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Preface

PURPOSE:

The purpose of the Bridge Design Manua(BDM) is to ensure the design of bridges that are safe,
practical, economical, and appropriate for the site through the establishment of standards and
best practices.

FORMAT:

Section 1 of theBDM is being updated to a two -column format with specifications in the left-hand
column, and guidance and commentary on the right. For more information about the BDM
format, see theBDM Format Guide

For any portions that have not been updated to the two -column format, consult with the relevant
section owners to clarify whether statements are requirements or guidance.

BACKGROUND:

The BDM documents design standards and construction practices that have proven to be
successful in Oregon over the years. TheBDM has beenconsistently updated to draw alongside
the advancement of materials and construction techniques and is not intended to prevent the
designer from exercising sound engineering judgment. The BDM was developed to address the
design of conventional bridges. Develop project specific design criteria for non -conventional
bridges.

For stateeowned bridges the specifications column of the BDM is intended to modify and
supplement national Bridge Design Specifications (BDM 1.2.1). Where in conflict, the BDM
controls.

DESIGN DEVIATIONS, DESIGN EXCEPTIONS, AND UPDATING:

Adhere to requirements in the specification column unless the section owner technical resource
approves the modification. When varying from the BDM, communicate with the relevant
section owner technical resoureegarding the need for a deviation or exception (BDM 1.2.2).

If any BDM section is found to be inadequate or out of date, consider requesting aBDM update
from the section owner technical resourc&he form to request an update is on the bridge website

LOCAL AGENCIES:

Local Agency projects use theBDM as a guidance document and the primary bridge design
specification for the local agency is the AASHTO LRFD Bridge Design Specificationdf there is a
conflict with the BDM, then the AASHTO LRFD Design Specificatiorgoverns. For design
deviation or e xception seeBDM 1.2.2.
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Note: Revisions for Oct. 2024 are marked with yellow highlight . Deleted text is not marked; past
editions of the Bridge Design ManualBDM) are available on the Bridge Engineering Section
website for comparison.

1.1 Introduction

BDM Section Icontains standards, practices, and design guidance pertinent to highway bridges
and structures design.

SeeBDM Section2 for practices pertinent to design procedures and quality processes for
completing highway bridge and structure design.

SeeBDM Section? for the following information:

=

Structural d esign software.
Overview of design procedures.
Roles & responsibilities.
Quality.

QPL / Research.

Preliminary design / TS&L.
Final design / PS&E.
Advertisement and award.
Construction support.

Other discipline coordination.

= = =4 =4 =8 -8 -8

=

SeeBridge CAD Manual (BCM)for standards and practices pertinent to detailing of highway
bridges and structures.

Submit suggested updates for future BDM revisions to Emily Clyburn using the BDM Revision
Request Formon the website.
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1.2 Bridge Design, General

1.2.1 Bridge Design Standards

1.2.2 Bridge Design Deviations

1.2.3 Bridge Design Categories

1.2.4 Bridge Location and Environment

1.2.5 Structure Appearance and Aesthetics

1.2.6 Bridge Types & Selection Guidance

1.2.7 Bridge Layout

1.2.8 Bridge Security Design Considerations

1.2.9 Bridge Name Plates & Markers

1.2.10 Safety & Accessibility

1.2.1 Bridge Design Standards

1.2.1.1 Standard Specifications and Standard Drawing Manuals

1 LRFD Bridge Design Specifications (9th Edition, 20@0blished by the American Association
of State Highway and Transportation Officials (AASHTO).

T AASHTO Guide Specifications for LRFD Seismic Bridge Design (2nd Edition, 2011 with 2012,
2014 2015and2022interims).

1 AASHTO Guide Specifications for Seismic Isolation DesigrEdition (2014)

1 Guide Specifications for Bridges Subject to Tsunami Effects (1st Edition, Januaryp@abighed
by AASHTO.

9 AASHTO Guide Design Specifications for Bridge Temporary Works, 2nd Edition, 2017.

1 AASHTO LRFD Guide Specifications for Accelerated Bridge Construction (1st Edition,.2018)

1 LRFD Guide Specifications for the Design of Pedestrian Bridges (2nd Edition, December 2009 with
2015 interims)published by AASHTO.

1 Manual for Railway Engineering of the American Railway Engineering and MainteraiRdéay
Association (AREMA as modified by the individual requirements of each railroad
company.

1 Oregon Standard Specifications for Constructipablished by ODOT and pertinent special
provisions (for all construction except bridges carrying railways).

9 Oregon Standard Drawinggpublished by ODOT, Standards Engineer.

1 AASHTO Guide for Design and Construction of NeGurfaceMounted Titanium Alloy Bars for
Strengthening Concrete Structures

1 AASHTO Guide Specifications for Design of Bonded FRP Systems for Repair and Strengthening of
Concrete Bridge Elements, First Edition
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1.2.1.2 Use of Oregon Standard Drawing and Standard Details

The Standard drawings and standard d etails prepared by ODOT have been developed through
a long history of collaboration with Oregon contractors and fabricators. Consider impacts to both
when making modifications.

Use Oregon standard drawings without significant change, as determined by the drawing
Engineer of Record. Where a significant change to a standard drawing is needed, submit a design
deviation request to the State Bridge Engineer. Where a significant change to a bridge rail
standard drawing is needed, submit a design exception request per BDM 1.2.2.1. Where an
equivalent ODOT standard d rawing or accompanying design detail exists, do not use standard
drawings or design details from another state or agency without approval of a design deviation
from the State Bridge Engineer.

The standard details do not include the seal of the technical owner. The designer or the Engineer
of Record (EOR) is responsible for sealhg the contract plans with the standard d etails, and the
design calculations which is specific to the project where the standard details are used.

1.2.2 Bridge Design [e#ions (DD) and Roadway
Desigrexceptions (DE)

The bridge design field is an art that is constantly changing. It is understood that designers will
occasionally use innovative details or methods that differ from those contained in this manual
and on the standard drawings. Designers having experience in other states may also want to
introduce details and methods which have worked well in those states. In addition, context -
sensitive design requires the exercise of engineering judgement and sometimes leads to details or
methods that satisfy the intent of t his manual or the standard drawin gs, but do not meet the letter
of these documents.

Submit a request for a design d eviation before replacing an established drawing or me thod
from this manual. The two-column layout visually separates standards from guidance with
established standards stated in the left column. Deviating from language in the left column of
the BDM requires a design deviation unless stated otherwise. Replacing standards includes
design methods or details established in other states, presented in research reports, or developed
by designers. Engineers are encouraged to exercise good engineering judgment, which may
result in innovative solutions, including new materials or techniqu es. Designdeviations allow
the opportunity for these ideas to be documented and shared, potentially resulting in revisions
to standard practice in the BDM.

In cases where a standard dawing or BDM design requirement is not applicable to the project
circumstances and must be modified, a design deviation is necessary. This commonly occurs to
meet a project goal, incorporate new technology or to meet a technical requirement e.g. significant
modification to accommodate project geometry; ADA requirements; any modified attachments;
existing elements; local agency standards; or aesthetics. Modifications made in these instances
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cannot be based on preference or economy. They must be justified by structure geometry,
configuration, constructability, and intended purpose. Use astandard drawing when it satisfies
the need. When modifying a standard d rawing, comply with appropriate design specifications
(LRFD, BDM, etc.) to the fullest extent possible.

Modifications to standard d rawings on repair and rehabilitation projects do not require Design

Deviations, except on bridge rail drawings or when new design techniques or materials are used.
This is due to the often unique needs and project specific circumstances on rehab and repai
projects. These projects must still comply with LRFD and BDM design requirements or a design
deviation is necessary. The Bridge Reviewer should devote extra attention to modified drawings
and raise concerns to the standard dawing owner when appropriate.

Some elements of bridge work may require a Roadway Design Exception (refer to ODOT Highway
Design Manua) Part 1000for more information about Roadway Design Exceptions). All Design
Exceptions related to bridge rail must be signed by the State Bridge Engineer prior to approval
by the State Roadway Engineer. In addition, when Design Exceptions involve structural work,
such as sidewalk widening, the State Bridge Engineer isexpected to concur. A design deviation
is not required for project elements where a Design Exception is submitted. When it is unclear
whether a design deviation or exception is required, contact the relevant bridge technical resource
as early in the design process as possible.

1.2.2.1 Design Exceptions

When the State Bridge Engineer needs to provide concurrence on a Roadway Design Exception,
modif y the Roadway Design Exception process as follows:

1. Complete the Roadway Design Exception Form. Get information from both Roadway
and Traffic designers to complete the form. Contact the ODOT Design Exception
Mailbox (mailto:ODOTDesignExceptions@odot.oregon.gov) to get a control number.

2. Revise the first two concurred by signature linesto be for the State Bridge Engineer and
the ODOT Region Tech Center Roadway Manager .

3. Send a link to the draft Design Exception to the relevant bridge technical resourceand
all necessary Region resources, for review prior to signing.

4. After addressing comments, save the Design Exception as a PDF, create the necessary
signature fields, and sign the file.

5. Submit a link to the file for Region signatures according to appropriate Region process.

6. After Region signatures are complete, the Design Exception should be submitted to the
ODOT Design Exception Mailbox for final processing. Depending on the Region, this
step may be the responsibility of the designer.

7. 37T 1T wi OUOWPPOOWET wUT O0UwWOOwW! UPETT w21 EUPOOWI OUwUIT
of final processing.
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8. The submitter will be notified once signing of the Design Exception is complete.

1.2.2.2 Design Deviations

Prior to submitting a design deviation request, contact the relevant bridge technical resource for
guidance. They canhelp discern when a design deviation is necessary; an enail inquiry about
the proposed modification suffices for confirmation on whether a formal design deviation is
necessary or not.

A design deviation form is available on the ODOT Bridge Engineering website. In the request,
include a brief description of the project, an explanation of the issues, what is being proposed, a
justification for the proposed design deviation, and any supporting documents. Th e request
may be submitted by email. Send design deviation requests to both:

Ray Bottenberg, StateBridge Engineer, Raymond.D.BOTTENBERG@odot.oregon.gov

Emily Clyburn , Bridge Design Manual Standards Engineer, Emily.Clyburn @odotoregon.gov

The request will be distributed to and evaluated by the BDM technical resources. On local
agency projects include the Senior LocalAgency Bridge Standards Engineer for review. The
State Bridge Engineer makes the final decision to accept or reject a request for design deviation.
A response to eat request will be returned by e mail within 10 business days.

1.2.2.3 Technical Bulletins

When technical issues arise between scheduledBDM updates which require urgent distribution
of guidance to the design community , a Technical Bulletin is issued. Check theODOT Technical
Guidance web page for Technical Bulletins.

1.2.3 Bridge Desigbategories
1.2.3.1 Bridge Design Categories, General

Bridge design categories determine the design criteria and requirements for projects on bridges.
These categories includethe following :

1 Modernization .
I Retrofit.

9 Preservation.

1 Maintenance.

1 Local Agency.

For projects involving multiple bridges, determine the category per bridge. Bridge Program will

complete an initial categorization at desk scoping, when possible. Validate the categorization
during field scoping. For projects initiating outside Bridge Prog ram, establish the bridge design
category at field scoping. Contact the Bridge Design Manual Standards Engineer with questions
regarding the bridge design category. Document the identified category in the Bridge Design
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Criteria. When project needzs change after scoping, contact the Program Manager according to
BDM 2.9.5prior to changing the design category for any bridge.

These categories operate independently from the roadway design standards identified in the
Highway Design Manual Section 10@ project involving bridges will have both a roadway design
standard and at least one bridge design category. For projects initiating outside of Bridge Program,
the bridge design category may be based on the work required by the roadway design standard,;
however the bridge design category must still be determined.

The design requirements governed by these categories include:

1 The level of alternatives analysis required and type of documentation, i.e.:

0 Bridge TS&L Report.
o Bridge Strategy Memo.

0 Bridge Design Criteria and Standards Assessment (DCSA).

1 The extent of bridge rail work.
1 The level of seismic retrofit.

9 The amount of Bridge Section review required.

All projects, regardless of design category,
require a minimum of one site visit to be
performed. Identify and document existing
conditions and defects that may exist, to
tailor solutions to site  conditions.

The EOR, or assigned designee, will perform
the site visit.  Collaborate with other

disciplines involved in the project at the site

visit to discuss overlapping design elements.
Coordinate site visits with the Region Bridge

Inspector and Bridge Maintenance to
facilitate access, where appropriate, and to
assure all defects are identified.

Perform the site visit early enough in the
project delivery process to allow time for
incorporation of site visit findings into
project DAP documents.

Roadway design standards and other
agreements govern work outside of the
bridge footprint, including approach slabs,
drainage features and bridge rail transitio ns.

While site visits are required on all projects,
they are more crucial on rehabilitation,
preservation, or retrofitting of existing
structures. These are projects where existing
conditions often dictate design elements and
solutions.

Consider performing an initial scoping site
visit prior to TS&L, as well as a site visit near
the end of project delivery to ensure site
conditions have not changed.
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1.2.3.2 Bridge Modernization

The bridge modernization design category applies to the following project types:

New bridge construction.

Bridge replacement.

New bridge deck or superstructure.

Phase 2 seismic retrofit projects.

9 Bridge widening requiring the addition of one or more girder lines.

= =4 =4 =4

On bridge modernization work, use full current bridge design standards for the entire bridge,
except where practical design opportunities or innovations are available. In these cases, document
all variations from bridge standards in design d eviations or exceptions, as described inBDM 1.2.2
PerBDM 2.9.5 submit a Bridge TS&L Report for all bridge modernization category work.

1.2.3.3 Bridge Retrofit

The bridge retrofit design category includes any work that upgrades the functional characteristics
of a bridge, including load-carrying capacity, except that covered by modernization. A bridge
retrofit project can include multiple work elements. Potential work elements include:

1 Bridge strengthening.

Structural concreteoverlays, ACP overlay.
Overhang or sidewalk widening.

Bridge raising. SeeBDM 1.16.1

Bridge rail replacement.

9 Bearing replacement.

= =4 =4 =4

When evaluating projects that include bridge retrofit work during the scoping and Project
Initiation phases, consider the bridge holistically. Consider what other related elements of the
bridge should also be updated. As an example, retrofitting a bridge rail may be appropriate
during a structural concrete overlay, or a strengthening may also include phase 1 seismic retrofit.
Clearly document modifications to scope from this process in the project documents (Scoping
Notes, Project Charter, CMR or DCSA, depending on project phase) and solicit Program Manager
approval prior to proceeding.

Identify required design deviations and Design Exceptions in the DCSA. Use a Bridge Strategy
Memo, according to BDM 2.9.6 to communicate these decisions to the project team.

1.2.3.4 Bridge Preservation

The bridge preservation design category applies to work that does not change the functional
characteristics of a bridge, including load-carrying capacity. Relevant work includes:

1 Bridge coating.

9 Joint repairs and replacements.
9 Protective screening.
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1 Phase 1 seismic retrofit.

1 Non-structural concrete overlays (that do not trigger updating the load rating per ODOT
LRFR 1.7.

9 Structural concrete inlays and ACP inlays (that do not trigger updating the load rating per
ODOT LRFR 1.7and do not change deck grades).

The following qualify as bridge preservation, unless other work on the bridge requires another
category:

9 Bridge rail height modifications using BR285or similar.
9 Strengthening required to carry temporary construction loads, i.e. containment.
1 In-kind bearing replacement.

When evaluating projects that include bridge preservation work during the scoping and Project
Initiation phases, consider the bridge holistically. While this category may not require up dates to
bridge elements, consider if it makes sense to update other related elements of the bridge.As an
example, retrofitting a bridge rail may be appropriate during a structural concrete inlay while
existing rebar is exposed.

This category of work does not require design deviations. Instead, use the DCSA to document
project decisions, such as overlay type, and as documentation of communication with the relevant
technical specialist. Use the DAP Narrative to communicate all bridge work with the project
team, without requiring a Bridge TS&L Report or Bridge Strategy Memo.

When using innovative methods on bridge preservation projects, submit a BDM Revision Request
form so the method can be evaluated and possibly adopted into the BDM. Thoroughly describe
the method and how it applied to the project(s) on which the innovation was used.

1.2.3.5 Bridge Maintenance

The bridge maintenance category includes those projects, of any scale, that are funded exclusively
with Major Bridge Maintenance (MBM) funds or other similar sources of state funding. Design
these projects according to theBridge Maintenance Design Manuahd coordinate with the Bridge
Maintenance Engineer and the District Bridge Supervisor. Refer to TSB2201(B) for MBM wor k
related to roadside safety feature design (i.e. bridge rails).

1.2.3.6 Local Agency

The local agency category includes projects with work on local agency structures. BDM
standards apply to all local agency projects, both certified and non -certified, except as modified
for local agency projectsin the following BDM sections

7 BDM 1.9.2.1 Deck Slabs

BDM 1.9.2.3 Precast Deck Panels

BDM 1.9.3.1.6 Asphaltic Concrete Overlays
BDM 1.9.3.1.6.1 Waterproofing Membranes
BDM 1.9.4.2 Deck Closure Pours

=A =4 =4 =4
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1 BDM 1.13.1 Bridge Rail
 BDM 1.17.2.1 General Considerations, Seismic

Refer to Local Agency Guidelines (LA@nd ODOT Delivery of Local Agency Projects (ODLAR)r
additional guidance on non -technical design content.

Local agency bridges on the National Highway System (NHS) and ODOT right -of-way require
bridge design deviations. Local agency bridges not on the NHS, do not require a design
deviation and the Local Public Agency (LPA) has approval authority.

1.2.4 Bridgd_ocation and Environment

The level of effort to prevent corrosion depends mainly on the potential for exposure to a
corrosive environment. Refer to the appropriate BDM sections for the appropriate material
selection and element treatmentbased on the bridge location and environment as defined in the
following sections .

1.2.4.1 MarineAres

Marine areas are typically the most highly corrosive conditions and require the highest level of
protection against deterioration and corrosion. For the purposes of determining when the
specified corrosion protection is required a marine areais defined as any of the following:

1 Alocation in direct contact with ocean water, salt water in a bay, or salt water in a river
or stream at high tide (substructure).

1 A location within ¥2 mile of the ocean or salt water bay where there are no barriers such
as hills and forests that prevent storm winds from carrying salt spray generated by
breaking waves.

1 Alocation crossing salt water in a river or stream where there are no barriers such as hill
and forests that prevent storm winds from generating breaking waves.

1.2.4.2 Coastal Areas

Coastal areas are defined as leations within 25 air mile s of the Pacific Ocean and not otherwise
classified asMarine area.

1.2.4.3 Snovand IcéAreas

Snow and ice areas are defined as all areas of central and eastern Oregon, the Columbia River
Gorge, Jackson County, and any other areas above 1500 feet elevation or otherwise identified by
the associated maintenance district. These areas are intended to include all areas with the
potential to receive periodic application of deicing chemicals.
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1.2.4.4 Mild Areas

Mild areas are defined as all areas not in amarine area, coastal areg or snow and ice area. This
includes all of western Oregon below 1500 feet elevation that is not within 25 miles of the Pacific
Ocean.

1.2.5 Structure Appearance and Aesthetics
1.2.5.1 General

Consider the structure appearance with respect to its surroundings and the context of the site.
ODOT has no general directive or mandate on aesthetics or aesthetic design.
For bridges, appearance is best when elements are few and simple.

Bridge elements are pleasing when the structural intent is clear with respect to the size and
shape of the element. Elements forced into a nonstructurally responsive shape for decoration
are not considered aesthetically pleasing and may be a significant dstraction and a safety
hazard. Decorations on bridges that are not part of the structural support system may not be
maintained to the same level as the structural portions of the bridge. A separate IGA can be
executed for maintenance of non-structural fe atures.

Aesthetics and environmental considerations may have apparent conflicts. Historic , ADA and
environmental issues may impact the bridge rail type, structure configuration, type of
foundation or bent placement . Start the permit application and coordination process for historic
structures as early as possible in the design stage. Aesthetics concerns, especially within an
existing documented site context, are valid issues that can and should impact resource agencis
permitting considerations. Balancing historic needs and ADA requirements requires early
coordination and requirements are adhered to the maximum extent feasible.

There is a misconception that improving appearance always costs more. The challenge to the
engineer is to use creativity and ingenuity to improve the appearance without increasing cost.
When people think that improved appearance is going to add costs, they are generally thinking
in terms of add-ons, special ornamental features or special colors. The greatest aesthetic impact
can be made by the structural elements themselves. These are seen first, and at the greatest
distance. The bridge can be made attractve if these major elements are well shaped, and if they
fit in well with the surroundings.

The following topics are commonly known to assist in producing visually pleasing structures.
They are discussed in more detail in the following sub -sections.

1 Location and surroundings . 1 Parapet and Railing Details.
9 Horizontal and Vertical Geometry . i1 Colors.

1 Superstructure Type and Shape 1 Textures.

1 Bent Shape and Placement 1 Ornamentation.

1 End bent Shape and Placement
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1.2.5.2 Location and Surroundings

When determining the appearance of a bridge, the bridge must be considered in context with its
surroundings. Decisions need to be made regarding what color, shape and type of bridge will
look best at a given location. The surrounding area may be industrial, urban, or rural. A bridge
that looks pleasing in a rural setting may look totally out of place in an urban area.

Individual bridges that span a major land area or body of water, because of their large size,
dramatic location, and carrying capacity, will tend to dominate their surroundings. While these
structures must harmonize with the surroundings, their importance and size requires that the
aesthetic qualities of the structure stand on their own. Multiple bridges seen in succession create
a cumulative aesthetic impact on the landscape that must be considered. In these situations,
there is more reason for uniformity, and there should be no noticeable differences between
structures, without an obvious reason. A specific theme for a particular route, such as a
parkway, is often appropriate.

Routine bridges, such as highway overpasses and stream crossings, should be simple, with
minimal changes, and with all of the elements in clear relationship with one another. Since
many of these bridges are viewed in elevation by those traveling on a roadw ay below, the
structure type, span lengths, and proportions, as viewed in elevation, should be carefully
considered.

Bridges that are infrequently viewed, such as those on lightly traveled roadways, are rarely seen
by anyone. In these cases, attention to the elements that can be seen from the roadway surface
such as parapets, railings, transitions, and road surface, areimportant.

1.2.53 Horizontal and Vertical Geometry

Geometric design standards often dictate the orientation of a bridge. The emphasis is on the
need for safe, convenient driving and providing a more attractive highway system. Bridges
must adapt to the highway alignment. Thus, they often lie within the curv ature of the road and
follow the slopes or curvature in elevation. Large curvature is not only desirable from a safety
standpoint, but also for aesthetics.

With skewed structures, when it is necessary to orient the substructure parallel to the feature
crossed, a wide bridge presents a greater visual impact. The use of natural surfaces that blend in
with the surrounding environment may lessen the visual impact . Bents and end bents in

the crossing road.

If an alignment requires a curved bridge, then the external longitudinal lines, traffic barriers,
and fascia lines of the structure should follow the curved centerline to provide a smooth visual
flow. A smooth transition helps the structure fit in with the local topography. Parallel lines
should be maintained by matching barrier, sidewalk, curb and fascia depth across the structure.
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1.2.54 Superstructure Type and Shape

The appearance of a bridge is greatly influenced by different aspects of the superstructure.
These include the superstructure type, depth, overhang width, number of spans, and span
lengths. One way to make the structure light and slender, without making it appear weak and
unsafe, is to use a favorable visible slenderness ratio (the ratio of span length to the visible
structure depth, including the decking and any concrete traffic barrier or steel railing). The
typical visible slenderness ratio will vary fro m approximately 10 to 40 depending on the type of
superstructure chosen.

A girder depth that is too shallow gives the appearance that the bridge is not structurally safe.
A girder that is too deep makes the bridge look bulky and overpowering. Bridges with a well -
proportioned slenderness ratio denote strength without excessive m aterials.

An additional guideline that enhances the appearance of multiple spans is to avoid changing
girder depths from one span to another. This would give a very awkward appearance and
would not allow the structure to flow evenly across the bridge. From an aesthe tic standpoint,
deck overhang should be proportional to the girder depth; a desirable overhang would be about
2/3 the girder depth. Vertical stiffeners make steel girders seem heavier, and should be avoided
on the fascia side of fascia girders. Haunched grders can make a bridge look more slender, and
help demonstrate the flow of forces in the bridge. Fishbelly girders create a heavy look, and
could tend to look awkward. Some structure types are more visually elegant than others, such
as trapezoidal box girders and concrete segmental bridges. An arch bridge is one of the most
natural bridge types, and generally considered one of the most pleasing. Both thru and deck
arches can be considered.

1.2.55 Bent Shape and Placement

The visual impression that a person gets from a bent is primarily influenced by the proportions,
the relative width and height, and the configuration of the bent cap with respect to the bent
columns. Bent proportion, in turn, is determined by the bridge ge ometry and superstructure
type and shape. Bents can broadly be classified as either short or tall. Short bents are typically
more difficult to design with aesthetic proportions. Care should be taken in proportioning a
bent to make sure that horizontal line s of the superstructure are not interrupted. Large bents
may direct attention away from the superstructure. Bents that are too slender may convey a
feeling of instability.

However, there are aesthetic issues that are common to all bent types involving the shape of the
columns and the bent caps. The selection of the proper bent type can be dictated by the site,
bridge geometry and design considerations.

The shape and location of the columns affect the appearance of the bents. The light reflecting
from the surface often controls how the viewer perceives it. A square or rectangular column
with beveled corners will appear more slender due to the edge lines and varying shades of
reflected light. The designer needs to assure that the treatments used are in harmony with the
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rest of the structure. Bent caps, cantilevered ends, and column spacing can be designed to make
the bent appear more graceful. For hammerhead bents, the stem width and height, and the
cantilever length and depth should be carefully balanced, and in pleasin g proportion. Solid

bents can be battered to improve their appearance. The batter should be determined by the bent
height and the relative dimensions at the top and bottom of the bent. Gradual lines are

important. While tall bents are less common than short bents, they allow a greater opportunity
for aesthetic treatment.

1.2.56 End Bent Shape and Placement

For most simple span bridges and some multi-span bridges, the end bents are the most visible
1 01 O1 OUUBw6eT POT wOT 1T wi OEwWET OUzUwi UOCEUPOOWPUwWUOWUU X
the ground, it is important to maintain proper proportion in ordert o create a good appearance.
Good proportions between various elements of the bridge give character to the bridge. For the
end bents it is important to consider the relationships between the exposed end bent height and
length, the size and type of wingwalls , and the superstructure depth. An attempt should be
made to achieve a balance between these elements.

The designer must maintain order between the lines and edges of the structure. Too many lines,
or lines that are close to but not parallel to each other, can disrupt the eye and diminish the
appearance of the bridge. The monotony of a large flat wingwall c an be broken up using
textures such as scoring, recessing, or grooving. Surface textures, either by using or simulating
natural stone around the area of the bridge, can be used to integrate the structure with its
surroundings.

The orientation of the end bents to the feature crossed will create different visual appearances.
End bents on severe skews can have very long stems and wingwalls. Consideration should be
given to the aesthetic impact of those concrete surfaces. Wingwallsare often very
predominating features. The orientation of the wingwalls allows for more or less visual impact.
On divided roadways, consider the view presented from the opposite direction of travel.

1.2.57 Parapet and Railing Details

The railings or barriers, along with the deck fascia and fascia girders, are sometimes the most
dominant visual aspect of the bridge. The railings are viewed by people traveling under the
structure who see them in elevation and by people in vehicles on the bridge traveling parallel to
them. When vehicle speeds are high, the railing or barrier should have simple and pronounced
details because passengers cannot notice fine details. The shape of the railing or barrier system
should relate to its function and t he overall aesthetic design of the bridge.

The design and appearance of any fencing to be placed on the bridge should be consistent with
the railing or barrier system. The vertical supports of the screening should align with the railing
post spacing. Fencing on concrete barriers should be detailedto match the construction joints
and the ends of the barriers.

SeeBDM 1.13.3for additional information.
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1.2.58 Colors

When there is a reason to color the concrete, steel, or railings, a decision should be made
whether the color should complement or contrast with the surrounding environment. Strong
consideration should be made to the fact that colored concrete or steel will require a high level
of maintenance. The designer should also consider the appearance if egular maintenance is not
performed (e.g., peeling paint, rust spots, etc.).

Coloring agents are not allowed in concrete because of complicated quality control, difficulty in
matching colors in each batch, and the high cost of materials. It is nearly impossible to get an
identical color of concrete from one pour to the next, or over a period of time between
placements. Staining concrete can create a mottled appearance when appropriate to match
natural stone, and can be effective if a trial section is used to qualify the process. External
coatings are allowed, and when applied correctly can achieve the desired appearance. However,
they have durability limitations, and must be used with caution due to concern regarding the
OpPOIl UZUWEEDPOPUAWUOWOEDPOUEDPOWUIT | WEOEUDOIT 6

1.2.59 Textures

Texturing concrete can be achieved through form liners, panels, stone or brick veneer, or acid
washing. Any texturing should fit in within the overall design and proportions of the structure.

Several types of commercial form liners are available. Natural stone or brick facades can also be
used. Stone is most often used for parkway bridges and those in rural settings. The cost of stone
covering can be quite high; and should therefore be limited to areas of high visibility and
established contextual settings. When a concrete cap is used on the top of a wingwall or
retaining wall, it should be visually proportioned to the wall itself.

1.2.510 Ornamentation

Ornamentation can be added to a bridge in special circumstances. The additional cost of add
ons is rarely justified except in cases of importance to the community (such as a gateway to a
city) or of historical significance. Details such as ornamental light posts, columns or pylons, real
or simulated gatehouses, commemorative plaques or reliefs may be added. The designer should
consider these details carefully since it is just as easy to detract from the overall appearance of
the bridge, as it is to improve it.

Such details are secondary to the primary purpose of the structure, which is to provide a safe
and efficient crossing to the public. Ornamental and non -structural details require additional
coordination, sketches and drawings to ensure that the details wil | add to the aesthetic
characteristics of the structure in a way acceptable to all concerned.ADA requirements need to
be reviewed carefully to ensure these items do not create protruding objects or restrictions in
the clear width available to pedestrians.

Local stakeholders sometimes request ornamental screening and features on overpass structures
to showcase local attractions as a gateway to their community. Ornamental protective screening
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should not be a distraction to drivers, and must not cause sight distance or clearance problems.
Treatments must not reflect a commercial interest. SeeBDM 1.13.12 for additional screening
requirements.

1.2.6 Bridge Types & Selection Guidance
1.2.6.1 Bridge Types and Economics

Bridge superstructure type is generally the most important factor influencing bridge costs.
Substructure cost is normally included in bridge deck area unit cost. In some situations, the
substructure cost can be greater than 50 percenbf the unit cost, when significant seismic design
and details are required for the bridge. Each project site is unique and should be evaluated for
conditions that alter the usual cost expectations. For usual cost expectation of bridge deck area

and the FHWA website (https://www.fhwa.dot.gov/bridge/nbi/sd.cfm ) for structures in other
states in the national bridge inventory. Use the last three years average unit cost as a basis for
comparison.

If an estimated deck area unit cost for a bridge with a typic al substructure is more than 15

percent higher than the average unit cost shown inboththe ! UDET | w21 EU&ndthe Uw" OU U w#
FHWA bridge replacement unit cost, inform the design lead and design team as soon as

possible including the reasons for the higher unit cost. Re-evaluate the alternatives with the
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solutions to address the high cost.

Various types of bridge superstructure provide efficient solutions for different span

arrangements. There are many reasons for choosing particular span length(s) for a bridge, some

of which are discussed below. There is generally significant overlap for common span ranges,

so multiple bridge t ypes are viable. Tablel.2.61-1 shows various bridge types categorized by

construction material and method of construction with the design span ranges.
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Bridge Type Span Range (feet)
Precast concrete slabs up to 83

Precast concrete box beams up to 120
Castin-place concrete slabs up to 66

Precast integral deck concrete girder up to 130
Precast concrete girder, BT72 up to 140
Precast concrete girder, BT84 up to 160
Precast concrete girder, BT90 & BT96 up to 183 *
Castin-place box girder up to 160 **
Castin-place post-tensioned box girder up to 300 **
Steel girder 40 to 400

Steel box 200 to 400**
Steel truss greater than 300
* Length for BT90 & 96 is limited by prestressing bed capacity for
Oregon precasters.

** Normally used for longer, multi -span continuous bridges.

When using precast or prefabricated girders, verify that there is an acceptable route for
shipping. As girder lengths increase, shipping becomes more difficult on roadways with sharp
curves, high superelevation or load-restricted bridges.

Timber bridges up to 30 feet of length may be considered for special situations (SeeBDM 1.8.1).
The cost of a timber bridge may be more than concrete and steel bridges of the same length.

Do not use castin-place concrete slabs with any span greater than 66 feet. Casin-place
concrete slab superstructures have significant dead load deflections. Even if actual deflections
match estimated deflections, it will likely take 10 to 15 years for creep deflection to diminish.
For longer span lengths, the ride quality would be unacceptable while waiting for the creep
deflection to occur.

Do not use voids in cast-in-place concrete slab superstructures. Although suchdesigns are
effective at reducing the structure weight and dead load deflections, it is very difficult to secure
the voids in the field. The potential for failure is unacceptably high.

