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Figure 5.3 Radial Rail/Structure Interaction Forces

5.14 BUOYANCY (B)

The effects of buoyancy shall be considered in the design of the substructure, including piling (AASHTO
3.19 & 4.5.13).

5.15 DIFFERENTIAL SETTLEMENT

Simple Span Aerial Structure. The differential settlement between two adjacent aerial structure piers shall
not exceed 1/2400 times the sum of the lengths of any two adjacent spans.
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Continuous Span Aerial Structure. The designer shall investigate the differential settlement and design
accordingly. In any case the differential settlement shall not be more than that described in the preceding
paragraph.

5.16 LOAD COMBINATIONS

All structures shall be designed for maximum passenger load. Rush hour passenger loads. The following
groups represent various combinations of loads and forces to which components of the aerial structure
may be subjected. Each part of the structure shall be proportioned for all combinations of these loads
multiplied by the load combination factor and coefficients indicated in Table 5.1

All aerial structures shall be analyzed utilizing group combination VIII or H for a temporary overload
condition. The axle spacing, axle loading as well as cars and locomotive spacing shall be as shown in Figure

5.1and 5.2

Elements Supporting Two Tracks. For elements supporting two tracks with both tracks loaded

simultaneously, the value of CF, LF and horizontal impact may be reduced by 25 percent in all applicable
load groups when applying these loads on both tracks.

Group VIII or H loading combinations only applicable to single track loading from track maintenance live
loading described in Paragraph 5.1.2.2

Service Load Design. The design of prestressed concrete members, stability and deflection calculations,

and soil bearing pressures shall be based on the following groups of loading combinations.

Strength Design. Reinforced concrete members and structural steel members shall be designed by the
strength method. Prestressed concrete members shall be checked using the strength method. Reinforced
concrete, structural steel, and prestressed concrete members shall have the capacity of resisting any of the
load groups listed in Table 5.1
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Table 5.1 Table of Load Combination Coefficients y and B
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The following Groups represent various combinations of loads and forces to which a structure may be

subjected. Each component of the structure, or foundation on which it rests, shall be proportions to

withstand safely all group combinations of these forces that are applicable to the particular site or type.

Groupe Loading combinations for service Load design and Load Factor Design are given by:

Group (N)=y[Bo-D+B.(LRV+1)+By M+ Bc-CF+Be-E+Bg:B+PBs- SF+PBw: W+ PBwWL+B,-LF+

Br (R +S+T) + BeEQ + Bice ICE ]
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Where maximum stresses are produced in any member by loading a number of tracks simultaneously, the
following K factors shall be used in view of the improbability of coincident maximum loading:

B, Bir = 1.0 for single track loading.
B, Bir = 1.0 for multiple track loading less than 1000 feet from stations.
B, B = 0.75 for multiple track loading greater than 1000 feet from stations.

Be =0.5 or 1.0 for lateral loads on rigid frames. (Check both loadings and use the one which governs)
B = 1.0 for vertical loads and lateral loads on all other structures.
* =Prestressed concrete girders shall be checked against loading by train derailment. The stress of

prestressed strand shall not exceed 0.85 fpu, and concrete shall not exceed 0.6 f'c, in lieu of
150 percent as shown in table 5.1.

For values of B, and B, refer to the service load design section above.

Be = 1.3 for lateral earth pressure for retaining walls, reinforced concrete boxes, and rigid culverts.
Bt = 0.5 for lateral earth pressure when checking positive moment in either rigid frames.
Bt = 1.0 for vertical earth pressure.

A multiplier 0.75 shall be applied to D, in all the load groups, when checking members for minimum axial
load or maximum eccentricity. (Column Design)

Load Distribution on Slabs and Beams

In the absence of an elastic analysis, the following empirical methods of load distribution may be
employed. These methods are limited to monolithic concrete deck slabs on skews of less than 20 degrees.
The skew angle is defined as the angle intersected by a horizontal line parallel to the pier or abutment and
a horizontal line perpendicular to the girder centerline. These methods are applicable for unballasted
track only. For ballasted bridges, the effects of the ballast in distributing the wheel loads may be
considered. For the effects of ballast on distribution of live load, refer to Section 8-2-3 of the Manual for
Railway Engineering (American Railway Engineering Association (AREMA)).

Contact AREMA. Under service condition, each wheel load shall be dispersed through the running rail to
produce an effective contact AREMA of six inches (measured parallel to rail) by 12 inches measured at the
bottom of the elastomeric bearing pad under the rail fastener.

