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SECTION 6 – STRUCTURAL DESIGN CRITERIA 

6.1.0 STRUCTURAL DESIGN CODES, MANUALS & SPECIFICATIONS 

Load Factor Design, Allowable Stress Design and Load Resistance Factor Design (LRFD) 
are acceptable design concepts upon written approval from RTD. The designer shall 
coordinate the specific design methodology with RTD’s structural engineer prior to 
commencing with preliminary design calculations and layout.  All structural designs shall 
be signed and sealed by a Registered Professional Engineer in the State of Colorado.  All 
revisions shall be reviewed, and signed and sealed by a Registered Colorado Professional 
Engineer.  Unless otherwise specified herein, the following codes, manuals or 
specifications as appropriate or codes, manuals or specifications of other local jurisdictions 
shall guide the structural design. 

6.2.0 BUILDING CODES 

The most recent edition of: Uniform Building Code, International Building Code, City and 
County of Denver and State of Colorado, Structural Specialty Code and Fire and Life 
Safety Code, and local jurisdictional codes, as required. 

6.3.0 EARTH RETAINING STRUCTURES 

For earth retaining structures located either on caissons or other foundations, the AASHTO 
Specifications for Retaining Walls and CDOT design specifications shall be followed. 

6.3.1  Geometry 

Retaining wall layout shall address slope maintenance above and below the 
wall. Provide returns into the retained fill or cut at retaining wall ends where 
possible. Any residual wall batter should be into the fill. Design and 
construction shall consider surface and subsurface drainage. A drainage 
system shall be provided to intercept or prevent surface water from entering 
behind walls. A fence or pedestrian railing with a minimum height of 42 
inches above a standing surface shall be provided at the top of walls 30 
inches or higher. 

6.3.2  Type 

Metal walls, including bin walls and sheet pile walls, and recycled material 
walls will not be permitted for permanent retaining walls. Timber walls will 
not be permitted for permanent retaining walls supporting LRT structures 
unless prior approval by RTD. Wall types, proposed for use, shall have 
successfully been used in similar geotechnical locations and environmental 
conditions. 
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6.3.3  Design Requirements 

Retaining walls shall be designed in accordance with the applicable 
standards and references outlined in this Design Criteria.  The design of MSE 
and modular walls near or in bodies of water shall account for soft saturated 
soils and scour. All project walls near irrigation lines for landscaping shall 
account for the additional hydrostatic load due to a waterline break. The use 
of free draining backfill material and/or leak detection devices to reduce 
hydrostatic loads on retaining walls shall be included. All wall systems shall 
be designed to have a minimum service life of 50 years. 

6.3.4  Characteristics 

Mechanically Stabilized Earth (MSE) Walls - Wall panels shall be constructed 
of reinforced concrete. Provide corrosion protection for prestressing or 
posttensioning steel. Cover to reinforcing steel shall be a minimum of 2 
inches. All reinforcing, mild or prestressed shall be galvanized or epoxy 
coated in splash zones of adjacent roadways. 

Panel joints - shall accommodate differential settlement. Use section 206 of 
the CDOT – Standard Specification for Road and Bridge Construction for 
backfill requirements. 

Modular Walls - Modular wall height shall not exceed 15 feet. A mechanical 
connection to the wall facing for soil reinforcement shall be provided; friction 
connections relying on gravity alone will not be acceptable. Modular walls 
cannot be used for primary mainline retaining walls. Modular walls may be 
used for secondary retaining wall locations, such as RTD park-n-ride and 
light rail stations. 

Cast-in-Place Walls - Cast in place walls shall be designed and constructed in 
accordance with the current AASHTO Standard Specifications for Highway 
Bridges, CDOT design specifications and all interims through the present. 
Construction joint spacing shall accommodate differential settlement. 

Anchored Walls - Anchored wall design and construction shall use FHWA 
RD-82-046, FHWA RD-82-047 and FHWA-IF-99-015 as guidelines. Anchors 
shall be encapsulated with plastic sheathing. Proof load tests for anchors 
shall be provided in accordance with the above FHWA guidelines. Shotcrete 
shall meet the aesthetic requirements set by RTD. 

Soil Nail Walls - Soil nail walls may be used when top-down construction is 
warranted. Soil nail walls shall not be used if ground water seepage will be a 
problem. Design and construction shall use FHWA-RD-89-93, FHWA-SA-93-
086 and FHWA-SA-96-069 as guidelines. Load testing for nails shall be 
provided in accordance with the above FHWA guidelines. Shotcrete shall 
meet the aesthetic requirements, including final finish, as established by 
RTD. 