When castin-place slabs are used, ensure the edge beam requirements inRFD 4.6.2.1.4,
5.14.4.1and 9.7.1.4are met.

Where a design deviation is approved by the State Bridge Engineer for use of voids in a castin-
place concrete slab superstructure, apply the edge beam requirements listed above to this type
of bridge.
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Use HPC concrete in castin-place concrete slab superstructures. Place concrete fuldepth of
the slab (i.e., no horizontal construction joints). For castin-place slab superstructures having
any span greater than 40 feet, apply a deck sealer product (fom the QPL) at least 60 days after
placement of the slab.

1.2.6.1.1 Precast Concrete versus ©@eBtace Concrete

Formwork is the key to concrete structure costs. Use of standard forms or repeated use of
specially built forms means lower costs. For smaller bridges in remote areas, precast or shop
fabricated elements usually lead to the most economical solution. Also seeBDM 1.16.2
Accelerated Bridge Constructipfor more guidance in the use of precast elements.

Precast concrete slabs have the following advantages:

1 Good for shorter stream crossings, low-volume roads, and remote locations.

1 No falsework required in roadway or stream .

1 Fast, simple installation, saving construction time .

1 Shallow depth providing greater clearance to stream or roadway surfaces below.

However, they have problems with:

1 Providing smooth riding surfaces. (Wearing surface is required to level up except for
low -volume roads.)

1 Accommodating horizontal curves, gradelines, or superelevations. (Thickness of AG
wearing surface to accommodate superelevation can become excessive.)

Precast concrete box girders, and deck BulbT girders have most of the same positive and
negative points as precast concrete slabs. They caaccommodate longer spans, but they do
have deeper depths resulting in less clearance to stream or roadway surfaces below.

In general, castin-place concrete spans are a good choice for:

1 Accommodating horizontal curves, gradelines, or superelevations .
1 Longer spans.

However, three drawbacks are:

i Falsework is required.
1 Falsework in the roadway below a grade crossing creates traffic hazards.
1 Settlement of falsework before post-tensioning begins is a potential problem.

1.2.6.1.2Short Span Steel Bridges

Steel provides an excellent solution for short span bridges because steel is often lighter than
other materials, resulting in smaller or fewer erection cranes and smaller substructures. In
addition, short span steel bridges can be fabricated off-site in a controlled environment and be
ready to erectwhen it reaches the bridge site. Several section options are available depending
on the length of the bridge, including buried plate structures, wide flange shape/rolled beams
and plate girders for span length from 20 feet to 140feet as shownFigure1.2.61.2-1.
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Figure 1.2.6.1.21 Short Span Steel Bridge Alternatives
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1.2.61.3 Composite Steel Girder Bridges

Steel construction extends the span length range and usually does not require falsework in the
roadway or stream. Used for simple spans up to 260 feet and for continuous spans from 120 feet
to 400 feet. This bridge type has relatively low dead load when compared to a concrete
superstructure which makes it an asset in areas where foundation materials are poor. Shipping
and erecting of large sections must be reviewed.

1.2.6.1.4Bridge Widening

Generally, a type of construction that matches the existing bridge should be considered for the
widened portion. It is desirable to design the widened portion to have a similar appearance to
the existing. With these considerations, similar stiffness between the existing and widened
structures can be achieved.

See BDM 1.3.3.3for structure widening loading.

SeeBDM 1.5.6.2.6and 1.5.7.11for concrete structure widening.
SeeBDM 1.6.2.18for steel structure widening.

SeeBDM 1.11.3.3for substructure widening.

1.2.6.1.5Design Criteria for Major or Unusual Bridges

Some elements of design criteria for major and unusual bridges may not be appropriate for
normal bridges and may be dependent on the location and expected service level. For those
bridges the design criteria will be established specifically for each bridg e in a collaborative
effort between ODOT Bridge Engineering Section and the Region. Early coordination is
required to allow time to establish the design criteria. See BDM 1.2.6.32 for further guidance
regarding u nusual bridges.

October 2024 1-14



BridgeEngineering Section

Bridge Design Mand&ection 1

1.2.6.1.6Maintenancand Provisions for Inspection of Bridges

1 Formal constructability and maintainability reviews by representatives of the
Construction and Maintenance Sections are required for most bridges to determine the
practicality and feasibility of erection/construction of the bridge as assumed in the
design as well as adequacy for future maintenance.

1 Preparation of an Inspection and Maintenance Guide for the future operation of each
major or unusual bridge (see BDM 2.10.9.

9 Consider designing for the possibility of future bearing replacement. Bearing
replacement requires the use of jacks to lift the superstructure off the bearings to be
replaced. Indicate the position of these jacks, and allowable jacking loads, on the
drawings (per BDM 1.3.4). Provide distribution reinforcement to accommodate the jack
loads in the top of the piers and the soffit of the superstructure. Further, consider the
relocation of the reactions in the transverse analysis of the superstructure when the jacks
are engaged to replace the existing bearings.

1 Bridges fabricated from coated structural steel should be designed for future recoating
according to BDM 1.6.4.4.1

1.2.62 Substructure Guidance

SeeSection 1.1for information and design guidelines for end and interior bents and wingwall
layout.

1.2.63 Special Considerations for FedgthaProjects

1.2.6.3.1Alternate Designs

According to the Federal Highway Administration (FHWA), the practice of providing alternate
designs for major bridges results in substantial savings in bridge construction costs. Current
FHWA policy states that use of alternate designs is optional and at the discretion of State
highway agencies. If alternate designs are appropriate, consider the following:

9 Utilize competitive materials and structural types. Prepare each alternate design using
the same design philosophy. (That is, LRFD design, finite element analysis, etc.) Ensure
the design/construction requirements for the entire bridge (foundation, substructure,
deck) are compatible.

1 Prepare estimates for all Alternate Designs during the TS&L design phase.

Note: Do not confuse this Alternate Designs with the TS&L Alternatives Study . This Alternate
Designs is the actualpreparation of two or more designs, and plan sheets, to be included in the
bid documents.
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1.2.6.3.2Unusual Structures

FHWA policy requires unusual bridges to be approved by FHWA before being designed. An
unusual bridge may have:

9 Difficult, new or unique foundation elements or problems .
1 A new or complex design concept involving unique operational or design features .
91 Design procedures which depart from current acceptable practice.

Examples of unusual bridges include:

i Cable-stayed, suspension, arch, segmental concrete, moveable, or truss bridges, and
other bridge types which deviate from AASHTO Design Specifications or Guide
Specifications

Bridges requiring abnormal dynamic analysis for seismic design .

Bridges designed using a three-dimensional computer analysis .

Bridges with span lengths exceeding 500 feet

9 Bridges with major su pporting elements of ultra -high strength concrete or steel

=A =4 =

Other unusual structures include:

M1 Tunnels.
1 Geotechnical structures featuring new or complex wall systems or ground improvement
systems

1 Hydraulic structures that involve complex stream stability countermeasures .
91 Designs or design techniques that are atypical or unique.

Where unusual bridges are identified, seek FHWA involvement at Project Initiation. Do not
advance the design beyond TS&L without FHWA approval.

1.2.63.3 Experimental Features Program
An experimental feature is a material, process, method, or equipment item that:

1 Has not been sufficiently tested under actual service conditions to be accepted without
reservation in normal highway construction, or

1 Has been accepted, but needs to be compared with acceptable alternatives for
determining relative merits and cost effectiveness.

Although the Experimental Features Program is normally used in conjunction with Federal -Aid
projects, the program format has occasionally been followed for projects funded entirely with
State funds. In some cases, FHWA has paid part of the research cosbf basically a Statefunded
experimental program.

The intent of the Federal-Aid Experimental Features Program is to allow ODOT time to
develop, test, and evaluate specifications for new, innovative, or untried products or processes.
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1.2.634 Specifying Proprietary Items

To encourage competitive prices from manufacturers and suppliers, FHWA has established a
policy for specifying proprietary products or processes for Federal -Aid pro jects. Generally,
proprietary means:

9 Calling out a product on plans or in specifications by brand name .
9 Using specifications written around a specific product in such a way as to exclude
similar products .

The policy basically says:

1 You must use two, preferably three, products when specifying by name brand .
1 You can use generic specifications patterned after a specific item if at least two
manufacturers can supply the item.

On the other hand, specifying one proprietary item is allowed only:

1 If it qualifies for the experimental features program .

1 If, with written justification from ODOT, FHWA specifically approves in advance a
single product, which is essential because of compatibility with an existing system, or
the only suitable product that exists .

1.2.63.5 Use of Debris from Demolished Bridges and Overpasses

Public Law 10959 Section 1805dated August 10, 2005, mandates that for FederalAid bridge
replacement and rehabilitation projects, States aredirected to first make the debris from the
bridge demolition available for beneficial use by the Federal, State or local government,
unless such use obstructs navigation. Links are provided for more information:

9 Public Law 109-59 August 10, 2005.
1 FHWA Memorandum of March 7, 2006.

Environmental regulations may prohibit the use of debris in waterways.

1.2.64 Use of Salvage Materials

ODOT Bridge Engineering Section does not prefer the use of used bridge items. Use new
materials for new bridges, replacement bridges, and for added portions of widened bridges.
Incorporation of used materials requires an approved design deviation (see BDM 1.2.2). Include
the following issues in a design deviation request:

1 Locate and include in the project records for the new bridge all original material
certifications and documentation of material properties.

1 Document the condition of the used materials.

1 Locate and include a copy of applicable portions of the original calculation book in the
project records for the new bridge. The copied portions may be scanned and
transmitted electronically to the design engineer. Hard copies should be made and
included in the calculation book for the new bridge.
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1 Prepare a new calculation book for the new bridge.

1 Document agreement from FHWA (on Federal projects) with a Public Interest Finding
processed through Roadway Section.

1 Designate on the new plans the portions of the new bridge that are built with salvaged
materials.

1.2.7 Bridge Layout

At the start of the Preliminary Design Phase, after collecting and reviewing available project
data, start identifying site constraints that will impact or affect the bridge layout. Suggested
items to discuss with respective project team members (list may not include all applicable
items):

=

Right of way .

Geology; poor soils.

Known buried hazardous materials .
Waterway; thalwag, potential scour areas.
Floodplains.

Riparian zones.

Wetlands.

Historic resources.

Archeological sites.

Buildings .

Parks.

Air space envelope.

Fluvial envelope.

Railroad envelope.

ADA improvements.
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=

Consider these items early in the bridge layout process. Learning of these constraints later may
cause rework that can affect both schedule and budget.

1.2.7.1 ADA Considerations

ADA design exceptions are rare in cases where new infrastructure is being built. Plan for ADA
requirements in the design phase. On bridge retrofit projects expect to address ADA
improvements as part of overhang or sidewalk widening.

Review the ODOT CQCR asset layer for ADA upgrades to be incorporated into the project as a
result of a citizen complaint. For more information about the CQCR process refer the Highway
Design Manual, Part 800

Review BDM Appendix B for determining curb ramps triggered with paving overlays and
Section 1.Zor ADA compliance. Refer to ODOT operational notice MG100-107for what is
determined to be maintenance activities versus an alteration that would require curb ramps to
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be reconstructed. Maintenance activities shall not be modified for the purpose of avoiding
triggering ADA upgrades.

1.2.7.2 Spans and Proportions
COLUMN LOCATIONS

Column locations, which of course affect span lengths, are subject to clearance requirements of
BDM 2.14.4.2, AASHTOstandard clearances,and hydraulic considerations. After these
conditions are met, spans lengths may also be governed by environmental issues, economics
and aesthetics. Consider alternate structure types to best fit the needs of the site.

Consider the effects of columns in waterways when locating columns and setting span
configurations. Consider the possibility for scour or difficulty in inspecting a column that is in
the highest flow area of a river. Avoid placing the column directly in the middle of the river.

Protect columns located in the median of a divided highway and within the clear zone (as

determin ed by the roadway d esigner), from traffic by a guardrail or concrete barrier. Check with

the roadway di UBPT Ol UwUI T EUEDPOT wbpi PET WEEUUDI UwbDOOWET wUUI
and may influence the type of column selected. Design accordingto BDM 1.3.5.

STRUCTURE DEPTH

Structure depth including deck (also referred to as superstructure depth) is generally controlled
by span length and clearance limitations. Although a minimum depth structure may be
aesthetically appealing, it may not be the optimal solution for the site.

For steel superstructures, use the minimum depth recommended in LRFD Table 2.5.2.6-2 for
estimating purposes. Girder depths for haunched girders made continuous may be reduced up
to 20 percent. For haunched girder, use minimum depth of L/40 at center of span and L/20 at
intermediate bent.

For concrete superstructures with continuous spans, use the minimum depths given in Table
1.2.72-1.
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Table 1.2.7.21 Minimum Superstructure Depth for Concrete Superstructures with Continuous
Spans

Reinforced Concrete Superstructures: Minimum Depth:
Balanced 3 span castin-place slabs with main d=0.542 + L/48
reinforcement parallel to traffic

T-Beams d= L/19

Box Girders, constant depth d= L/21

Post Tensioned Box Girders: Minimum Depth:
Continuous, uniform depth d=1L/29

Precast Prestressed Concrete Superstructures: | Minimum Depth:

Slabs and Boxes d=1L/40
Deck Bulb-T Girders d=1L/33
Bulb-1 and Bulb-T girders d=L/25

d = depth of constant depth members or depth at midspan of haunched member

L = span length between centerlines of bearings for a simple span bridge or
longest span between centerlines of bents for a continuous span bridge

Increasedepths given in Table 1.2.7.2 for simple span bridges by 10 percent.

Depths shown are for constant-depth sections. Depth at midspan of haunched members may be
reduced 15 percent for beams with continuous parabolic haunches or with straight haunches
equal to ¥ the span where the total depth at the haunch is 1.5d.

Where minimum depth requirements, given above, are satisfied, the optional live load
deflection criteria in LRFD 2.5.2.6.24will not be required. When minimum depth requirements
are not satisfied, verify that the live load deflection does not exceed the limits recommended in
LRFD 2.5.2.6.2

When both minimum depth and live load deflection requirements are not satisfied, submit a
request for a design deviation (seeBDM 1.2.2). As justification for the request, document girder
and deck service stress levels, live load deflection, and provide evidence of similar structures
already in service with satisfactory performance.

GIRDER SPACING

Girder spacing is normally dependent on girder capacity. As span length increases, girder
spacing should decrease. Limit deck overhangs to no more than onehalf the girder spacing.
Long deck overhangs tend to sag over time (even decks posttensioned transversely).
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1.2.7.3 Bridge Length

Determine the bridge length by referring to the following , as applicable:

i BDM 1.11.2.] Determining Bridge Length

Bridge Standard Drawing BR115 Standard Slope Paving

BDM 2.14.7.2 Hydraulic Requirements for Stream Crossings

BDM 2.14.11.3 Railroad Clearances

BDM 2.14.8 (Wildlife passage requirements that may add structure length) .
The remainder of BDM 1.2.7.3.

WIDTH AND CROSS SECTION OF LOWER ROADWAY

= =4 =4 =4 =4

For horizontal clearances, seeBDM 2.14.4.2 Choose the backslopes as follows:

1 Use 2:1 end fill slopes for all bridges unless the geotechnical designer recommends
otherwise.

1 1.5:1 end fill slopes are common for county roads and lesstraveled highways. Review
the ODOT Highway Design ManualFigure300-22, Standard Sections for Highways Other Than
Freewaysbut do not use a slope steeper than 2:1 unless a steeper slope is recommended
in the Geotechnical Report

STOCK PATHS AT STREAM CROSSINGS

Provisions for stock to cross the roadway should be located away from the bridge crossing to
reduce concentration of pollutants in the stream. However, if a stock path running under the
bridge parallel to the stream is required, additional bridge length w ill be needed to
accommodate:

9 Sufficient horizontal space and vertical clearance to construct a benched section for a
path above ordinary high water .
1 A fence to keep stock out of the stream

Stock passes are also discussed in th&DOT Highway Design Manual

1.2.74 Substructure Guidance

Read the Geotechnical Repdiar information and recommendations about type of found ation
required, or talk to the geotechnical designer when the Geotechnical Repadg not yet available.
For stream crossings, recommendations for scour and riprap protection are contained in the
Hydraulics Report
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1.2.8 Bridge Security Design Considerations
1.2.81 Bridge Security Design Considerations

Consider project-specific countermeasures during the Scoping Phase for those structures which
ODOT management determines need specific attention.

Potential bridge security threats include: carried and placed bombs, vehicle bombs, intentional
vehicle or ship collisions, intentional fires, and other intentional and unintentional threatening
activities. This section tells when and how to consider potential bridge security threats during
the design of:

1 New bridges.
i Bridge widenings.
9 Bridge rehabilitation projects .

1.281.1 Countermeasures
Four countermeasures can help protect structures against potential security threats:

1 Deter: Prevent an aggressor from attacking the structure by making the security
presence known such as police orother authorized personnel.

1 Deny: Prevent an aggressor from entering an unauthorized zone by a physical barrier
such as security fencing, secure hatches or locked doors.

1 Detect: Observe unauthorized personnel in a restricted area by means such as cameras
Or Sensors.

91 Defend: Provide hardening measures to protect a component from attack.

1.28.1.2 Process

Assess the probable structure specific security risks:

T Remote.
91 Possible
1 High.

9 Critical .

Remote: Only applies to structures on remote, low volume AADT facilities. Implementation of
security countermeasures normally not warranted.

Possible: Applies to structures on the non -freeway State Highway System. Consider
implementing security countermeasures associated with Deterring and Denying access to the
structure. ldeas to consider include:

1 Locate box girder soffit access openings away from abutments requiring a ladder or
other mechanical means to gain access

91 Provide shielded locking mechanisms on all access openings

91 Place secure screens at soffit vents near abutments
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Prevent access to maintenance walkways and girder flanges at abutments
Post warning signs on the bridge approaches and below the structure.
Deny access to critical structural components.

Prevent vandalism, graffiti artists, or camping.

= =4 =4 =4

High: Applies to structures on the Interstate Highway System. Consider implementing security
countermeasures associated with Deterring, Denying, Detecting, and Defending the structure.
In addition to the items listed under Possible, include the following:

1 Establish guidelines for standoff distance
1 Eliminate access to small confined spaces

Critical Structures: These are structures that have been determined to be the most vulnerable
structures in the State of Oregon.

Some bridges, due to their complex and unique nature, will require project -specific
countermeasures along with those countermeasures that apply to all structures. These are
bridges considered critical to the transportation network. The most critical bridges will also
require site-specific operational security plans. The ODOT Emergency Preparedness
Committee identified critical bridges and their potential vulnerabilities. To find out more,
contact the Statewide Emergency Operations Manager in the ODOT Office of Maintenance and
Operations.

Consider the need for security countermeasures during the Scoping Phase to ensure that added
costs are included in the project budget. Define countermeasures and security plans and
include in the TS&L Report. The bridge designer isto consult with the Bridge Operations
Engineer for security guidance and to maintain consistency statewide.

If the Bridge Operations Engineer decides a critical bridge needs specific mitigation measures,
consider these strategies first:

1 Locate piers and towers so vehicular access igprevented.

91 Design redundancy with critical elements.

1 Place barriers to provide standoff distance when critical structural elements cannot be
located away from vehicular traffic. If this cannot be achieved, the critical structural
member or mechanical system should be analyzed and hardened against the design
threat.

91 Install locks, caging, and fencing to deny accessto key points of vulnerable structural
and mechanical systems.

9 Install motion detectors or security cameras, and plan for communications to security
response entities, tominimize time -on-target.

When cost-effective, consider selective protection of the structural integrity of key members
against collapse. Ways to do this include strengthening key substructure members, adding
redundancy, and use of blast hardening.
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Again, consider project-specific countermeasures during the Scoping Phase for those structures
which ODOT management determines need specific attention.

1.2.82 Placing Buildings Beneath ODOT Bridges

The placement of buildings beneath ODOT bridges is strongly discouraged. However, if local
public agencies request and are given approval to place buildings below ODOT bridges, satisfy
the following requirements:

1 Maintain the structural integrity of the bridge:

9 Shore excavations that extend below the bottom of bridge footings adjacent to the
proposed building according to Standard Specifications SP 00510.44
1 Replace any soil removed within the vicinity of a bridge footing and compact
according to Standard Specifications SP 00510.46(a)
9 Bridge maintenance provisions:
9 Provide 10 feet of vertical clearance between roof and superstructure for operation of
snooper cranes, or for hanging scaffolds; or
9 #1 UPT OQwlO0iT 1 wEUPOEDPOT zUwUOOT wUauUuUl QOwUOWEEUWE Uwl
construction activities. Provide 3 feet minimum vertical clearance between roof and
superstructure. Design the roof sheathing and purlins for a working load of 250
pound point load or 100 psf, whichever controls. Extend the design area 10 feet
beyond the shadow of the structure. Design members below the purlin level for a
POUODOT WOOEE WOl wk Ywx Ul wOY!I UWEOWEUI EwOl whyz whk
9 Future seismic retrofit provisions:
9 Place the building to allow for increasing the size of the existing footing or footings
by 50 percent plus an allowance of 5 feet for work area.
1 Make the building owners aware that future footing excavations or pile driving
could cause vibrations in the building with a potential for damage to the building or
contents. And that the State will not be responsible for any damage to the building
or contents caused by such construction.
1 Future bridge replacement or widening provisions:
1 Evaluate the need for a new bridge or future widening of the bridge. If the potential
exists, allow for increasing the bridge width and construction of new footings.
Allow 5 feet around the future footings for work area.
1 Make the building owners aware that future footing excavations or pile driving
could cause vibrations in their building with a potential for damage to the building
or contents. And that the State will not be responsible for any damage to the
building or ¢ ontents caused by such construction.
9 Falling object protection:
1 Place protective fencing on the bridge above the building to cover the limits of any
ground activity below the bridge.
1 Make the building owners aware that the State will not be responsible for any
damage to the building or content caused by falling objects.
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9 Bridge fire protection:
9 The building shall be constructed of non -flammable materials and be equipped with
an automatic sprinkler system.
1 The building shall not be used to store large quantities of flammable materials.
1 Right of Access:
i ODOT and or contractor employees shall be given access to the property and
building as needed to perform any construction or maintenance activities.

Submit proposals to the District Manager and the Bridge Operations Engineer for review and
approval. Include a drawing or drawings showing the existing bridge with all pertinent
members dimensioned, and showing the proposed building with all pertinent dim ensions,
clearances, materials and roof design loads. The drawing or drawings shall be prepared,
signed, and stamped with a seal of an engineer registered to practice in the State of Oregon.
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1.2.9 Bridge Name Plates & Markers

1.2.91 Existing Bridge
Name Plates

Specify that existing bridge name plates be
salvaged and delivered to the office of the
ODOT Construction Project Manager.

1.2.92 Bridgeand Structure

ID Markers

Specify bridge identification (ID) markers
according to BR195 on all bridges, and
culverts defined as a bridge per BDM 1.21.1

Specify bridge ID markers on all new
bridges, widening projects and when
existing markers will be impacted by the
project. Replace existing bridge ID markers
in poor condition or when the phone number
on the bridge ID marker is out of date.

Include bridge identification markers in the
bid schedule of items for contractor
installation.

Show bridge ID marker placement locations
in the contract plans, typically on the Deck
Plan using Detail Reference Numbef8See SP
00842  for mounting instructions .

Place bridge ID markers in the bridge rail
transition at both ends of the bridge
regardless of the direction of traffic. Place ID
markers facing on-coming traffic, per SP
00842 When the structure is located over
another public roadway , place additional
bridge identification markers on the face of
the bridge bent, immediately adjacent to and
on both sides of the under-crossing roadway,

C1.2.9.2

Bridge ID markers are optional for local
agency projects.

Coordinate with the Hydraulics Engineer to
determine if a culvert field mark is
appropriate in lieu of a bridge ID marker.

All bridges should have current bridge 1D
markers as part of a project.

When the Region has an arrangement with
District Maintenance, install ation by Agency
staff is acceptable

Bridge ID markers are not part of the project
signing and should not be shown in the sign
plans.
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facing on-coming traffic. When the structure

is located over another public roadway and

the bridge bents are not accessible or visible,
place additional bridge ID markers on a

delineator immediately adjacent to and on

both sides of the under-crossing roadway,

facing on-coming traffic.

Configure each bridge ID marker in BR195 shows dimensions, text, colors and
accordance with Table1.2.92-1. Show this other requirements of the marker for
information in a table , or on a sign image, in inclusion in the contract plans.

the bridge plans.

Table 1.2.92-1 Bridge ID Marker Legend

Bridge ID Marker Element Explanation
Telephone number of the appropriate For state owned bridges, find telephone numbers for the
agency Dispatch Center: appropriate dispatch at

https://www.oregon.gov/ODOT/Pages/Report -
Hazard.aspx Dispatch center boundaries may not
correspond to Region boundaries. Consultants contact
the ABR for correct contact number.

US or OR Route Number: e.g. k5, US97, OR42
State Highway Number: e.g. 001, 004, 0025

Milepoint Number:

Bridge Number:

Name of the Structure: Provide when a structure has a commemorative, historic,
local, or interchange name as noted in parentheses of the
title. Otherwise leave blank. Limit to three rows.
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1.2.10 Safety and Accessibility

1.2.10.1 Accessibility C1.2.10.1

Standards

Use the 2010 ADA Standards for Acessile Refer to BDM 1.15.5 for inspection and
Design for the design of all Federal-Aid maintenance accessibility requirements.
projects.

Design pedestrian overpass and underpass
ramps to not exceed a7.5 percent slope so a
finished grade of 1:12maximum if achieved
and locate level resting areas every 30 feet.
Design pedestrian railings per AASHTO
13.8.1 Design other features, such as
handrails and stairs, to comply with the
Oregon Structural Specialty CodReview the
standard drawings for handrailing and stair
requirements in the roadway series.

1.2.10.2 ADA Compliance for Bridge Work

The Americans with Disabilities Act of 1990 (ADAjrohibits discrimination and ensures equal
opportunity for persons with disabilities in employment, state and local government services,
public accommodations, commercial facilities, and transportation. Implementation guidelines,
standards, and court decisions provide guidance on how to comply with the law.

Although these sources are applied to transportation construction and maintenance decisions,
there is limited guidance about specific work activities on bridges. This document provides
guidance on the ADA application to the unique situations created by bri dge rehabilitation and
maintenance projects.

1.2.10.2.1 GeneraGuidance

The ADA regulation prohibits discrimination against people with disabilities by government
entities. Government entities must make services accessible and usable to all people, including
people with disabilities. For the purpose of this document, the sidew alk of a bridge is a facility
that, when provided, must be accessible and usable by people with disabilities, regardless of
whether the bridge is in an urban or rural setting.

The Oregon Department of Transportation (ODOT) has an obligation to ensure that a bridge
infrastructure is accessible and usable, including bridge sidewalk facilities. ODOT addresses
that obligation in several ways. Through the ODOT ADA Title |l Transition Plan , all pedestrian
facilities are brought into compliance over time. Specific work will also trigger a requirement to
bring certain facilities into compliance at the same time as the work is performed. Examples of
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specific work that triggers accessibility improvements include when a new bridge is

constructed, when a new sidewalk is added to a bridge, or when the level of work on a bridge is

considered to be analteration . Activities that result in below -standard sidewalks require a

roadway E1 UPT Qwil RETI xUPOOdw EEPUDPOOEOOAOQWEwWxUONI EUZz UwU
to avoid triggering accessibility upgrades.

ALTERING ACCESS OR USABILITY OF A PEDESTRIAN ACCESS ROUTE

Refer to the HDM 800 for guidance and standards on walk ways. When alterations affect access
to a sidewalk on a bridge, it is necessary to ensure that the sidewalk can be accessed from the
approaching shoulder or sidewalk utilizing a curb ram p design. When alterations affect the
usability of the sidewalk itself, it is necessary to ensure that the sidewalk is readily accessible to
people with disabilities to the maximum extent feasible unless it is technically infeasible to do
so. Explore alternatives to improve the level of accessibility of an existing sidewalk when it is
below ODOT standards. Address accessibility barriers which include narrow passages,
obstructions or routes lacking sufficient passing space. Alterations must follow current ODOT

policy.
Where sidewalks are not present, pedestrian travel may be expected on or along the roadway
except where prohibited. Pedestrians travel in the shoulder or in the roadway when there is no

walkway provided . When a sidewalk is not present, treat the existing shoulder as a pedestrian
access route when determining the impact of alterations.

1.2.10.2.2 Work Activity Triggers

The US DOJ/FHWA memorandum defines an alteration as: A change that affects or could affect
the usability of all or part of a building or facility. Alterations of streets, roads, or highways
include activities such as reconstruction, rehabilitation, resurfacing, widening, and projects of
similar scale and effect. Activities defined as maintenance by the US DOJ/FHWA on streets,
roads, or highways, such as filling potholes, are not alterations. Upgrade each facility or part of
a facility that is altered to be readily accessible and usable by individuals w ith disabilities to the
maximum extent feasible.

Examples of alterations of bridges include rail retrofit, widening, bridge deck concrete overlays,
and asphalt concrete overlays when part of a full width paving project that extends beyond the
bridge. Further, when changes are made that affect the accedbility or usability of the

pedestrian access route, accessibility requirements need to be addressed. An existing bridge is
considered to have a sidewalk, or pedestrian access route, when the horizontal surface is at least
32 inches wide, and that horizontal surface is intended for pedestrian use. SeeHDM for
additional information. Point constraints less than 32 inches do not negate the primary use for
pedestrian activity and walkway determination. Many existing walkways have had alterations

to the pedestrian railing to provide safety improvements for vehicular departures, and therefore
reduced the intended sidewalk pedestrian access route at bridge rail transitions.

The work types in the list below are not considered alterations and are considered maintenance
activities. The list is not exhaustive. Evaluate additional activities on the basis of their impact to
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the usability of the pedestrian facility; activities that affect the usability are considered
alterations . Consult the Traffic Roadway Senior ADA Standard Engineer for assistance in
determining alteration activities.

Individual activities that do not result in changes to usability of the pedestrian facility:

9 Structural deck overlays, thin bonded polymer system overlays , ACP overlays and deck
seals that do or do not overlap the pedestrian facility (sidewalk, shoulder, and crosswalk).

I Deck repair patching, repair of deck soffit, full depth deck repair when these activities do
not span the length of the bridge.

1 Under deck superstructure repair .

1 Repair of sidewalk soffit, repair of longitudinal sidewalk beams, repair of cantilevered
sidewalk supports .

1 Bridge Painting, cathodic protection .

1 Repair in-kind of existing bridge rails .

1 Concrete patching of superstructure elements, prestressed components, concrete surface
finishing .

1 Bonded structural strengthening (FRP, titanium, other metals, surface or near-surface),

resin injection of concrete cracks.

Expansion joint repair or replacement (that do not affect a pedestrian facility).

Seismic retrofits.

Bearing device cleaning and lubrication.

1 Substructure or Foundation repair.

= =4 =4

While the following are maintenance activities, the pedestrian facility is being altered with a
limited scope or incremental improvement. The repair work needs to meet the ADA
requirements to the maximum extent feasible. This includes but is not limited t o:

1 Spot sidewalk repair.
1 Expansion joint repair or replacement (that do affect a pedestrian facility).
91 Deck drainage improvements.

Review BDM Appendix B : ADA Bridge Work Examples for surface alterations that trigger curb
ramp reconstruction.

(1) EXISTING BRIDGES & SAFETY CURBS

Existing bridges may support pedestrian facilities, either by providing a sidewalk or by
providing adequate shoulder width. Do not reduce existing pedestrian facilities below
applicable standards.

Existing bridges that have safety curbs do not have sidewalks. Safety curbs are features with
similar appearance as sidewalks, but are provided as part of a bridge rail system and are not
intended to provide access for pedestrians. Some pedestrian may still be able to traverse them.
The clear width of the horizontal surface of a safety curb is less than 32 inches
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Figure 1.2.10.2.21 Existing Bridge Rail, Section with Safety Curb
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Figure 1.2.10.2.23 Existing Bridge,Clear Width Examples
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When work on an existing bridge with sidewalk is an alteration as described in BDM 1.2.10.2.2
upgrade accessibility to meet full standards or to the maximum extent feasible. Refer to HDM
810.7for sidewalk requirements.

Feasibility of upgrades depends on numerous factors including:

9 Structural capacity of the bridge to accept additional dead load and pedestrian load.
Perform load rating to determine when the main structural system has additional
capacity to support the upgrade.

9 Additional strengthening required to support the proposed upgrade . Determine when
the project may include girder strengthening.

9 Structural system.

o0 Thickness and reinforcement of existing concrete cantilevered sidewalks (when
the existing sidewalk is thin and lightly reinforced, strengthening of the existing
sidewalk might not be feasible, for example).

0 Spacing and configuration of sidewalk brackets and edge beams supporting a
sidewalk.

o Bridge deck thickness.

o Girder spacing (may limit reasonable widening).

o Presence of truss or arch members above deck.

1 Interaction of the proposed upgrade with future program work such as rail retrofit or
bridge deck widening ( when a major rail or widening project is planned or needed, it
may be most reasonable to improve accessibility at the same time).

9 Historic preservation needs (some accessibility modifications may impact the
significance of historic features of the bridge, while others may be acceptable due to
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limited scope of impacts or reversibility). SeeBDM 1.2.10.2.3for historic bridges.