Under derailment condition, each derailed wheel in direct contact with the deck slab shall be assumed to
make a groove 0.25 inch to 0.50 inch deep with a wheel-to-concrete contact AREMA 2 inches wide by 8
inches long.
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One-Way Slabs (Excluding Cantilever Slabs).

e Dispersion of Loads along the Span. The effective length of the slab on which a wheel load acts shall
be taken as equal to the dimension of the contact AREMA in the direction of the span plus twice
the depth of the slab measured to the centerline of the bottom reinforcement of the slab.

o Effective Width of Slab Resisting Bending Moment and Shear. A solid one-way slab supported on

two opposite edges shall be designed to resist the maximum bending moment and shear force
caused by the applied loads. Such bending moment and shear force shall be assumed to be
resisted by an effective width of slab E (measured parallel to the supported edges, in feet)
according to the following empirical formula:
Case 1. Main Reinforcement Perpendicular to the Track (Spans 2 to 24 feet inclusive):
E =KX(1-X/L)+W butshould not exceed 7.0 feet
Where:

X =distance in feet from the center of gravity of the wheel load to the near face of support

L = the effective span as defined in Section 3.24.1.2 of AASHTO in the case of simply supported
slabs, and the clear span in the case of continuous slabs

K = 2.5 for simply supported slabs

K = 2.2 for continuous slabs over three or more supports

W = spacing of the rail fasteners

W = 2.0 feet for a derailed wheel load in direct contact with the slab

In the case of a load near the unsupported edge of a slab, E should not exceed the above value nor half the
above value plus the distance from the load to the unsupported edge.

e Case 2. Main Reinforcement Parallel to the Track
The effective width (in feet) of the slab resisting a wheel load should be taken as:
E = 4 +0.06L but not to exceed 5.0 feet.
Full edge beams shall be provided for all slabs having main reinforcement parallel to the track. The beam

may consist of a slab section with additional reinforcement, a beam integral with and deeper than the slab,
or an integral reinforced section of slab and curb.

LRT Track & Bridge DCR Page 66



[-244 Arkansas River LRT Track & Bridge Design Criteria | 2009

For simple spans, the edge beam shall be designed to resist a live load moment of M = 0.10 (PL) where P is
the wheel load and L is the span length. For continuous spans, 80 percent of the above calculated value
shall be used for both positive and negative moments, unless a greater reduction can be justified based on
a rigorous analysis.

Two-way Slabs
Two-way slabs are those supported on all four sides and reinforced in both directions. For rectangular

slabs simply supported on all four sides, the proportion of the load carried by the short span of the slab
may be estimated by the following equations:

For load uniformly distributed: L%
P=
|-41 + |-42
For load concentrated at center: L3,
P =
L+
Where:

P = proportion of load carried by short span
L, = length of short span of slab
L, = length of long span of slab

In cases where L, exceeds 1.50 (L), the slab shall be designed as a one-way slab spanning in the short
direction (span Ly).

For a concentrated load, the effective slab width, E, for the load carried in either direction shall be
determined as specified above for one-way slabs.

The moments obtained shall be used in designing the center half of the short and long spans. The
reinforcement steel in the outer quarters of both short and long spans may be reduced 50 percent.

Cantilever Slabs.
e Wheel Load. In the design of a cantilever deck slab in which the main reinforcement is

perpendicular to the track, a concentrated wheel load may be assumed to be uniformly
distributed over an effective width E of the slab, not exceeding 7.0 feet:

LRT Track & Bridge DCR Page 67



[-244 Arkansas River LRT Track & Bridge Design Criteria | 2009

E=0.8X+3.75 for service condition
E=0.8X+3.00 for derailed condition

Where X = distance in feet from the load to the face of cantilever support.
e Railing, Acoustical Barrier or Parapet Load. Loads transmitted from railing, barrier or

parapet attachments to a cantilever deck slab shall be distributed over the effective width E
as specified above for wheel loading under service condition, except that X is the distance in

feet from the railing or parapet support to the point along the cantilever that is under
investigation, and E shall be limited to the longitudinal spacing of the railing or parapet
supports.

Unsupported Edges, Transverse. The design assumptions of the sections on one-way and two-way slabs

above do not provide for the effect of loads near unsupported edges. Therefore, at points where the
continuity of the slab is broken, the edges shall be strengthened by diaphragms, strengthening of the slab,
or other suitable means, and shall be designed to resist the full moment and shear produced by the
applied wheel loads.

Longitudinal Beams. In calculating bending moments in longitudinal beams, no longitudinal distribution of
the ODOT vehicle axle loads shall be assumed. The axle loads shall be taken as concentrated loads and

shall be placed to cause the maximum bending moment in the longitudinal beams.

Distribution of Wheel Load on the Girders Due to Derailment. For the purpose of calculating the

distribution of the wheel load on the girders due to the derailment load, the following shall be used:

e Deck slab shall be assumed to be simply supported between the girders when the load falls in
between the girders.

e Deck slab shall be assumed to be continuous over the girders when the load falls on the
cantilevered portion of the slab.
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CHAPTER 6 - GENERAL DESIGN OF LRT AERIAL BRIDGE STRUCTURES

Emergency egress shall be provided for patrons to evacuate a train at any point along the guideway and
proceed to an exit or the nearest station or await evacuation. These egress provisions shall include the
following: 1) ballast shall be considered a walkway surface for exit purposes for at-grade AREMAs only;
and 2) a transition in the walkway shall be provided at all grade-to-aerial guideway and all
underground-to-at-grade abutments. There shall be adequate provisions for access and egress by
emergency rail vehicles and crews to aerial guideways.