RTD Design Guidelines & Criteria  Section 6 - Structural Design 
Light Rail Design Criteria  November 2005 

Page 4 of 19 



Soil Reinforcement - Soil reinforcement for MSE and modular walls shall be 
galvanized, epoxy coated steel or geogrids meeting creep requirements of 
AASHTO Standard Specifications for Highway Bridges. Design shall account 
for any item projecting through the soil reinforcement. Avoid placing culverts 
and utilities perpendicular to soil reinforcement within the reinforced soil 
mass. Soil reinforcement shall be protected from corrosion of metal due to 
stray electrical currents. Requirements for stray current control shall follow 
the project standards as defined by RTD. 

Structural Diaphragm Walls - Structural diaphragm walls may be used when 
top-down construction is warranted. 

6.4.0 CONCRETE 

Structures designed to carry LRV, railroad or highway loadings shall be designed to current 
AASHTO, AREMA or CDOT specification including the most current interims. 

The use of lightweight concrete is not allowed for use in structural members. 

Minimum allowable concrete strengths shall meet the requirements of Section 601 of 
CDOT - Standard Specifications for Road and Bridge Construction. 

6.5.0 STRUCTURAL STEEL 

Structures designed to carry or support LRV, railroad or highway loadings shall be 
designed to current AASHTO, AREMA and CDOT Specifications including the most current 
interims. 

6.6.0 PRESTRESSING STEEL 

The maximum diameter for prestressing strands shall be 0.6 inches for a 2 inch minimum 
spacing and 0.5 inches for a 1-3/4 inch minimum spacing. 

6.7.0 POST-TENSIONING STEEL SYSTEMS 

Provide corrosion protection for the strands consisting of grout filled galvanized or 
nonmetallic ducts. Grout shall meet the requirements of Section 618 of CDOT Standard 
Specifications for Road and Bridge Construction. Prestressing systems shall be from PTI 
Certified plants. 

6.8.0 REINFORCING STEEL 

The use of epoxy coated reinforcing steel for all bridges, walls, tunnels and box culverts 
shall adhere to the requirements of Table 1, Subsection No. 8.1 of the CDOT Bridge 
Design Manual. The design category for anticipated level of de-icing salt application shall 
be “Low.” The protection of reinforcing steel LRT bridges shall follow the requirements for 
stray current/corrosion control, outline in chapter 10. Specific reinforcing steel for LRT 
bridges, not covered in Chapter 10, shall conform to the requirements of CDOT Standard 
Specifications for Road and Bridge Construction. 
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Abutments, pier columns, and superstructures exposed to splash from adjacent roadway 
shall use epoxy coated reinforcing steel conforming to the requirements of CDOT. 

6.9.0 TIMBER 

For timber structures other than structures subjected to LRT or highway loading, the 
National Design Specification for Wood Construction, by the National Forest Products 
Association shall be followed. Timber structures with over 20 feet of span length shall not 
be allowed for permanent structures. 

6.10.0  TEMPORARY STRUCTURES 

All materials for temporary structures both above and below ground shall be removed 
unless given specific permission from RTD to leave in place. 

6.11.0  SLABS 

Structural slabs shall be designed to handle all loading that may be potentially placed upon 
them. For slabs in areas handling pedestrian loading and snow loads, design shall include 
HS15 truck loading at a minimum. Reinforcing in areas exposed to weather and de-icing 
chemicals shall have galvanized or epoxy coated reinforcement.  

6.12.0  TUNNELS 

Tunnel structures required for LRT, highway under LRT, and pedestrians shall be 
considered buried structures or culverts, and shall be designed in accordance with 
AASHTO Standard Specifications for Highway Bridges. All buried structures longer than 
400 feet shall and designed to carry LRV shall have direct fixation track. Grade separation 
shall have a drainage system designed to prevent any freestanding water on the structure 
bottom slab and also prevent any ground water infiltration under and into the structure. 

Standpipes shall be provided in all tunnels in accordance with NFPA 130 requirements. 
Requirements address standpipes both during and after construction.  Tunnel ventilation 
shall be provided in accordance with NFPA 130.  Emergency telephones shall be 
consistent with NFPA 130 and the authority having jurisdiction. 