1 Roadway geometrics or roadway cross section. Roadway geometrics and cross section
elements that can be reconfigured to increase accessibility of the pedestriaraccessroute
or sidewalk on one or both sides of the bridge need to be evaluated.

Document the feasibility of upgrades or reasonable upgrades/options considered. Document the
rationale (i.e., the justification) for why the upgrade(s) or option(s) was (were) not feasible.

(2) RAIL RETROFIT OR REPLACEMENT

Bridge rail replacement requires upgrade of existing pedestrian facilities unless a roadway
design exception is obtained. For installation of bridge rail retrofit or bridge rail transitions at
bridge ends, do not decrease the width of an existing sidewalk. Submit a roadway design
exception when the pedestrian accessible routedoes not meet requirements oris less than
ODOT standard width s. Review the Highway Design Manuafor applicable standards and
coordination with Traffic Roadway is required.

(3) INTERSECTIONS ON BRIDGE STRUCTURES

In some cases, intersections are located on bridge structures or at the bridge ends. The ADA
requires that walkways are accessible when provided. This typically occurs by providing curb
ramps at intersections. When projects provide sidewalk or alter streets, roadways, or highways
and span from one intersection to another curb ramps are required to meet ODOT standards.

When a bridge alteration project includes an intersection, it triggers the obligation to provide or
upgrade curb ramps at the intersection. Coordination with the roadway designer is critical in
preparing curb ramp details for construction and is to be reviewed by both disciplines for
constructability. Without cross discipline review and coordination, the curb ramp is at high risk
for construction failure and acceptance. BDM Appendix A: ADA Design of Bridge Curb Ramps
or BDM Appendix B: ADA Bridge Works Examples are posted on the Bridge Standards website
for general guidance. Coordination with Traffic Roadway is required and review the Highway
Design Manualfor applicable standards for curb ramp design.

(4) TEMPORARY TRAFFIC CONTROL AND WORK ZONES

For construction or maintenance work, a temporary accessible route must be provided that is
equal to or better than existing conditions. For example, when an existing shoulder across a
structure is four feet wide, provide a four -foot temporary pedestrian accessoute for pedestrian
traffic. SeeTemporary Pedestrian Accessible Routes (TPAR)for more guidance.
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1.2.10.2.3 Design Considerations
(1) HISTORIC BRIDGES

For bridges that are considered a historic resource, where accessibility modifications may
impact the significance of historic features of the bridge, consult with the Region Environmental
Coordinator and the Historic Resource Coordinator to ensure the State Historic Preservation
Office (SHPO) comments are addressed. Where upgrading accessibility would conflict with
federal law regarding historic preservation, neither law supersedes the other.

When there is a conflict between federal historic preservation requirements and accessibility
requirements, a Design Exception is required to validate and justify any deviation from meeting
the accessibility standards. With the supporting document in the D esign Exception, include a
letter from SHPO declaring that an adverse effect would be caused by meeting the full
requirements of the ADA. Ensure the letter describes whether alternative designs or
incremental ADA improvements would create adverse effects. Consider and document
mitigations that will be used to minimize the impact to pedestrians with disabilities. Mitigating
options might be posted minimum widths or possible accessible detours.

(2) TECHNICAL INFEASIBILITY AND DESIGN EXCEPTION

ADA compliance requirements are not the same as ODOT geometric design standards. The
Roadway design exception process is used when geometric standards cannot be achieved.
ODOT also uses the Roadway design exception process to document when it is technicéy
infeasible to meet all the ADA criteria. Early coordination before DAP with the ODOT
Roadway Engineering Unit regarding impacts to either the ODOT geometric standards or the
ADA requirements is especially important. Justification for not meeting stand ards is a required
section of the design exception request. While costs can be used to justify exceptions to
geometric standards it is not a justification for ADA criteria. See Part 1000 of the ODOT HDM ¢
Design Exceptions for the design exception process.

1 4R Standard: 4R or modernization projects are considered the highest level of design and
as such ODOT geometric standards for horizontal and vertical alignments, super
elevation, lane width, shoulder width, sidewalk width are expected to be used. Document
the justification for any non -standard feature not meeting the geometric design standards
and the options considered in a design exception request. ODOT geometric standards for
sidewalk width are wider than the minimum ADA compliance width but the ODOT
geometric standard of 7 foot wide sidewalks are required unless there is an approved
design exception.

1 3R Standard: 3R or Rehabilitation projects are more common than 4R projects. These
projects are able to retain many of the existing geometric features even when they do not
meet full ODOT geometric design standards. On a 3R project a sidewalk that does not
meet the full 7 foot width but does meet the accessibility criteria of a 5 foot wide sidewalk
does not require a design exception. When the sidewalk width is below 5 foot, a design
exception is required and 5 foot by 5 foot passing spaces must be prowded every 200 feet
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along the sidewalk. Other geometric features that are non-standard need to be evaluated
by the Roadway designer for design exception requirements.

1 1R Road Paving: 1Ror Resurfacing projects are the most common project type. These
projects have a narrow scope defined to just surface treatments. When the resurfacing is
classified as an alteration and road pavement surfacing extends from one intersection to
another, provide or upgrade curb ramps at all intersections and crossings. Utilize the
ODOT curb ramp process per HDM Appendix G for upgrading curb ramps.

1 Single Function Standard: Single Function projects are very limited in scope. The feature
addressed in a single function project is to use 4R design standards for that specific
feature. Design exceptions are not required for non-standard geometric elements not
impacted by the single function work. When the sidewalk is not being modified, but the
railing is being modified, which reduces the width of the sidewalk below the minimum 4
foot width, a design exception is required. When the reduction in usable sidewalk width
retains the minimum 4 foot width, but not the ODOT standard width, a design exception
is required for not meeting the ODOT standard.
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1.3 Loads and Distributions

1.3.1 Ducitility, Cl.3.1
Redundancy and
Operational Importance

Apply the ductility per LRFD 1.3.3without
change.

Modify LRFD 1.3.4 redundancy factor as
follows:

1 Do not use a redundancy factor less
than 1.0.

Modify LRFD 1.3.5 operation importance
factors as follows:

1 Consider all bridges astypical , —
p for the operational importance
factor.
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1.3.2 Dead Loads

Provide the dead load allowances shown in

Table 1.2-1 for all vehicular bridges.

Table 1.32-1 Design Dead Load Unit Weights

Bridge Design Mand&ection 1

C1l.3.2

SeeAASHTO 3.5.1for dead loads not listed.

The utilities load stated is a minimum utility
design load for future use on the bridge
superstructure to be assumed when the
weights of proposed utilities are unknown.
There will be situations where utilities are
heavier. Use project specific utility loads
when they are defined. SeeBDM 1.12.6

Load Type Loading Comments

Asphaltic Concrete Pavement 0.150 kcf

(ACP)

Bridge Rails SeeBDM 1.13.5, 1.13.6.2nd ODOT LRFR Manual

PPC Overlay 0.135 kcf SeeBDM 1.9.3.1.5

Protective Screening Per standard drawings

SIP Deck Forms 0.010 ksf Precast Prestressed SeeBDM 1.5.6.2.1.
CIP - Use when deck forms are not required to be
removed. SeeBDM 1.5.7.7

Future Utilities 0.090 kif Based upon a 12 inch diameter water filled pipe. See
BDM 1.12.6.

Concrete*

Lightweight Concrete 0.135 kcf SeeBDM 1.5.1

Concrete (HPGIC) 0.140 kcf

Concrete (CIP, HPC) 0.145 kcf For castin-place and precast

Concrete (PrecastPrestressed) | 0.150 kcf fédc |l ess than or equal t

0.155 kcf fodc greater than 8.0 ksi
Concrete (UHPC) 0.155 kcf

*Unit weights are for unreinforced concrete. Add 0.005 kcf for reinforcing steel in concrete.
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1.32.1 Wearing Surface

Provide the minimum present wearing
surface (PW9 and future we aring surface
(FWS) allowances shown inTable 1.22.1-1 for
all new vehicular bridges.

Table 1.32.1-1 Wearing Surface Dead Loads

Bridge Design Mand&ection 1
Cl1.32.1

Generally, FWS is not required for
pedestrian structures. When the width of the
pedestrian bridge allows trucks to pass
regularly, FWS may be warranted. Consult
the BDM Deck Specialistand BDM 1.5.1

Bridge Type

Present Wearing
Surface (k sf)

Future Wearing
Surface (k sf)

All new bridges with CIP concrete decks | 0

0.025, (2 inches)

Side-by-side construction with PPC
overlay

0.012, (1 inch) *

0.025, (2 inches)

Side-by-side construction with ACP
(Local Agency projects only) *k

0.025 (2inchesy

0.040, (3 inches)

* Provide additional PWS allowance as needed to account for amber and
superelevation buildup. Determine actual thickness from roadway profile.

** Use a minimum 0.050 (4 inches)thickness when a rolled membrane is used.

1.3.2.2 Load Rating of
Existing Bridges

See ODOT LRFR Manual 1.7to determine
when an existing load rating needs to be
updated. Review the latest load rating and
when needed conduct a pre-design load
rating per BDM 2.10.81. When the existing
load rating is not in accordance with LRFR

UUEOEEUEUOWEOOUUOU0wWPDUI

unit before using.

For all non-load-path-redundant steel truss
bridges, verify that the stress levels in all
structural elements, including gusset plates,
remain within applicable requirements
whenever planned  modifications  or
operational changes may increase stresses.

C1.3.2.2

It is critical to know the rating factor of each
member anytime there is a change in
capacity, condition, or dead load.

When the load rating of the existing
structure is available, check the latest Bridge
(O U x1 EUPQQu
é%amst conalt%n rfglng usEeé%Jr E‘) raﬁ)ng
When the current superstructure or
substructure condition factors are below
those used in the load rating, the current
load capacity of the bridge may not be
accurately reflected in the load rating.
Review the asphalt thickness used (if any) in
the bridge load rating versus the values in
the inspection report. Also review the rating
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1.33 Live Lol

1.33.1 New Vehicular Traffic

Structure
Design by AASHTO LRFD Bridge Design
Specificationsising all of the following loads:

i Service and Strength | Limit States:

o HL-93: Design truck (or
trucks per LRFD 3.6.1.3 or the
design tandems and the
design lane load.

9 Fatigue truck per LRFD 3.6.1.4
i Strength Il Limit State:

o0 ODOT OR-STRP5BW permit
truck .

0 ODOT OR-STR4E permit
truck .

o EV3.

Bridge Design Mand&ection 1

date and identify if any bridges updates have
occurred since this date.

A load rating that reflects the current
condition of each bridge is valuable and is
used to identify when a bridge needs load
posting or strengthening. Rating of a
structure decreases with an increase in dead
load and may result in a bridge load posting .

SeeBDM 2.10.8for additional information.

Contact the Senior Load Rating Engineer for
assistance in a load rating

C1.33.1

ODOT permit | oads are shown in ODOT
LRFR Manual 1.51.58

Figures 1.33.1-1 to 1.33.1-4 show live load
effects for single span bridges with prismatic
girders without live load distribution factors.

A load factor of 1.75 (Strength 1) was applied
to HL -93 design truck loads and a load factor
of 1.35 (Strength 1) was applied to ODOT
OR-STR4D, ODOT OR-STR4E, ODOT OR-
STR5BW, and EVS3 truck loads. The plots
may be used to determine which design
truck could control during a preliminary
design given a span length for the project.
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Hgure 1.3.3.1-1 Live Load Plus Impact for Single Span Prismatic Member$ Bending Moment at
Mid -Span, (span lengths 30 ¢ 150 feet)
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Figure 1.33.1-2 Live Load Plus Impact for Single Span Prismatic Member$ Bending Moment at
Mid -Span, (span length 150 d 300 feet)
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Figure 13.3.1-3 Live Load Rus Impact for Single Span Prismatic Membersd Maximum Shear,
(span length 20 8 150 feet)
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Figure 1.33.1-4 Live Load Plus Impact for Single Span Prismatic Member$ Maximum Shear,
(span lengths 150 & 300 feet)
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1.33.2 Pedestrian C1.33.2
Structures

For bridges designed for pedestrian or
bicycle traffic only, use a live load of 0.090
ksf. When an agency design vehicle is not
specified, use AASHTO Standard H-5 or H-
10 Truck loading as shown in Figure 1.33.2-1
to check the longitudinal beams. A vehicle
impact allowance is not required.

For a pedestrian or bikeway bridge clear
deck width less than 7 feet do not consider
the maintenance truck. See also theAASHTO
LRFD Guide Specifications for the Design of
Pedestrian Bridges.

Figure 1.33.2-1 H-5 or H-10 Truck Loading

Clear deck width 7 to 10feet 10,000 Ib. (H5 Truck)
Clear deck width over 10feet 20,000 Ib. (H10 Truck)

O O
HI10 4.0 kips 16.0 kips
H5 2.0 kips 8.0 kips

; 14'-0" s
% | W=Total weight of truck load | =
S )

- owh-———————- — ow (—--
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1.33.3 Widening of
Vehicular Traffic Structures

When widening an existing structure, design
the widening using the loading in BDM
1.33.1

Do not use live loading less than the design
live load for the existing structure.

1.33.4 Structure
Strengthening

Design strengthening projects for the
maximum load effect from the following
permit trucks using the AASHTO LRFD
Bridge Design Specificatior8trength 11 Limit
State

1 ODOT OR-STP4D.

1 ODOT OR-STR-5BW.
1 ODOT OR-STR4E.

1 EV3.

For strengthening of prestressed concrete
structures, ensure the requirements of
Service | and Il Limit States are satisfied
using HL -93 loading.

Do not include FWS in strengthening design.
When strengthening, determine existing
wearing surface loads according to ODOT
LRFR Manual 2.2.8

Bridge Design Mand&ection 1
C1.33.3

C1.334

For design loads for structural repair

projects, refer to the Bridge Maintenance
Design Manual SeeBDM 1.15.1 and 1.15.%or

additional  criteria  for repair and

strengthening bridges.

SeeBDM 1.3.3.1and ODOT LRFR Manual 1.5
for vehicle descriptions and LRFD Table 3.441
1 for Load Factors.

The EV3 truck only controls the
strengthening design on shorter span
structures (less than50 feef) and is not meant
to impact every strengthening design.
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1.34 Construction and
Temporatyoading

Specificationglictate the contractor to design
temporary works, except seismic loading,
according to the AASHTO Guide Design
Specifications for Bridge Temporary Works, 2nd
Edition, 2017 unless specified otherwise
therein.

Specifications dictate the contractor to
construct temporary works according to
AASHTO Construction Handbook for Bridge
Temporary Works, 2nd Edition, 201nless
included in the Oregon Standard Specifications
for Construction and Special Provisionsr
specified therein.

Demonstrate at least one feasible means of
construction, i.e. the incomplete structure is
stable and not overstressed throughout a
commonly used construction process relying
on available equipment. Document the
method in the calculation book but do not
show results in contract documents, except
as noted below:

1 Jacking plans typically show
estimated jacking loads. SeeBDM
1.34.1.

1 Work platform and containment
contract documents typically offer
loading limits that will not overload
the existing structure, and only if
these limits are exceeded require
stamped calculations showing that
the proposed work platform &
structure. SeeBDM 1.3.4.3.

1 Geotechnical <oring plans may
show estimated loading. See GDM
15.

Bridge Design Mand&ection 1

C1.34

The intent of this section is to provide
guidance to designers so they can effectively
specify design parameters and review
contractor designed temporary works
submittals.

See BDM 1.16.2 for
Works.

Bridge Temporary

See SP 00560.04for information on wind
loading during construction . When
reviewing shop drawings for erection plans,
refer to AASHTOs Guide Specifications for
Wind Loads on Bridges During Construction.

When design-bid-build plans are advertised,
the Agency is warranting that the contract
documents represent a buildable design.

Longstanding industry practice requires the

Agency to avoid dictating the cOOUUEEUOUz U
means and methods, except when specific

means and methods are necessary. Stability

of the structure during active construction is

It is not practical to require a contractor to
provide a structural analysis of an existing
structure.

Refer to AASHTO 2.5.3 for additional

clarification on constructability.
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1 Proposed temporary bracing for
prestressed girders typically is
detailed in contract plans.

1 Contract documents may show limits
for crane loading on existing
structures.

1 Instances where constructability
dictates it is necessary.

1.34.1 Jacking Forces

Provide a jacking load diagram on the plans

that identifies proposed jack locations and

sizes. Provide a jacking load table on the
plans that identifies the loads, load

combinations, and other load requirements

for the development of the jacking plan. An

example jacking load table is shown in Table
1.34.1-1 but may need to be modified for

project specific designs.

Table 1.34.1-1 Jacking Load Table

Bridge Design Mand&ection 1

Cl.34.1

The loads specified in the jacking load table

EUI wbOUI OEIl EwWUOWET wUUI EwWEa

engineer to design the temporary work
structures.

Determine forces generated by jacking and a
jacking location during design. The existing
structure elements must be able to resist the
jacking forces. When the jacking location is
limited by the existing structure situation,
propose a shoring structure extending from
the existing structure or supported by a
designed foundation for jacking.

Consider uplift on structures with short end
spans.

Jacking Load Table

Girder Reactions (kips /girder )
Location Permanent | Live Load | Modified
Load Strength Il
Bent 1
Bent 2

October 2024
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Modify AASHTO 3.4.3.1as follows:

Specify design forces for jacking when the
structure is not in service as 1.5 times the
permanent load reaction at the bearing,
adjacent to the point of jacking.

Do not include FWS in jacking design. When
jacking, determine existing wearing surface
loads according to ODOT LRFR Manual 2.2.8.

Specify design forces for jacking in service at
the bearing, adjacent to the point of jacking,
for lanes in service, using permit trucks from
BDM 1.3.3.4as AASHTO Strength Il Limit
Statemodified as follows:

1 25 percent IM load allowance.

Determine live load forces consistent with
the traffic control plan.

1.34.2 Bridge Raising

Use the loading criteria and jacking load
table specified in BDM 1.3.4.1 for designing
bridge raising operations, except as modified
in this section.

Specify lateral design forces as 5 percent of
the permanent load reaction and include in
the jacking load table.

Close the bridge to traffic during active
bridge raising operation.

Bridge Design Mand&ection 1

A structure is considered in service when it
is open to traffic during the jacking
operation.

Permanent loads consist of all dead loads,
self-weight, bridge rails, wearing surface,
etc.

When structure is not in service, designers
may assume construction live loading does
not exceed traffic live loading as specified in
BDM 1.34.1.

C1.34.2

Permanent loads consist of: superstructure
and substructure (above the chip-in point
when using the chip-in  method),
superimposed dead loads (utilities, signs
and other dead loads that will remain on the
bridge during the raising operation). Field

verify all dead loads at Project Initiation.

wind loads during construction are
considered low risk and are typically
ignored since operations are low to the
ground.

Consider whether the bridge should be open
to traffic during inactive construction
periods. It is preferred to close the bridge to
traffic for the duration of construction.

October 2024
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1.34.3 Falsework

When falsework falls within the live -load
path, use the loading criteria and load table
specified in BDM 1.34.1 for designing
falsework, except as modified in SP 00540

Specify lateral design forces for falsework as
5 percent of the permanent load reaction,
adjacent to the point of jacking.

1.34.4 \WorkAccess
Platforms

When work access platforms are necessary
for more than five consecutive shifts:

1 Evaluate a single configuration of
work platform loading.

1 Include reasonable limits for the
work platform on the plans.

1 Specify allowable point loads, and
where they can be applied in SP
00253.09

1 Evaluate load rating to determine the
remaining capacity of the structure
that can be used for containment or
work platforms.

When wind loading is considered, specify
the maximum allowable containment size in
SP 00253

When evaluating a load rating, obtain the
System Factor, Condition Factor, and
Evaluation Live Load Factor from the most
recent load rating when available. When

Bridge Design Mand&ection 1

SeeBDM 1.16.1for additional information on
bridge raising. Modify SP 0025%s needed to
incorporate bridge raising operations.

C1.34.3

Refer to SP 00540for additional loading
requirements at highway and railroad traffic
openings.

Refer to the Glossary for a definition of
Falsework. SeeBDM 1.16.3.3for additional
information on Falsework.

Where wind loads during construction are
expected to exceed this lateral load, consider
increasing the lateral load to account for
relevant wind loads.

C1l.34.4

The contractor does not need to evaluate the
existing structure when they remain within
the prescribed limits. Evaluate the work
platform to ensure a single configuration is
constructible. It is not feasible to consider
every option available to a contractor.

Contact the Senior Load Rating Engineer
with questions. Refer to SP 00253for wind
speeds.
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there is not an existing load rating, complete
a load rating to ensure the existing structure
can carry the work access platform or
containment. When necessary, update an
existing load rating per BDM 1.3.2.2

For non-load rated elements, evaluate the
structure for the ability to carry temporary
work access platform using Strength Il
loading. Use a construction live load factor
of 1.5 and construction live loading from
AASHTO Guide Design Specifications for Bridge
Temporary Work3able 2.3.4.3-3.

Assume work platforms and containment
extend 5 feet beyond the sides of the
structure and the full length of each span.

1.35 Sidewalk
Loading

For sidewalks not separated from traffic by a
structural rail, account for the potential for a
truck to mount the sidewalk. Design the
sidewalk for the greater of:

1 0.075 ksf pedestrian loads considered
simultaneously with the vehicular
load in the adjacent lane as stated in
3.6.1.6 of the LRFD Bridge Design
Specifications Per LRFD 3.6.2.1
impact does not apply to pedestrian
loads.

1 The LRFD design truck placed with a
line of wheels 2 feet from the face of
rail. Do not apply a lane load with
the design truck, but do include
impact. Consider this load only
under the Strength | limit state. Do
not consider trucks or vehicle loads
in adjacent lanes. Do apply the
multiple presence factorfor this case.

Bridge Design Mand&ection 1

An example of very light duty is cable
supported corrugated/steel decking.

An example of light duty is frame and tube
supported decking system.

Medium and heavy duty systems are
typically custom designs.

It may be necessary to separate the work
platforms or containment into zones for
structural reasons. Carefully size the zones
to allow efficient work by the contractor.

C1.35
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In addition to the above cases, ensure the
supporting member (exterior girder) is

adequate for HL-93 loading when the
sidewalk is removed and an approved
barrier type (BR290or BR20§ is placed at the
edge of deckper BDM 1.13.5

1.36 Vehicular
Collision Forces: CT

Modify LRFD 3.6.5as follows:

Where the design choice is to redirect or
absorb the collision load, use pier systems
with three or more columns. Specify pier
protection that consists of a minimum 42
inch high MASH TL-5 rigid barrier with
standard pin anchorage to subgrade.
Basedon the clear distance from the face of
the pier component to the traffic face of the
barrier, use minimum column sizes as
follows:

M For Oto 3.25 feet clear distance use a
minimum 48 inch circular (or
equivalent square) column with 1 1/8
percent minimum longitudinal steel
reinforcement and #4  spiral
reinforcement with 4 inch pitch.

1 For 3.25 feet or greater clear distance
use a minimum 36 inch circular (or
equivalent square) column with 1 1/8
percent minimum  longitudinal
reinforcement and #4  spiral
reinforcement with 4 inch pitch.

Bridge Design Mand&ection 1

C1.36

The standard detail for barrier protection of
a structure (column, wall, traffic support
pole, or other structure) places the curb face
of the barrier 4 feet minimum from the face
of the structure. This detail dates back at

Ol EUVWEUwWI EUWE Ule Wifdetw OD E w hy

dimension is intended to allow room for
rollover when a truck impacts the barrier. It
should be noted that barrier impacts can
create a rollover scenario that exceeds 4 feet.
Therefore, consider clear  distances
exceeding 4 feet when you can without
impacting roadway width standards.

AASHTO 9th Edition updated this spacing to
3.25 feet to match current research.
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When 4 feet or more clear distance can be
provided, the proposed barrier placement
detail will meet standards and no special
consultation with the roadway designer is
necessary. It should be understood that such
a detail may pose some risk of structure
impact, even when small.

Where the 4 feet clear distance cannot be
achieved, consult with the roadway designer
to confirm what clear distance can be
provided. Any clear distance less than 4 feet
results in additional risk for catastrophic
impact of the structure being protected.
Therefore, consider reducing roadway
shoulder width. The desired result should
be to find an acceptable balance between
roadway risk (due to inadequate shoulder
width) and structure risk (impact to the
structure being protected).

When evaluating the roadway and structure
risk, the following factors should be taken
into account:

Alignment of the roadway ¢ straight vs.
curved, inside of curve vs. outside of curve.

Length of roadway width reduction (e.g.,
single sign support vs. long retaining wall).

Ability of the structure to absorb a hit (single
column vs. wall abutment).

Traffic volume ¢ higher traffic volume
means higher risk of an incident.

Consequences of structure failure.

When clear distance must be minimized,
provide 3 inch minimum clear distance from
the back of pinned barrier to the face of the
structure. Use of this detail includes
accepting significant risk. The 3 inch
minimum clear distance is intended to
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Earth mounds are no longer an acceptable
method of column protection. At this time,
existing earth mounds do not need to be
removed.

Bridge Design Mand&ection 1

minimize the amount of horizontal impact
load that would be transferred from the
impacted barrier to the structure being
protected. The void between the back of the
barrier is typically filled with pea gravel.
Note that 3 inch concrete surfacing is often
provided at the top of barrier for aesthetic
purposes. This surfacing is expected to
disintegrate upon impact and so would not
be expected to transmit unacceptable forces
to the structure being protected.

In cases where reduction of the clear distance
width provides an unacceptable risk against
rollover, the barrier can be transitioned from
a safety shape to vertical. Vertical barrier
will reduce vehicle rollover and in some
cases can provide an installaton with an
acceptable level of risk.

Intrusions zones for TL3 and TL4 barrier per
Guidelines for Attachments to Bridge Rails and
Median Barriers Midwest Roadside Safety
Facility (MwRSF) University of Nebraska -
Lincoln, Nebraska, 2003 are shown inFigures
1.3.61and 1.3.62.
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Figure 1.36-1 TL-3 Zones of Intrusion
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Figure 2.1. TL-3 Zone of Intrusions for
(a) Sloped Face Concrete Barrier and Steel Tube Rail on Curbs > 6 inches:
(b) Vertical Face Concrete Barrier and Combination Concrete and Steel Rail;
and (c) Steel Tube Rail on Curbs > 6 inches (3).
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Figure 1.36-2 TL-4 Zones of Intrusion
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1.3.7 Change in

Foundations Due to Limit

State for Scour

Follow LRFD 2.6.44.2 and LRFD 3.7.5

1.38 Thermal Forces

Use the temperature ranges shown in Table
1.38-1. Figure the rise and fall in temperature
from an assumed temperature at time of
erection.

Bridge Design Mand&ection 1

C1.37

SeeBDM 1.10.58, 2.14.7 and the GDM for
additional information on hydraulics and
scour design information.

C1.38

Table 1.38-1 Temperature Ranges for Thermal Forces

Section * Metal Concrete Annual Mean Temperature
Structures Structures

Section | +10°F.to +110°F. | +22°F.to +72° F. 520 F,

Section Il -10°F.to +120°F. | +12°F.to +82°F. 520 F.

Section Il -30°F.to +120°F. | O°F.to +82°F. 47°F,

Columbia River Gorge, use Section lIl.

* Section | designates that portion of the state west of the c oast range.
Section Il designates the valley region between the coast range and Cascade Mountains
Section lll designates the Cascade Mountains and all of eastern Oregon For structures in the

1.39 Wind Load

Determine wind load according to LRFD
3.8.1 Determine the design 3 second gust
wind speed used in the determination of
design wind loads on bridges and walls from
Table 1.3.2. Use Figure 1.3.91 to identify
areas of special wind regions in Table 1.3.2.

C1.39

The wind speed map is adapted from the

2022 Oregon Structural Codeand 2022/2023
CPP Special Wind Region Study for Oregtm
account for locations in the state with special

wind regions.

When verified wind speed using the ASCE 7
Hazard Tool. The risk category from
building to mean recurrence interval (MRI)
is asshown in Table 1.3.9L.
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Table 1.3.91 Risk Category from Buildingto Mean Recurrence Interval (MRI)

Building MRI

Risk Description (vear) Wind Speed Correspond to

Category y

I Low hazard to human life | 300 approximately a 15 percent probability of exceedance
in case of failure in 50 years (Annual Exceedance Probability = 0.00333)

Il Most Residential and 700 approximately a 7 percent probability of exceedance in
Commercial Dwellings 50 years (Annual Exceedance Probability = 0.00143)

i Substantial risk to human | 1700 approximately a 3 percent probability of exceedance in
life in case of failure 50 years (Annual Exceedance Probability = 0.000588

v Essential Facilities 3000 approximately a 1.6 percent probability of exceedance

in 50 years (Annual Exceedance Probability = 0.000333)

Typical bridges are designed for 3-second
gust wind speed, at an elevation of 33.0 ft, for
wind exposure Category C, with an MRI of
700 years (Seé¢RFD 3.8.1.1.%.

In all areas with full exposure to ocean
winds, u se the highest wind velocity for that
MRI category.

In areas in Multhomah and Hood River
counties with full exposure to Columbia
River Gorge winds, use the highest wind
velocity for that MRI category.

Examine mountainous terrain, gorges, and
ocean promontories for unusual wind
conditions.

For wind acting horizontally on the

supports, signs, luminaires, traffic signals,

the selection of the MRI accounts for the

EOOUI gUI OET UwlOi wi EBOUUI 8w 1
could cross the travelway during a failure

thereby creating a hazard for travelers (MRI

= 700 years). All supports that could cross

lifeline travelways are assigned a high risk
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category to consider the consequences of
1700 years). Supports that
cannot cross the travelway are assigned a
low risk and 300-yr MRI.
Specification for Structural Supports for Highway
Signs, Luminaires, and Traffic Signals Section 3.1

failure (MRI =

(See LRFD

and 3.8).
Table 1.3.92 Basic Design Wind Speed, V
300-Year MRI  [700-Year MRI  [1700-Year MRI [3000-Year MRI
COUNTY Basic Design Basic Design Basic Design Basic Design
Wind Speed, V. Wind Speed, V |Wind Speed, V |Wind Speed, V
(MPH) (MPH) (MPH) (MPH)
Baker 97 103 110 114
Benton 90 96 102 107
Clackamas 92 98 105 109
Clackamas special wind regior? 92 98 105 109
Clatsop 91 96 102 107
Clatsop special wind region? 115 120 130 135
Columbia 91 97 103 107
Columbia special wind region2 91 97 103 107
Coos 389 95 101 106
Coos special wind regior? 115 120 130 135
Crook 93 100 106 111
Crook special wind region? 93 100 106 111
Curry 38 94 101 105
Curry special wind region? 115 120 130 135
Deschutes 93 99 106 110
Deschutes special wind regiort 93 99 106 110
Douglas 91 97 103 108
Douglas special wind region? 115 120 130 135
Gilliam 94 100 107 111
Grant 95 101 108 113
Harney 94 101 108 112
Hood River 92 98 105 109
Hood River special wind region* |92 98 105 109
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Jackson 90 96 103 107
Jefferson 93 99 106 110
Jefferson special wind regior? 93 99 106 110
Josephine 39 95 102 106
Klamath 91 98 104 108
Klamath special wind region? 91 98 104 108
Lake 93 99 106 111
Lane 91 98 105 110
Lane special wind regior? 115 120 130 135
Lincoln 90 96 102 106
Lincoln special wind region? 115 120 130 135
Linn 92 98 104 108
Malheur 96 102 109 113
Marion 92 98 104 108
Morrow 94 101 108 112
Multnomah 92 98 105 110
Multnomah special wind region?@ |92 98 105 110
Polk 90 07 103 107
Sherman 93 99 106 111
Tillamook 91 96 102 107
Tillamook special wind region? 115 120 130 135
Umatilla 95 102 109 113
Union 96 102 109 113
Wallow? 97 103 110 115
Wasco 93 99 106 110
Wasco special wind regior? 93 99 106 110
\Washington 91 97 103 107
\Wheeler 94 100 107 111
'Yambhill 91 97 103 107
a. Refer to Figure 1.3.91 for mapped special wind regions.
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Figure 1.3.91 Special Wind Regions- Oregon

CLATSOP
COLUMBIA

UMATILLA
TILLAMOOK i WALLOWA
WASHINGTON | MULTNOMAH RIVER
MORROW
SHERMAN UNION
YAMHILL CLACKAMAS GILLIAM
WASCO
FOLK MARION
WHEELER BAKER
o JEFFERSON
LINN GRANT
BENTON
LANE DESCHUTES
caos DOUGLAS MALHEUR
HARNEY
LAKE
KLAMATH =
CURRY
JOSEPHINE JACKSON
D Special wind region

. Special wind region - see note b

a. Sites on the perimeter of the identified special wind regions shall be verified using ASCE
7 Hazard Toal.

b. This portion of the special wind region in Curry County extends 15 miles inland from
the Pacific Coast and is not identified on the ASCE 7 Hazard Tool.
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1.4  Structural Analysi

SeeBDM 1.3.1for Ductility, Redundancy and
Operational Importance factors.

1.4.1 Live Load
Distribution Factors

Use the live load distribution factors and
procedures provided in the AASHTO LRFD
Bridge Design Specificatiorte determine load
effects on bridge members for new,
replacement, and strengthening bridge
designs.