A continuous service walkway shall be provided along the aerial structure. For a height of 6 feet above the
top of the walkway, the service walkway shall have a minimum clear width of 22 inches beyond the
dynamic clearance envelope of the vehicle. The service walkway shall be readily accessible from the
superstructure deck. The service walkway shall have a cross slope for drainage unless otherwise directed.
The service walkway will carry all system cables and conduits, and shall be designed for this additional
load. Walkway width shall be 22 inches with 24 inches desirable.

6.1 INSPECTION ACCESS

The greater frequency of operations and the transit customers' sensitivity to on-time performance
require that the design of transit structures allow easy inspection of the critical members without
extensive use of track-mounted snooper trucks. Transit structures over highways should not require
extensive lane closures for inspection, if possible. Provisions for safety line attachment, including anchor
points, should be an integral part of the transit structure design. Cat walks and other access facilities can
reduce the time required for bridge inspection and may eliminate operational impacts of the inspection.
The inspection time for a transit structure can be reduced by providing adequate space between
members to allow the inspection team to gain access to all sides of the members.

6.2 ELECTRIFICATION

Space shall be provided for the installation of the catenary support system, train control and
communications systems, auxiliary power transmission system, primary power distribution system (in
some locations), and other electrical appurtenances.

6.3 HORIZONTAL AND VERTICAL CLEARANCES

The minimum clearances between the aerial structure and the ODOT standard vehicle shall conform to the
provisions of ODOT transit vehicle design criteria. The clearances between the aerial structure and
privately or publicly owned streets, highways, railways, utility lines, and other structures or property shall
be those prescribed by the agencies involved.
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Walkways and ladder ways for operational and emergency access should also be considered in the
vertical and horizontal clearance determinations. On large structures, consideration should be given to
providing additional electrical isolation clearances and devices to allow maintenance of the structure
without de-energizing the traction power.

All bridges over waterways require vertical clearance (freeboard) above the expected water level of the
design storm. A minimum of 1’ is recommended above the water surface of the design storm predicted
by the hydraulic analysis.

All bridges over navigable waterways are required to provide both vertical and horizontal clearances as
required by the governing agency (the US Coast Guard in the United States). The vertical clearance
required may be provided by either a fixed bridge at the proper elevation difference, or by a movable
bridge. Lighting, signage, and marine protection structures are additional items required at a crossing of
a navigable waterway. These items may require adjustments to the supporting structure to provide the
required horizontal and vertical clearances.

6.4 ALIGNMENTS

If practical, construct bridges on vertical and horizontal tangents. Horizontal curves require widening the
deck on ballasted deck structures and designing for eccentric loads. Vertical curves require addition
depth between the running rails and the structure to accommodate the varying grades, resulting in
increased dead loads. The simplified detailing results in lower construction costs and better-constructed
quality.

Except where tracks diverge or converge, the edges of the aerial structure deck slab shall be parallel to the
ODOT system control line.

6.5 APPROACH SLABS

Except where the abutting at-grade trackbed consists of a track slab, an approach slab shall be provided at
each abutment to ensure a smooth transition from the at-grade section to the aerial structure. The
approach slab shall have a length of not less than 20 feet.

Approach slabs shall have ballast checks to minimize ballast creep, and provisions shall be made to prevent
the scatter of ballast onto the superstructure deck; refer to the trackwork standard drawings.
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6.6 PEDESTRIAN RAILINGS

Wherever the edge of the deck or aerial structure is not protected by an acoustical barrier, pedestrian
railing shall be provided. Pedestrian railing shall meet the requirements of Standard Specifications for
Highway Bridges (American Association of State Highway and Transportation Officials, AASHTO) for
protection of open-sided platforms except, that no toe board is required.

Rail shall be designed for a horizontal and vertical force of 50 pounds per linear foot acting
simultaneously on each longitudinal member. Further, all handrails shall be designed for a force of 200
pounds applied in any direction at any point.

6.7 TRACK CONFIGURATION

When the use of continuous welded rail, combined with direct fixation of the rails to the supporting
structure is used the designers of the aerial structure shall consider:
e Providing sufficient rail restraint to prevent horizontal or vertical buckling of the rails
e Providing anchorage of the CWR to prevent excessive rail gaps from forming if the rail breaks at
low temperature
e Determining the effect a rail break could have on an aerial structure
e Calculating the thermal forces applied to the aerial structure, the rail, and the fasteners as the
aerial structure expands and contracts, while the CWR remains in a fixed position
e Providing a connection between structure (direct fixation fastener) that is resilient enough to
permit the structure to expand without overstressing the fasteners

6.8 BEARING ARRANGEMENT AT THE PIERS

If CWR is used on the structure and the adjacent spans are of similar length and geometry, a
symmetrical bearing arrangement, shown on Figure 6.1, is desirable. A symmetrical bearing
arrangement is having the same bearing type (fixed or expansion) from adjacent spans on the same pier.
In this arrangement, the thermal interactive forces induced into the rail tend to cancel out each other.