6.13.0  BRIDGES 

6.13.1  Geometry 

All fill and cut slopes along the longitudinal axis of bridges with spill through 
abutments shall not be steeper than 2:1. There shall be a 2-foot berm at the 
top of slopes in front of abutments. Minimum vertical clearance over 
highways and city streets (traveled way) shall be 16 feet-6 inches for 
vehicular bridges and 17 feet-5 inches for pedestrian bridges, allowing for 
future pavement overlays on the roadway below unless otherwise approved 
by RTD.  Provide 17 feet-0 inches preferred vertical clearance over all light 
rail tracks (top of rail to bottom of bridge). The vertical clearance may be 
reduced below the 17 feet-0 inches preferred dimension (for light rail) to 15 
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feet-0 inches minimum vertical clearance at special locations, with the 
approval of RTD.  Along the LRT alignment, where the tracks are depressed 
or elevated on a structure, a 2 foot-6 inch emergency/maintenance walkway 
shall be provided. Bridge supports shall be located radially for curved 
structures where practical. The maximum bridge skew shall be less than 30˚ 
away from radial supports, if practical. 

Bridges greater than or equal to 400 feet in length shall be designed using 
direct fixation track. Bridges less than 400 feet in length shall be designed 
using ballasted track, unless as approved otherwise by RTD. Bridge deck and 
approach slab surface smoothness on Direct Fixation bridges shall not 
deviate more than 3/8 inch in 25 feet using a profilograph as described in 
Subsection 412.17(a) of the CDOT Standard Specifications for Road and 
Bridge Construction. The profile index shall start and terminate on the bridge 
approach slab.  One profile shall be taken for each track lane. 

6.13.2  Structure Type 

Bridge type will be restricted to those historically used by RTD. Other types 
and components may be used, but will be allowed only if they have been 
accepted for general use by other transportation authorities and the Design 
Engineer can demonstrate that the design of the bridge type and 
components will perform well under the project’s environmental conditions, 
including frequent freeze-thaw cycles and seismic criteria. Experimental 
bridge types, timber bridges, masonry bridges and structural plate arches are 
not permitted. Bridges shall incorporate as few joints and bearings as 
possible, be continuous over supports, not use intermediate hinges and use 
integral abutments whenever possible. The RTD representative reserves the 
right to reject the use of non-historic bridge types proposed by the Design 
Engineer, if they cannot meet the project design and performance criteria in 
this section. 

6.13.3  Inspection Access 

All bridge superstructures, joints and bearings (type II or type III) shall be 
made accessible for long-term inspection and shall be designed and detailed 
for ease of replacement. Superstructures consisting of I-girders with exposed 
cross frames shall be made accessible with walkways, ladders or by use of a 
snooper truck. Box girders with and inside depth of 5 feet or more shall be 
made accessible for interior inspection. Bottom slab access doors shall be 
placed at locations which do not impact traffic under the bridge and shall 
swing into the box girder. Box girders shall be protected from access by 
vermin. 
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6.13.4  Components 

6.13.4.1 Bridge and Pedestrian Fencing 

All LRT structures shall have a pedestrian fence adjacent to the 
emergency/maintenance walkway with the top being no less than 
42 inches above the walkway surface curbing. The fence shall be 
vinyl-coated for bridges with 3/8 inch mesh in areas around 
stations and platforms that are adjacent to highways or where 
snow and ice may be thrown from snow removal equipment onto 
patrons. All walls greater than 30 inches above the adjacent 
surface outside of the LRT envelope shall have pedestrian fence or 
barrier 42 inches above the trackway or walkway surface. 

6.13.4.2 Approach Slabs 

Provide an approach slab at the end of each LRT bridge. The 
approach slab shall be a minimum of 25 feet in length measured 
along the centerline of the bridge. The end of the approach slab 
shall be perpendicular to the track centerline if at all possible. The 
approach slab for LRT bridges shall be 2 feet wider than the track 
tie length at a minimum, the approach slab may be the same 
width as the bridge deck (minus the width of the pedestrian rail or 
curb) and provide for the smooth transition from ballasted section 
to direct fixation where required. Track tie spacing shall be 
reduced from 30 inches to 21 inches on approach slabs. 

An underdrain system shall be designed beneath all approach 
slabs to reduce water in embankment fills at bridge abutments. 
Bridge deck drains shall be located, so as to minimize the amount 
of water flowing across all joints. 