Higher level techniques such as finite
element analysis or grillage analysis are not
acceptable basis for adjustment of live load
distribution factors in LRFD 4.6.2.2.2and
4.6.2.2.3 for design of new bridges.

Use the following information to support a
design deviation for using refined method of
analysis per LRFD 4.6.3

M1 Name, version, and release date of
design software used to perform
refined method of analysis.

Proposed table of live load
distribution factors for controlling
moment and shear at critical
locations in each span This aids in
permit issuance and load rating of
the bridge for all standard load rating
trucks listed in ODOT LRFR Manual
Section 1.5and report rating factors
using ODOT LRFR Section 11 Load
Rating Summary Workbodexcel).

1 Apply an addition al 1.10 factor to the
distribution factor obtained from the
refined method of analysis.

Cl4.1

The required information will aid future
load rating and structural evaluation for
these bridges.

The 1.10 factor is conservatively included to
determine a distribution factor using the
refined method of analysis.
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1 Include in the calculation book a
comparison of the moment and shear
for an equivalent single girder line
with AASHTO distribution factors vs
refined method of analysis (with
lower distribution factors and lower
demands) for both the live load and
dead load.
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1.5 Concrete

1.5.1 Concrete, General

1.5.2 Concrete Finish

1.5.3 Concrete Bonding Agents

1.5.4 Curing Concrete

1.5.5 Reinforcement

1.5.6 Precast Prestressed Concrete Elements

1.5.7 CastIn-Place Superstructure

1.5.8 Post-Tensioned Structures

1.5.9 Camber Diagrams

1.5.10 Pour Schedules

1.5.11 Concrete Anchors

15.1 ConcreteDesign
Considerations

Designate the concrete class by the minimum
compressive strength at 28 days followed by
the maximum aggregate size (e.g., Class 4000
t 3). Unless otherwise specified, Class 3300
1 or % is called for by the Standard
Specifications

Use high performance IC concrete (HPC-IC)
in all cast-in-place concrete decksand deck
approach system elements Use high
performance concrete (HPC) in pedestrian
bridge decks only when they are located in a
snow and ice zone (perBDM 1.2.4).

Bridge Design Mand&ection 1

C1l5.1

The maximum ultimate strength on which
allowable stresses are based is 5000 psi, except
for prestressed concrete.

Use of IC increases the service life and
reduces total life cycle costs of a bridge deck.

Use of IC with lightweight fine aggregate
(LWFA) (according to ASTM C176]) for
concrete can mitigate cracking due to
shrinkage in bridge decks.

Internal curing is a practical way of
supplying  additional  curing  water
throughout the concrete mixture. This water
can improve the hydration of cement, reduce
autogenous  shrinkage, and improve
durability.
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Curing time before subsequent loading may
be shortened.

BDM 1.3.2for concrete dead loads. By replacing normal weight fine aggregate
with lightweight fine aggregate for IC, the
unit weight of the concrete is lighter.

Table 1.5.21 Classes of Concrete(For Design and To Be Shown on Plans)

Class of Concrete Concrete Location

HPCIC 450006 1-1/2 All poured decks (except box girder decks that require greater strength
and Pedestrian Bridge decksnot in snow and ice zones)

Note: This concrete strength works well with both grade 80 and g rade
60 rebar and therefore would facilitate use of g rade 80 rebar, but still
allow contractors to consider grade 60 rebar without the need to
change to a different concrete mix. The use oflarger maximum
aggregate sizeis to achieve more durable decks.

HPCIC 450006 1-1/2 Approach Slabs Sleeper Slabs

40000 3/8 Drilled Shafts

XXXX0 3/4 Prestressed members Does not include poured deck on prestressed
members, see above)

XXXX8 1/2 or 3/8 Post-tensioned box girder bottom slab and stem walls

40000 3/4 Columns, footings, footing caps, and crossbeams

330081 or3/4 All other concrete

1.5.11 Lightweight Concrete C 1.5.11

When using lightweight concrete, adjust Concrete containing lightweight aggregate
reinforcement development length for has a unit weight of 0.090 - 0.135 kcf Contact
lightweight concrete per LRFD 5.10.8.2. the Technical Specialist and the Structural

Materials Engineer when using concrete
with a unit weight less than 0.135 kcf(per
Table 1.3.21).
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1.5.12 Corrosion Protection System

Provide a corrosion protection system for reinforced concrete girders, pile caps, diaphragms,
and crossbeams as shown inTable 1.5.2-1. See environment definition in BDM 1.2.4.

Table 1.5.12-1 Corrosion Protection System for Precast and Castin-Place Concrete Members

Environment Marine Areas Coastal Areas
Precast and castin-place concrete HPC HPC
Non-prestress reinforcement Stainless steel ChromX4100
Prestressing strand Uncoated, black | Uncoated, black
Minimum concrete clear cover for cast-in-place members | 2 inches 2 inches

15.2 Concrete Finish

Concrete finishes are defined in SP 00540.5%f the Oregon Standard Specifications for Construction
The usual finishes are General Surface Finish and Class 1 Surface Finish. Occasionally, Class 2
Surface Finish is used as mentimed in the following paragraph.

Concrete finishes are selected as follows:

91 For bridges whose superstructure and substructure can be viewed by the public, such as
grade separations and river crossings in or near populated areas, exposed surfaces receive
a Class 1 Surface Finish. In special situations of highvisibility to traffic or people, use of
a Class 2 Surface Finish may be considered. Normally, it is limited to the concrete rail
sides facing the roadway/bikeway and the tops.

9 For bridges not viewed by large segments of the public, such as stream crossings in
sparsely populated areas, exposed surfaces, except portions of the concrete bridge rail,
receive a General Surface Finish. The concrete rail sides facing the roadway/bikevay and
tops receive a Class 1 Surface Finish.

Review selected surfae finish with the design team.

Pedestrian concrete bridge decksand sidewalks do not require Deck Roadway Texturing with saw

cutting according to SP 00540.50(c) Instead apply a Deck Sidewalk Finish according to SP
00540.50(d) Ensure that all pedestrian surfaces comply with ADA slip resistance and surface
requirements.

Do not use color additives in concrete mixes. Provide color to concrete only by coating with either
concrete stain or concrde paint products from the QPL.

Include details similar to Figures 1.5.21, 1.5.22, or 1.5.23 for all contract plans:
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Figure 1.5.21 Concrete Finish Detail for Box Girder Bridges
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Figure 1.5.22 Concrete Finish Detail for Precast/Prestressed Concrete Girder Bridges
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Figure 1.5.23 Concrete Finish Detail for Reinforced Concrete Deck Girder Bridges
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1.5.3 Concrete Bonding Agents

Bonding agents are used to help new concrete adhere to existing concrete. To obtain better bond
with agents the existing surface must be clean, dry and at proper temperature. The surfaces must
also be well exposed to facilitate brush application of the bonding agent. Two principal bonding
agents are in use today:

1 Epoxy - These agents provide the best bond when properly applied. However, they are
highly volatile and when the agent is allowed to dry before placement of the new concrete,
a bond breaker may be formed. For this reason restrict the use of epoxy agents to critical
situations where control can be guaranteed.

1 Concrete - These agents have longer pot life and improved bond. They may be applied
with greater lead time, but have the same application requirements as epoxy agents.

At normal construction joints, a bonding agent is not generally needed. Mating surfaces
prepared to the specifications are considered sufficient to provide acceptable bond and shear
transfer through the roughened surface and rebar holding a tight joint.

1.5.4 Curing Concrete

SP 00540.51in the Standard Specificationsrequire cast-in-place concrete to be cured with water.
Design all structures assuming concrete is cured using the ODOT standard. Acting as EOR, assure
that alternate curing methods are not allowed wi thout prior approval of the Structural Materials
Engineer.
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Bridge decks must also be cured with water. Although ODOT does use curing compounds for
some pavement and sidewalk applications, curing compounds are not be allowed on bridge decks.
ODOT experimented with curing co mpounds in the early 1990s. The results were not consistent
from batch to batch. Also, more recent experiments with curing compounds revealed that cylinders
cured with a curing compound achieved only 80 percent compressive strength compared to water
cured cylinders.

The ODOT water cure requirement also applies to bridge columns, abutments and retaining walls.
Since it is difficult to keep vertical surfaces saturated during the cure period, vertical forms must
often be left in place for the entire cure period. Contractors will often request to use a curing
compound so that forms can be stripped sooner and production increased. However, due to the
negative impacts of curing compounds, their use is rarely permitted.

For applications that receive a coating, use of curing compounds can inhibit adherence of the
coating. Generally, curing compounds must be removed by sandblasting before subsequent
coatings can be applied. Removal of a curing compound would be even more problematic on
textured surfaces.

In summary, do not use curing compounds. Exceptions require approval from the Structural
Materials Engineer, but do not require a design deviation.
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1.5.5 Reinforcement

Ensure thereis enough room for bars to fit and to place concrete. Ensure steel can be placed
and supported. Show bolster bars on reinforcement details when needed.

Table 1.5.51 Standard Bar Chart

Bar # Nominal Dia. (in ch) | Area (in?) | Weight (Ib/ft)
3 0.375 0.11 0.376
4 0.500 0.20 0.668
5 0.625 0.31 1.043
6 0.750 0.44 1.502
7 0.875 0.60 2.044
8 1.000 0.79 2.670
9 1.128 1.00 3.400
10 1.270 1.27 4.303
11 1.410 1.56 5.313
14 1.693 2.25 7.650
18 2.257 4.00 13.60

Provide a minimum 2 inch clear cover for situations that are not listed in Table 1.5.82. When
using stainless steel reinforcing, non-ferrous reinforcing or ChromXx9100 use AASHTO Table
5.10.21 Category over requirements.
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Table 1.5.52 Minimum Clear Cover for Coated or UncoatedRenforcement

Location: Cover
(inch)
Top of deck slab (main reinforcing)* 2.5
Bottom of deck slab* 15
All superstructure surfaces exposed to the effects of amarine area, BDM 1.9.2.1.3 2
Stirrups and ties in T-beams, bottom rebar of slab spans, and curbs and rails* 15
Stirrups in box girder stems with non-bundled ducts ** 25
Stirrup ties in box girder stems with non-bundled ducts ** 2
Bottom slab steel in box girders 1
All faces in precast members (slabs, box beams and girders) 1
All cast-in-place members 2
Pier and column spirals, haops or tie bars+ (increase to 4 inch when exposed to marine area 2.5
or concrete is deposited in water)
Footing mats for dry land foundations (use 6 inch when ground water may be a construction 3
problem)
Footing mats for stream crossing foundations 6

* Except in coastal areasuse 2 inch cover.

**Eor box girder stems with bundled ducts, provide 3 inches clearance to ducts and place stirrups
directly against ducts.

+Cover over supplementary crossties may be reduced by the diameter of the tie.
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1.5.5.1 Reinforcement for Shrinkage and Temperature

Provide reinforcement for shrinkage and temperature stresses near exposed surfaces and in
structural mass concrete according toLRFD 5.10.8 Use an area of reinforcement per surface of
at least 0.0008 times the gross concrete area with a minimum of #4 at 18 inch centers. Space the
reinforcement no farther apart than three times the concrete thickness or a maximum of 18 inch
centers.

Table 1.5.5.21 Temperature and Shrinkage Reinforcement Spacing

Thickness As Maximum Bar Size and Spacing for One Surface (inches)
(inches) (in%/f oot)

6 0.062 #4 @ 18

9 0.091 #4 @ 18

12 0.118 #4 @ 18

15 0.144 #4 @ 15

18 0.170 #4 @ 12

21 0.194 #4 @ 12 #5 @ 18

24 0.217 #4 @ 10 #5 @ 15

27 0.239 #4 @ 10 #5 @ 15

30 0.260 #5 @ 12 #6 @ 18

36 0.300 #5 @ 12 #6 @ 15

48 0.371 #5 @ 10 #6 @ 12 #7 @ 18
60 0.433 #6 @ 12 #7 @ 15

Since the amount of reinforcement is somewhat empirical, convenient spacing can be assumed
as shown in Tablel.5.5.11. Tablel.5.5.11is intended for preliminary purposes only. It is based
on a least width dimension of 10 feet.

1.5.52 Spacing of Shear Reinforcement

Where shear reinforcement is required and placed perpendicular to the axis of the member,
spacing is not to exceed 18 inches.

1.5.53 Negative Moment Reinforcement

For cantilever crossbeams with wide bents, extend at leasthalf of the negative reinforcement the
full length of the crossbeam.
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1.5.54 Minimum Bar Spacing

Table 1.5.5.41 Minimum Bar Spacing

Bar # | Nominal Dia.(d ) | 2.5xdp or1.5+d, | (1.5x1.5)+dy (1.5x0.75)+ d p
(inch) (inch) for 1.5 agg. (inch) | for 0.75 agg. (inch)

3 0.375 1-7/8 2-5/8 1-1/2

4 0.500 2 2-3/4 1-5/8

5 0.625 2-1/8 2-7/8 1-3/4

6 0.750 2-1/4 3 1-7/8

7 0.875 2-3/8 3-1/8 2

8 1.000 2-1/2 3-1/4 2-1/8

9 1.128 2-7/8 3-3/8 2-1/4

10 1.270 3-1/4 3-1/2 2-3/8

11 1.410 3-5/8 3-5/8 2-1/2

14 1.696 4-1/4 4 2-718

18 2.257 5-5/8 4-1/2 3-3/8

1.5.55 Modified Tension Development LeG&RADE @D
Uncoated Deformed Bars

Provide details to achieve _ i & m@& reference toLRFD 5.11.2.1 The following modified tension
development length is calculated using _ i, ceinforcement confinement factor, equal to 0.4.
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Table 1.5.5.51 Modified Tension Development Length d Grade 608 Uncoated Deformed Bars-
Top bars are horizontal bars placed so that more than 12 inchesof fresh concrete is cast below
the reinforcement.

Bar # Lq (in) La (in) La (in) Lq (in) Ly (in)
f'c =3.3 ksi f'c =4.0 ksi f'c =4.5 ksi f'c =5.0 ksi f'c =6.0 ksi
3 15.46 14.04 13.24 12.56 12.00
4 20.61 18.72 17.65 16.74 15.28
5 25.76 23.40 22.06 20.93 19.11
6 30.92 28.08 26.47 25.12 22.93
7 36.07 32.76 30.89 29.30 26.75
8 41.22 37.44 35.30 33.49 30.57
9 46.50 42.23 39.82 37.77 34.48
10 52.35 47.55 44.83 42.53 38.82
11 58.12 52.79 49.77 47.22 43.10
14 69.79 63.39 59.76 56.69 51.75
18 93.03 84.50 79.67 75.58 69.00

Table 1.5.5.52 Modified Tension Development Length 8 Grade 6008 Uncoated Deformed Barsd
Other Horizontal Bars

Bar # Lq (in) La (in) La (in) Lg (in) Ly (in)
f'c =3.3 ksi f'c =4.0 ksi f'c =4.5 ksi f'c =5.0 ksi f'c =6.0 ksi
3 12.00 12.00 12.00 12.00 12.00
4 15.85 14.40 13.58 12.88 12.00
5 19.82 18.00 16.97 16.10 14.70
6 23.78 21.60 20.36 19.32 17.64
7 27.74 25.20 23.76 22.54 20.58
8 31.71 28.80 27.15 25.76 23.52
9 35.77 32.49 30.63 29.06 26.53
10 40.27 36.58 34.48 32.71 29.86
11 44.71 40.61 38.29 36.32 33.16
14 53.68 48.76 45.97 43.61 39.81
18 71.56 65.00 61.28 58.14 53.07
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1.5.56 Modified Tension Development LeGRIADE @&Epoxy
Coated Deformed Bars

Provide details to achieve _i @ 18 reference toLRFD 5.11.2.1The following modified tension
development length is calculated using _i @reinforcement confinement factor, equal to 0.4.

Table 1.5.5.61 Modified Tension Development Length 6 Grade 608 Epoxy Coated Deformed
Bars- Top bars are horizontal bars placed so that more than 12 inchesof fresh concrete is cast

below the reinforcement.

Bar # La (in) La (in) La (in) Lqg (in) Lg (in)
f'c =3.3 ksi f'c =4.0 ksi f'c =4.5 ksi f'c =5.0 ksi f'c =6.0 ksi
3 20.21 18.36 17.31 16.42 14.99
4 26.95 24.48 23.08 21.90 19.99
5 33.69 30.60 28.85 27.37 24.98
6 40.43 36.72 34.62 32.84 29.98
7 47.17 42.84 40.39 38.32 34.98
8 53.90 48.96 46.16 43.79 39.98
9 60.80 55.23 52.07 49.40 45.09
10 68.46 62.18 58.62 55.61 50.77
11 76.00 69.03 65.09 61.75 56.37
14 91.26 82.89 78.15 74.14 67.68
18 121.66 110.50 104.18 98.84 90.23

* Cover less than 3db or clear spacing between bars less than 6db.

October 2024

1-74




BridgeEngineering Section

Bridge Design Mand&ection 1

Table 1.5.5.62 Modified Tension Development Length d Grade 6008 Epoxy Coated Deformed

Barsd Other Horizontal Bars

Bar # La (in) Lg (in) La (in) Lg (in) Lqg (in)
f'c =3.3 ksi f'c =4.0 ksi f'c =4.5 ksi f'c =5.0 ksi f'c =6.0 ksi
3 17.84 16.20 15.27 14.49 13.23
4 23.78 21.60 20.36 19.32 17.64
5 29.73 27.00 25.46 24.15 22.05
6 35.67 32.40 30.55 28.98 26.45
7 41.62 37.80 35.64 33.81 30.86
8 47.56 43.20 40.73 38.64 35.27
9 53.65 48.73 45.94 43.59 39.79
10 60.40 54.86 51.73 49.07 44.80
11 67.06 60.91 57.43 54.48 49.73
14 80.52 73.14 68.95 65.42 59.72
18 107.35 97.50 91.93 87.21 79.61

* Cover less than 3db or clear spacing between bars less than 6db.

Table 1.5.5.63 Modified Tension Development Length 8 Grade 6008 Epoxy Coated Deformed
Bars- Top bars are horizontal bars placed so that more than 12 inchesof fresh concrete is cast
below the reinforcement

Bar # Lq (in) Ly (in) Ly (in) Lq (in) Lq (in)

f'c =3.3 ksi f'c =4.0 ksi f'c =4.5 ksi f'c =5.0 ksi f'c =6.0 ksi
3 18.55 16.85 15.88 15.07 13.76
4 24.73 22.46 21.18 20.09 18.34
5 30.92 28.08 26.47 25.12 22.93
6 37.10 33.70 31.77 30.14 27.51
7 43.28 39.31 37.06 35.16 32.10
8 49.46 44.93 42.36 40.18 36.68
9 55.80 50.68 47.78 45.33 41.38
10 62.82 57.06 53.80 51.03 46.59
11 69.74 63.35 59.73 56.66 51.72
14 83.74 76.06 71.71 68.03 62.11
18 111.64 101.40 95.60 90.70 82.79
* Cover not less than 3db and clear spacing between bars not less than 6db.

October 2024

1-75




BridgeEngineering Section

Bridge Design Mand&ection 1

Table 1.5.5.64 Modified Tension Development Length d Grade 6008 Epoxy Coated Deformed
Barsd Other Horizontal Bars

Bar # La (in) La (in) La (in) Lg (in) Lqg (in)

f'c =3.3 ksi f'c =4.0 ksi f'c =4.5 ksi f'c =5.0 ksi f'c =6.0 ksi
3 14.27 12.96 12.22 12.00 12.00
4 19.02 17.28 16.29 15.46 14.11
5 23.78 21.60 20.36 19.32 17.64
6 28.54 25.92 24.44 23.18 21.16
7 33.29 30.24 28.51 27.05 24.69
8 38.05 34.56 32.58 30.91 28.22
9 42.92 38.98 36.75 34.87 31.83
10 48.32 43.89 41.38 39.26 35.84
11 53.65 48.73 45.94 43.59 39.79
14 64.42 58.51 55.16 52.33 47.77
18 85.88 78.00 73.54 69.77 63.69
* Cover not less than 3db and clearspacing between bars not less than 6db.
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1.5.57 Class B Tension Lap Splice@RADE @Jncoated
Deformed Bars

Provide details to achieve _ i & 18 reference toLRFD 510.8.2.1cThe following modified
tension development length is calculated using _ i, ceinforcement confinement factor, equal to

Table 1.5.5.71 Class B Tension Lap Splicé Grade 600 Uncoated Deformed Bars- Top bars are
horizontal b ars placed so that more than 12 inchesof fresh concrete is cast below the

reinforcement

Bar # La (in) La (in) La (in) Lqg (in) Lg (in)
f'c =3.3 ksi f'c =4.0 ksi f'c =4.5 ksi f'c =5.0 ksi f'c =6.0 ksi
3 20.09 18.25 17.21 16.33 15.60
4 26.79 24.34 22.94 21.77 19.87
5 33.49 30.42 28.68 27.21 24.84
6 40.19 36.50 34.42 32.65 29.81
7 46.89 42.59 40.15 38.09 34.77
8 53.59 48.67 45.89 43.53 39.74
9 60.45 54.90 51.76 49.11 44.83
10 68.05 61.81 58.28 55.29 50.47
11 75.56 68.63 64.70 61.38 56.03

Table 1.5.5.72 Class B Tension Lap Splicé Grade 600 Uncoated Deformed Barsd Other

Horizontal Bars

Bar # Lg (in) Lg (in) Lg (in) Lg (in) Lqg (in)
f'c =3.3 ksi f'c =4.0 ksi f'c =4.5 ksi f'c =5.0 ksi f'c =6.0 ksi
3 15.46 15.60 15.60 15.60 15.60
4 20.61 18.72 17.65 16.74 15.60
5 25.76 23.40 22.06 20.93 19.11
6 30.92 28.08 26.47 25.12 22.93
7 36.07 32.76 30.89 29.30 26.75
8 41.22 37.44 35.30 33.49 30.57
9 46.50 42.23 39.82 37.77 34.48
10 52.35 47.55 44.83 42.53 38.82
11 58.12 52.79 49.77 47.22 43.10
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1.5.58 Min.Column Bar Lengths in Footrgse 60 & Fc =33 ks

Figure 1.5.5.81 Minimum Column Bar Lengths in Footings

R
s 3
. N 3
Lt (tension) or al 39 3
‘L"=r+db+Lc & g
7 S
(compression) 5 S
R
—— 3
A =5
g 2
S

NOTE:
Increase Lt or Lc 20 percent or epoxy coated bars "A" and r+db are standard 90° hook dimensions Lc is the
compression development length Lt is the tension development length for standard hooks.

Table 1.5.5.81 Compression Development Length d Hooked Bars

Basic Bar [0 Ad Compression | Compression Compression
Compression Size | (inches) [0 L6 * oL G * OLG *
Development (single bar) | (two bar bundle) | (three bar bundle)
(Length for (inches) (inches) (inches)

hooked bars ) Idh

(inches)

16 6 12 16 17

19 7 14 3.5 18 20

21 8 16 4 21 22

24 9 19 25 27

27 10 22 7 31 33

30 11 24 7.5 37 40

36 14 31 11 53 58

47 18 41 15 90 98

* Note: Lc + (r + Db) and including 0.75 modification factor for reinforcement enclosed within a spiral
per LRFD 5.11.2.2.2
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Table 1.5.5.82 Tension Development Length d Hooked Bars

Bar 0A6b Basic Tension Development | Modified Tension
Size | (inches) | (length for hooked bars) oLo6 **
Idh (inches) 0.7 Idh (inches)
6 12 10 7
7 14 13 9
8 16 17 12
9 19 21 15
10 22 27 19
11 24 33 23
14 31 47 33
18 41 84 59
** Note: #11 bars and smaller, adequate side and hookextension cover per
LRFD 5.11.2.4.2

1.5.5.9 Welded Splices and Mechanical Connections

When field welding of reinforcing steel is anticipated, use ASTM A706 reinforcing steel.
Welding of ASTM A615, grade 60 reinforcing steel is not permitted without prio r approval from
the ODOT welding specialist .

Welding of ASTM A706 for splices for column spiral reinforcing is permitted.

Use approved mechanical splices for #14 and #18 vertical column bars. Stagger splices as
shown in Figure 1.5.5.91, to avoid adjacent bars being spliced in the same plane.

Figure 1.5.5.91 Mechanical Splice Staggering

/1]

™
Approved
mechanical /"{
splices
5
o
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Show lap splices on structure plans with the option of approved mechanical splic es available to
the contractor.

Special cases such as steel in back walls of abutments of podensioned concrete bridges and
splicing reinforcement in existing structures may require the use of mechanical splices.

1.5.510 *Lap SpliceeGRADE 60

(Reserved)

1.5.511 Development of Flexural Reinforcement

The added length, X, is to provide for unanticipated loading conditions or shifting of the
moment diagram due to shear cracking.

Figure 1.5.5.111 Development of Flexural Reinforcement

Length of bars "b"

Length of bars 'c”

/d /d
[— Total moment capacity

ri—_—— Y —— Bars '¢"

Calculated moment

Design moment N—-—-—Bars 'd"

x = effective girder depth, 15 bar diameters or span/20
ld = bar development length

1.5.512 Distribution of Flexural Reinforcement

In mild areas, as defined in BDM 1.2.4,usef Q  p8t In marine, coastal and snow and ice areas
as defined in BDM 1.2.4,usel Q 18 v In decks, usef Q  p8t

1.5.513 Bundled Bars

Tie bundled bars with #9, or heavier, wire at 4 foot maximum centers. Use of bundled #14 or
#18 bars requires the approval of the supervisor.
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When bundled bars are used in columns, the minimum clear distance between bundles is 2.5
times the diameter of the largest bar in a bundle.

It is preferred bundled bars not be used in bridge decks. When they are used, increase the
thickness of the deck by the diameter of the bar throughout the length where bundling is used.

1.5.514 Headed Reinforcement

Headed reinforcement can be used to reduce congestion or reduce development length over a
standard hook. Headed reinforcement will always require less development leng th compared
to a standard hook.

Headed rebar is only available for ASTM A706 and ASTM A615 applications. It is not available
for stainless steel applications. The cost of headed rebar will generally exceed that of a standard
hook. Therefore, only use them where the benefit of reduced congestion or shorter
development length is significant.

Do not use headed reinforcement where their use will reduce concrete cover below the
minimum required. For this reason, it may be necessary to use standard hooked bars in the
corners of a rebar cage thatotherwise contains headed bars.

Designate bars which require headed reinforcement on the plans. The SP00530boiler plate
special provision requires headed reinforcement to meet ASTM A970. It also requires headed
reinforcement products be selected from the ODOT QPL. Therefore, there is no reason to say
anything other than headed bar on the plans.

Heads may be square, rectangular, round or oval. Minimum head size for square and round
heads are provided in Table 1.5.5.14. Rectangular and oval head area must exceed 10 times the
bar area.

Table 1.5.5.141 Minimum Head Size for Headed Reinforcement

Bar Size | Min. Width for Min. Diameter for
Square Heads (inch) | Round Heads (in ch)
4 1-1/2 1.6
5 1-3/4 2.0
6 2-1/8 2.3
7 2-1/2 2.7
8 2-3/4 3.1
9 3-1/8 3.5
10 3-1/2 4.0
11 4 4.4
14 4-3/4 5.3
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Headed reinforcement will not require project testing. Testing is required as part the QPL
approval pro cess. @ testing by the manufacturer is also required by ASTM A970.

When proposed by a contractor, headed reinforcement meeting the minimum head size
requirement will generally be acceptable as a direct replacement for standard hooks, except
where the head will not allow the required minimum concrete cover.

Use the minimum development lengths for headed reinforcement shown in Table 1.5.5.142.

Table 1.5.5.142 Development Length for Headed Reinforcement, Fy = 60 ksi

Bar # f'c =3.3 ksi (inch) f'c =4.0 ksi (inch) f'c =5.0 ksi (inch)
4 6 5 5
5 7 6 6
6 8 8 7
7 10 9 8
8 12 10 9
9 18 14 10
10 22 18 11
11 25 20 12
14 36 28 15
Note: Increase lengths for epoxy coated bars perLRFD 5.11.2.1.2

Apply the modification factors and tie requirements in LRFD 5.11.2.4.2and LRFD 5.11.2.4.30
headed reinforcement also.

Place adjacent headed bars at a minimum spacing ofpz ‘Q ¢ Spacing less thanpz ‘Q ¢zan be
used when heads from adjacent bars are spaced longitudinally (along the length of the bar) a
minimum of Yz ‘Q ¢as shown in Figure 1.5.5.14.

When bundled bars are used, one bar in the bundle may be terminated using headed rebar.
Terminate other bars in the bundle using standard hooks as shown in Figure 1.5.5.141.
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Figure 1.5.5.141 Terminating Bundled Headed Reinforcement

thd=development length
for headed reinforcement

3
o .
_ Al
I r-— L
>8 *db |
when bar '
spcg. <6 *db

Use of headed reinforcement can result in high concrete compressive stresses under the bar
head. Consider the load path for head compression loads and provide distribution steel
perpendicular to a headed bar to ensure satisfactory distribution of compressive stresses. The
following articles may be useful to understand the load distribution of headed bars:

9 Strut-andTie Models for Headed Bar Development ¥CT Nodes Chun and Hong, ACI
Structural Journal, Vol. 106, No. 2, March-April 2009, pg. 123-130.

1 Investigation of Dispersion of Compression in Beleped StruisSahoo, Singh and Bhargava,
ACI Structural Journal, Vol. 106, No. 2, March-April 2009, pg. 178-186.

LRFD 5.11.3allows for mechanical devices as anchorage. Headed rebar meeting or exceeding
the size required by ASTM A970 has been extensively tested. A summary of testing can be
found in Texas Research Report 1852nchorage Behavior of Headed Reinforcement Literature
Review, May 2002.

The minimum development lengths for headed reinforcement are based on the greater of:

1 50 percentof the equivalent hooked bar development length or
9 Calculations using a combination of head bearing capacity and bar development.

Development length calculations were based on concrete bearing capacity under the head plus
additional straight bar development length as required to fully develop the yield strength of the
bar. The concrete bearing capacity was taken fromLRFD equation 5.7 2 and was adjusted
using a resistance factor of 0.7 for bearing on concrete pet_.RFD 5.5.4.2.1 Some of the proposed
development lengths were increased to provide reasonable transitions between different bar
sizes.
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ACI 318allows headed reinforcement, but requires a development length equal to 75 percent of
the equivalent hooked bar development length. ODOT view this as overly conservative for
bridge applications.

Table 1.5.5.148 illustrates the difference between ODOT and ACI development length
requirements.

Table 1.5.5.14-3 Comparison of Headed Reinforcement Development Length

f'c 3.3 ksi 4.0 ksi 5.0 ksi

Calc | ODOT | ACI Calc | ODOT | ACI Calc | ODOT | ACI

(inch) | (inch) (inch) | (inch) | (inch) (inch) [ (inch) | (inch) (inch)
#4 6 7.8 5 7.1 5 6.4
#5 4 7 9.8 2 6 8.9 0 6 8.0
#6 8 8 11.8 6 8 10.7 3 7 9.6
#7 10 10 13.7 8 9 12.5 4 8 11.2
#8 12 12 15.7 9 1 14.3 3 9 12.7
#9 18 18 17.7 14 14 16.1 7 1 14.4
#10 | 22 22 19.9 18 18 18.1 9 1 16.2
#11 | 25 25 22.1 19 20 20.1 7 1 18.0
#14 | 36 36 26.6 28 28 24.1 12 1 21.6

Development length controlled by 50 percent of equivalent hooked bar development length

Development length based on ODOT calculations, but less than ACI development length

Development length based on ODOT calculations and exceeds ACI development length

ACI development length = 75 percent equivalent hooked bar development length

Calc = Calculated development length from combination of head capacity and bar development

For concrete strengths above 5.0 ksi, the required minimum development length for headed
reinforcement can be calculated using 50 percent of the equivalent hooked bar development
length.

1.5.5.15 High Strength Reinforcement
1.5.5.15.1ASTM A706 Grade 80

ASTM A706 grade 80 reinforcement is available on the market. The cost premium for A706
grade 80 reinforcement is approximately 6 to 10 percentabove grade 60. Local steel mills
(Cascade Steel Rolling Mills) are producing #5, #8, and #11 bars on a regular cycle and stock
these bars. Avoid specifying other bar sizes, otherwise a minimum (combined size and length)
of 50 tons is required. However, there can be some flexibility for smaller quantities. Contact
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Cascade Steel Rolling Mill for requirements when high strength rebar in non -standard rebar
sizes is considered for a project with less than 50 tons.

When using A706 grade 80 reinforcement, the design yield strength is 80 ksi. ASTM A706
reinforcement is weldable. Welding would be needed when A706 grade 80reinforcement is
used for confinement hoops. The contractor needs to submit a PQR and WPS for approval as is
typical for any rebar welding.

1.5.5.15.2ASTM A1035 Grade 100

ASTM A1035grade 100 reinforcement has a design yield strength of 100 ksi. ASTM A1035is
described as Deformed Plain Low-Carbon, Chromium Steel Bars for Concrete Reinforcement.
Proprietary products that meet the requirements of ASTM A1035specifications are sold under
the brand names of ChromX 9100 ASTM A1035 C3, ChromX 4100(ASTM A1035 CM), and
ChromX 2100 (ASTM A1035 CL. The main difference between the three products is the
chromium content; the higher the number, the greater chromium content.