(Diox, GEERS (PERS. COLINS)
CONFYRATION &
CONFIURATION &

Figure 6.1 Bearing Configurations for elevated Structure Girders
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Although the interactive forces at symmetrical bearing arrangements tend to cancel each other out
before loading the piers, the structural engineer must still design the bearings and their bolts to resist
these forces.

6.9 TERMINATING CWR ON AERIAL STRUCTURES

CWR should not be terminated on an aerial structure due to the large termination force transferred to
the structure.

Designers should avoid special-work on aerial structures. When this cannot be avoided, to
accommodate the large forces occurring at locations of special- work, rail anchors or rail expansion
joints could be used.

The use of sliding rail expansion joints must consider the following:

e The construction length of the sliding rail joints
e The length of structure required to accommodate the special- work and sliding rail joint
e The design, location, and installation details of the rail anchors

With permission/approval of ODOT, a tie bar device can be used to accommodate special-work on the
aerial structure.

6.10 RAIL BREAK/RAIL GAP OCCURRENCES

Limits on the size of the rail gap shall be reevaluated once the light rail vehicle has been selected and the
wheel diameter is known. For now the designer can assume a gap of 2 inches based on a 16-inch
diameter wheel rail.

The designer can assume that only one rail of a single- or double- track alignment will break at any one
time.

Designer shall limit the size of the gap by adjusting the rail fastener spacing and stiffness to be within
the allowable gap size. Limiting the size of the gap reduces the possibility of derailment but also
increases rail/structure interaction forces which increase the cost of the structure.
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6.11 DECK CONSTRUCTION

Of the three distinctly different types of deck construction (open, ballasted and direct-fixation), only
ballasted and direct-fixation decks shall be consider for design. For each aerial structure, the decision
concerning which type of deck construction to use with CWR will need approval of ODOT.

6.11.1 Ballasted Deck Construction
Ballasted decks shall only be considered for bridges with lengths of 300 feet or less. The use of such deck
construction on bridges will need prior approval of ODOT.

To eliminate the path for stray current leakage from rail to ballast, the ballast section should be a
minimum of 1 inch below the bottom of the rails.

6.11.2 Direct Fixation Fasteners
Direct fixation fasteners spacing shall be determined by analysis of rail bending stresses, interaction
forces of the rail and rail fasteners, and the rail gap size at a rail break location.

The elastomer shall provide adequate resistivity to insulate and deter current leakage.

On sharply skewed bridges (>30 degrees), the trackwork and structural engineer shall coordinate
fastener spacing to ensure that the fasteners are adequately supported on each side of the joints in the
deck.

When a concrete pad, or plinth, is used to support the direct fixation fasteners, intermittent gaps shall
be provided along the length of the plinths to accommodate deck drainage and to provide openings for
electrical conduits placed on the decks. In addition, the deck slab shall be recessed for the second-pour
plinths to form a shear key to help resist the lateral loads from the rail and vehicles. The second-pour
concrete plinths shall be constructed to meet the alignment and profile requirements of the CWR and
fasteners. The use of zero longitudinal restraint (ZLR) fasteners shall need prior approval by ODOT. If
ZLR are used, the rail gap size at a rail break has to be re-evaluated.

6.12 RAIL/STRUCTURE INTERACTION

Where the rails are to be fastened to the superstructure deck by direct-fixation methods, adequate
provisions shall be made in the design of the deck for the mounting of the rails.
Rail fasteners shall be designed to prevent buckling of the rail.

The CWR ends shall be anchored in ballasted track beyond the abutments off the bridge. The designer
shall address the following three design issues when an aerial structure has CWR:
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1. Controlling the stresses in the rail attributed to the differential longitudinal motions between
the rail and the superstructure because of temperature changes or other causes

2. Controlling the rail break gap size and resulting loads into the superstructure

3. Transferring of superstructure loads and moments into the substructure

Depending on the method used to attach the rails to the substructure, the structural engineer must
design the structure for longitudinal restraint loads induced by the fasteners, horizontal forces due to a
rail break, and radial forces caused by thermal changes in rails on curved alignments.

6.13 RAIL/STRUCTURE INTERACTION ANALYSIS METHODOLOGY

The interaction of the rails and supporting structure involves the control of rail creep, broken rail gaps,
stresses induced in the guideway structure, and longitudinal and transverse forces developed in the
supporting substructure.

If the aerial structure is located on a curved alignment, varying span lengths or other complexities ODOT
will determine if hand calculations will be accepted or a three- dimensional structural analysis will need
to be preformed for the following CWR —related design elements:

e The control of stresses in rails attributed to thermally induced differential movements between
the rail and the supporting superstructure

e The control of the rail break gap size and the resulting loads transferred into structures during
low-temperature rail pulling apart failures

e The transfer of thermally induced loads from the superstructure, through the bearings, into the
substructure

6.14 STEEL GIRDERS

Fracture Critical Members

The designer should avoid fracture critical members in their design if possible. The use of any fracture
critical members shall need prior approval by ODOT.