Differential settlement across approach slabs shall be less than 1 
inch. Ground improvement techniques to the approach 
embankment subgrade shall be implemented if necessary to meet 
this requirement. 

6.13.4.3 Bridge Decks 

Provide a minimum deck thickness of 8 inches. Open or filled 
grating decks and orthotropic decks will not be permitted. 
Concrete decks designed to the simplified “Ontario” or any 
empirical methods will not be permitted. Precast deck slabs shall 
require cast-in-place topping slabs and joint closures, and post 
tensioning across joints. Pretensioned, precast concrete deck 
forms shall be a minimum of 3 inches thick and have a full grout 
or concrete bearing. Stay-in-place (SIP) metal deck forms are 
permitted. Parallel bridges shall have a minimum 1 inch (4 inch 
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preferred) longitudinal gap between decks or parapets, or shall be 
tied together to make on structure. Ballasted track bridges shall be 
protected with an appropriate waterproofing. 

6.13.4.4 Deck Joints 

Avoid or minimize joints. Bridges up to 300 feet (steel) or 400 
feet (Precast or cast-in-place concrete) long shall be jointless. All 
expansion joints shall be an approved strip seal or modular joint. 
Design and location of joints shall provide for maintenance 
accessibility and future replacement. Aluminum joints will not be 
permitted. Modular joints shall be designed and tested for fatigue 
loading. 

6.13.4.5 Superstructures 

Ensure that all superstructures meet the requirements for 
redundancy, fatigue, crack control, and deflection in AASHTO 
Standard Specifications for Highway Bridges. Utilities shall not be 
placed on structures without prior approval of RTD and, if 
accepted, shall be designed by a Colorado licensed Professional 
Engineer. The placement location shall hide utilities from view if 
they are required to be placed on the structure. For structural 
steel, redundant member structures are preferred. For concrete 
box girder structures, the designer shall consider the effects of a 
temperature gradient. 

Steel superstructures within 4 feet of the electrified Overhead 
Catenary System (OCS) envelope shall not be used. However, if 
this requirement is not feasible or attainable, steel superstructures 
within the 4-foot envelope shall be electrically insulated and 
protected from the power supply system, and provided with a 
ground electrode system. If a glastic, phenolic, or other insulating 
non-conductive material is used it shall be placed the entire length 
where the height is less than 4’0” and must at a minimum extend 
a width of 4’0” from the center of the OCS wire for the entire 
length of the non-conductive barrier.  The Design shall provide for 
ease of future maintenance when designing superstructures over 
the OCS envelope. 

6.13.4.6 Bearings 

Provide design and location of bearings to allow maintenance 
accessibility and future replacement. Elastomeric bearings are 
preferred. Sole plates, when used, shall have a ¾ inch minimum 
thickness. At expansion bearings, the edge of the sole plate shall 
not slide past the edge of the elastomeric pad, by the use of a 
positive stop. Provide at least 3 inches of cover between anchor 
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bolts and the edge of the concrete pedestals. Provide 
reinforcement for pedestals greater than 3 inches high.  

6.13.4.7 Piers and Pier Caps 

Design a type of pier cap that is consistent with the rest of the 
corridor and the bridge system used. Drop caps or integral caps 
are acceptable. Integral caps are preferred with cast-in-place 
concrete box section systems. The Design Engineer shall minimize 
the use of integral steel pier caps. If integral steel pier caps are 
used, they shall be post-tensioned. If practical, inspection access 
for integral steel pier caps shall be provided. 

6.13.4.8 Abutments 

Abutments shall be integral, end diaphragm-type abutments for 
bridge structures where practical. Retaining walls may be used in 
lieu of wingwalls at the abutments. 

6.13.4.9 Slope Protection 

Concrete slope protection shall be provided for all slopes under 
bridges. Slope protection shall conform to details contained in the 
CDOT Standard Structural Worksheets Slope Paving Details. 

6.13.4.10  Foundations 

Foundation design shall be recommended by a Geotechnical 
Engineer. 

6.13.4.11  Drainage 

Supply splash blocks at all deck drain daylight locations. The 
bridge deck drainage systems shall be in accordance the bridge 
drainage section 3.5.4. 

Where direct fixation is used on LRT bridges, a trench drainage 
system, perpendicular to the tracks, shall be used at the end of 
the bridge deck, prior to joint between the approach slab and the 
bridge superstructure. 