The reduced chromium content results in lower cost, when high corrosion resistance is not
required. The products are not weldable. Currently, Cascade Steel produces ChromX 9100,
ChromX 4100, and ChromX 2100 with a cost premium of approximately 192, 70 and 45 percent
respectively. Cascade Steel carries some inventory of #5, #8 and #11 bars. For nettock items,
a minimum (combined size and length) of 50 tons is required. However, there can be some
flexibility for smaller quantities. Contact Cascade Steel for requirements when high strength
rebar in non-stock rebar sizes is considered for a project with less than 50 tons.

When ASTM A1035grade 100 bars are specified for a project, ensure that designation letters for
the chromium content, i.e. CS, M, or CL, are included with the ASTM material specifications
shown in plan sheets and the project special provisions.

1.5.5.15.3ASTM A615 Grade 100

Grade 100 reinforcement according to ASTM A615 requirements is available. The cost premium
for A615grade 100 renforcement is approximately 35 percent above grade 60. Similar to other
high strength reinforcement products, even though there is a required minimum order of 50
tons for combined size and length, there can be some flexibility for smaller quantities. Contact
Cascade Steel for requirements when highstrength rebar is considered for a project with less
than 50 tons.

The cost premiums shown in this article are preliminary and for rebar production only.
1.5.5.15.4Application of High Strength Reinforcement

Do not use high strength reinforcement in bridge members where plastic hinging is expected
under seismic loads, such as bridge columns. Although A706 grade 80 reinforcement has
similar ducti le properties compared to A706 grade 60, testing of full-scale seismic models
sufficient to satisfy AASHTO concerns has not yet been completed.

October 2024 1-85



BridgeEngineering Section

Bridge Design Mand&ection 1

The stressstrain property of A1035 grade 100is very different from A706. There is not a well
defined yield plateau. More experimental testing is necessary before its full implementation in
members designed to form plastic hinges. The overstrength magnifier as defined for A706 in
the Guide Specifications for LRFD Seismic Bridge Desngty not be appropriate. At this time, an
overstrength magnifier of 1.4 is recommended when high strength reinforcement is used in
capacity-protected members.

Use of high strength reinforcement is recommended in the following areas:

9 Bridge decks tRefer to Figure 1.9.16 and Figure 1.9.17 for deck reinforcement design
charts. See BDM 1.9.2.1.2 for determining the appropriate use of high strength
reinforcement in bridge decks.

1 Drilled shafts + Use of high strength reinforcement reduces cost and congestion in drilled
shafts thereby making them more constructible. Drilled shafts are designed for elastic
seismic performance therefore plastic hinging is not expected.

1 Crossbeams & End beamst Use of high strength reinforcement can reduce cost and
congestion in negative and positive moment areas of crossbeams and end beams.
Normally these members are capacity-protected; therefore they are designed to remain
elastic during a seismic event. High strength reinforcement can be used for temperature
steel and stirrups as well.

Grade 80 bars are a betr option for a replacement of grade 60 bars due to lower cost premium
and shorter development length compared to grade 100 bars. In addition, grade 80 has stress
strain behavior similar to grade 60 with greater yield stress and ultimate strength.

Within the same member, do not mix different rebar grades of the same bar size. This policy is
to avoid any confusion that may occur during construction. It is acceptable to specify different
rebar grades in the same member, when the different grades of kar are also significantly
different in bar size (at least two bar sizes apart). For instance longitudinal #8 bars in a
crossbeam can be gade 80 bars, whereas #5 stirrgps and temperature bars can be gade 60.

Tablel.5.515.4 1 illustrates rebar quantities in the previously mentioned members that are
allowed to be reinforced with high stre ngth reinforcement. The quantities shown in Table
1.5.5.15.41 will be different when high strength reinforcem ent is used. A reduction of 10to 30
percent in quantities can be anticipated when grade 60 rebar is replaced by gade 80
reinforcement.

All bridges in Table 1.5.5.15-4 consist of precast prestressed concrete girders with a CIP deck.
Most spans are simple for dead load and made continuous for live load. The bridges include
drilled shafts with different lengths depending on the soil condition at the sites. Several bar
sizes are grouped together since these bars can be alternately used in the design to reduce a
number of different bar sizes. Specify only a few and commonly available bar sizes in each
member.
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Table 1.5.5.15.41 Comparison of High Strength Rebar Quantities

Bridge | Length | Deck | No. Span Deck (tons) Crossbeams* Drilled Shafts
No. (feet) Area | Drilled | Description (tons) (tons)
2
(ft%) | Shaits HA-HE | HT-HO | #4-#T | #8-#11 | #5-#6 | #9 - #11
22008 968 44015 | 808 6 0 150 foot 106 45 54 51 43** 218**
foot 1 8 50 foot
deck girder
spans
21576 | 249 31665 | 15086 2 0122 foot 87 20 36 55 48 87
foot deck girder
spans
21343 | 524 25152 | 4068 3 6180 foot 75 57 29 18 6 37
foot deck girder
spans
22248 | 84 11344 | 16063 1 - 80 foot 33 1 12 8 4 10
foot deck girder
span

* Includes intermediate diaphragms, end beams and cap beams.

** A706 grade 80 rebar.

As shown in Tablel.5.5.5.4-1, when non-stock rebar is specified, the amount of deck
reinforcement in one bar group can meet the required minimum quantity for the first three
bridges. The rebar quantities in crossbeams and end beas are not sufficient when a 20 percent
reduction due to the use of high strength rebar is applied. For drilled shafts, the amount of
reinforcement in one bar group can meet the required minimum quantity only for the first two
bridges. However, when high strength rebar of the same size is also used in other members of
the bridges, it is possible that the quantities of each bar size will reach the minimum order
requirement.

Showing two options of rebar grades on bridge plans is encouraged to accommodate a
contractor that may not be able to obtain high strength bars during a construction project.
When this approach is taken, all dimensions need to be prepared to work with both options,
especially details related to splice lengths and development lengths. Sgice lengths and
development lengths for high strength rebar are longer compared to grade 60.

Couplers are available on the market for high strength reinforcement. These couplers are
capable of meeting 125 percent of yield strength. The ODOT Materials Lab has the capability to
test rebar cowlers up to #14 bars in gade 100.
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1.5.5.16 Glass Fiber Reinforced Polymer (GFRP) Reinforcement

Glass fibers have an advantage over other fibers for composite materials because of an
economical balance of cost and specific strength properties. Glass fibers are commercially
available and exhibit good electrical insulation properties. When glass fibe rs are encapsulated
in suitable resin as a system, the composite material is less sensitive to alkaline environment,
freezing and thawing condition, and extremely elevated temperature. These properties make
GFRP suitable for use as reinforcement for concete structures. Through a number of research
projects, it has been found that GFRP bars exhibit minimal loss in strength when subjected to
sustained tension and have good resistance to fatigue. When GFRP bars are embedded inside
concrete, there is no UVexposure concern.

ODOT has used GFRP bars on a number of projects particularly in bridge decks and sound
walls. Using GFRP bars in the bridge decks was due to good corrosionresistant and non-
conductive properties. The non-conductive property of GFRP bars does not have detrimental
effect to cathodic protection system often used for preserving marine and coastalareabridges as
long as electrical continuity of adjacent steel reinforcement is maintained. For sound walls, wall
weight needed to be minimized. Use of GFRP barsresulted in thickness reduction, since
smaller concrete cover could be specified.

Since the release of the # Edition of the AASHTO LRFD Bridge Design Guide Specifications for
GFRP-Reinforced Concreta 2009, there have been advancements in material specifications along
with new knowledge and field experiences. AASHTO published the 2 edition of the guide
specifications in 2018, which incorporated the new comprehension and extended design
provisions for other structural members in addition to bridge decks and traffic railings.

For material specifications, ASTM D7957 published in 2017 includes requirements for material
standards of GFRP reinforcing bars. GFRP bars are commercially available from multiple
manufacturers and can be produced for construction with a reasonable lead time. A
specification for GFRP reinforcement has been prepared and is available when requested from
the BDM technical resource.

GFRP rebar is a good corrosionresistant reinforcement alternative for reinforced concrete
bridges in corrosive environment compared to ferrous reinforcement due to cost and material
strength. Itis generally less expensive than other alternative reinforcement (stainless steel).Use
of GFRP bars does not require electrical isolation to other ferrous reinforcementsince it is not
conductive. Tensile strength of GFRP bars is slightly higher than mild steel reinforcing bars,
however GFRP bars have linear elatic behavior, much lower modulus of elasticity, and smaller
ultimate tensile strain. Deformation or surface texture, or both, are required to ensure adequate
bond capacity. Nominal material properties used for design are shown in Table 1.5.5.14.

October 2024 1-88


https://www.oregon.gov/odot/Bridge/Guidance/BDM-TechnicalResources.pdf

BridgeEngineering Section

Bridge Design Mand&ection 1

Table 1.5.5.161 Material Properties for Design of GFRP Reinforced Concrete

Material Property Material Value

Ultimate tensile strength (ksi) 90 Kksi (#4 - #6)
75 ksi (#7 - #10)

Tensile modulus of elasticity (ksi) 6,500

Ultimate tensile strain (inch/inch) 0.011

GFRP reinforcement is recommended for structural members that are located in corrosive
environment and do not require high ductility. Service limit states often control design over
strength limit states. Use GFRP reinforcement only in the following structural members:

9 Bridge deck.

1 Sound walls.

1 Seawalls.

91 Bridge Approach Systems.

GFRP bar weight is lighter than steel reinforcement, therefore construction workers are able to
handle the reinforcing bars with ease, but more rebar ties are required to maintain GFRP bar
position in the rebar cage during concrete pour. GFRP bars are suseptible to abrasion and
impact from studded tires and removal tools, therefore use in bridge concrete deck is limited in
specific area as shown inTable 1.26.4.

1.5.5.17 FRP Reinforcement

(Reserved for Future Use)

1.5.5.18 Bar Lengths

Use stock bar lengths whenever possible without sacrificing economy. Unless absolutely
necessary, donot call for bars longer than 60 feet because they are difficult to handle and
transport. Bar lengths specified include hook lengths unless detailed otherwise.

Table 1.5.5.B-1 Bar Length Stock Lengths

Bar Size Stock Length *
#3 20 feet and 40 feet
#4 and #5 20, 30 and 40 feet
#6 thru #18 60 feet

*Only small quantities of #14 and #18 bars are
stockpiled by the supplier because of size and
weight and may require special mill orders.
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Figure 1.5.5.B-1 Specified Length of Barwith Hook

| 30" |

#4 x 36" with std. 180° hook —/

1.5.5.19 Interim Reinforcement fa@dams and Box Girders

When the deck slab of a continuous T-beam or box girder is placed after the concrete in the stem
has taken its set, place at least 10 percent of the negative moment reinforcing steel full length of
the longitudinal beam to prevent cracks from falsework set tlement or deflection. In lieu of the
above requirement, two #8 bars full length of longitudinal girders may be used.

Locate a portion of the negative reinforcement in the stem of the crossbeam below the level of
the deck slab construction joint in concrete crossheams whose principal negative reinforcement
lies in the deck slab. Provide sufficient ultimate reinforcement capacity to support 150 percent
of the dead load of the crossheam and superstructure 5 feet along the centerline of the structure
either side of the center of bent. Use no less than 10 percent of the total negate reinforcement.

In cases where the bent crossbeams are skewed to the deck steel, place the top crossbeam steel
in the top of the stem below the deck (dropped panel). SeeFigure 1.5.5.2-1 for typical details.

October 2024 1-90



BridgeEngineering Section

Bridge Design Mand&ection 1

Figure 1.5.5.B-1 Interim Reinforcement
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1.5.520 Additional Shear Reinforcement

As shown below, provide additional reinforcement to the calculated shear reinforcement in
cantilevered portions of crossbeams. Pay careful attention to clearances and possible conflicts
with post -tensioning ducts and other reinforcement. Detail the size and number of bars to
provide at least 20 percent of the factored Strength I Limit State shear demand at the face of the
column. Apply this provision to cantilevered sections of crossbeams when the crossbeam
cantilever from the face of the column exceedsthe crossbeam depth at the face of the column.
This additional reinforcement may be omitted when the shear reinforcement provided from the
critical shear section to the face of column provides 20 percent additional capacity above the
controlling strength limit state.

Figure 1.5.520-1 Additional Shear Reinforcement in Cantilevered Sections

__—#7 Z-bars with 12" legs.

bars in each row.
__—#7 Z-bars with 12" legs.
> __ bars in each row.
l__\___ |_> £ J T

T
Provide additional rows of Z-bars /
when double stirrups are used

SECTION A-A

L |
p—- -]
S -“

A

-
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1.5.5.21 Diaphragm BedReinforcement

Figure 1.5.5.2-1 below assumes thedeck reinforcement is stopped 6 inchesclear of the
transverse beams. The added bars provide reinforcement for BeamD and the deck overhang.
When straight bars are used, the spacing of the deck steel will be continuous over the transverse
beams and no additional bars will be required.

Figure 1.5.5.2-1 Diaphragm Beam Reinforcement

Add 4- #5 transv. x cont. over Beam "D".
Place 2 above top longit. bars and 2 below
btm. longit. bars as shown. Epoxy coat
top bars. (When deck reinforcement is

Transv..deck (stralaht 6 10" 6" skewed to Beam-D, locate these bars
& truss).bars. Stop 6° e, 1 ) btwn. top and btm. mats of deck steel).
clear of Beam-D - 27cl. .
2"cl. . T
™
\ G — 7
% o ) ———— a
padl
2- #5 btwn. beams ——/ /© . s |
N A 5
N
- |9 ~|s .
e < JY
o = A
4-#7x 50" 4 - 4- #5 btwn.
beams,
3 each face
\O 4
T
A

SECTION AT BEAM-D
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1.5.6 Precast Prestressed Concrete Elements
1.5.6.1 Design of Precast Prestressed Elements

The nature of precastprestressed elements requires special handling in several areas.
DESIGN + GENERAL
Each precast prestressed element is to be designed job specific.

1 Deck requirements:

0 Side-by-side slabs and box beams: 5 inch minimum HPC thickness with a single
mat of reinforcement (8 inch maximum centers each way). 7 inch minimum
thickness for any portions overhanging the exterior slab or box beam.

0 Side-by-side Bulb-T and deck Bulb -T girders: 7-1/4 inch minimum HPC
thickness with two mats of reinforcement (8 inch maximum centers in each mat
and each direction).

0 Spread slabs and box beams: 8 inch minimum HPC thickness with two mats of
reinforcement (8 inch maximum centers in each mat and each direction).

0 Bulb-T (not side -by-side) and Bulb -I girders: 8 inch minimum HPC thickness
(seeBDM 1.9.1).

o0 Deck Bulb -T girders with UHPC connection : Precast concrete Deck BulbT
girders are connected using UHPC at flange ends to form bridge deck. Air
entrained concrete is required for girder top flange portion (8 inch minimum
thickness). The deck girder system and connection details are shown in Figure
1.5.6.21 and 1.5.6.12 respectively. SeeBDM 1.9.2.31 for more information on
UHPC. % inch thick minimum PPC overlay is applied on top of the deck girder
system.

0 Asphalt concrete pavement is not allowed on concrete bridge decks. SeeBDM
1.9.3.16 for additional information .
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Figure 1.5.6.11 Section View of Deck Bulb-T Girder System with UHPQConnections

74" min. PPC

See Detail A

Air-Entrained
Concrete

Deck Bulb-T
Girder

¢
é Interior Girder
Exterior Girder

NOTE: Girders shown at 2% slope.

Figure 1.5.6.22 Connection Details Between Girder Flanges

Non-contact lap splice

#6 @ 6" Epoxy coated, typ.

Ultra High Performance
Concrete (UHPC)

#5 @ 6", typ.

1 Concrete Strengtht Ensure design compressive strengthsof concrete are not significantly
higher than design requirements and are within the following allowable ranges of design
compressive strengths. List the required concrete strengths in the General Notes.
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The allowable range of design compressive strengths of concrete at 28 days’@) to be used are
shown in Table 1.5.64L.

Table 1.5.6.21 Allowable Designh Compressive Strength Ranges

Precast Element Minimum Maximum
for precast, prestressed slabs and box beams 4000 psi 7000 psi
for precast, prestressed girders, and integral deck girders | 5000 psi 9000 psi

When precast, prestressed members are used withait a castin-place deck, the 28day
compressive strength is limited to 6000 psi. This limitation is required to ensure
adequate air entrainment and to ensure adequate workability. Higher strength

concretes generally are less workable and therefore are more difficult to achieve an
accepable finish suitable for a riding surface. When a separate concrete mix (6000 psi or
less) is used for the top flange, then higher strengths (up to 9000 psi) may be used foithe
remainder of the member.

1 The allowable range of design compressive strengths of concrete at release oall prestress
('@) to be used are 4000 psi minimum and 7000 psi maximum.

1 Do not exceed the compressive strengths listed above.

M Concrete Tensile Stress Limits:

0 Modify LRFD Table 5.2.3.11 as follows:
A Modify the 9th bulletto T8t wT2Yi A I"@>, where "@bis in ksi.
A No Tension criteria in 6th and 8th bullets still apply.

0 Modify LRFD Table 5.9.2.3.2lb as follows:

A Modify the 1st and 8th bullets to T8t wT2yi 1 I"@>, where "@vis in ksi.
A No tension criteria in 3rd, 5th and 7th bullets still apply.

o Simple Span Girders Made Continuous for Live Load ¢ When precast girders are
made continuous for live load, design the positive moment area as if the girder
was simply -supported. A maximum concrete tensile stress up to T @i 1 '@
in the positive moment area will be allowed for this condition. Also ensure that
the maximum concrete tensile stress in the positive moment area does not exceed
T8t w 12§ R '@ when the girder is considered continuous for live load.

1 Use a load factor of 0.80 for live loads in Service Il load combination to check tensile
stresses in prestressed concrete members with prestressing strands and reinforcing bars.

PRESTRESS LOSSES C PRESTRESS LOSSES

Calculate prestress losses in precast This method of calculating losses is the

prestressed members according to LRFD Detailed method presented in NCHRP

5934 ¢ Refined Estimates of Time Report 496 Prestress Losses in Pretensioned
Dependent Losses using gross section High -Strength Concrete Girders.

properties.
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Prestress loss estimates have generally been
in the 35 to 45 ksi range. ThelLRFD 5.93.4
loss calculations appear to be consistent with
earlier loss predictions. And these loss levels
have resulted in relatively accurate
predictions of camber at the time of deck
placement. There has also been no record of
service cracking in bridges designed using
these prestress loss levels.

Use prestress gain from loads permanently Permanent loads include the weight of all

applied to girders . components and utilities attached to the
bridge, such as selfweight, overlay, planned
widening and earth fill.

Do not include the prestress gain due to The amount of prestress gain due to
application of live load in the total long -term application of live load can be more than 20
loss calculation. percent of the total prestress loss. Not

including this gain results in a conservative
estimate of final girder stresses. Prestress
loss affects girder stress, but does not change
the ultimate strength or capacity to carry
permit loads.

GIRDER SHAPE SELECTION

Generalt The Oregon Bulb-T girder shape is preferred for most Oregon bridge applications.
This shape has a 4 foot wide top flange. This top flange provides safety for workers who must
form bridge decks and ensures stability of the girder during shipping. Use Bulb-T girder
shapes whenever it is appropriate to do so.

Bulb-I girders are a standard variation of the Bulb-T. To make a Bulbl, the fabricator will start
with the Bulb -T form and add blockouts to portions of the top flange to make the Bulb-I shape.
Use the Bulb-I shape only when it has benefits over a Bulb-T. SinceBulb-I girders have a
narrow top flange, it requires less concrete build -up over the girder compared to a Bulb -T.
Therefore, bridges with high superelevation (generally, greater than 7 percent) may be
candidates for the Bulb-I shape.

Since theBulb-I section is 3 inches taller than the equivalent Bulb-T, it may be preferred for span
lengths slightly longer than the equivalent Bulb -T capability. A Bulb-I section may provide
benefits over a deeper Bulb-T section. However, due to shipping stability and worker safety
concerns, a deeper BulbT might still be preferred when the deeper section can be
accommodated within the available vertical clearance.

Modified Bulb -T girders include those having a non-standard top flange width and those
having a wider web. Fabricators are generally able to adjust the top flange width anywhere
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from 24 inches to 48 inches. At least 3 inches can also be added to the top flange. Discuss any
modifications to the top flange with fabricators before placing modified details on plan sheets.
Design deviations are not required for top flange modificati ons.

Only adjusted web thickness when necessary to accommodate posttensioning (such as for
spliced girders). For such cases, increase the web thickness from 6 inches to 7.5 inches. When
doing so, increase the top and bottom flange widths by the same amount.

BT90& BT96girder sections are the largest in the Oregon inventory. These sections have a 5
foot wide top flange which is necessary to ensure shipping stability of very long girders. Do not
consider changes to the top flange width without concurrence from fabricat ors. The longest
girder available from fabricators is around 185 feet total length. Verify availability for any
girder length exceeding 180 feet.

BT96girders have not yet been used in Oregon. Verify availability of this section before
specifying it on a project.

Roadway surface is directly provided by Deck -Bulb Tee girders with UHPC connection.
Because girders are erected plumb, the top flanges are required to be cast on a slope equal to a
specified superelevation. To ensure constructability of flange concrete, asuperelevation is
limited to 5 percent maximum. Specify thicker PPC overlay (3.75 inches maximum) and
thickened flange near beam ends as required to match roadway vertical profile. See DET3385
and DET3386for details.

Due to its function as the roadway surface, construction requires minimal differential camber
between adjacent girders in the span. The construction specification requires a tight camber
difference, however there will be some residual camber variation due to construction tolerances.
Also, overfilling of the connection is a common placement method for casting UHPC. As a
result, grinding is required to smooth out the uneven surface. Subtract ¥z inch flange thickness
in the design to account for top surface gri nding. 15 percent over designed capacities are
recommended as reserve capacities for lockedin force effects from the girder camber
adjustment during construction.

AASHTO Type II, Type lll, Type IV, and Type V shapes do not have the same efficiency as
Bulb-T shapes. Therefore, use BulbT shapes in most cases. Use of AASHTO shapes is
generally limited to bridge widenings where the existing bridge has AASHTO shapes. There
may also be rare cases when an AASHTOshape may provide slightly less vertical clearance
compared to the available Bulb-T shape.

WSDOT Shapest WSDOT girder section may be specified, when there is no Oregon section that
can meet an application or provide efficient design for certain situations. WSDOT girder

sections may be an acceptable alternate based on cost and availability.The Standard
Specificationallow contractors to propose an alternate shape provided it is similar to the
specified shape and meets all project requirements (seesP 00550.08 Design WSDOT shape
girders according to ODOT design requirements. Consult with fa bricators for availability of
WSDOT girder section forms. Two WSDOT shapes are allowed:
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WEF girders: WF36G to WF83G girders. The maximum form length for the WF shapes varies
depending on the girder section ranging 80ft ¢ 170ft.

WEF Deck girders (UHPC): WF39DG to WF53DG girders. WF Deck girders are designed to be
erected side-by-side and the top flanges are connected using UHPC. WF Deck girder forms will
need madification because of the required thicker top flange due to the ODOT r equirements, as
a result there will be a cost premium to modify the forms.

Spliced girders with post -tensioning can be used to extend span capabilities of precast concree
girders. Consult with fabricators regarding the appropriate section and segment lengths for
spliced girder applications.

Consult with fabricators before considering using haunched girders. Although haunches may
provide an aesthetic benefit, any structural benefit from haunching a prestressed girder is
minimal.

Trapezoidal Box Girders are available for applications that require special aesthetic
considerations. Trapezoidal box girders can either have a uniform depth or parabolic haunches.
Horizontally curved trapezoidal boxes have been used in Colorado.

STRAND TYPE

Bulb-T and AASHTO girders were developed for use with 0.5 inch diameter prestressing
strand. Do not consider use of 0.6 inch diameter strand for these sections withaut first
consulting with fabricators. Modification of the girder section may be needed to accommodate
0.6 inch strand. BT90/96 sections were developed for use with 0.6 inch strand.

SHIPPING

When selecting the appropriate girder type, review potential shipping routes to make sure the
proposed girder type can be shipped to the bridge site. Narrow roads and sharp curves may
restrict the length of girder that can be used. Fabricators can generally provide assistance in this
analysis.

OREGON FABRICATORS

The following northwest precast concrete fabricators can provide precast concrete members to
Oregon bridge projects:

i Concrete Tech, Tacoma, WA
1 Kbnife River, Harrisburg, OR and Spokane, WA .

DETAILING ¢ GENERAL

Camber - SeeBDM 1.5.9for special requirements pertaining to ACP, sidewalk, and rail
requirements.

Deck Drainage - SeeBDM 1.9.5for details specific to slab and box beam elements.

Girder Storage and Shipment - SP 00550.4%rohibits transportation before seven days and only
after the 28day compressive strength has been achieved. There may be special construction
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circumstances when a member needs to be trasported and placed before the sevendays, but it
is not recommended before the 28day compressive strength has been achieved.

When design requires a delay for placing the girder on bearing devices to decrease the bearing
thickness or encasing the beam ends for fixed connection to reduce restraint moments due to
long-term shrinkage and creep effect, specify a required wait time on the plan sheet.

Skew - Limit skew to 45 degrees for precast slabs and 30 degrees for precast boxes. Excessively
skewed slabs and boxes tend to warp more, making fit and obtaining uniform bearing on the
bearing pads more difficult. Stair stepping the bearing pads may be necessary to obtain

uniform bearing.

Stage Construction of slabs and boxeswith cast-in-place HPC decks- Do not use side-by-side
slabs or boxes with HPC decks when precast elements must be placed in stages. Such stage
construction does not allow tie rods to be placed as detailed in BR445 Spread slabs or boxes
with a 7 ¥4 inch minimum deck thickness (two mats of deck steel) would be an acceptable
option for bridges constructed in stages.

Transverse Connection for Side-by-Side Slabs and Boxes Connect side-by-side slab and box
elements with transverse tie rods as detailed on BR445 Alternate connection details, such as
intermittent weldments, are not allowed.

Surface Finish for Precast Members- The StandardSpecificationgequires a rake finish on the tops
of members that are not used as a roadway surface A rake finish combined with extending
stirrup legs up into the deck is considered sufficient to provide adequate capacity to ensure
composite action between the girder and deck. It is not necessary to require additional
roughening.

Interface Sheart For all members with a cast-in-place deck, provide interface shear
reinforcement full length of the member regardless of whether or not it is required by design.
This requirement is satisfied by extending stirrups from the precast member up into the deck
slab and will result in minimum reinforcement across the interface shear plane equal to two #4
bars at 18 inch centers.

Joint and Keyway details - see standard drawings for recommended details.
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1.5.6.2 Design and Detailing of Precast Prestressed Girders
1.5.6.2.1 Stayin-Place Forms

Where the spacing between edges of precast concrete girder flanges is no greater than 2 feet,
steel stayin-place deck forms may be used. However, do not use stayin-place forms in exterior
bays.

Steel stayin-place deck forms may also be used behind end beams where the deck is
continuous over interior bents. Hot -dip galvanize all steel stay-in-place forms.

When stay-in-place deck forms are used, provide a minimum section modulus of 0.15 in3%ft and
a maximum form height of 1 %2 inches. Install stay-in-place forms such that the top of the form
is at the design bottom of deck thickness. The weight of a form meeting these requirements is
likely to be less than 2 psf. This weight is not significant and need not be included in the
design. However, add additional non -composite dead load per Table 1.2-1in the girder design
to account for extra concrete weight.

Do not use stay-in-place forms at deck overhang areas or where the edges of girder flanges are
greater than 2 feet apart. In such cases, access for inspection and future maintenance of the deck
precludes the use of stayin-place deck forms.

Do not use stay-in-place forms in coastal areas as defined in BDM 1.2.4.2
These provisions apply to precast girders, slabs and boxes.

Where stay-in-place forms are considered, add the following statement with the loading section
of the general notes:

Stay-in-place deck forms may be used except for exterior overhangs and between the
exterior girder and the first interior girder on each side of the structure. XX psf
additional non -composite dead load has been included in the girder design to account
for extra concrete and form weight associated with stay-in-place forms.
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1.5.6.2.2 Diaphragm Beam Restraint

Figure 1.5.6.2.21 Diaphragm Beam Restraint

ALTERNATE A: ALTERNATE B:
One cable restraint at Cable restraint top and

location shown in Detail A \ bottom at each Beam-D
i

= > i S

CABLE RESTRAINT DIAGRAM

Snug fit prestressed girders against forms prior to diaphragm
pour. Restraint to remain in place a minimum of two days
after completion of diaphragm pour.

Typ. |~

1"dia. hole at mid-
depth of girder for
cable restraints (typical
all diaphragms). After
restraint is removed fill
hole with concrete and -
finish flush with surface /}I_
(exterior beams only).

A\

1.5.6.2.3 Beam Seat or Top of Crossbeam Elevation

Provide a note on the plans indicating when the beam seat (or top of crossbeam) elevations
shown are for deck buildups based on three months camber. Adjust the beam seat (or top of
crossbeam) elevations during construction to correct for the revised deck buildups.

1.5.6.2.4 Continuous Deck C1l156.24
Reinforcement
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Simply supported precast prestressed
girders with continuous deck over interior
piers can be used to create deck continuity
for the entire structure . Design the girders as
simply supported for superimposed dead

loads and live loads, only the deck and its
reinforcement are continuous over the pier.

Provide a saw-cut control joint to control
cracking. Do not use the continuity detail for
bridge spans greater than 160ft. Use the bar
size, length and spacing as shown in Figure
1.5.6.2.41. Specify 20 feet long reinforcing
bars for bridge spans with 60inch tall girders
or smaller. Specify 30 feet long reinforcing
bars for bridge spans with girders taller than
60inches.

This detail is not allowed on bridges with
SDC C and D due to unknown performance
during a large earthquake.

Bridge Design Mand&ection 1

The continuity detail allows simplification of
design and detailing and elimination of the
expansion joint over the pier. Flexural cracks
in the deck are expected at the pier due to
live loads. The cracks should close when the
live loads disappear.

This detail does not apply to bridges
designed simple for dead loads and made
continuous for live loads. The girder system
requires deck reinforcement to resist
negative bending moments generated from
the live loads. This results in more deck steel
than the detail shown in Figure 1.5.6.2.41.

NCHRP Report 51provides design examples
for girders made continuous.

Figure 15.6.2.4-1 Interior Bent with Continuous Deck

b ¢ Bent
L]

#5 alternate with deck
L2 bars at about 6" and stagger
as shown, full width of deck

5]
74 T

#5 Bar L1 L2
20" long 12"-6" 7-6"
30" long 17-6" | 12'-6"

~ |
~~ ~~

A~ L 4 la 4
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| A
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rd b |
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op longitudinal deck bars

1.5.6.2.5 Beam Stirrups

Bulb-T and Bulb-I standard drawings show stirrups with 90 degree shop bent hooks at the top
of the girder. These hooks must protrude at least 3 inches above the bottom of the deck When
they do not, because of excessive buildup, the standard drawing requires the use of U bars to
fill the gap.
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There is noneed for the stirrup hooks or U bars to extend to the top mat of deck reinforcement,
as has been shown in the past. Detail plans to reflect these requirements.

Figure 1.5.6.25-1 Beam Stirrup Details
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1.5.6.2.6 Structure Widenings, Precast Beam Bridges

Detail connections between superstructures to prevent widening dead loads from being
transferred to the existing beams. This may be accomplished by delaying the connection pour
(diaphragm and deck) until most of the dead load is applied to the widening. The designer
chooses the appropriate placement method. SeeBDM 1.9.4.2for additional closure pour
information.

Figure 1.5.6.2.61 Closure Pour Method

Existing structure _ @ i @ /‘I
; R —— I | i i ]
. L | | | |
e Yoo f@“m
I
s L S = R = S
POUR SCHEDULE
(INCLUDING CLOSURE POUR)
@ Make pour in diaphragms. @ Make pour in deck slab of closure pour,

Delay a minimum of 3 days after pour @
@ Make pour in deck slab. Dela pour@
a min. of 3 days after pouré. @ Make pour in bridge rail.

Make pour in diaphragm of closure
pour section.

In the closure pour method shown in Figure 1.5.6.%6-1, the deck screed machine would normally
be placed or supported on the widening beams. As the concrete is placed, the beams tend to
deflect equally. This equal deflection normally gives better control of deck thickness and deck
steel cover.
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Figure 1.5.6.2.62 Delayed Diaphragm Pour Method

Existing structure | @ j-l
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POUR SCHEDULE

(INCLUDING CLOSURE POUR)

@ Make pour in diaphragms. @ Make pour in diaphragm closure pour

a minimum of 3 days after pour@.

@ Make pour in deck slab. Delay pour
a min. of 3 days after pour@. lockout @ Make pour in bridge rail.
deck as required to make pour A

In Figure 1.5.6.2.€ showing the delayed diaphragm pour method, the deck screed machine rails
would normally be placed or supported with one rail on the existing structure and one rail on
the widening beams. As the concrete is placed, the new beams would tend to deflect more than
the existing composite beams. This unequal deflection makes it more difficult to control deck
thickness and deck steel cover, especially at the new beam adjacent to the existing structure.

