vertical beyond the 18 inches.  
Crushed slag ballast will not be permitted. 

4.5.3 Cross Ties 

Yard tracks shall use timber cross ties 9 feet in length spaced 26 inches 
center to center, except at braced and guarded track, where spacing shall 
be 24 inches. All cross ties shall be size 7 inches by 9 inches and 
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conform to AREMA specifications. Switch ties shall be of various lengths 
as required for a No. 6 AREMA turnout with 13 feet-0 inch switch points. 

4.5.4 Rail 

Yard tracks shall be constructed with 115 pound CWR new Standard or IQ 
(Industrial Quality).  Used No. 1 rail may be used with prior RTD approval.   

4.5.5 Restraining Rails 

All yard track curves, with a centerline radius of 300 feet or less, shall have 
restraining rails mounted adjacent to the inside rail in accordance with 
AREMA plans and specifications. 

4.5.6 Guardrails 

Emergency guardrails shall be installed on tracks adjacent to all major 
structures that may cause extensive damage to a car in the event of a 
derailment or intrusion into the mainline envelope. 

4.5.7 Rail Joints 

Rail joints shall not be used. 

4.5.8 Special Trackwork 

Special trackwork shall conform to the requirements of Section 4.4.14. 

All yard turnouts shall be AREMA No. 6's with 13 feet-0 inch curve switch 
points conforming to AREMA Point detail 5100 with graduated risers. Self 
guarded frogs shall be used. 

The switch stand area shall have a level and sufficient area for switch 
tending. 

The operating speed through the turnouts shall be as indicated in Figure 
4.16. 

4.5.9 Grade Crossings 

Grade crossings shall conform to the requirements of Section 4.4.17, except 
yard grade crossings may consist of asphalt with flangeway liners. 

4.5.10  Crosswalks 

Crosswalks shall conform to the requirements of Section 4.4.17. In the yard, 
they may be located on curves and may consist of asphalt. 
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4.5.11  Yard Lighting 

The yard is to be illuminated to provide a safe working environment for 
ultimate 24-hour operation of the facility. Yard lighting will also provide an 
element of security.  Yard lighting shall be in conformance with local 
requirements. 

4.5.12  Service Roads 

Service roads shall be provided around the operations facility and between 
alternate pairs of tracks in the LRV storage areas. Service roads shall also be 
provided to access switches within the yard.  Service roads shall be 
designed as applicable to the need.  

4.5.13  Crew Change Platforms 

Paved crew change platforms with gates shall be provided. 
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