6.13.4.12  Stray Current Control 

Ensure that all structures and structural components shall be 
protected from corrosion of metal due to stray electrical currents. 
Reinforcing steel in bridge structures may either be protected by 
use of a continuously welded steel mat that has been properly 
grounded, epoxy coated steel or in the case of ballasted decks by 
use of an insulating membrane placed beneath the ballast. All 
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structures placed below grade or buried structures shall be 
properly protected and insulated from stray currents. 

Structures and structural components shall be treated with 
Polyurea or approved equal for waterproofing and corrosion 
control. 

6.13.4.13  LRT Loading 

LRT structures subjected to light rail vehicle loadings shall be 
designed in accordance with the requirements of AASHTO 
Standard Specifications for Highway Bridges and CDOT Standard 
Specifications for Road and Bridge Construction, except as 
modified by loading depicted in Figure 3-3, which depicts the LRV 
loading diagram. A train shall consist of up to four cars whichever 
number causes the most severe condition. 

6.14.0  PEDESTRIAN BRIDGES 

Pedestrian bridges shall be designed in accordance with the requirements of AASHTO 
Standard Specifications for Highways and Bridges, AASHTO Guide Specification for 
Pedestrian Bridge, and CDOT Standard Specifications for Roads and Bridge Construction. 

The Design Engineer shall coordinate with RTD for the design of covers on pedestrian 
walkways over LRT tracks or roadways. 

6.15.0  PARKING STRUCTURES 

See RTD Design Guidelines and Criteria for Bus Transit Facilities. 

6.16.0  GEOTECHNICAL ANALYSIS 

The soils in the Denver metropolitan area vary.  Soil and geologic data and reports for the 
preliminary design of structures shall be site specific.  Preliminary recommendations shall 
be provided in the project structural reports prepared during the Preliminary Engineering 
phase.  On Final Design, site-specific soil and geological data shall be obtained to develop 
the design parameters. 

Commonly used foundations for bridges, retaining structures and buildings include:  spread 
footings, driven precast concrete piles and drilled shafts.  Foundations recommendations 
shall be made in a site-specific project geotechnical report.  Foundations shall be designed 
according to AASHTO, CDOT Standards, or local requirements.  River scour shall be 
included in geotechnical reports where appropriate. 

 

 

 

RTD Design Guidelines & Criteria  Section 6 - Structural Design 
Light Rail Design Criteria  November 2005 

Page 11 of 19 



6.17.0  LOADS AND FORCES 

6.17.1  Dead Load 

Dead load design weights shall be as prescribed below: 

TABLE 6A – DEAD LOAD DESIGN WEIGHTS 

Aluminum alloys 175 pcf 

Asphalt mastic, bituminous macadam 150 pcf 

Crushed stone 120 pcf 

Ceilings, plasterboard, unplastered 3 psf 

Gypsum ceiling tile, 2" unplastered 9 psf 

Prestressed steel 2 psf 

Ceramic glazed structural facing, 4" 33 psf 

Concrete crosstie 620 lbs 

Electrical overhead pickup equipment 

@20' cc in subsurface 

 

60 lbs 

Floors, gypsum floor slab, per inch 5 psf 

Asphalt mastic 5 psf 

Ceramic tile, on 1" mortar bed 23 psf 

Linoleum, 1/4" 2 psf 

Maple, 7/8" on sheathing, 2" cylinder fill, 

No ceiling 

 

18 psf 

Oak, 7/8" on sheathing, wood joists 

@ 16" centers, no ceiling 

 

11 psf 

Glass 160 pcf 

Gravel, sand 120 pcf 

Iron, Cast 450 pcf 

Partitions 

Plaster, 2" channel stud metal lath 

 

20 psf 

Plaster; 4" channel stud, metal lath 32 psf 

Hollow plaster; 4" metal lath 22 psf 

Gypsum block, solid; 3", both side plastered 19 psf 

Gypsum block, hollow; 5', both side plastered 22 psf 

Steel partitions 4 psf 
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Ceramic glazed structure tile, 4" 33 psf 

Rail and fastenings, per track (2 rails) 200 plf 

Roofs, roofing felt, 3 ply, and gravel 5 ½ psf 

5 ply 6 ½ psf 

Sheathing, 3/4" thick 3 ½ psf 

Steel 490 pcf 

Timber, untreated 48 pcf 

Treated 60 pcf 

Walls, brick solid, per in 10 psf 

Glass, structural, per in 15 psf 

Windows, frame, glass, sash 8 psf 

Stone, 4" 55 psf 

Steel sheet, 14 gauge 3 psf 

Concrete, reinforced or prestressed 150 pcf 

Concrete median barrier 500 plf 

Future surfacing allowance (ballast) (6” additional) 60 pcf 

Sign structures as required 

Utilities, including scuppers 100 plf of 
track 

Drain pipes & light poles as required 

Double Track Dead Load: 115RE rail and accessories, 
wood ties, 8" 