1.5.6.2.7 Deck Pour Sequence
SeesDbM 1.9.4.3
1.5.6.28 Earthquake Restraint Details

SeeCost Data Boksfor sample plans and details.
1.5.6.29 Fixed Girder Connections

Where girder ends are designed with a fixed connection to an end beam or bent cap, embed the
girder into the end beam (or bent cap) a minimum of 8 inches. Provide transverse bars/rods
through the girder ends as shown on the standard drawings ( BR300& BR31(Q. In addition to
the above requirements, provide strand extensions or dowels at the end of the girder as needed
to ensure adequate transfe of loads to the substructure.

To minimize restraint moments due to girder creep and shrinkage, establish continuity when

the age of the girders is at least30 days after casting. When a certain concrete age is required by
design to minimize the time -dependent effect, include the following note in the plan s heet with
continuity details:
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Place continuity diaphragm at least XX days after the girders are manufactured.

1.5.6.210 Girder Spacing

Limit girder spacing to 9 feet for girder sections up to BT72 and 1.5 times girder depth for larger
girders.

PRECAST MEMBERS TOPPED WITH ACP

Side-by-side elements have been historically topped with ACP over a waterproofing membrane.
SeeBDM 1.9.31.6.This type of construction works well in a stage construction scenario as long
as the elements are placed consecutively from one side to the other.

When using this type of construction, the previous stage precast element at the stage
construction joint must carry some of the wearing surface dead load from the subsequent stage
since adjacent slabs must have their tie rods connected before the wearing arface is placed for
the subsequent stage. This additional load is generally ignored (i.e., the members are designed
as if they were all placed in one stage). Long term creep is thought to mitigate this condition.
To date, annual inspections have found no distress in precast elements due to this practice.

For cases where elements cannot be placed consecutively from one side to the other, it becomes
impossible to place standard transverse tie rods. For this reason, select a different structure
type (ex., spread slabs or girders with CIP deck) when elementscannot be placed consecutively.
Any side -by-side precast slab or box element must be connected to adjacent elements with
transverse tie rods as detailed inBR445 Alternate details, such as intermittent weldments, are
not allowed.

The use of asphalt concretepavement is no longer allowed due to long term maintenance
concerns. SeeBDM 1.9.3.1.6

PRECAST MEMBERS TOPPED WITH CIP CONCRETE

Side-by-side elements may be topped with an HPC deck. SeeBDM 1.5.6.1for minimum deck
thickness and reinforcing requirements.

For this type of construction, the deck dead load is substantially larger than the PPC or ACP
case. For this reason, this type of construction must be detailed to prevent the deck dead load
from later stages from being transferred to previous stages.

One solution to this problem is to provide a space (12 to 18 inches) between the stages that is
filled with a CIP closure girder which is placed after full deck dead load is applied to both
adjacent sections. For this case, design the precast members adjant to the construction joint as
exterior girders. Design the CIP closure girder to carry a contributory portion of live load under
the strength limit states.

Use of spread slabs or boxes is another possible solution for stage construction.When so, use 7
Yainch minimum deck thickness with two mats of steel as required by BDM 1.5.6.1
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Any side -by-side precast slab or box element must be connected to adjacent elements with
transverse tie rods as detailed in BR445 Alternate details, such as intermittent weldments, are
not allowed.

1.5.7 Castin-Place Superstructure
1.5.7.1 General Design

STRUCTURE DEPTHS

SeeBDM 1.2.7.2 for minimum depth and live load deflection requirements.
COMPUTATIONS OF DEFLECTIONS

Base computed deflections on the effective moment of inertia of the section.

Estimate long term deflections as instantaneous deflection times a factor of three for reinforced
concrete elements.

1.5.7.2 Interim Reinforcement faBdams
SeeBDM 1.5.519.

1.5.7.3 Diaphragm Beam Steel

SeeBDM 1.5.5.21.

1.5.7.4 Box Girder Stem Flare

Taper changes in girder stem thickness for a minimum distance of 12 times the difference in
stem thickness. See Standard DetaiDET3125for details.

1.5.7.5 Shear Keys and Construction Joints

At construction joints between the stem and slab of concrete girder bridges, use the following
note:

Roughened surface finish. SeeSP 00540.43(a)
SeeBDM 1.14.2.2.1

1.5.7.6 Standard Access and Ventilation in Concrete Box Girders

Provide permanent access to all cells of concrete box girders. Access may require using
manholes or access holes through bottom slabs, diaphragm beams, crossbeams and longitudinal
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beams. Standard Drawings BR135and BR136show standard access and ventilation details. See
BDM 1.2.10and BDM 1.15.5for additional accessibility guidance.

In addition to standard drawing sfor accessholes, draw a section normal to the girder through
the access hole showing the relationship of the longitudinal stems, utility lines, and crawl holes
to the access hole and ladder. Do not show dimensions w hen the drawing is to scale.

Use the following guidelines tempered with engineering judgment.

1 Deck Access Holest Do not place access holes through the deck of a structure. There is a
potential for the access hole cover to leak.Avoid disruption of traffic and the need for
traffic protection and direction.

1 Bottom Slab Access Holes- Single span bridges will normally require one access hole per
cell. Multiple span bridges will normally require one access hole per cell at each end of
the bridge. Locate access holes in accordance with the guidelines show on the standard
drawings. An 8 feet minimum height to the access hole is recommended to discourage
unauthorized access into the structure. Keep the inspector in mind when choosing the
access locations. Do not place access holes over railroad tracks.

1 Girder Stem Access Holes- Provide girder stem access holes through the interior stems at
the midpoint of all spans. These lateral access points will allow the inspector to complete
their inspection of span or spans without having to exit and reenter the structure.

9 Crossbeam Access Holes- These are not detailed on the standard drawing since their
design will vary widely because of structural requirements. Only one access hole will be
required per crossbeamwhen the girder stem access holes are provided.

1 Bottom Slab Ventilation Holes - These ventilation holes, similar to the bottom slab access
holes in design except top opening, are intended to be used in all cells of each span not
having access holes. Locate the ventilation holes near the opposite end of the span from
an adjacent span having access holes. The holes provide additional ports for removing
forms, serves as an exhaust hole when forced ventilation is required and provides
additional natural ventil ation.

1 Stem Ventilation Holes - These holes provide for the escape of lighterthan-air gases and
are located near the high point of each span as detailed on the standard drawings.

9 Ladder Support ¢ Provides a safe support for the ladder while the inspector unlocks the
access hole cover. After the cover is unlocked, reposition the ladder through the access
hole so the inspector can grab onto the ladder while entering/leaving the box girder cell.

9 Access Cover Prop- The access cover prop is designed to facilitate the opening or closing
of the cover when the ladder is supported by the ladder support. Once the ladder is
through the access hole, release the prop so the cover will lieflat. The prop would be
reengaged upon exiting the box.

1.5.7.7 Form Removal

All forms are to be removed from cells where access is provided.
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Deck forms to be removed may be supported off the bottom slab when the bottom slab is fully
supported, designed to support the added load and has no detrimental effect on the structure.

Deck forms for non-accessible cells may be left in place. Deck forms left in place are not to be
supported off the bottom slab. Web supported deck forms are acceptable. Include an
allowance for deck form dead load in the design loads, seeBDM 1.3.2.

1.5.7.8 Bottom Slab Details

Generally, show the bottom slab of box girders to be parallel to the top slab in transverse section
so that all girder stems will be the same depth.

Provide a bottom slab thickness of no less than 6 inches.

For skewed box girders, orient bottom slab transverse bars the same as the deck transverse bars.
SeeBDM 1.9.1and LRFD 9.7.1.3or requirements.

Place a 4 by4 inch drain hole through each diaphragm beam at the low point of each cell. Place
a 4 inch diameter drain hole through the bottom slab at the low point of each series of cells in a
span. For cells that carry water lines, increase 4 inch diameter to 6 inch dianeter.

Figure 1.5.7.81 Bottom Slab Drain Details
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1.5.7.9 CrossBeams

SeeBDM 1.5.5.19 and BDM 1.5.520.
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1.5.7.10 Fillets

Provide adequate fillets at the intersections of all surfaces within the cell of a box girder, except
at the junction of web and bottom flange where none are required.

Provide a 4 by 4 inch fillet at the intersection of the crossbeam and the deck; and the end
diaphragm beam and the deck. For additional detailing requirements see BDM 1.9.2.

1.5.7.11 Structure Widenings, CasPlace Superstructures

Detail connections between superstructures to prevent widening dead loads from being
transferred to the existing beams. One method is to temporarily support the beam adjacent to
the widening during construction. Designate locations where supports are req uired and
expected maximum reactions. An alternate method requires closure pours for the diaphragm
and deck slab. SeeBDM 1.9.4.2for additional closure pour information.
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Figure 1.5.7.1%1 Closure Pour Method for CIP Superstructures

Structure widening Existing structure

\

J d T T T N -

L Provide support at beam shown at mid-
span during construction (XX kips max.
reaction in spans "_"-"_" and XY kips

" o "

max. reaction in spans "_"and "_").

TEMPORARY SUPPORT METHOD

Structure widening Existing structure
 Closure pour

CLOSURE POUR METHOD

POUR SCHEDULE

Pour longitudinal beams and diaphragm beams shown to the bottom of the
top fillets.

of 3 days after pour . A deck construction joifit may be made over any
diaphragm beam. Deldy pouring adjacent section of deck a minimum of 36
hours.

@ Pour@ includes top égets and deck slab. Pour@ to be delayed a minimum

@ After falsework removal, pour diaphragm closure section.

@ Make closure pour in deck slab. Delay a minimum of 3 days after pour @

1.5.7.12 Stayin-Place Forms for Deck

For deck construction, stay-in-place forms will not be allowed. Loss of access for inspection and
future maintenance of the deck preclude the use of stay-in-place deck forms.
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1.5.8 PostTensioned Structures

1.5.8.1 DesigrConsiderations
1.5.8.1.1 Structure Depths

SeeBDM 1.2.7.2 for minimum depth and live load deflection requirements.

1.5.8.1.2 Shrinkage and Creep Stresses

The stresses in the superstructure and substructure of post tensioned concrete bridges which
result from elastic shortening may be assumed to remain in the structure indefinitely. The
stresses which might be assumed to develop as the result of shrinkage ad creep may be
assumed to be relieved by creep.

1.5.8.1.3 Shortening of Post Tensioned Bridges

Valuesin Table 1.5.8.8-1 for shortening of post tensioned, cast in place concrete bridges are
based on field measurements by the ODOT Bridge Section. Compare the design values with the
field measured values and use the more conservative value.

Table 1.5.8.13-1 Shrinkage Prior To Tensioning (Theoretical)

Shrinkage Time Period Shortening Length
(inch/foot)

0.4 x .0002 ft/ft x 12 in/ft x 100 ft = 0.10/100

Elastic shortening 0.44/100

Shrinkage and creep after tensioning to 1 year 0.29/100

Shrinkage and creep 1 year to 20 years (anticipated) | 0.10/100

These structures were stressed to an average concrete stress of 1200 psi (1000 to 1300 psi). For
other values, the elastic shortening and creep is roughly proportional. ODOT data indicates
that variation of these values by 50 percent would not be unusual.

1.5.8.1.4 Deflections

Estimate long term deflections as the net instantaneous deflection ©0 01 Qi o tinRs$ d
factor of two for cast-in-place posttensioned elements.

1.5.8.1.5 Curved PoStnsioned Ducts

Design for the radial prestress forces resulting from curved tendons in post -tensioned
structures. Additional shear/flexural reinforcement may be required to resist the lateral web
forces and ties to resist the web bursting forces.
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1.5.8.1.6 Design Moments at Interior Bents oflfeosioned Bridges

For crossbeams with widths less than the distance between the top and bottom slab, do not
include the crossbeam in the superstructure section properties. Project the stem and slab
dimensions to the centerline of the bent and use those dimensions to calcuhte section
properties. Use the negative moment at the bent centerline for design.

Figure 1.5.8.16-1 Crossheam Section Properties

lgnore shaded area
/ in section properties
1

l | - !

For greater crossbeam widths, use the above section properties and consider adding
supplementary reinforcing steel across the top of the crossbeam to control any theoretical
cracking that may occur from live loading.

1.5.8.1.7 Skewed Box Girders

Box girder bridges with skews of over 20 degrees cannot be safely designed without taking into
account the effects of skew. These effects generally increase as any of the following increase:
skew angle, span length, torsional rigidity of the superstructure . The principal effect of skew is
to increase the reactions at the obtuse corner of the structure and to reduce those at the acute
corners (sometimes even causing uplift). This increases shear in the beams adjacent to the
obtuse corners and produces transwerse shear in the deck and bottom slab. These effects can be
reduced by reducing the skew, which generally means lengthening the structure or by placing
crossbeams at interior bents normal to the centerline of the structure.

When torsion due to skew is a problem, consider reducing the torsional stiffness of the
structure. RCDG bridges, either cast in place or with precast girders, are torsionally limber. For
additional detailing of skewed decks see BDM 1.9.2.1.1

Do not design box girder bridges with bents skewed more than 45 degrees from the normal to
the structure centerline.

Careful design of post tensioning with regard to the deflection and slope of the girder at a
skewed end can nullify or reverse the tendency of the obtuse corner of the skewed structure to
take a disproportionate part of the dead load. Theoretically, this could be done so that under
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full O0 0 0 "Othe reactions would be equal at all bearings. Even an approximation of this
condition will benefit the design.
1.5.8.1.8 Concrete Tensile Stress Limits

The concrete tensile stress limits given inBDM 1.5.6.1also apply to post-tensioned members.

1.5.8.2 General Details

BDM 1.5.7generally apply to post -tensioned box girders as well as conventional box girders.
CONVENTIONAL BOX GIRDERS

See Standard DetailsDET 3125and DET 3130for general details.

PRECAST TRAPEZOIDAL BOX GIRDERS

SeeBR133and Standard Details DET 3131, DET 3132and DET 3134for general details.
ACCESS AND VENTILATION

See Standard DrawingsBR135and BR136for general details.

OVERHANG DESIGN AND REINFORCING

SeeBDM 1.9.2.2

1.5.83 Stress Rodeinforcement of Bearing Seats

An example of a stressrod reinforced bearing seat is shown below. In order to retain a significant
amount of prestressing force, provide a rod with stressed length of not less than 10 feet.

Figure 1.5.83-1 Stress Rod Reinforcement of Bearing Seats

_—7— Stress rods

Stress rods —&— |

1.5.84 Segmental Construction

Where precast and castin-place elements are joined in a continuous, segmental structure,
chamfer exterior corners of the cast-in-place portion to match precast elements. $andard
practice is to chamfer precast elements, even whenthe chamfer is not shown on our drawings
or the shop drawings.
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1.5.85 Support Tower Details and Notes

Design the support tower at the end of the suspended span to support the reaction from the
suspended span including the additional reaction due to post tensioning. Show on the plans the
approximate total reaction in kips. Design the tower to accommodate the elastic shortening of the
superstructure due to post tensioning. Make provisions so that the superstructure may be returned
to the plan elevation (raised or lowered) in the event that actual settlement at the top of the tower
differs from the anticipa ted settlement. Keep the support tower in place until the suspended span
is fully supported by the cantilever and adjoining span.

Figure 1.5.85-1 Support Tower Details
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of adjoining span falsework).
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1.5.86 PostTension Strand Duct Placement

Place ducts for posttensioned bridges using the detail provided on DET313Q The most
common type of duct arrangement has been the bundled duct detail. This detail can be used
when the duct size does not exceed 4 ¥inches and when the horizontal curvature of the bridge
does not require the use of supplemental ties (seeLRFD 5.10.4.3. When the horizontal
curvature does result in the need for supplemental ties, do not use bundled ducts. When
supplemental ties are required due to horizontal curvature, use the following detalil:

Figure 1.5.86-1 Typical Web and Duct Tie Detail

Web Inside of curve

3"cl. 2" cl. min.
to stirrup

A #4 Duct tie
(as reqd. by LRFD 5.10.4.3) ———=

L— #4 Web tie above &
. // below each duct tie, typ. ~

EI
#5 stirrup — \I,\

Detail post tensioned box girders to allow pouring the bottom slab and stems as separate pours.
Design the prestressed tendon path to ensure that the ducts do not fall in the area of the bottom
slab. See Standard DetailDET 3125and DET 3130for general details. To ensure the ducts are
fully encased in concrete, do not place ducts in the bottom slab and keep ducts at least 1 inch
below the fillet construction joints near the top slabs. Show Figures 1.5.&-2 and 1.5.8%-3 on the
project plans when needed.

\HE
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Figure 1.5.86-2 Low Point Detail
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In some cases it may be necessary to place ducts outside the limits shown aboveWhen so,
special concrete placement details will normally be needed to ensure the ducts are fully encased
in properly consolidated concrete for the entire length of the bridge. For these cases, submit a
design deviation request which shows the proposed duct p lacement detail. Include with the
request the details and specification language intended to ensure the concrete will be fully
consolidated in areas where the ducts pendrate either into the bottom slab or above the stem
fillet construction joint.
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1.5.9 Camber Diagrams
1.5.9.1 Camber Diagrams, General

Show camber diagrams on the plans for all types of castin-place concrete structures. The
camber diagram shall be titled, Camber Diagram and be accompanied by the applicable
portions of the following note:

Camber is designed to compensate for deflection due to prestressing,the dead load of all
concrete, stay-in-place forms and wearing surface and the long-term effects of shrinkage and
creep.

An example of a camber diagram for a castin-place structure is shown below in Figure 1.5.9.11.

Figure 1.5.9.11 Camber Diagram Example

1 ]
¢ Bent 1, . | Symmetrical |
/— N NN oy v ¢ Bent 2 . . . about ¢ Bent 3 —

N
o EIRCY s & SR
1 3 &= 1 " o RS R % < |
N N . S S © s
| N | % N Ny
Q S o B A
0 0

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.1 0.2 03 04 05 06 07 0.8 0.9
NOTE:
Camber is designed to compensate for deflection due to prestressing, the dead load of all concrete,

stay-in-place forms and wearing surface and the long term effects of shinkage and creep.
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1.5.9.2 PrecasPrestressefilabs and Box Beams

Camber of precastprestressedelements occurs due to prestressing strands generally located
below the center of gravity of slabs or box beams. Reflect allowances for camber and grade
correction in top of slab elevations. Increase rail posts lengths and curb heights accordingly near
the ends to obtain the proper finish rail height a nd curb exposure. Note on the typical deck
section that post lengths may vary due to camber or superelevation. Include information on the
contract plans as shown in Figure 1.5.9.21. The figure shows slabswith 7 % inch thick concrete
deck as an example.

Figure 1.5.9.21 Concrete DeckBuild-Up Detall

Min. Deck—---========———————— e~ 7"
Anticipated camber @ 3 mos.—---—---- +2%5"
Downward due to Deck and SIDL---—- -1%"
Deck thickness @ Bents———————--—-——- 8"
Finish Grade \ — 7" min.
= S concrete deck
z 4 z 4
e 4 g 4
Slab L 174" build-up
@ Bents

1.5.10Pour Sguencs
1.5.10.1 Pour SguencesGeneral

In order to avoid misunderstanding and claims by the contractor, ensure that construction
sequences and pour gquences are clearly described. Particular care is neededvhen
symmetrical structures are covered by sketches showing half of the structure.

In general, longitudinal pours in continuous spans are stopped near the bents to allow concrete
shrinkage to occur in the majority of the span. Closure pours over the bent are generally shorter
to minimize shrinkage cracking that could occur between fixed supports or placements.

It is recommended to place bottom slab or beam construction joints at a falsework bent rather
than a permanent bent. Cracking may develop at a permanent bent, when the adjacent
falsework settles or deflects during the concrete placement. For deck closure pours and deck
pour sequence seeBDM 1.9.4.2and BDM 1.9.4.3
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1.5.10.2 T-Beams Supported on Falsework

A typical sketch and pour sequence is shown below in Figure 1.5.10.21.

Figure 1.5.10.21 Pour Sequence Example Detall
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0.2 span \# 0.2 span
| max.

Pour @

Closure pour over bents

POUR SEQUENCE

1. Pours (1) and (2) are the longitudinal and transverse beams to the bottom ¢ deck (or
fillets). Make all pours (1) prior to p ours (2). Beam construction joints shall not be near a
permanent bent but shall be made at a falsework bent. Delay adjaent beam pours by a
minimum of three days.

2. Pour (3) is the (fillets and) deck. Pour(3) to be delayed a minimum of three days after
completion of all p ours (2). A deck construction joint may be made over any transverse
beam. Delay pouring adjacent sections of deck a minimum of five days. Do not remove
bulkheads for deck pours until at least three days after completion of pour. Deck pours may
extend over any part of a span or spans so long as they meet these requirements.
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1.5.10.3 Box Girders on Falsework

Figure 1.5.10.31 Pour SequenceExample Detalil
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0.2 span | 0.2 span 0.2 span | 0.2 span
Yomax. ' max. ! " omax. ' max.

POUR SEQUENCE:

1. Pours (1a) and (1b) are the bottom slab. Stopours (1) at a falsework bent and not at a
permanent bent. Delay a minimum of three days between adjacentpours (1). Complete
all pours (1a) prior to starting pours (1b). Complete all pours (1) prior to starting p ours

).

2. Pours (2a) and (2b) are the longitudinal and transverse beams to tle bottom of the fillets.
Stop pours (2) over a falsevork bent. Delay the start of pours (2) a minimum of five
days after bottom slab pours (1) arecomplete. Delay a minimum of three days between
adjacent pours (2).

3. Pour (3) includes the fillets and deck slab. Pour (3) to be delayed a minimum of three
days after completion of all p ours (2). Pours (3) may be stopped over any transverse
beam, with the use of a deck construction joint. Delay a minimum of five days between
adjacent pours (3). Do not remove bulkheads for deck pours until at least three days
after completion of the pour. Deck pours may extend over any part of a span or spans as
long as they meet these requirements.

Generally, it is preferred that the bottom slab be completely poured first and separately from

the longitudinal beams. This ensures a more uniform bottom slab thickness, the slab provides a
good base for stem forms, and the continuous bottom slab helps stbilize the falsework system.
It also allows the falsework to take its initial settlement without affecting other superstructure
components.
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1.5.10.4 DropIn Precast Prestressed Elements

Complicated types of construction require detailed construction sequence notes, such as the
following:

Figure 1.5.10.41 Pour SequenceExample Detail

i/_ Lot 6{ D r/_zf;/.?;bout 0

WLH_\@/_/“ [] | 5
I

See Note 2 ®-\‘—;—,

POUR SEQUENCE:
1. Make pour (1).

2. Make pour (2), includes Bent 2 column.

3. Make pour (3a), includes bottom slab and webs to bottom of top fillet, Beam C to bottom
of deck.

4. Make pour (3b), includes deck and top fillets for cast in place section. Delay pour (3b) a
minimum of three days after completion of pour (3a).

5. Apply Stage | post tensioning to cast in place section. Stressing to begin a minimum of 14
days after completion of pour (3), but not until concrete in pour (3) has reached its design
strength.

6. Place prestressed beams. Beams to be placed so that the number of beams in one spa
does not exceed by more than fourthe number in the opposite span.

7. Make pour (4), includes diaphragm beams D and end beamsE.

8. Make pour (5), (no less than 60 days after transfer of stress in precast, prestressed beams),
includes deck on prestressed beams to diaphragm beam nearest Bent 2.

9. After pour (5) has been made in Spans 1 and 2, makpour (6a), includes remainder of
BeamC. Let concrete take initial set, and make Pour (6)b, includes remainder of deck.

10. Apply Stage Il post tensioning to assembled Spans 1 and 2. Stressing to begin a
minimum of 14 days after completion of Pour (6), but not until concrete in pour (6) has
reached its design strength.

11. Pour curbs.

NOTES:
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o 1.Bents 1 and 3 footings and walls may be poured any time up to seven days
prior to placing of prestressed beams, but concrete must have reached its design
strength prior to beam placement. No part shall interfere with post tensioning
operations.

0 2.Paving slab and sidewalls may be poured at any time except that no part shall
interfere with post tensioning operations.

0 3. Screed deck concrete parallel to bents.

0 4.Composite decks and closure pours shall not be made until at least 60 days
have elapsed from the time of transfer of prestressing force in the precast
elements.

1.5.10.5 Continuous Casstplace Slabs on Falsework

For pours over 600 cy, allow a transverse deck construction joint atT® z i ) &fom the next
interior bent.

1.5.10.6 End Bents

When the fit of superstructure elements is critical, be sure to consider the end bent construction
sequencing. Normally the end wall construction is delayed until the superstructure elements
are in place. Delaying the end wall construction also allows the contractor to compensate for
errors in superstructure element lengths and end bent locations. Show a construction sequence
diagram, with notes, as needed.

1.5.10.7 Steel Girders

SeeBDM 1.6.2.14for examples.
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1.5.11Concrete Anchors

1.5.11.1 Anchor Bolts / Rods
15.11.1.1 Materials

Anchor bolts / rods, including those for bridges, signs, traffic signals, and illumination
structures, should normally be specified according to one of the following specifications:

1 ASTM F1554is the preferred specification.

1 ASTM F1554 grade 36 for low-strength.

1 ASTM F1554 grade 55 for medium-strength.
1 ASTM F1554 grade 105 for high-strength.

Equivalent ASTM designations for anchor bolts / rods are:

1 ASTM A307, Low -strength carbon steel bolts for general use (nonheaded rods conform to
ASTM A36).

1 ASTM A449, Medium carbon steel bolts and rods to 3 inch diameter. Proof load
requirements are similar to ASTM F3125GR A325.

Galvanize anchor bolts or rods full length, when galvanizing is desired.

Anchorage of anchor bolts and rods may be accomplished by hooks for ASTM A307 and grade
36 materials. For higher strength materials, a bearing plate tack welded to a nut or a plate
between two nuts should be used.

When tensioning of anchor rods or bolts is desired, load indicator washers may be used up to
1% inch diameter (the largest available). Specify load indicator washers on the plans or in the
Special Provisions, when required. Recognize that concrete creep and shrinkage may
significantly reduce anchor rod stress over time.

1.5.11.1.2 Anchor Bolt Sleeves

To allow for some flexibility in placement and small corrections in bearing locations, an anchor
bolt sleeve is often used. The anchor bolt can be field bent slightly to fit the required bearing
location. The bearing plate can be temporarily shimmed and then the pad constructed or the
pad can be constructed with a blockout around the bolt. The sleeve is grouted at a later time.
There are commercially produced anchor bolt sleeves or a fabrication detail can be added to the
drawings.
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Figure 1.5.11.1.21 Anchor Rod Detail

1"dia. x 2'-6" anchor rod
(AASHTO F1554, gr. 105)

thread 5" top and bottom \
Ea i

4" ID corrugated
or thin wall pipe

Top of crossbeam

6

— PL V4" x 4" dia. (ASTM A36)
~ spot weld to pipe

— 75" thick washer x 4" dia.

Tack weld

1.5.11.2 Postinstalled Anchors

1.511.2.1 Materials

RESIN BONDED ANCHORS
Normall y specify ASTM F1554 as the anchor rod material. ASTM specifications may be
substituted as shown in Table 15.112.1-1.

Table 1.5.11.2.11 ASTM Material Substitutions

Anchor Rod Specifications | ASTM Specifications

ASTM F1554 GR 36 A307
ASTM F1554 GR 105 A193 (grade B7) or A449
M31 Rebar, gade 60 A706 or A615
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Galvanizing is only required when portions of the anchor are exposed.

Anchor rods do not necessarily need to be fully threaded. Specify the thread length to best fit
the particular application.

BONDING MATERIAL

Use a resin bonding system from the Division's QPL for anchor bolts 1 inch diameter or less.
For larger anchors, use other types of anchorage such as epoxy grout or cementitious grouts
with traditional development lengths.

MECHANICAL ANCHORS

A mechanical anchor system consists of multiple materials and differs from one manufacturer
to another. Corrosion-resistant materials are required for mechanical anchors installed in bridge
elements. As a minimum, specify hot-dip galvanized coating. Type 316 stainless steel is
preferred. All mechanical anchor products on the QPL have an option for providing corrosion -
resistant materials. Use the same type of materials for attachments connected to mechanical
anchors. When this is unavoidable, provide electri cal isolation for all dissimilar metals to avoid
galvanic corrosion.

1.5.112.2 Design

Ensure that post-installed anchors are embedded in good concrete without active cracks. Avoid
using anchors in sections of the bridge with high tensile stresses perpendicular to anchor holes.
Drilled holes in concrete attract or even induce cracks at the hole location. Cracks in the
concrete will then tend to break down the bond between concrete and epoxy resin for resin
bonded anchors or compromise the mechanical anchor system. Do not use postinstalled
anchors to resist earthquake forceswith in plasti c hinge regions of bridge elements (i.e.
columns). Use of post-installed anchors for shear lugs and beam seat extensions is acceptable.

RESIN BONDED ANCHORS
Do not specify anchors larger than 1 inch in diameter using a resin bonded anchor system.

Table 1.5.112.2-1 Anchor Diameters and Stress Areas

Diameter (inch ) | Stress Area (in?) Bar Size | Stress Area (in?)
0.5 0.142 4 0.20
0.625 0.226 5 0.31
0.75 0.334 6 0.44
0.875 0.462 7 0.60
1.00 0.606 8 0.79

FHWA Technical Advisory T5140.3regarding use of adhesive anchor under sustained tension
loads was issued in January 2018. According to the Technical Advisory, FHWA recommends
that post-installed adhesive anchors can be used for resisting sustained tension loads onlywhen
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specific requirements are met. The recommendations were based ofNCHRP Reports 63and
757, ACI 318, and ACI 355.4Anchoring to concrete design guidance was added to Section 5 of the
AASHTO LRFD design specificationwhich refers to the ACI design code The new requirements
apply to all new Federal -aid projects.

Design resin bonded anchors with loads, load factors, and load combinations specified in LRFD
Section 3and with resistance factors according to ACI 318 Chapter 1with the following
modifications:

1 Uncracked concrete is assumed for design of resin bonded anchor system.
1 Use aresin bonded anchor system inconcrete with a compressive strength of 2,500¢ 8,000

psi.
1 Use resistance factors as shown inTablel.5.112.2-2 for applicable failure modes .

Table 1.5.112.2-2 Resistance Factors for Design of Resin Bonded Anchors

Failure Mode Strength Reduction Factor f
Strength Limit State Extreme Event
Others Sustained I Limit State

Tension

Reinforcement in tension 0.75 0.75 1.00

Concrete breakout in tension 0.65 0.65 0.90

Adhesive bond in tension 0.65 0.33 0.90

Reinforcement in shear 0.65 0.65 1.00

Concrete breakout in shear 0.70 0.70 0.90

Concrete pryout in shear 0.70 0.70 0.90

f  For concrete breakout strength in tension, Q& ¢ T Use y 6t p3L

1 Use characteristic bond stresses fromTablel.5.112.2-3 for bond strength calculation. The
bond stresses shown in thetable are obtained from the Evaluation Service Report (ESR)
of epoxy resin products on the QPL. The reports are approved by the International Code
Council Evaluation Service, Inc. (ICES). The recommended bond stresses are based on
threaded rod or reinforcing bars installed in holes drilled with a hammer drill and carbide
bit.
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Table 1.5.112.2-3 Characteristic Bond Stress for Bond Strength in Tension Check

Short-Term Peak Temperature Load Application | £0 = 4F
(24 hrs.) (psi)
Equal or Less than 130 F Others 1200
Sustained Tension 480
Greater than 130 F but less than 176 F | Others 800
Sustained Tension 320

Before 2019, ODOT used a set of equations developed irhouse using historical test data for
calculating anchor capacities. The equations arelocated in AppendixA1.5.11.2.2

MECHANICAL ANCHORS

Each manufacturer establishes its own material strength and it differs for different anchor sizes.
Do not specify anchor sizes larger than % inch (nominal) in diameter. Use the nominal material
strengths for anchor design found in Table 1.5.12.2-4.