Refer to the AASHTO Guide Specifications for Fracture Critical Non-Redundant Steel Bridge Members
Publication on requirements for identifying, fabricating, welding, and testing of a fracture critical, non-
redundant steel bridge member whose failure can be expected to result in a bridge collapse.

Except as modified in this document, steel structures subject to ODOT train loading, individual structural
steel elements subject to ODOT train loading, and other structures as specifically directed in the ODOT
design criteria, shall be designed in accordance with the provisions of the "Strength Design Method" of
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Section 10 of Standard Specifications for Highway Bridges (American Association of State Highway and
Transportation Officials, AASHTO; hereafter cited as such).

In addition to the requirements of Sections 10.20 and 10.21 of AASHTO, refer to Sections 10.30.5 and
10.30.6. Unless approved by ODOT and effectively connected to both flanges, the lateral bracing of
compression chords shall be as deep as the chords. In addition to the shear from lateral forces, the lateral
bracing of the compression chords of trusses, and the flanges of deck girders shall be proportioned for a
transverse shear in any panel equal to 2.5 percent of the axial stress in both members in that panel.
Girders shall be cambered to compensate for dead load deflections and for any vertical curvature required
by profile grade.

6.15 CAMBER

Girders supporting the superstructure shall be cambered to compensate for deflection due to its own dead
load and all superimposed dead loads. In superstructures supported on prestressed girders, the camber
induced by the prestressing forces shall be included. In concrete superstructures the track rail supports
and fastenings shall contain provisions for correcting the long-term effects of creep.

6.16 REINFORCED CONCRETE

Details of Reinforcement. Reinforcement details shall conform to those outlined in Chapter 7 of ACI 318
and in the ACI Detailing Manual (ACI SP-66) except as modified or revised in these criteria. The spacing of
reinforcement for all ODOT structures shall be a multiple of even inches. Main reinforcement spacing,
however, shall not exceed 12 inches. Secondary reinforcement spacing shall not exceed 18 inches and
shall be compatible with the main bar spacing. The length of lap splices for distribution, temperature, and
shrinkage reinforcement shall not be less than 24 bar diameters nor less than 12 inches. The provisions for
controlling flexural cracking described in Section 10.6 of ACI 318 or in Section 8.16.8.4 of AASHTO shall
apply as a minimum for distribution of flexural reinforcement.

Creep and Shrinkage. Creep and shrinkage shall be accounted for in the design of reinforced concrete
structures and shall be considered when calculating camber and deflection. All calculations shall be done

in accordance with Prediction of Creep, Shrinkage and Temperature Effects in Concrete Structures (ACI
209R; hereafter cited as such).

Distance between Lateral Supports. Provisions of Section 10.4 of ACI 318 when applied to members subject
to impact and vibration other than ODOT loading shall be revised as follows:

e "Should W, the ratio of the distance between lateral supports and the least width of the
compression flange, exceed 24, then the allowable stress shall be reduced. The magnitude of the
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stress reduction shall vary proportionally from 0 to 50 percent for values of W between 24 and 36,
respectively. Under no circumstances shall W exceed 36."

Combined Shear and Torsion. Combined shear and torsion shall be designed in accordance with Section

11.6 of Building Code Requirements for Reinforced Concrete (American Concrete Institute ACl 318;

hereafter cited as such).

Effective Concrete Flange Width. Section 10.38.3 of AASHTO shall be modified as follows: Unless a finite
element analysis or other rigorous mathematical analysis approved by ODOT is performed to determine

stresses in the cross section of a composite girder, the effective width of the slab as flange in composite
girder construction shall not exceed the least of the following:

e Independent Single-Cell Box Girders:

1. One-fourth the span length of the girder.

2. Twice the distance from the centerline of the girder to the nearest edge of the slab.

3. Twice the width of the box, measured at the intersection of the bottom of the top slab and the
outside faces of the webs.

4. Six times the least slab thickness on the outer side of each web plus six times the least slab
thickness on the inner side of each web.

e Multiple Single-Cell Box Girders:
1. One-fourth the span length of the girder.
For an interior girder, the center-to-center distance of girders; for an exterior girder, twice the
distance from the centerline of the girder to the nearest edge of the slab, or a point midway
between the exterior girder and the adjacent girder, whichever is less.
3. Six times the least slab thickness on the outer side of each web plus six times the least slab
thickness on the inner side of each web.
Interior T-Beam Girders:
= Refer to Section 8.10.1 and 10.38.3.1 of AASHTO.

Exterior T-Beam Girders with Overhanging Flanges:

® The above limitations for interior girders.
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= The distance from slab edge to exterior girder (not exceeding six times the least
thickness of the slab) plus 1/2 the center-to-center distance to the next girder (not
exceeding six times the thickness of the slab).