4000 plf of 
28-ft. wide 

bridge 

Ballast 120 pcf 

6.17.2  Live Load 

Live load design weights shall be as prescribed in Figure 3-3, which depicts 
the LRV loading diagram. A train shall consist of up to four cars whichever 
number causes the most severe condition. 

Highway live loads shall be as specified in AASHTO Standard Specifications 
for Highway Bridges and supplemented by the CDOT Design Specifications 
for Design and Construction of Highway Bridges. 
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Detailed discussion of both vibration and deflection control for aerial structures.  
Deflection is limited to L/1000 under LRT loads and L/375 for cantilevers.  This 
corresponds to AASHTO specifications for highway, bridge and pedestrian traffic.  
In addition, limits are placed on dynamic interaction between the superstructure 
and the LRT vehicle, by limiting the first mode natural frequency of each simple 
span to not less than 2.5 hertz, and not less than 3.0 hertz for one span in a 
series of three consecutive spans.  For longer span structures that exceed these 
limits, a special dynamic analysis shall be conducted.  That special dynamic 
analysis will also be used to determine whether impact in excess of their 30% 
limit is warranted. 

6.17.3  Derailment Load 

Vertical 

Vertical Derailment Load shall be produced by two to three vehicles placed 
with their longitudinal axis parallel to the track. 

Lateral vehicle excursion shall vary from 4 inches minimum to 36 inches 
maximum for tangent track and curved track with radius greater than 5000 
ft. For track with smaller radii, the maximum excursion shall be adjusted so 
that the derailed wheel flange is located 8 inches from the rail traffic face of 
the nearest barrier, if any, or the edge of deck. In any case, for tracks 
protected by guardrails, the maximum excursion shall be limited to that 
allowed by the placement of the guardrails. 

A vertical impact factor of 100% of vehicle weight shall be applied in 
computing the equivalent static derailment load. The derailment impact shall 
be applied to any two adjacent axles (within a single truck assembly with 
axles spaced 5.9 feet apart) at a time, and the normal AASHTO vertical 
impact factor shall be used for all other axles, which produces the critical 
loading condition for the structure. 

When checking any component of superstructure or substructure, which 
supports two or more tracks, only one train on one track shall be considered 
to have derailed, with one other track being loaded with a stationary train. 

All elements of the structure shall be checked assuming simultaneous 
application of all derailed wheel loads. However, the reduction of positive 
moment in continuous slabs due to derailed wheel loads in adjacent spans 
shall not be allowed. 

Horizontal 

For cross-sections having clearance between vehicle and barrier wall of 6 
inches to 36 inches, with maximum vehicle speeds of 60 mph, the force due 
to horizontal derailment loads shall be taken as 40% of a single vehicle 
weight acting two feet above top of rail and normal to the barrier wall for a 
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distance of 10 feet along the wall. Barriers farther than 36 inches clear from 
vehicles are not contemplated. For tracks supported by guardrails, the 
guardrails will resist this force. 

6.17.4  Impact 

In addition to the vertical impact provided in AASHTO specifications, a 
Horizontal Impact (or Nosing) Force, equal to 10% of rail transit design 
vehicle load shall be applied. This force shall be equally distributed to the 
individual axles of the vehicle, and shall be applied horizontally in the vertical 
plane containing each axle. The force shall be assumed to act in either 
direction transverse to the track through a point 42 inches above the top of 
the lower rail. 

6.17.5  Longitudinal Forces 

A force equal to 15% of the LRV, without impact, per track, shall be applied 
5 feet above the top of rail on all tracks. Consideration shall be given to 
combinations of acceleration and deceleration forces where more than one 
track occurs. 50% of this force maybe assumed to be transferred outside of 
the structure when ballasted tracks with continuously welded or bolted rails 
spanning the entire structure are used. 

6.17.6  Centrifugal Force 

Determination of centrifugal force due to rail transit vehicles on curved track 
shall be as provided in AASHTO specifications except the resulting force 
shall be applied four feet above the top of the lower rail of the track. 