Table 1.5.112.2-4 Material Properties for Design of Mechanical Anchors

Undercut Anchor

Material (psi) Stainless Steel Hot -Dip
Galvanized

Yield strength 87,000 Not on the QPL

Tensile strength 105,000 Not on the QPL

Expansion and Screw Anchors

Material (psi) Stainless Steel Hot -Dip
Galvanized

Yield strength 75,000 55,000

Tensile strength 90,000 75,000

Design mechanical anchors with loads, load factors, and load combinations specified in LRFD
Section 3and with resistance factors according to ACI 318 Chapter 1with the following
modifications:

1 Assume uncracked concrete for design of mechanical anchor system.

1 Use a mechanical anchor system inconcrete with a compressive strength of 2,500¢ 8,000
psi.

1 Use resistance factors as shown inTablel.5.112.2-5 for applicable failure modes .
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Table 1.5.112.2-5 Resistance Factors for Design of Mechanical Anchors

Failure Mode Strength Reduction Factor £
Strength Limit Extreme Event Il Limit
State State

Reinforcement in tension 0.75 1.00

Concrete breakout in tension | 0.65 0.90

Pullout strength in tension 0.65 0.90

Reinforcement in shear 0.65 1.00

Concrete breakout in shear 0.70 0.90

Concrete pryout in shear 0.70 0.90

For concrete breakout strength in tension, @ ¢ tUse yabi) P31

Mechanical anchors from each manufacturer have different details and specifications. The
recommended design parameters listed in Tablel.5.112.2-6 ensure that an anchor product on
the QPL can meet the design requirements.
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Table 1.5.112.2-6 Design Parameters for Mechanical AnchorDesign

Undercut Anchor

Nominal Diameter (inch) 0.375 0.500 0.625 0.750
Anchor O.D., d, (inch) 0.625 0.750 1.000 1.125
Effective embedment depth, her (inch) 3.75 4.75 7.25 9.75
Effective cross-sectional area, A (in?) 0.078 0.131 0.226 0.334
Pullout strength, Ny uner (Ibs) Useydid  p8t 12600 | 16000 | 21000 | 31000
Hole depth (inch) 4.75 5.75 8.25 10.75
Minimum member thickness (inch) 7.25 8.0 10.75 14.0

Expansion Anchor

Nominal Diameter (inch) 0.250 0.375 0.500 0.625 0.750
Anchor O.D., d, (inch) 0.250 0.375 0.500 0.625 0.750
Effective embedment depth, hes (inch) 15 2.0 3.25 4.0 5.0
Effective crosssectional area, A (in?) 0.020 0.051 0.101 0.162 0.237
Pullout strength, Np, uner (Ibs)  Use y c§i p8t 1600 3200 5400 7100 11600
Hole depth (inch) 2.75 3.25 4.50 5.25 6.25
Minimum member thickness (inch) 4.0 4.25 55 6.25 7.5

Screw Anchor

Nominal Diameter (inch) 0.250 0.375 0.500 0.625 0.750
Anchor O.D., d (inch) 0.250 0.375 0.500 0.625 0.750
Effective embedment depth, her (inch) 15 2.0 25 3.5 4.0
Effective crosssectional area, A (in?) 0.024 0.099 0.183 0.276 0.414
Pullout strength, N uner (Ibs)  Useyaid p8t 900 3000 3600 4800 9500
Hole depth (inch) 2.75 3.25 4.0 5.25 6.0
Minimum member thickness (inch) 4.0 4.25 5.0 6.25 7.0

Undercut anchors are good alternative to resin bonded anchors for overhead situation with
sustained tension loading.

Overall design calculations for mechanical anchors are similar to resin bonded anchors without
bond strength check. Adequate member thickness is important for mechanical anchors to avoid
splitting failures. When the member thickness is limited and there is not much space for a
longer anchor than the design, add a note on the plan.

For mechanical anchors, the difference between effective embedment depth of anchors (lar) and
total drilled hole depth can vary from 4 to 2 inches depending on each manufacturer. Use the
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hole depths shown in Tablel.5.112.2-6 as a guide to ensure that anchors will fit inside the
member and around existing rebar during the design.

When any of the above design requirements cannot be met, contactthe BDM technical resource
for guidance.

1.5.112.3 Dirilling Holes in Concrete

When existing reinforcing steel is required by design, require bars to be located prior to drilling.

main concern when determining the hole location and type of drill to be used. When
recommendations to prevent spalling do not exist, use the following drilling methods:

RESIN BONDED ANCHORS

When center of hole is 6 inches or less from the edge of concrete use either a diamond bit core
drill or a carbide bit rotary hammer with four cutting edges on the diameter.

When center of hole is more than 6 inches from the edge of concreteuse either an air hammer,
maximum 9 pound class, or a carbide bit rotary hammer with two cutting edges on the
diameter.

MECHANICAL ANCHORS

Use either a diamond bit core drill or a carbide bit rotary hammer with four cutting edges on
the diameter.

GROUTED ANCHORS

Any type of drill will normally be acceptable. Grouted anchors should always be placed more
than 6 inches from the nearest concrete edge.

1.5.112.4 Plan Details

Post-installed anchors are considered critical when failure of the anchors can compromise
public safety. Anchors installed in the following members are considered critical.

i Iltems attached from tunnel ceiling or under bridge deck .

Bridge rail anchor.

Shear lug.

Beam seat extension

Sign structure support.

Structural connection between existing and new concrete or different materials .
Fencing support.

= =4 =4 =4 =4 =4
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List all anchors specified for a construction project in SP 00535.45(c)indicate which tests are
required for the specified anchors, especially for critical anchors. For anchors that are not critical
and will not see significant loads, tests during construction may be omitted.

RESIN BONDED ANCHORS

For horizontal applications, show drilled holes angled down a minimum of 15 degrees on plan
sheets. For thin members, such as bridge decks, a smaller angle of drilled holes may be specified
to avoid protrusion of the anchors. Specify a minimum drilled angl e of 5 degreesWhen any
down angle of drilled holes will not work with the design, specify horizontal drilled holes.  SP
00535will require a certified anchor installer to ensure good quality of installed resin bonded
anchors.

When critical resin bonded anchors are used, include the following note on the plans:

Provide and install (__? wE D & B1634 lyade (36) (55) (105)) or (# AASHTO M 31,
grade 60 rebar) resin bonded anchors with epoxy resin from the QPL. The characteristic

bond stress used in the design is psi. The minimum pullout strength is ___ Ibs with
a minimum embedment (h ef) of in. Install anchors according to the manufacturer's
recommendations.

The minimum pullout strength is the smaller unfactored strength of steel reinforcement and
adhesive bond in tension obtained from calculation for a single anchor including applicable
eccentricity, edge effect, and splitting factors. For anchors subjected to sustained tension, the
characteristic bond stress is reduced by a factor of 0.40 in design as shown imTable 1.5.112.2-3,
however use the characteristic bond stress of 1,200 psi in calculation for the minimum pullout
strength and show it on the plans for field testing purposes.

MECHANICAL ANCHORS
When critical mechanical anchors are specified, include the following note on the plans:
Provide and install _ ? wOOODPOEOWEDPEOI Ul Uw3ax1 wep wsdOETI UEUUA
mechanical anchors using a product from the QPL. The minimum pullout strength is
Ibs with a minimum effective embedment depth (h &) of in. (The maximum depth
of the drilled hole is in.) For the design, the steel anchor yield strength is
psi and the tensile strength is psi. Provide anchor materials with (Type 316
stainless steel) (hotdip galvanized coatin g). Install anchors according to the
manufacturer's recommendations.

The minimum pullout strength is the controlling factored strength  for a single anchor including
applicable eccentricity, edge effect, and splitting factors in tension using resistance factors for
Extreme Event Il Limit State.
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1.5.112.5 Testing Requirements

Two types of field tests are required during construction to ensure proper installation and to
achieve asspecified capacity of post-installed anchors. Demonstration Test includes installation
of anchors using the same material and methods as shown on theplan and testing the anchors
to a load at minimum pull out strength. Production Test is performed during construction on
actual anchors used in final position up to a load level specified in the Special Provisions.

1.5.112.6 Construction

DRILL TYPES

SeeBDM 1.5.112.3or SP 00535or the drill type to be used.
HOLES

Holes for resin bonded anchors are normally 1/8 inch diameter larger than the nominal bolt
diameter. Holes should be cleaned with compressed air, anon-metallic brush and water.
Concrete dust is one of the most destructive elements to a resin bonded system and water is the
best method to remove the dust. Holes for mechanical anchors are dependent on the type and
manufacturer. Holes for grouted ancho rs are normally 1/4 inch diameter larger than the anchor
diameter.

TEMPERATURE

Epoxy resin is not allowed for low temperature applications. The set times become quite long at
low temperatures. It will normally be better to use a deeper embedment with a non -epoxy
product at low temperatures.

TIGHTENING

SP 0053Fequires tightening to only 1/6 turn past snug tight. Consider what tightening is
appropriate for the application and show on the plans, when different than the specifications.
Check when distribution plates are needed to transfer the bearing loads (from the tensioned
bolt) to the concrete.

1.5.11.3 Castin Anchors
1.5.11.3.1 Generic Anchor Types

Design castin anchors, i.e. hex head bolt with washer, L-bolt, J-bolt, and welded headed stud,
according to Section 5 of the AASHTO LRFD design specificatjamiich refers to the ACI design
code Use resistance factors as shown inrable 1.5.11.3:1 for applicable failure modes.
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Table 1.5.11.3.11 Resistance Factors for Design of Casin Anchors

Failure Mode Strength Reduction Factor £
Strength Limit Extreme Event Il Limit
State State

Reinforcement in tension 0.75 1.00

Concrete breakout in tension | 0.70 0.90

Reinforcement in shear 0.65 1.00

Concrete breakout in shear 0.70 0.90

Concrete pryout in shear 0.70 0.90

1.5.11.3.2 Coll Inserts

The smallest coil inserts commercially available are for % inch diameter rods or bolts. Specify
inserts for rods or bolts with a minimum size of % inch diameter. Detail inserts to have a %z inch
setback under the concrete surface Use design parametersfrom Table 1.5.11.3:2 for strength
calculation and details for coil inserts.

Table 1.5.11.3.21 Design Requirements for Single Concrete Inserts

Bolt or Insert Min. Nominal Strength Reduction  [Min. Edge [Min.

Rod Length [Member |Capacity in |Factor Distance |Spacing to

Diameter |(inches) ([Thickness ([Tension or (inches) IAdjacent

(inches) (inches) Shear (Ibs) Strength Extreme Inserts
Event (inches)*

/2 4 5/8 8 16900 0.70 0.90 12 8

1 5 5/8 8 ¥a 24300 0.70 0.90 16 10

1Y 7 5/8 10 ¥4 38900 0.70 0.90 24 12

1Y 9 5/8 12 Y 55500 0.70 0.90 26 16

*To avoid group effect.

The minimum member thickness accounts for the insert length, setback, and concrete clear
cover. The nominal capacity assumes concrete breakoutstrength controls. Consider locating
concrete inserts at a distance from the edge of deck according to the minimum edge distance
shown in the table, otherwise an additional strength reduction factor will apply. When the
inserts are not to be used immediatdy, install short galvanized bolts in the inserts to prevent

rusting of the threads.
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1.5.12 Diaphragm Beams C 1.5.12

1.5.12.1 End Diaphragm

For bridges in SDCs B, C, and D, specify fulk

depth reinforced concrete diaphragms cast

in place at ends of each span to connect
bridge deck and girders.

1.5.12.2 Intermediate
Diaphragm

Use full depth reinforced concrete
intermediate diaphragms.
Full-depth ~ diaphragm: to facilitate

construction, bottom of diaphragms may be
located higher than connected girders no
more than 6 inches.

Use the span length criteria in Table 1.512.2-
1 to determine the number of intermediate

diaphragms for bridges crossing over major

truck routes including Interstate 5, Interstate

84 and routes with 20 year projected ADTT
greater than 5000; or waterways where there
is a high probability of large debris or vessel
collision.

C1.5.121

The end diaphragm forms a deck-girder
system to resist force effects during a seismic
event. The end diaphragm at abutments can
also be used for interacting with backfill to
mobilize soil passive pressure.

C15.12.2

Intermediate diaphragmes distribute collision
loads from over-height vehicles, vessebk and
large debris. Full depth diaphragms are
more effective in distributing impact loads.
Diaphragms can also be used for
maintaining camber profile of precast
prestressed decked members after
differential camber adjustment and provide
stability prior to deck concrete pour.

Table 1.512.2-1 Criteria to Determine Number of Intermediate Diaphragms

Span Length (feet) | Location of Diaphragm

40080 Midspan
810120 1/3 points
Greater than 120 1/4 points
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For other bridges, provide at least one set of Steel diaphragms may reduce construction
intermediate  diaphragms at midspan. time.
Stagger and place intermediate diaphragms
perpendicular to girder centerline, when the

skew is greater than 25 degrees. Steel
diaphragms may be used. When a bolted

connection is used to attach steel
diaphragms to concrete girders, specify nut

tightening past snug tight by no more than

1/6 turn to avoid unintended concrete

damage.

1.5.12.3 Temporddyaphragm C 1.5.12.3

In the contract plans, indicate the use of
temporary diaphragm beams midway
between the end and midspan diaphragm
beams before pouring the end and midspan
diaphragm beams (see BR350Q. Remove
beams after deck overhang brackets are
removed.
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1.6 STEEL STRUCTURE DESIGN AND DETA|

1.6.1 Structural Steel, General

This chapter covers primarily the design and construction of steel plate and box girder bridge
superstructures. It provides guidance for bridge designers working on ODOT projects to
achieve optimal quality and value in st eel bridges.

1.6.1.1 Structural Steel, Cl6.1.1

Design Considerations

Take into consideration, fabrication Familiarity with design and construction
requirements, construction techniques and specifications are key to steel bridge design.
future maintenance needs in the design, Designs that merely satisfy the design
including the following items: specifications are often problematic.

1 Use the most recent version of the
design specifications.

1 Become familiar with construction
and fabrication specifications and
standard drawings applicable to steel
structures.

1 Evaluate how construction and
fabrication specifications influence
the design and what modifications or
special provisions may be required.

9 During the initial evaluation of
design options, consider consulting
with the Steel Bridge Standards
Engineer, fabricators, steel erectors or
contractors for ideas on achieving an
economical, easy to build and robust
design.

1 Ensure that all individual bridge
components fit well together by
accounting for how rotation,
deflection (especially differential
deflection), twist, stiffness (vertical
bending, lateral bending, and
torsion), and skew affect interaction
between different elements.
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91 Provide clear and distinct load paths
that mitigate or preferably, eliminate
out-of-plane bending.

1 Provide adequate access for bolting,
welding, and painting.

1 Keep design simple by maximizing
the use of common details and
minimizing the number of plate sizes
and rolled shapes fabricators are
required to purchase. Complicated
details are always difficult to
fabricate and build .

1 Do not use details that permit water
and debris to collect on girders.

1.6.1.2 Codes and Standards

Design according to AASHTO LRFD Bridge DesigrSpecificationsinless specified otherwise in this
document. SeeNSBA Guide to Navigating Routine Steel Bridge Desfgna guide to designing
routine steel |-girder bridges.

The following AASHTO/NSBA Steel Bridge Collaboratigoublications are available to aid in the
design and fabrication of steel bridges. These publications can be downloaded from the AISC
website:

=

G13.22019, Guidelines for Steel Girder Bridge Analysis.

(G12.12020, Guidelines to Design f@onstructability and Fabrication.

G1.42006, Guidelines for Design Details.

S10.22019, Steel Bridge Erection Guide Specification.

(9.1:2022, Steel Bridge Bearing Guidelines.

G1.22003, Design Drawing Presentation Guidelines.

S2.32018, Steel Bridge Fabrication Guide Specification.

G1.32002, Shop Detail Drawing Presentation Guidelines.

G1.1:2020, Shop Drawing Approval Review/Approval Guidelines.

G4.1:2019, Steel Bridge Fabrication QC QA Guidelines.

G2.22016, Guidelines for Resolution of Steel Bridge Fabrication Errors.

G4.22021, Guidelines for the Qualification of Structural Bolting Inspectors.
G4.42006, Sample Owners Qualiyssurance Manual.

S8.12014, Guide Spefor Application of Coating Systemd &inc-Rich Primers to Steel Bridges.
S8.22017, Specification for Application of Thermal Spray Coatings for Steel Bridges.

E R I N I R e B B B B

The Steel Bridge Design Handbook publication includes 19 chapters of steel bridge design
topics with six design examples to be used as design aids when deciding the design, fabrication
and construction of steel bridges.
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1.6.1.3 ODOT Steel Bridge

Practice

ODOT does not require Certified Erector
Qualification for erection of steel bridges.
For complex projects in which a contractor
with such qualification is deemed necessary,
obtain Bridge Engineering Section approval
prior to including such requirement in the
contract documents.

Specify caulking according to Standard
Specifications 00594.43(ffo fill and seal
crevices and gaps between structural shapes
and plates, around bolt heads and nuts, weld
terminations and similar areas that would
retain moisture.

Refer to AASHTO/NSBA  G1.42006,
Guidelines for Design Detaifer design details
that allow for the economical fabrication and
erection.

FATIGUE DESIGN REQUIREMENTS

Design all welded and bolted connections for
infinite fatigue design life using ADTT from
LRFD Table 6.6.1.2-:2. Do not use details

Bridge Design Mand&ection 1
C1.6.1.3

C FATIGUE DESIGN REQUIREMENTS

The fatigue live load specified in AASHTO
LRFD Article 3.6.1.4 should be used for
checking girder details in accordance with

EEUIT OUaw$SwOUwW $7zw DOw E Bréicle €D Eingle EafyGedttuick, iwihout

primary load -carrying members.

lane loading or variable axle spacing, is
placed for maximum and minimum effect to
a detail under investigation. The impact is 15
percent, regardless of span length. As
specified in Article 3.6.1.1.2 multiple
presence factors are also not to be applied to
the fatigue limit state check for which one
design truck is used. The load factor is 1.75.
It is generally possible to meet the constant
amplitude fatigue limit (CAFL) requirement
for details with good fatigue performance.
Limiting the calculated fatigue range to the
CAFL ensures infinite fatigue life.
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Use G13.1-2019, Guidelines for Steel Girder
Bridge Analysis Section 4 and Appendix Bn
selecting the appropriate level of analysis.

1.6.1.4 Estimating
Structural Steel Weights

For preliminary quantities or preliminary
girder design, obtain an estimate of steel
weights for built -up plate composite |-
girders from the Span to Weight Curves
from the AISC website.

For a more detailed estimate of continuous
span bridges, refer to the Continuous Span
Standards on the AISC website.

For a more detailed estimate of short span
bridges (40 to 140 feet), referto Short Span
Steel Bridge Alliance website.

Bridge Design Mand&ection 1

Curved and skewed deck girder bridges
have the potential for three-dimensional
deflection and rotation. Longer spans
magnify the rotation of the girders and cause
unaccounted stresses on the diaphragm
connections.

Cl.6.1.4

The Steel Span to Weight Curveare the
guickest way to determine the weight of steel

per square foot of bridge deck for straight,

low skew, plate girder bridges. The curves

are organized by span arrangement (1, 2 or 3
or more span bridges) and girder spacing.

The curves also provide a double check for
final quantities.

The Continuous Span Standardiclude 88
unique solutions for three span bridges with
center spans betveen 150and 300feet, girder
spacing between 7 feet6 inches and 12feet,
and plate girder designs utilizing both
homogenous and hybrid steel options. Each
conceptual solution presented in these tables
is organized based on the following:

1 Girder plate sizes.
1 Diaphragm spacing.
1 Intermediate stiffener sizes and

locations.
9 Shear connector spacing
1 Camber.

1 Girder weights .
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BID ITEMS

Use the following bid items for structural

steel. Use horizontally curved steel (plate or
box) girder bid item when the radius of
horizontal curve on the structure is less than

1,000 feet.

9 Steel Rolled Beam

1 Steel Plate Girder.

9 Steel Box Girder.

M Steel Plate Girder with haunch.

1 Trapezoidal Steel Box Girder with
haunch.

9 Horizontally Curved Steel Plate
Girder.

9 Horizontally Curved Steel Box
Girder.

9 Specialty Bridges (tied arches, Cable
Stayed).

9 Structural Steel Maintenance.

For seismic retrofit project, break down the

retrofit

item under Structural Steel

Maintenance:

)l

Structural Steel Maintenance Cross
Frame Strengthening.

Structural Steel Maintenance
Bumper Blocks.

Structural Steel Maintenance
Restrainers.

Structural Steel Maintenance Shear
Key.

Bridge Design Mand&ection 1
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Bridge Design Mand&ection 1

1.6.2 Structural SteelQesign

1.6.2.1 Steel Grade
Selection

Identify all steel by grade on the contract
plans.

Provide structural steel for bridges
conforming to ASTM A709 (AASHTO M270).

ASTM A36, A572or A588 may be used for
structural steel for bridges provided the

supplementary Charpy V -Notch Impact test
requirements are included in the Special
Provisions When Charpy V-Notch Impact

tests are required for ASTM A36, ASTM A572
or ASTM A588 structural steel, use the
supplementary requirements of ASTM A709.

Specify ASTM A709 Grade 50 steel for all
structures that require vyield strengths
between 36 ksi and 50 ksiand are to be
painted or galvanized .

Do not use A709 (Grades 36, 50, 50W) steels
for plates thicker than 3-inches, or butt welds
in tension members over 3 inches.

Specify Grade HPS (high-performance steel)
50W and HPS 70W to be Quenched and
Tempered in the contract document. For
thermo-mechanical control processed steel,
require the contractor to provide test
samples at both ends of each rolled plate.
Plates that pass the required test are
acceptable for fabrication.

Limit plate thickness for HPS 50W and HPS
70W to 2 inches. Consult with the Steel
Bridge Standards Engineer for specific
project needs.

Cl.6.2.1

These specifications include grades 36, 50,
50W, HPS 50W and HPS 70W.ASTM A709
steel specifications are written exclusively

for bridges wherein  supplementary

requirements for Charpy V -Notch Impact

tests are mandatory.

Grade HPS 70W steel has recently been
developed and provides high strength,
enhanced durability and  improved
weldability. Depending on the availability,
grade HPS 70W may be economical only in
hybrid girders. With grade 50W webs, use a
hybrid configuratio n with HPS 70W tension
and compression flanges in high moment
regions. SeeSteel Bridge Design Handbook
Chapter 1 Article 2.1.6 Grades HPS 50W,
HPS 70W and HPS 100W for more
background.
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Provide structural steel for steel piling, metal
sign structures and other incidental
structures conforming to ASTM A36, ASTM
A572 or ASTM A588 Incidental structures
include Iuminaire and traffic signal

supports, bridge metal rails and metal ralil
posts, guardrail connections, earthquake
restraints, bridge deck expansion joints and
fencing post connections, etc.

Use merchant quality steel (non-spec) in
items such as catch basin frame, catch basin,
deck drain grate, manhole rungs and steps,
access hole cover, guardrail spacer blocks,
shims, anchor bolt plate embedded in
concrete, etc.and where a high degree of
internal soundness, chemical uniformity or
freedom of surface defects are not required.
Acceptance of such items is based on visual
inspection.

1.6.2.2 Weatherin§teel

Avoid requiring weathering steel in painted
applications.

To achieve the performance expected of
uncoated weathering steel (UWS), prevent
prolonged exposure to wetness or high
levels of chlorides, without the opportunity
to dry, by avoiding use in the environments
stated below.

Bridge Design Mand&ection 1

C1.6.2.2

Weathering steel performs as well but not
better than non-weathering steel in painted
applications.

Review the following references for
appropriate application of weathering steel:

1 NSBA Uncoated Weathering Steel
Reference Guide

M Steel Bridge Design Handbook:
Chapter 194 Corrosion Protection of
Steel Bridges

 Computer Modeling and Analysis of
Truck  Generated Salt  Spray
Transport Near Bridges.

Similar to regular construction steel,
weathering steels also rust under a wide
range of exposure conditions. But during
this process it forms oxides that remain
tightly adherent to the steel substrate and
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Do not use weathering steel in the
environments and locations listed below :

ENVIRONMENT

1 When the bridge site is within two
aerial miles of the coastline.

1 At coastal areas(BDM 1.2.4.9 with
eight or more months of the year
experiencing average relative
humidity between 76 to 80 percent or
higher.

9 Industrial areas where concentrated
chemical fumes may drift onto the
structure.

Bridge Design Mand&ection 1

develops a much more stable oxide layer
than non-weathering steel. Shortly after blast
cleaning to remove mill scale, weathering
steel turns rusty in appearance. Through
several cycles of wetting and drying (usually
between 6 and 24months, depending on the
environment), the surface of the steel
develops a tight oxide coating (patina) that
provides its own corrosion resistant surface
finish, eliminating the need for painting and
resulting in minimal future maintenance and
lower life cycle costs.

Design deviations will be approved for

environments and locations of concern when
there is a reasonable case for weathering
steel at the specific site. The intent is not to
discourage reasonable use of weathering
steel, but to provide an orderly, document ed
process for the judgment necessary to
properly apply weathering steel in

environments and locations of concern. See
NSBA Uncoated Weathering Steel Reference
Guide Article 2.2 and 2.3 for detailed

consideration related to the macro- and
micro- environment.

Average relative humidity by month can be
obtained through NOAA:

1 Archived data on from stations in
Ui T OOw bOw - . z Uw
Climatological Data publications.

1 Morning and afternoon averages by a
station's period of record from

(@]

(@}
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LOCATION

1 Grade separations in tunnel like
conditions.
Low level water crossings.
0 Ten feet or less over stagnant,
sheltered water.
o Eight feet or less over moving
water.
1 Conditions that do not allow for the
drying of the steel necessary to
develop a good patina.

With the proper details, good performance
from weathering steel can be achieved by
reduce or eliminate unsightly concrete
staining. Comply with the following design
detailing these requirements:

1 Provide adequate drainage beneath
overpass structures to prevent
ponding and continual traffic spray
from below. Communicate the
importance of adequate drainage to
roadway designers.

1 Do not detail deck drains that can
discharge water onto the steel,
especially in regions that use de-icing
chemicals.

1 Avoid any type of open joint that
allows runoff to reach the steel.

1 Provide details that take advantage
of natural drainage.

1 Provide drip plates (also called drip
tabs) to divert runoff water and
protect abutments and columns from
staining.

Bridge Design Mand&ection 1

Provide flange thickness transitions instead
of flange width transitions for bottom

flanges (with the thickness added to the
underside of the flange).
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1 Eliminate details that retain water,
dirt, and other debris. Provide
stiffener clips for proper ventilation
and drainage

1.6.2.3 Simple for Dead

Load Continuous for Live Load

Consider a simple steel bridge system
(SDCL) for dead load and continuous for live
load in the design of multi -span structures
when simple spans or full continuous spans
do not provide efficient span configuration
and design.

Critical to the functionality of SDCL
structures is the continuity connection at the
interior bents. Consider use of concrete
diaphragms over the bridge piers. See
DET362Q

For designs intending to eliminate the deck
joint at interior bents while allowing simple -
span bridge behavior to be retained, consider
using ultra-high performance concrete
(UHPC) link slabs as a continuity
connection. Do not use link slab for bridges
with SDC C and D due to unknown
performance during a large earthquake.

Bridge Design Mand&ection 1

Use haunched girders with generous
allowances for drainage through stiffener
copes, snipes, and drain holes since the use
of haunched girders complicates the efficient
removal of run-off and can result in the
collection of debris at the haunch.

C1.6.2.3

Span configuration plays an important role
in using steel efficiently. Two span
continuous girders for dead and live loads
are not always efficient because of high
negative moments. Three span units with
interior spans about 20 to 30 percent longer
than end spans are preferable, but not
always possible.

Relative to full continuous, SDCL bridges
reduce uplift in unbalanced spans, reduce
negative moments at the bents, simplify
fabrication, and eliminate the need for bolted
field splices.

Concrete diaphragms are a feasible
connection detail for providing live load

continuity over the pier in a SDCL steel
girder system when conventional
construction methods are employed.

Link slabs are proven to be an economical
detail for eliminating deck joints on bridges.

Elimination of the deck joint increases a
EUPET T zUwUI UYPEIT wobi
frequent maintenance, and provides a
smooth riding surface. SeeBDM 1.9.2.3.1for
more information on UHPC.

Research in steel industry practices is
continuously improving . Designers are
encouraged to  discuss appropriate
connection details with the Steel Bridge

Standards Engineer.
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1.6.2.4 Uplift

Avoid span layouts with uplift at end bents
for DL case.

Always consider the presence of uplift at the
ends of continuous girders, particularly with
light, rolled beam units or short end spans.
Uplift restraint, when needed, must satisfy
the Strength limit state and the Fatigue limit
state.

1.6.2.5 Girder Spacing

Use wider girder spacing to reduce the
number of lines of girders , which will reduce
shop and field labor. Consider the following
to optimiz e girder spacing:

1 ODOT prefers a minimum of four | -
shaped beams/girder span for
vehicular bridges.

1 Stability and redundancy of the
structure during future re -decking.

9 Thicker concrete deck results in more
concrete and reinforcing steel, and
possibly in more superstructure
weight.

1 Wide girder spacing can create
challenges for deck formwork, and
slabs (or floor systems) cannot
adequately support certain
overloads.

 On straight bridges, interior and
exterior girders must be detailed
identically. Spacing must be such
that the distribution of wheel loads to
the exterior girder is close to that of
the interior girder.

Bridge Design Mand&ection 1
Cl.6.24

When the end spans are much shorter than
the interior spans, uplift at the girder ends
can occur and create design and construction
problems. When end spans are too long in
relation to interior spans, a disproportionate
amount of steel will be required for the end
spans.

Commentary to AASHTO LRFD Bridge
Design Specifications, Article C3.4.indicates
that uplift needs be checked under a strength
load combination. It also provides guidance
in the appropriate use of minimum and
maximum load factors.

C1.6.2.5

Many studies show that the weight of
structural steel per square foot of deck area
decreases as girder spacing increases. Refer
to G12.22020, Guidelines to Design for
Constructability — Article 1.2 for more
information. Generally, for a bridge with an
average span length less than 175 feet, there
is not an appreciable difference in the
structural steel unit weight for the various
girder spacing summarized in the graph in
G12.1 Article 1.2For a bridge with an average
span length more than 175 feet, the designer
may want to consider a wider girder spacing,
perhaps between 11 and 13 feet, as this wider
girder spacing trends to a lighter steel
superstructure.

With wider girder spacing and AASHTO
simplified live load distribution factor, the

fatigue limit -state check at the crossrame
connection-plate weld to the bottom flange
could control the design of the bottom
flange. It is prudent for the designer to
consider moving the cross-frame away from
high flexural location or use refined analysis

October 2024

1-147


https://www.aisc.org/globalassets/nsba/aashto-nsba-collab-docs/nsbagdc-4.pdf
https://www.aisc.org/globalassets/nsba/aashto-nsba-collab-docs/nsbagdc-4.pdf

BridgeEngineering Section

1.6.2.6 Shop Lengths of
Welded Girders

Optimize the girder segments by reducing
the number of field splices.

All field splices must be bolted. Locate field
splices in welded steel girders by not
exceeding the following shop lengths and
mass

1 150 feet when bridge site is readily
accessible

1 130 feet when bridge site is not
readily accessible.

9 Fabricators are limited to their shop
crane sizes. Contact fabricators in the
state of Oregon for project specific
needs and requirements.

For curved girders, limit the girder sweep
plus the flange width to 6 feet for ease of
shipping. The current legal vehicle width is
8 feet 6 inches without a permit. Limiting the
overall shipping width of curved girders to 6
feet permits fabricators to off set the girder on
the trailer, as is frequently done, while not
exceeding an overall width of 8 feet 6 inches.
Add optional field splices if required.

Bridge Design Mand&ection 1

to determine the stress at the crossframe
connection-plate weld to the bottom flange
to achieve economical girder design, rather
than increase the bottom flange thickness for
the entire girder segment.

Bolted tab plate detail is not recommended
(Refer to G12.1:2020, Guidelines to Design for
Constructability Article 2.1.2.).

C1.6.2.6

Maximum girder or girder field segment
lengths without a field splice ranges from
130 feet to 150 feet depending upon cross
section. There may be locations where girder
lengths will be controlled by weight or access
to the bridge site. Long and deep girders
may also require auxiliary lateral support
during transportation.

It is typical to show an optional bolted field
splice to allow the fabricator and contractor
some flexibility in fabrication and
transportation.

Longer girders have been fabricated and
hauled to project sites, however contact
fabricators and the Steel Bridge Standards
Engineer when project requires girder
segments longer than 150 feet.
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1.6.2.7 Rolled Beam
Sections

Rolled beams can be more economical than
plate girders for their applicable span
lengths (up to 80 feet) because of decreased
fabrication costs. Do not use rolled beam
sections smaller than W18.

Select beams that have a top flange that is
sufficiently wide to provide adequate
spacing for three stud connectors per row.

Beams must be large enough that the elastic
neutral axis of the composite section is
within the steel beam (not within the slab or
haunch).

Rolled beams are not exempt from camber
requirements of BDM 1.6.2.13

Verify the need for bearing stiffeners for
rolled beams by using the provisions in
LRFD Appendix D6.5

The diaphragms between beams usually
consist of rolled shapes with channels being
the most common choice.

1.6.2.8 Plate Girders

1.6.2.8.1 Flange Width and
Thickness

The minimum size flange is % inch thick by
12 inch wide.

It may not be prudent to minimize the top

flange. Flange width affects girder stability
during handling, erection, and deck
placement. Keep the girder length (length of
the unspliced individual girder field section)

to flange width ratio below 85.

Bridge Design Mand&ection 1
Cl.6.2.7

Rolled beams usually do not need bearing
stiffeners.

Cl1.6.28.1

The minimum % inch flange thickness is to
minimize the distortion of the flange due to
welding of the flange to the web.

The girder needs significant lateral load
capacity to resist lateral transportation loads
and lateral loads from deck overhang
brackets and deck placements. Another side
benefit of providing generous top flange is
that the non-composite deflections are
reduced. See LRFD Appendix C6.10.2.%or
commentary.
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Minimize the number of changes in flange
size, as the cost of a butt weld will offset a
considerable length of excessive flange area.
When locating flange thickness transitions
(shop flange splices), include no more than
two butt splices or three different flange
thicknesses for an individual flange between
field splices, except for unusual cases such as
very long or heavy girders or mill length
availability limits.