Composite Box Girders. Replace Sections 10.39.1 and 10.39.2 of AASHTO with the following criteria:
"Steel-concrete composite box girders shall be designed by rigorous analytical methods with due regard to

torsional and other stresses imposed when the rails do not lie in the plane of the webs. Thorough analysis
shall be made of the lateral distribution of ODOT train loads."

6.17 PRESTRESSED CONCRETE

Allowable Stresses. See Section 9.15 of AASHTO, Chapter 18 of ACl and Chapter 8 of AREMA as applicable.

Creep and Shrinkage. Creep and shrinkage shall be accounted for in the design of prestressed concrete
structures and shall be considered when calculating camber and deflections. All calculations shall be done
in accordance with Prediction of Creep, Shrinkage and Temperature Effects in Concrete Structures (ACI
209R; hereafter cited as such).

Shear_and Torsion. The required AREMA of shear and torsion reinforcement shall conform, where
applicable, to the requirements of Chapter 11 of ACI 318, except that lightweight concrete shall not be

used in any main-load-carrying members.

Anchorage Zones. Refer to the provisions of Sections 9.21 and 9.27 of AASHTO, and Section 18.19 of ACI.

Cover and Spacing of Steel in Prestressed Concrete. In addition to the provisions of Section 9.26 of AASHTO,
the following shall also apply:

Corrosion Protection. Anchorages and end fittings of prestressing steel shall be permanently protected
against corrosion with a minimum concrete cover of 2 inches.

Fire Protection. To conform to the relevant code requirements, additional concrete cover may be required
in structural members subject to exposure to fire.

Loss of Prestress. Calculation of prestress losses shall be in accordance with Section 9.16 of AASHTO for
structures subject to ODOT loading and highway structures, in accordance with Section 18.6 of ACI for
structures not subject to ODOT loading, and in accordance with Section 8.17 of AREMA for railroad
structures.
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The mean annual ambient relative humidity used in calculations of losses due to shrinkage shall be 65
percent.

6.18 SUBSTRUCTURE

Bridge bents shall be located radially for curved structures where practical. Skewed concrete bridges
should be avoided when possible. The maximum bridge skew shall be less than 30 degrees away from
radial supports, if practical.

The following angles are the maximum recommended skews for different types of concrete bridges.

TYPE OF STRUCTURE SKEW IN DEGREES

Precast concrete slabs and box girders 15 degrees
Precast concrete I-girders and T-girders 30 degrees
Cast-in-place concrete slabs and girders 60 degrees

To account for variability in backfilling and the dynamic effects of axle loads, abutment backwalls above
bridge seats shall be designed for earth pressures and live load surcharge increased by 100%. This does
not apply to the portion of the abutment below the bridge seat nor the stability of the abutment.
(AREMA Volume 2- 5.3.1)

6.19 FOUNDATIONS
Drill Shafts shall have an Aspect Ratio (Length/Diameter) of less than 30.

6.20 VIBRATION AND DEFLECTION CONTROL

To limit potential dynamic interaction between aerial structure girders and light rail transit vehicles, all
structures supporting ODOT trains shall be designed so that the unloaded natural frequency of the first
mode of vibration of the longitudinal girders is not less than 2.5 cycles per second. Furthermore, no
more than one span in any series of three consecutive spans shall have a first mode frequency less than
3.0 cycles per second.

Designers may find that compliance with the above criterion necessitates the inefficient use of certain
materials, particularly where the girders are of structural steel and the span lengths are relatively long.
Where such a finding is made, the proposed design shall be discussed with ODOT to determine, for that
particular instance, whether a lower natural frequency may be acceptable.
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Members having simple or continuous spans shall be designed so that the deflections due to live load plus
impact do not exceed 1/1000 of the span length. The deflection of cantilever arms due to live load plus
impact shall be limited to 1/375 of cantilever arm.

6.21 FATIGUE

The requirements of Section 10.58 of AASHTO shall apply for structures subject to the ODOT train loading.
Over the life of the structure, 3 million cycles of maximum stress shall be used in estimating the number
of repetitive maximum stress cycles.

6.22 FIRE PROTECTION

Refer to Fixed Guideway Transit Systems (NFPA 130) or the applicable local code for fire protection

requirements.

6.23 DECK DRAINAGE

The superstructure deck shall be designed to provide both longitudinal and transverse drainage.
Transverse drainage shall be secured by suitable cross slopes, and longitudinal drainage by camber or
gradient of the deck or gutter. Runoff shall be computed in accordance with HEC 21 using a runoff
coefficient of 0.90. Collected water from a storm of 100-year frequency shall be carried from the deck by a
system of inlets and down spouts at each pier. Inlets and down spouts shall be rattle-proof and made of
non-corrosive material. Down spouts shall be rigid, have a minimum inside dimension of 4 inches, and be
provided with suitable clean- outs and splash blocks. The concrete decks shall be provided with drip
notches.

