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To: All holders of the Bridge Manual DATE ISSUED: January 31, 201 2

The revised 2012 Bridge Manual is now available for download on the IDOT website.
This Bridge Manual shall replace the 2009 Bridge Manual in its entirety.

This Bridge Manual revision includes a large number of minor and editorial changes
throughout the manual and some major changes as well. All changes in the main body
of the manual are identified with a vertical line in the outside margin of the page. The
following is a brief summary of some of the more major changes.

e Incorporated policies for the 2010 AASHTO LRFD Bridge Design Specifications
and 2011 Interim Revisions.

e Incorporated select ABD Memorandums. See ABD web page for full
disposition of all ABD Memorandums.

¢ Updated policies for consistency with 2012 Standard Specifications for Road
and Bridge Construction

e I[ncorporated T-Type retaining wall figures and policy from Culvert Manual
Implementation of the Revised 2012 Bridge Manual shall be as follows:
The new 2012 Bridge Manual details, policies and base sheets shall be effective for all
projects with TSL’s approved April 2, 2012 and beyond and are encouraged, when

possible, to be incorporated in projects with TSL's approved prior to this date and those |
projects which are currently under development.

D. Carl Puzey
Acting Engineer of Bridges and Structures

GMK/BridgeManuaIchangeIetter1 2-1-20120131
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Section 1 Introduction

1.1 Bridge Policy

As directed by the Engineer of Bridges and Structures, it is the responsibility of the Engineer of
Bridge Design to develop, maintain and administer the policies that govern the design and
preparation of plans and specifications for all structures under the jurisdiction of the Division of
Highways and for structures under the jurisdiction of other agencies when Departmental
approval of the project is required by State Statute.

This Manual, supplemented by the Culvert Manual, Drainage Manual, Geotechnical Manual,

Sign Structures Manual, and Structural Services Manual, is the vehicle by which these policies

are controlled. Presented herein is a compilation of design and plan presentation procedures,
specification interpretations, standard practices, and details which constitute “policy”. While this
manual attempts to unify and clarify bridge and structure design policy performed by or for the
IDOT Division of Highways, it does not preclude justifiable exceptions, subject to the approval of
the Engineer of Bridges and Structures, provided these exceptions are based upon sound
engineering principles. Good design practice will always require a combination of basic
engineering principles, experience, and judgment in order to furnish the best possible structure,
within reasonable economic limitations, to suit an individual site. The policies in this manual
have been established primarily for application to typical highway structures using conventional
construction methods. These polices are subject to re-examination and may not be applicable
to long span, complex curved, or high clearance structures such as major river crossings or

multi-level interchange complexes.

1.1.1 LRFD and LFD Bridge and Structure Design

The lllinois Department of Transportation is currently transitioning from the AASHTO “Standard
Specifications for Highway Bridges - Division | & IA” (LFD or ASD) to the AASHTO “LRFD
Bridge Design Specifications” (LRFD) for new bridge construction. It is anticipated that this
process will be ongoing over the next few years. As such, this manual is written for both the
AASHTO Standard and LRFD Specifications.
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Generally, bridges which will undergo rehabilitation such as re-decking or widening will be
designed according to the LFD specifications. Some new bridges, especially on the Local
Bridge System, will still be designed according to the LFD specifications for an indeterminate
period of time as well. On the State Bridge System, the portion of new and reconstructed
bridges which will be designed exclusively according to the LRFD specifications will continue to
increase. See also Section 2.1.2 for additional information.

For the convenience of the reader, a notation system for this manual has been adopted that
differentiates between portions of sections which deal with LRFD only, LFD only, and LRFD and
LFD. As appropriate, the headings “LRFD”, “LED”, and “LRFD and LFD” in italicized and
underlined type will appear in the manual. Some sections are not specification dependent and

consequently contain no delineations. The Design Section (Section 3) of this manual is the
primary place where these headings appear.

1.1.2 Seismic Design of Bridges

LRED and LED

The design of bridges to resist seismic loadings has become an increasing focus since the mid
to late 1990’s in lllinois. This has become more apparent with the adoption of the 1000 yr.
design return period earthquake loading into the LRFD Code in 2008. The previous earthquake
design loading was for a 500 yr. return period earthquake. The 500 yr. design return period
earthquake as specified in the LFD Code, however, is still relevant primarily for bridges in lllinois
which are undergoing seismic retrofit.