6.17.7  Wind Loads 

For trains operating on aerial structures with the underside of the main 
girders not more than 40 feet (H) above the mean retarding surface, wind on 
live load, WL, shall consist of a transverse wind load of 115 pounds per 
lineal foot of train and a longitudinal wind load of 28 pounds per lineal foot 
of train. These loads shall be applied simultaneously. The transverse force 
shall be applied to the rails and superstructure as loads concentrated at the 
axle locations, and in a plane 6 feet 4 inches above the top of the lower rail. 
The longitudinal force shall be applied to the rails and superstructure as a 
load uniformly distributed over the length of the train in a horizontal plane 6 
feet 4 inches above the top of the lower rail. 
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For higher aerial structures, the value of WL in the transverse and 
longitudinal directions shall be as follows: 

H = 41 to 60 feet:    Transverse wind pressure = 126 plf 

    Longitudinal wind pressure = 31 plf 

H= 61 to 100 feet:   Transverse wind pressure = 130 plf 

    Longitudinal wind pressure = 34 plf 

These loads apply to the design of the substructure elements supporting a 
single track. For the design of substructure elements supporting two tracks, 
these loads shall be increased by 30%, when both tracks are loaded; this 
factor accounts fully for shielding effect of vehicle on vehicle as the two 
trains run alongside each other. 

Wind loading on catenary shall be considered in the design of both 
superstructure and substructure elements. Loads (magnitude and location) 
shall be determined by catenary Design Engineer. 

6.17.8  Application of Loadings 

For structures carrying rail transit loads, one train per track, for both 
strength and serviceability considerations in all materials. When intended to 
occupy the same deck space as highway loads, either concurrently or at 
separate periods of structure life, the rail transit loads shall be treated as 
alternatives, interchangeable with the highway loads. When all or a portion 
of deck width is dedicated exclusively to rail transit, the rail transit loads 
shall apply only to that width. 

6.17.9  Reduction in Load Intensity 

For structures carrying rail transit loads, a track shall be as a traffic lane in 
applying the provisions for structures of AASHTO Bridge Specifications. 

6.17.10 Force Due to Rail Restraint 

To avoid excessive longitudinal forces, continuous welded rail shall not be 
terminated on structures 

6.17.11 Loading Combinations 

Rail transit loads shall be incorporated into the loading combination 
provisions of AASHTO Bridge Specifications by means of the following 
modifications: 

a. Add BNF, NF to the expression for Group (N). 

b. Add to the list of terms: 

RT = Rail Transit 
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NF = Nosing Force  

DR = Derailment 

c. Add Group I RT and Group XI as shown in Figure 3.4. 

d. Add loads (L + I)RT, (L + I)DR, (L)RT, and NF to the loading 
groups with the values of B as shown in Figure 3.4. 

6.17.12 Distribution of Loads and Design of Concrete Slabs 

Modify AASHTO specifications by the following additions: 

Ballasted Track 

 Axle Loads may be assumed as uniformly distributed 
longitudinally over as length of 3 feet, plus the depth of the 
ballast under the tie, plus twice the effective depth of slab, 
except as limited by axle spacing. 

 Wheel loads may be assumed to have lateral distribution over 
a width equal to the length of tie plus the depth of ballast 
under the tie, except as limited by the proximity of adjacent 
tracks or the extent of the structure. 

Direct Fixation Track 

 Where wheel loads are transmitted to the deck slab through 
rail mountings placed directly on the slab, the wheel load shall 
be assumed as uniformly distributed over the length of three 
feet along the rail. This load may be distributed transversely 
(normal to the rail and centered on the rail) by the width of the 
rail fastener pad plus twice the depth of the deck and track 
concrete. 

6.17.13 Rail Transit Collision with Structures 

Unless otherwise protected by an embankment or barrier, abutments and 
piers located within a distance of 25 feet to the centerline of a rail transit 
track, shall be protected by a reinforced concrete crash wall. 

The provisions of this section need not be considered for structures if they 
are protected by: 

• an embankment, 

• a structurally independent, crashworthy ground mounted 6 feet high 
barrier or wall, located within 10 feet from the component being 
protected, 

• a 42 inch high barrier located at more than 10 feet from the 
component being protected. 
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In addition, where the rail transit vehicles are restrained with guardrails or 
direct fixation containment walls, any adjacent abutments and piers need not 
be designed for the collision force. 
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