6.24 NOISE CONSIDERATIONS

At locations identified by ODOT or its noise and vibration subconsultant, an acoustical barrier shall be
provided along one or both edges of the aerial structure deck to limit noise transmission to noise-sensitive
developments along the wayside. At locations where no need for an acoustical barrier is identified,
provisions shall be made to the deck, superstructure, and substructure for the future installation of a
barrier.

At locations identified by ODOT or its noise and vibration subconsultant, certain steel girders may require
sound damping panels to minimize their propagation of low frequency vibrations. Where required, ODOT
will provide the section designer with sound damping details.
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6.25 UPLIFT

Aerial structures shall be designed so that under dead load conditions anchor bolts attaching the
superstructure to the substructure are not in tension.

Anchor bolts shall be provided or other provisions shall be made for adequate attachment of the
superstructure to the substructure to resist uplift from transit loads, including the derailment load, as per
the section on transit loads of these criteria in addition to the requirements of Section 3.17 of AASHTO.

LRT Track & Bridge DCR Page 80



L M - -0~
16150+ 10046-00044-0 F‘EOOUG‘Ti0N'4-06~REI’-51’UD|56-REPOETG*QY-LAN-#-O&-OS FEPORT EXHIB| TGeSKETGH-01, D&N

17|_ ] .
- 9 _OI] 8!_0“ -
I-nt o 5-1 | F-Bt 470
| e | -
HANDRAIL { i
TYP . .
| }
TRACK CONCRETE |
EXPRESS \ TYP
TROUGH, TYP .

i
AASHTO TYPE IV i
i

BEAM, TYP T ;
\\ . 816" _ //
i
JI I
;
2
——
|
|
|
1
@ !
+
SNV : SIS
[
i
|
|
l , f L—"(:::JA///F-DRwLED
i SHAFT, TYP
¢ PIER
ian -244 L RT BRIDGE OVER ARKANSAS RIVER
3350 NORSTUH[TCEEl‘:Igg LU:XPWY AER!AL STRUCTURE
B N Ineorews [ i, 1 e TYPICAL BENT ELEVATIONS
A LED A. DALY CONPANY SCALE: NOT TO SCALE FIGURE: 6.1




Ly '150-\Ol16-000*4-0~7EUVU01'10Nf+-06"KEF-€JTUDIEE‘EﬁVURfﬁlﬁY'LAN-"!-06-03 REPIRT EXMIBITSe] -COL-ELEY. DGN

¢ BRIDGE AND PIER
I € TRACK NB

€ TRACK S@ |
f
a0~ |
|
Far 5 E
F i
HANDRAIL i l
™ | :
' I
SPECIAL \' ! i
SERVICE .
WALKWAY {Low PONT I
TYP iom SLAB— |
oy 4o \ )
—F ]
4" L i
AASHTO TYPE .
V BEAM TYP |
1 i
s \ i
: JL\ i
. 1 .
: (
o !
: 1 |
|
|
|
|
: |
i ‘F.I PIER
. FINISHED GRADE I
E:Jz !
1=
IQn [-244 LRT BRIDGE OVER ARKANSAS RIVER
4350 NORTH CENTRAL EXPWY
AERIAL STRUCTURE
Lockwood, Andrews pALI AR, TH 75208
& Newnam, Inc. ARSI TYPICAL BENT ELEVATIONS
A LEOG A. PALY COMPARY SCALE: NOT TO SCALE FIGURE: 6.2




L - - 0=
#150-10146-000=4-0 PROCUGT I ON*4 -06-REF - STUC | 65-REPORTE »BY L ANS<-06-03 REPORY EXHIB I TE02- 000, DGN

10" 335"
g'-10" T TRACK 15-6" TYP q?‘ TRACK g'-1p"
I 79" | | 35" I 51" | 4'-9
I I | I | g
| | SYMMETRIGAL ; I {
; [t | | SPECIAL
| SERVICEH]
TRACK | : ! PROFILE I WALKWAY
NG, 7P R s g pont | | EEE, YP\I
Vi '8 \; N\ s
| : _ Sl .
I e\ D | g
| 1 I I I I : 9_
] py = , € PIER !
I \—LEVEL (TYP) fa I L1 | £ I B
o ! | i~ 4 1) !
z-on, 247 | R | 8"
ST N e AN
! B, | o
1 I ' i 4-!. '
I -
| 5
\ [~ e /
12'-6" I
I
. I J 5
_t _I_ 3.25
? I
" I
|
172" TYP i
I
I
i
5.0 « VARIES 13-0" TO 24'-0"
IQn l-244 L RT BRIDGE OVER ARKANSAS RIVER
B350 NORTH CENTRAL EXPWY
Lockwood, Andrews DA LSLIIAIST ET I(4 ?gz o6 AERIAL STRUCTURE
- & Newnam, Inc. 215228778 TYPICAL BENT ELEVATIONS
A LED A. DALY COMPANY SCALE: NOT TO SCALE FIGURE: 6,3