Limit the maximum change between
adjacent plates to 6 inches in width, at both
welded and bolted connection section
changes.

The rule of thumb is to limit flange
transitions such that the smaller flange at a
welded transition is no less than 50 percent
of the area of the larger flange.

Make top and bottom flanges a constant
width where possible. When a change in
bottom flange width is needed, make it at a
bolted splice location.

Limit the maximum flange thickness to 3
inches. At welded flange splices, the thinner
plate must not be less than onehalf the
thickness of the thicker plate.

Bridge Design Mand&ection 1

Constant width flanges enable the fabricator
to order the flanges in multiple width plates
which are more economical than universal ill
plates. The shop flange splices can be made
while the plates are in wide slabs and cut to
widths simultaneously with multiple cutting
torches. Also, the recommended practice for
general constructability is to favor flange
thickness transitions instead of flange width
transitions.

Efficiently locating thickness transitions in
plate girder flanges is a matter of plate length
availability and the economics of welding
and inspecting a splice compared to the cost
of extending a thicker plate. Refer to NSBA
Gl2.1 Guidelines to Design for
Constructability Article 1.5.1 for optimizing
flange thickness transitions.

The rule of thumb accomplishes two things.
First, the bending stress gradient in the
girder web due to the change in section
properties does not become overly steep
when this criterion is met. Second, t has
been demonstrated in past designs that,
when the flange transition results in greater
than a 50 percent reduction in flange area,
either the transition is not in the optimum

location or an additional transition may

prove to be economical.

Minimizing the number of changes in the top
flange will also facilitate easier deck forming.
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Generally, use a minimum flange width that
is equal to the width of the flange resisting
the maximum positive moment. Widen the
flange as necessary in negative moment
areas so the flange thickness will not exceed
3 inches at the bent.

1.6.2.8.2 Web Depth and Thickness

Girder depths, particularly for haunched
girders, may be limited because of
transportation constraints.

Use web depths in whole-inch increments.
Minimum web thickness is % inch. Thinner
plates are subject to excessive distortion
from welding.

Use web plate of sufficient thickness to
eliminate the need for transverse stiffeners
either entirely or partially. In high shear
regions, when transverse stiffeners are
spaced at 8 to 10 feet prevent the need for a
thicker web, the use of a stiffened web can be
justified.

Bridge Design Mand&ection 1

C1.6.2.8.2

Commonly used web plates range from 48 to
96 inches deep. The recommendations in
LRFD 2.5.2.6.3provide a good estimate of a
minimum web depth for straight girders. If
vertical clearance is not a problem, adding
depth can result in lighter girders. For
curved girder web depth, use either the
AASHTO recommended minimum depth for
straight girders, increased by 10 to 20
percent, or use LRFD Equation 2.5.2.6.34s a
starting point. A rule of thumb for a well -
proportioned superstructure is to have total
section depth (slab plus girder) in the range
of 0.033L to 0.04L (L = €c bearing length).
For web depths up to 96 inches, provide
sufficient thickness to preclude the need for
longitudinal stiffeners.

The labor to place and weld one foot of
stiffener is equal to about 25 pounds of steel.
Unstiffened webs reduce fabrication,
painting costs (for non-weathering steel) and
flange sizes. Thicker webs are also helpful in
reducing web distortion due to weldi ng and
in supporting deck overhang brackets for the
deck placement.
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Design web plates in 1/16 inch increments

with a note that the contractor may increase

the web thickness shown by 1/16 inch at no
additional cost to the State. Minimize web

transitions as the cost of a butt weld web

splice often exceeds the cost of the added
material between sections.

1.6.2.8.3 Girder Splices

Locate splices to avoid conflicts with wind
bracing, diaphragms and intermediate
stiffeners. Layout locations of all
intermediate stiffeners, diaphragms and
wind bracing to avoid conflicts with the
flange cutoff points (and possible splice
locations).

Splices are a natural location to make
changes in the flange size to eliminate flange
welds. Maintain the same web thickness on
each side of the splice.

1.6.2.8.4 Intermediate Web
Stiffeners

When used, provide transverse intermediate
stiffeners on both faces of the webs of interior
girders and on the interior faces, only, of
exterior girders. Specify stiffener widths in %2
inch increments. Specify thickness in 1/8inch
increments using 3/8 inch as an absolute

minimum.

Rigidly connect the stiffeners to the
compression portions of the flanges.
Stiffeners may be welded to compression
flanges. Ends welds ¥ inch away from the
edge (snipe, clip, etc.) to avoid a poor quality
weld termination . SeeFigure 1.6.2.8.41 for
details of intermediate web stiffeners.

Bridge Design Mand&ection 1

The cost of a square butt joint web splice is
equal to about 800 pounds of steel per foot of
splice. When web plates are over 80 feet long
and constant thickness, provide the

fabricator an optional shop splice on the

design plans. The most economical bid can
then be prepared according to the mill length

extras, market areas available, and
transportation and handling costs.

C1.6.2.8.3

For flexural members, it is recommended
that the smaller section at the point of splice
be taken as the side of the splice that has the
smaller calculated moment of inertia for the
non-composite steel section.

Cl.6.2.84
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Figure 1.6.2.8.41 Intermediate Web Stiffeners

Compression Flange

——— C——
T < B b<
Cope, typ. -—/ * <_7 *
I_W-_ - jé w | -
]
kS
o
3
————— | Tension Flange ———
INTERMEDIATE EXTERIOR INTERMEDIATE INTERIOR
— Tension Flange —

\ //—17— \%‘ &

Compression Flange
p g I—> A

INTERMEDIATE EXTERIOR INTERMEDIATE INTERIOR
~ =

For stiffener thickness connecting to tension
flange < /5"
* Size fillet welds in accordance with AASHTO LRFD.

Stiffener
TC-5P

Minimum weld sizes not less than V4" for t < 74"

l.n
or %" fort> 74" ﬁ._ Btm. flange
* Compression and tension flanges reverse near interior
bents for continuous girder. SECTION A-A
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1.6.2.8.5 Bearing Stiffeners

Select bearing stiffener widths in increments
of % inch. Specify thickness in 1/8 inch
increments. Bearing stiffeners should extend
to Y2 to % inch from the flange edge.
Minimum size of fillet weld is specified in
BDM 1.6.3.2 SeeFigure 1.6.2.8.5L for details
of bearing stiffeners.

Fabricators  strongly discourage full -
penetration welding of bearing stiffeners to
flanges.

Figure 1.6.2.8.51 Bearing Stiffener Detall

17" min., typ.

TR -

— VA
3 C
&,o § See Note A
N ES
&
V

—%—( See Note B
tw
= 7—9—<See Note C

Yo"+, typ.

both sides
L / 7 L
— <
See Detail A —/ ! / (/ \
W——7t
DETAIL A

Limit bearing stiffeners skew angle at end
bents or interior bents to the values shown in
Figure 2.3 of the AWS D1.5 for bearing
stiffeners to web connection. Discard the
footnotes of the figure which permits angles

Bridge Design Mand&ection 1
C1.6.2.8.5

Bearing stiffeners and the web act as a
column section, transferring loads from the
superstructure to the substructure. In
combination with the end frames, they also
transfer lateral loads from the superstructure
to the substructure.

Full-penetration welds distort the bearing
area of the bottom flange.

4

\—9—<See Note A
L—&—( See Note B

7—&—<See Note C

See Detail A

]
(AN A

—

NOTES:

A. Use fillet weld in lieu of tight fit when a diaphragm
or crossframe attaches to stiffener. Tight fit only
without a diaphragm or crossframe attached.

B. Fillet weld sizes shall be shown on the design
drawings or a note stating that minimum
AASHTO/AWS welds shall be used. Where ever
possible avoid fillet welds over 76"

C. Finish to bear (typ.) and fillet weld if a diaphragm
or crossframe attaches to stiffener. Insure clearance
to bearing attachment bolts. Investigate load for
requirement of CJP welds.
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less than 60 degrees. When the skew angle
exceedslimit shown on Figure 2.3 use bent
plates or half-round bearing stiffeners.

1.6.2.9 Check Samples and
Nonredundant Steel Tension
Members

1.6.2.9.1 Check Samples Cl1.6.2.9.1

Identify tension members and elements that
require notch toughness check samples on
the plans.

Check samples are required for crossframe
members on curved steel girders.

Figure 1.6.2.9.11 Check Sample Identification Detail

/ @9 ’f Flange T 7 Compression Flange

_ o ' %
K % Flange B2 Flange B1 l}k g \\@9 Flange B2

Tension Flange

@ Indicates check sample required from flange plates so marked. See Special Provisions.

1.6.2.92 Nonredundant Steel C1.6.2.9.2
Tension Members

Clearly identify nonredundant steel tension

members (NRST) on the plans. SeeFHWA -
HIF-19-088 Bridge Welding Manual Article
7.2.4Design Detailing Practicdor identifying

nonredundant steel tension members.
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1.6.2.10 Fitup and
Intermediate Crofsames

Fit-up of steel bridge members is a critical
component in the overall success of a project.
Clearly convey to the fabricator and erector
the intent of the design as it relates to bolting
and pinning, camber, bolted field splices,
and differential deflections. State in the
contract documents the fit condition for
which the cross-frames or diaphragms are to
be detailed according to LRFD 6.7.2

Include a note in the contract drawings
stating that the girder webs are plumb in the
final condition.

This requires the erector to force fit the
diaphragms with the girders out -of-plumb
prior to deck placement. Rotation of girders
resulting from the deck placement plumbs
the girders web and releases stresses caused
from force fitting the diaphragms.

Bridge Design Mand&ection 1
C1.6.2.10

Steel bridges, including straight and skewed
bridges, should be detailed so they are
plumb in the final condition. For steel girder
bridges this means that the girder webs
should be plumb after deck and barrier
placement. This is accomplished by detailing
the crossframes to the final position. The
girders are then installed to fit the cross-
frames, requiring that for skewed bridges
they be rolled during fit -up so that they are
out of plumb under steel dead loads.
Tolerances for web plumbness/girder
layover are specified in the AASHTO/NSBA
Guide Specification S102014, Steel Bridge
Erection Guide Specification Section 9

Steel Dead Load Fit (SDLF, also known as
Erected Fit): For bridges which are detailed
for SDLF the girder webs should be plumb
(within reasonable construction tolerance) at
the end of steel erection, prior to deck
placement. When they are not plumb at the
end of steel erection (prior to deck
placement), the engineer should be
consulted and remedial action should be
considered. Later, when the deck is placed,
the webs will lay over and be out of plumb.
This sequence of webs being plumb prior to
deck placement and out of plumb after deck
placement is normal and generally does not
represent a problem.

Total Dead Load Fit (TDLF, also known as
Final Fit): For bridges which are detailed for
TDLF the girder webs should be plumb
(within reasonable construction tolerance) at
the end of deck placement. The webs will be
out of plumb at the end of steel erection,
prior to deck placement. When the webs are
plumb at the end of steel erection (prior to
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deck placement), or are out of plumb in the
wrong direction or beyond reasonable
construction tolerances, remedial action
should be considered. When the webs are in
their correct, anticipated out of plumb
position prior to deck placement, then when
the deck is placed the webs will rotate (twist)
to a plumb position (within reasonable
construction tolerance), at least at the
supports. This sequence of webs being out of
plumb prior to deck placement and plumb
after deck placement is normal and generally
does not represent a problem.

SKEWED AND CURVED | -GIRDER BRIDGE FIT AND FRAMING ARRANGEMENTS

SeeSkewed and Curved Steel FGirder Bridge Fit (Standalone Summary) and Skewed and
Curved Steel |-Girder Bridge Fit (Full Document) for more information.

Recommended Fit Conditions for the following | -girder bridges:

9 Straight bridges where one or more support lines are skewed more than 20 degrees from
normal;

9 Horizontally curved bridges where one or more support lines are skewed more than 20
degrees from normal and with an L/R in all spans less than or equal to 0.03;

1 Horizontally curved bridges with or without skewed supports and with a maximum L/R
greater than 0.03;

where:
L = actual span length bearing to bearing along the centerline of the bridge (feet)
R = girder radius at the centerline of the bridge (feet)

Fit Condition t deflected girder geometry associated with a targeted dead load condition for
which the cross-frames are detailed to connect to the girders
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Table 1.6.2.101 Recommended Fit Conditions for I-Girder Bridges

Loading Condition Fit

Construction Stage Fit

Description

No-Load Fit (NLF)

Fully-Cambered Fit

The crossframes are detailed to fit to the girders
in their fabricated, plumb, fully -cambered position
under zero dead load.

(TDLF)

Steel Dead Load Fit Erected Fit The crossframes are detailed to fit to the girders

(SDLF) in their ideally plumb as-deflected positions under
bridge steel dead load at the completion of the
erection.

Total Dead Load Fit Final Fit The crossframes are detailed to fit to the girders

in their ideally plumb as-deflected positions under
the bridge total dead load.

Table 1.6.2.102 Recommended Fit Conditions for Straight I-Girder Bridges (including Curved
Girder Bridges with L/R in all spans less than or equal to 0.03)

Span Length Recommended Acceptable | Avoid
Square Bridges and Skewed Bridges up to 20 deg Skew

Any span length Any None
Skewed Bridges with Skew greater than 20 degree and Ly 8 T

Any span length TDLF or SDLF - NLF
Skewed Bridges with Skew greater than 20 degree and Ly 8 T

Span lengths up to 200 feet +/ - SDLF TDLF NLF

Span lengths greater than 200 feet +/- | SDLF - TDLF & NLF

Table 1.6.2.103 Recommended Fit Conditions for Horizontally Curved I-Girder Bridges

(OFYDO O & mdL Y

Radial or Skewed Supports

Span Length Recommended Acceptable Avoid
0OFYD O O 1R NLF SDLF TDLF
All other cases SDLF NLF TDLF

Detall for a Steel Dead Load Fit, unless the maximum L/R is greater than oequal to 0.2.

When 0FY 0 0 @ 1i&, detail for No-Load Fit, unless the additive locked in force effects from Steel
Dead Load Fit detailing are considered.
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CROSS-FRAME DESIGN

Design and detail cross-frame based on rational analysis for all stages of construction and service
life according to LRFD 6.7.4 SeeG13.1-2019, Guidelines for Steel Girder Bridge Analysis Section
4 and Appendix B on selecting the appropriate level of analysis. Rational analysis of cross-frames
depends on accurately analyzing the structure and determining the appropriate force effects.

1  When a bridge is designed using line girder analysis methods, evaluate the crossframes
for minimum stability bracing strength and stiffness requirements as well as wind loads
and construction loads. Per LRFD 6.6.1.3.1in the absence of better information, design
the welded or bolted connection to resist a 20.0kip lateral load for straight, nonskewed
bridges. Per LRFD C6.10.10.1.2in lieu of a refined analysis, cross-frame or diaphragm
force for an exterior girder may be taken as 25.0 kips.

1  Where cross frame fatigue forces control the design, live load force effects in crossframes
and diaphragms should be calculated by 2D grid or 3D analysis model, careful
consideration for modeling of cross-frames and the distribution of loads among the
girders is crucial.

0 LRFD C6.6.1.2.% Calculate fatigue stress using only a single transverse lane
position. Determine maximum fatigue stresses in cross frames with the truck
confined to one critical transverse position per each longitudinal position
throughout the length of the bridge. Stan dard grid design software is generally
not considering this. This requires isolating loading from individual lanes in the
analysis. To satisfy this requirement, an influence-surface grid of 5 feet
(longitudinal) by 4 feet (transverse) has been shown to adequately capture the
maximum force effects.

0 For 2D models using equivalent beam, use Timoshenko beam approach, see
G13.1-2019, Guidelines for Steel Girder Bridge Analysis Section 3.11.3The
Timoshenko beam approach provides the most realistic estimate of the cross
frame stiffness because it considers both flexural and shear deformations.
Include the transverse stiffness of the deck.

0 Using a single adjustment factor of 0.65 applied to the Fatigue | load factor of
1.75 and the Fatigue Il load factor of 0.8.

o0 Apply the stiffness reduction factor in the model (apply to AE). Independent
stiffness modification factors are proposed for the construction stages (Reon = 0.65)
and for in -service conditions (Rser = 0.75).

See the following references for additional guidance:

i Proposed Modification to AASHTO Cross -Frame Analysis and Design
0 Appendix B: Cross-Frame Design Example (Straight Bridge)
0 Appendix C: Cross-Frame Design Example (Curved Bridge)

1 G12.22020, Guidelines to Design for Constructability Section 2.2.6

1 FHWA Steel Bridge Design Handbook: Volume Eracing System Design
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For skewed (greater than 20 degrees) and curved {girder bridges:

1 SeelLRFD C6.7.4.2for discussion about beneficial framing arrangements in skewed and
curved |-girder bridges to alleviate detrimental transverse stiffness effects.

1 Itisrecommended to offset the first intermediate cross-frame placed normal to the girders
adjacent to a skewed supportas shown in Figure 1.6.2.16L.

Figure 1.6.2.101 Cross Frame Layout for Bridge with Skewed Support

[ Lb |
| ’ O > Larger of 4br and 0.4L»

9 Framing of a normal intermediate cross-frame into or near a bearing location along a
skewed support line is strongly discouraged unless the cross-frame diagonals are omitted.

9 At skewed interior bents and end bents, place crossframes along the skewed bearing line,
and locate intermediate cross-frames greater than or equal to the recommended minimum
offset from the bearing lines.

9 For curved I-girder bridges, provide contiguous intermediate cross -frame lines within the
span in combination with the recommended offset at skewed bearing lines.

MEMBER SELECTION AND DETAILING

Select the most economical crossframe members which meet the strength and detailing
requirements of the design. Minimize the number of different types or sizes of members used in
a given design. Consider the following for cross -frame member selection:

1 Equal leg angles are often more costeffective than unequal leg angles. Do not use back
to-back angles as crossframe members. Common angle sizes for diaphragms range from
L3 x 3 x5/16 to L6 x 6 x 5/8.

1 Only use WT sections when design forces exceed the capacity of angle sections. Do not
use WT shapes in small quantities.

1 When channel sections are used, C shapes are preferable to MC shapes. A beilate
diaphragm, in the shape of a channel, is a possible option to provide to the fabricator for
diaphragms on shallow plate girders (4 -foot-deep web or less) or rolled beams.

91 Design and detail cross-frames such that they can be erected as a single unit. Fabricators
and erectors discourage diaphragms that require erection in separate pieces.

91 Design crossframes as deep as practical so that the diagonals of the cross frame have large
enough angles to prevent the gussettype plates at the ends of the cross frame from
becoming too large.
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In choosing between intermediate cross-frames of K or X form, use the X form when the ratio of
the beam spacing to the frame depth isless than two. Use theK form when the ratio is greater
than two. Consider a solid plate diaphragm when the depth of the frame approaches 3 feet or
less.

Consider maintenance and inspection requirements in the cross-frame design. Provide adequate
clearance for sandblasting and painting. Avoid inaccessible areas. It may be necessary to provide
for maintenance walkways or utilities through the cross -frames. SeeBDM 1.15.5for accessibility

requirements and BDM 1.12.6for utility requirements .

Rigidly connect cross-frames to the top and bottom flanges to prevent web distortions and
cracking. Weld stiffeners to compression and tension flanges as shown onFigures 1.6.2.12 and
1.6.2.103. Stop ends of welds about 1/4 inch away from the edge (snipe, clip, etc.) to avoid a poor
quality weld termination.

Where two adjacent plate girders have significant differential deflection, such as the first row of
cross-frame from the end bents, do not use theK or X type of cross-frames. Use details shown on
Figure 1.6.2.1&. Check fatigue requirements of all welded connections.

Provide intermediate cross-frames between the box girders and steel tub girders.
CONNECTION PLATES FOR BRACING MEMBERS

Cope diaphragm connection plates, which are welded to both the web and flange of a plate girder,
a minimum of 1 ¥z inches to prevent intersection of the two welds. Avoid lateral connection plates
for lateral bracing which will be connected to the web of th e plate girder or box girders. Bolt
lateral connection plates to the flange of the steel girder. Cope lateral connection plates to be clear
of any transverse web stiffener or diaphragm connection plate.

It is desirable to have all crossframe member center of gravities intersecting at a common point
(identified as work points, WP on design drawings). Locate work points either at the centerline
of the girder web or at the corner bolt within the connection. It is difficult to develop detail s such
that the member force vectors intersect the bolt group center of gravity. Therefore, design for the
eccentric loads in the connection.
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Figure 1.6.2.102 Transverse Connection Plates

Compression Flange

3

/—;_ //47 *>

Tension Flange

INTERMEDIATE EXTERIOR INTERMEDIATE INTERIOR

* Size fillet welds in accordance with AASHTO LRFD minimum welds sizes shall

Seal all weld terminations and unwelded connections of crossframes and stiffeners
with structural steel caulking from QPL, typical.

Figure 1.6.2.103 Transverse Connection Plates on Curved Girders

CURVED GIRDER

Compression Flange

N

:

—b- P s

i

T
—n

Tension Flange

INTERMEDIATE EXTERIOR INTERMEDIATE INTERIOR

Compression and Tension flanges reverse near interior bent of continuous girder.

Seal all weld terminations and unwelded connections of crossframes and stiffeners
with structural steel caulking from QPL, typical.
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1.6.2.11 Crosd-rames at
Bents

Design crossframes at bent for seismic
loading obtained from a linear elastic seismic
analysis or the force Vpo, whichever is less for
bridges with SDC B and C.

Cross-frames at bents are more critical to
transfer  seismic  forces from  the
superstructure to the substructure. One
solution is to use detail Figure 1.6.2.141 with
welded studs added to the top flange of top
chord members to provide the lateral
resistance and transfer seismic loads from
the concrete deck to substructure.

When a joint system is required for a cross-
frame at end bents, it may be necessary to
use details similar to crossframes at
continuous beam interior bents.

Diaphragms or cross-frames are required
along skewed interior bents and end bents.
SeeBDM 1.6.2.10for more information.

Figure 1.6.2.1121 Cross Frame Details at Bent

Bridge Design Mand&ection 1
Cl.6.2.11

The assumed load path for the flow of forces
is accommodated through deck slab to-
girder interfaces to main beams or girders
and crossframes, and to all components of
the bearing assembly to substructure (see
LRFD 4.6.2.8.

The shear studs at the ends are critical in
transferring the transverse seismic forces
from the deck slab into the steel
superstructure and down to substructure. A

top chord connecting the deck slab to the end
cross frames was found to be effective in
transferring these forces and resist rotation
at the top of the girders in the absence of
sufficient studs on top of the girders.

See Typical
Deck Section,
sht. J## for
(/— ¢ Structure details
L — 51 2% ! Sl —#
T P - 7 - z L g 4
VZ N
Z Z N N . N N Z 7 R 7 7 N N
Z, N i — B — :*_:_ /

BENT DETAILS
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1.6.2.12 Composite Action Cl1.6.2.12
and Flange Shear Connectors

Provide shear connectors in all portions of Previous practice was to not use concrete
continuous spans, positive or negative reinforcement to increase the moment
moment. capacity of composite girders in the negative

. . moment areas.
For deflection and moment calculations

include longitudinal reinforcing steel in the
composite section properties of the girder in
the negative moment areas.

Extend shear connectors at leastone inch Generally, the deck build up on steel girders
above the mid depth of the deck and no less is constant except for bridges with variable
than one inch of clearance below top mat crossslopes (super elevation) along the
deck reinforcing. bridge. However the top flange plate

thicknesses may vary. Consider the effect of
top flange thickness variation and bridge
deck super elevations when checking the
shop drawings or specifying the shear
EOOOI EUOUZUwW O OT UT dw w 3T 1 u
longer shear connectors are in distributing
load to larger area of the bottom mat
reinforcing steel when a girder fails in
fatigue. The concrete deck will distribute a
portion of the unsupported load of the failed
girder to adjacent girder (s).
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Figure 1.6.2.121 Shear Connector Layout
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When transverse deck reinforcing
is placed skewed with the centerline
PLAN of the girder, place the studs in
rows parallel to the direction of the
deck steel.
5", 5" " "
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LONGITUDINAL TRANSVERSE

MINIMUM SHEAR CONNECTOR SPACING

(Max. shear connector spacing (longitudinal=2"-0")

1.6.2.13 Beam Camber C1.6.2.13

Steel beams are cambered to compensate for
dead load, shrinkage deflections and
gradelines. The final position of the bottom
flange is either flat or follows the grade,
except in a sag vertical curve. Do not place a
final negative camber in a beam. Profle
grades can be incorporated into the camber
by either added camber in the beam or by
varying the deck flange build -ups along the
beam. Sag vertical curves always require
flange build -ups.

Consider the superelevation of the deck in
the design of minimum flange build -ups.

Slope adjustment or build-up for straight
girders on curved roadways must also be
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considered. Deck grades are based on the
roadway centerline and straight girders are
offset at midspan from the centerline. As a
result, the adjustment is the superelevation
times the midspan offset. Additional beam
camber at midspan or additional build -up at
the ends will be required. SeeFigure 1.6.2.13
1

In addition to girder deflections, show girder
rotations at bearing stiffeners.

Figure 1.6.2.131 Superelevation Deck BuildUp

]

S

S

build-up.

Build-up \___ \[\

i
i
|
M_ﬁ_,w.!,‘g:—'“""‘"’
|
|
|
|
|
|

Bridge Design Mand&ection 1

Showing girder rotations will allow shop
plan detailers to compensate for the rotations
so that bearing stiffeners will be vertical in
their final position.

Include added build-up
due to superelevation
when determining the
total or minimum

Sketches of camber options for simple spans
are shown in Figures 1.6.2.12 through
1.6.2.134.
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Figure 1.6.2.132 Case 1: Crest Vertical Curve with BeanGrade Camber

Top of deck follows
grade in final position

Deck
thickness

Build-up
Constant

T

Bottom flange follows
grade in final position

Superelevation
correction

Figure 1.6.2.133 Case 2: Crest Vertical Curve with BuildJp for Grade Camber

Gradeline and
Superelevation correction

Top of deck follows

grade in final position Deck
thickness
Build-up \L
Constant Superelevation
LS Bottom flange follows correction

grade in final position

Figure 1.6.2.134 Case 3: Sag Vertical Curve with BuildJp for Grade Camber

Top of deck follows

g o Deck
- f@/% -

Gradeline and
Superelevation
correction

\¥ Bottom flange
straight in final
nnsition
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SHRINKAGE CAMBER

Bridge deck shrinkage has a varying degree
of effect on superstructure deflections. Use
some judgment in evaluating this effect on
camber.

A shrinkage strain of 0.0002 applied to the
long-term composite section using 3n may
be used to estimate the longterm effects of
shrinkage using an approximate method.

For structures requiring close tolerances on
girder cambers, perform refined analysis of
shrinkage effects using structural analysis
software such as MIDAS Civil.

CAMBER DIAGRAMS

Show the data in Table 1.6.2.13 for steel
beam camber on the contract drawings.

Table 1.6.2.131 Steel BeamCamber Template

Camber Iltem Value

Grade line camber

Dead load camber

Superimposed Dead load
camber

Shrinkage camber

Total Camber

Camber due to weight of
steel beam and diaphragm

Bridge Design Mand&ection 1

C SHRINKAGE CAMBER

C CAMBER DIAGRAMS

Bridge deck shrinkage should be the smallest
portion of the total camber. It has greater
influence on shallower girder sections, e.g.
rolled beams. Simple spans will see more
effect than continuous spans.

Tests have indicated that the unit shrinkage
of the slab in composite beams (i.e., the
shrinkage strain adjusted for long-term
relaxation effects) may be taken equal to
0.0002.
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Sketches of amber diagram examples are
shown in Figures 1.6.2.1% and 1.6.2.13.

Figure 1.6.2.136 Camber Diagram Example 1

Top of deck follows "
grade in final position ~| 2
NS
Q|-
/ E
5
glS
Build-up 2 E
tant ©
constan \ Bottom flange straight NE
in final position S
K
CREST VERTICAL CURVE WITH BUILD-UP FOR GRADE CAMBER
Stationing ——
All dead loads plus tn 8 B %

0.4

shrinkage camber

0.9

N
S

RS Positive "H" indicates ahead end higher
) than back end.

Gradelime—x
cambe
Approximately 50% of shrinkage camber

ctr.-ctr. Bearing will occur prior to curb and handrail pour.

GIRDER CAMBER
CAMBER H

BEAN I 0.1Pt.|0.2Pt|0.3P.|0.4P.|0.5P.|0.6P.|0.7P|0.8Pt)| 0.9Ft.| Inches
Beam Dead Load + Diaphragms| ¥s" 7" 175" 10" 17" 1%" 7" 7" V6"
Deck Dead Load + Form 17" | 20" | 36" | 3% | 306" | 276" | 13" | V6" Ve
Sidewalk, Rail & WS Dead Load 7" 75" Z6" 75" 176" | 76" /N 76" /6"

1 | Shrinkage 75" 7" 17" 17" 17" 7" ¥" 5" L | +16%"
Sub Total 3" sk | 6% | 6%" | 6% | sk | 3% | 1% | %"
Gradeline 7" /e 7" 17" 144" 17" 1* " 7"
Total 3% | 5% | 77" 8" 7% | el | 4f | 2% e
Beam Dead Load + Diaphragms| Ys" /A 75" 75" 6" | V6" 7" 76" V6"
Deck Dead Load + Form Yo" ¥ 17" | 276" | 3' V6" | 34" 17" | %e" Y
Sidewalk, Rail & WS Dead Load | %" VK 5" F6" 75" 'Z6" 5" /7" V6"

2 | Shrinkage Y " " " " Y Y ~Y" 0 +7 "
Sub Total 0 75" 2¥" 37" 44" 37" 27" 14" VN
Gradeline 7" 14 | 1% | 1 | 1% | i | 1% | 1Y 7"
Total 75" 2%" 4" shr | sl | 5%t | 4% | 2% 75"
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Figure 1.6.2.137 Camber Diagram Example 2

Top of deck follows
Gradeline and grade in final position
Superelevation correction

Deck
hickness

=

/
Build-up /
varies

correction

\ Bottom flange straight
in final position

Superelevation

CREST VERTICAL CURVE WITH BUILD-UP FOR GRADE CAMBER

Stationing —=—

All dead loads plus S lg g g %
7 x S )
shrinkage camber S S
t\‘.
= Gradeline XX

camber.

0.1

camber t Positive "H" indicates ahead end higher

than back end.

Approximately 50% of shrinkage camber
will occur prior to curb and handrail pour.

ctr.-ctr. Bearing

GIRDER CAMBER
CAMBER H
BEAH ITEM 0.1Pt.|0.2Pt|0.3Pt|0.4P.|0.5P.|0.6P|0.7Pt|0.8Pt| 0.9Ft.| Inches
Beam Dead Load + Diaphragms| %" 1 7 b | %t | 1 7" 7" /6"
Deck Dead Load + Form 1" | 2% | 3%s" | 3" | 36" | 276" | 1% | Vet | W
Sidewalk, Rail & WS 75" %" | He" | %" | 1He" | e | K" 76" | Ys"

1 | Shrinkage %" 7" [ A RUE 7" 7" 5" % | 167"
Sub Total 3" 5V | 6% | 6% | 6% | sk | 3% | 1% | %"
Gradeline None | None | None | None | None | None | None | None | None
Total EE 5l | 6% | 67" | 6%" | Sk | 3% | 1% | "

Beam Dead Load + Diaphragms| Ys" Yy 75" 75" 6" | 76" 75" 76" 76"
Deck Dead Load + Form 7" 7" 17" | 276" | 306" | 3% | 1% | He" | %"
Sidewalk, Rail & WS V6" 7 Lo e | B | e | b /" Y6"

2 | Shrinkage i A B /i i/ S e /i B /S e 7 S e /54 0 | +7%"
Sub Total 0 [ % [ o [ 3% | " | 3% | 2% | " | 4
Gradeline None | None | None | None | None | None | None | None | None
Total 0 " | 2% | 3% | 4t | 3% | 2% | 1Y | Y

1.6.2.14 Deck Pour Sequence

SeeBDM 1.9.4.3
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1.6.2.15 End Bents Detailing C1.6.2.15

It is desirable to eliminate end bent joints or
make construction jointless to protect the
girder steel from leaking joints.

Use the extended deck detail or semi integral SeeBDM 1.11.2.5and 1.11.2.6for additional
abutments similar to Figures 1.6.2.18 or guidance.
1.6.2.152.

Use the integral abutments when geometry
and span length allow.

Show a coated or painted section at the ends
of plate girders. On jointless bridges coat or
paint the end of the girder with three coat
paint system for a length of 1 foot outside the
concrete interface and 4 inches inside the
concrete interface. Sed-igure 1.6.2.153.

Where joints cannot be avoided, show a
coating or painting detail at the end of plate
girders. Coat or paint the end of the girder
for a length at least 1.5 times the depth of the
girder and all attachments within this limit.
SeeFigure 1.6.2.154. Match the paint color
developed by the weathering steel patina 2.5
years after completion of the bridge
construction. SeeFigure 1.6.2.154
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Figure 1.6.2.151 Extended Deck Details at End Bents

N i et
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Figure 1.6.2.152 Semi Integral Bent Detall
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