[-244 Arkansas River LRT Track & Bridge Design Criteria | 2009

APPENDIX A : Design Codes, Manuals, and Specifications

CODES, STANDARDS, AND REFERENCE PUBLICATIONS

The following codes and standards are provided as an aid to designers and other subconsultants, and are
not to be considered a comprehensive list. ODOT's position remains that it is the responsibility of the
professional consultant or contractor to comply with all appropriate and applicable codes and standards,

based upon his professional judgment. Contractors or consultants wishing to use standards other than
those referenced in this appendix or in the text of these design criteria should be a comparison of the
proposed standard and the referenced standards. The comparison shall demonstrate that ODOT is being
given designs or materials equal to or better than that specified. The comparison shall be certified as
being accurate by an engineer licensed in Oklahoma. If the alternative standard is not originally published
in English, the contractor shall certify through an independent translator that the translation is complete
and correct. Specified test results will not be accepted in translated form unless the exact test procedures
using calibrated test equipment accompanies them. The contractor also will require to certify in writing
that compliance with all codes, standards, and reference documents has been achieved.

Unless otherwise specified, all consultants and contractors shall comply in all respect with these codes and
standards, which shall be the latest edition or issue, and the most recent revision, amendment, or
supplement in effect at the date of notice to proceed with each specific project. Where the requirements
of more than one code or standard apply (except the variances described in the criteria), the consultant or
contractor shall determine which code is in the best interest of safety and cost effectiveness. All such
potential conflicts should be presented to ODOT for resolution.

Due to the unique nature of rail transit, variances from existing specific codes and standards must be
provided for certain functional elements. If a condition is found which is not covered by the codes,
regulations, or criteria, the consultant or contractor shall refer the matter to ODOT for guidance in
reaching and acceptable solution.

The first part of this appendix is organized by criteria chapter and/or section. The second part provides an
alphabetical listing or referenced organizations, with addresses.
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REFERENCES

American Association of State Highway and Transportation Officials (AASHTO), Standard Specifications for
Highway Bridges, including all subsequent AASHTO Interim Specifications for Bridges.

American Association of State Highway and Transportation Officials (AASHTO), Guide Specifications for

Horizontally Curved Highway Bridges.

American Concrete Institute (ACl) 318, Building Code Requirements for Reinforced Concrete, including

commentary.

American Society of Civil Engineers, ASCE 7-95 Minimum Design Loads for Buildings and Other
Structures.ACl SP-66, manual of Standard Practice for Detailing Reinforced Concrete Structures.

AWS D1.5M Structural Welding Code

U.S. Navy Design Manual for Soil Mechanics, Foundations, and Earth Structures

Suggested Design and Construction Procedures for Pier Foundations

ACI 209 R-82, Prediction of Creep, Shrinkage and Temperatures Effects in Concrete Structures.

ACI 336.3R, Suggested Design and Construction Procedures for Pier Foundations.

American Institute of Steel Construction (AISC), Load and Resistance Factor Design Specification for
Structural Steel Buildings.

American Institute of Timber Construction (AITC), National Building Code-Timber.

American National Standards Institute (ANSI), American Standard Building Code.

American Railway Engineering and Maintenance-of-Way Association (AREMA) Manual for Railway
Engineering.

American Society for Testing and Materials (ASTM), current manuals.

ASTM A36, Specification for Structural Steel.

ASTM A185, Specifications for Welded Steel Wire Fabric for Concrete Reinforcement.
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ASTM A307, Specifications for Low-Carbon Steel Externally and Internally Threaded Standard Fasteners.

ASTM A325, Specifications for High-Strength Bolts for Structural Steel Joints.

ASTM A416, Specifications for Uncoated Seven-Wire Stress-Relieved Steel Strand for Prestressed Concrete.

ASTM A490, Specifications for Heat-treated Steel Structural Bolts, 150 ksi Minimum Tensile Strength.

ASTM A497, Specifications for Welded Deformed Steel Wire Fabric for Concrete Reinforcement.

ASTM A572, Specifications for High-Strength Low-Alloy Columbium-VA Nadium Steels of Structural Quality.

ASTM A615, Specifications for Deformed and Plain Billet-Steel Bars for Concrete Reinforcement.
ASTM A709, Specifications for Structural Steel for Bridges.

ASTM A722,Specifications for Uncoated High-Strength Steel Bar for Prestressing Concrete.

American Welding Society (AWS), Welding Handbook.

Building Officials and Code Administrators International, Inc. (BOCA), Basic Building Code.

City code of each municipality served by ODOT.

Federal Highway Administration (FHWA) Standard Specifications for Construction of Roads and Bridges of
Federal Highway Projects, FF-74.

International Conference of Building Officials (ICBO), Uniform Building Code.

National Fire Protection Association (NFPA) Standard 130, Fixed Guideway Transit Systems.

U.S. Department of Transportation, Hydraulics of Bridge Waterways.
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