The policies and details within this manual meet the minimum AASHTO requirements for
Seismic Performance Zone 1 (LRFD) and Category A (LFD) with a low probability of being
exceeded during the normal life expectancy for a bridge. Bridges and their components that are
designed or retrofitted to resist Zone 1 or Category A forces and constructed in accordance with
the design details contained in this manual should not experience total collapse, but may
sustain repairable damage due to seismically induced ground shaking. Structures in Seismic
Performance Zones 2, 3 & 4 (LRFD) or Categories B, C & D (LFD) will require additional
analysis as per the appropriate AASHTO Specifications for Seismic Design. However, there
should also be a low probability of collapse for structures in these Zones or Categories if the
guidance given in this manual is followed.
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1.1.3 Manual Updates, All Bridge Designer Memoranda (ABD), and Other Supplemental
Electronic Documents

The Bureau of Bridges and Structures (BBS) Manuals are continually reviewed by the BBS
Bridge Manual Committee. Updates to the manuals are issued as frequently as needed.
Interim updates are done by memos posted on the internet. The most current manuals and
information related to IDOT bridge policy, documents and procedures are available on the BBS
Documents, Manuals and Procedures Internet web page at:

http://www.dot.il.gov/bridges/brdocuments.html.

The following is an abbreviated list of Memoranda and Supplemental Electronic Documents
available at the web page address given above:

All Bridge Designers Memoranda (ABD Memos)

All Geotechnical Manual User Memoranda (AGMU Memos)
Design Guides

Sample TSL Plans

CADD Cell Libraries, Base Sheets and Detailing Practices
Guide Bridge Special Provisions

NS g ks DN~

Bridges and Structures Forms

ABD and AGMU Memos are directives from the Bureau of Bridges and Structures advising
designers on policy changes. Typically, after a certain trial period, the policies implemented
through these memos are eventually incorporated into the manuals.

Design Guides, Sample TSL plans, and CADD related drawings and documents are considered
supplemental, but part of the Bridge Manual. These and other available documents are dated
and revised as IDOT policy or the AASHTO LRFD Code changes.

The IDOT BBS subscriptions service informs subscribers of changes and updates to information

on the BBS web pages. Users of the BBS manuals should subscribe to this service which is
available at the web page address given above.
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Comments, suggestions and questions from users of the BBS manuals should be sent to:
bbs.comsuggest@dot.il.gov.

1.2 Organizations and Functions

The Bureau of Bridges and Structures is a part of the Program Development area of the Division
of Highways. The Engineer of Bridges and Structures, as head of the Bureau, is responsible for
planning, developing and maintaining the State’s bridge and structural engineering program,
policies, specifications and standards which will facilitate the best utilization of resources for
accomplishing the objectives of the Division of Highways. The Bureau of Bridges and
Structures also provides the Project Implementation area of the Division with structural and
geotechnical expertise during the construction phase of bridge projects.

To fulfill these responsibilities, the Bureau is organized as illustrated in the Organization Charts
found on the Bureau’s website at http://www.dot.il.gov/bridges/pdf/BBS%200rg%20Chart.pdf.

1.2.1 Services Development Section

This Section is responsible for managing the Bureau’s operating budget, personnel and salary
administration, business service activities, fiscal payment processing, typing services, file
maintenance, and administrative staff support. It also conducts and assists with structural
inspections on both State and jointly owned structures, and ensures compliance with the
National Bridge Inspection Standards (NBIS) for structures under lllinois’ jurisdiction. NBIS
inspections are conducted for designated Major River Bridges, and assistance is provided to
other Departmental inspection staff statewide to assess structural damage and deterioration.

1.2.2 Bridge Planning Section

This Section is under the direct supervision of the Engineer of Bridge Planning. It is composed
of four units that are responsible for project programming, and preliminary design of bridges and
structures. This includes the hydraulic, geotechnical and foundation engineering for projects.
Bridge Planning also has corollary responsibilities for highway drainage design, and roadway
geotechnical analysis.
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1.2.2.1 Project Planning and Consultant Prequalification Units

Under the direction of the Project Planning Unit Chief, each of the three Development Groups is
responsible for project programming and monitoring, bridge management system development,
preparation of Inter-State agreements, conducting special engineering studies and reports, and
the analysis and approval of man hour requirements for structural engineering/consulting
engineering agreements. The Consultant Prequalification Unit Chief is responsible for the
bureau’s consultant service activities and prequalification of structural engineering consultants.

The Project Planning Unit also prepares detailed economic evaluations of alternate structure
types and configurations, conducts structural analyses and aesthetic studies, and formulates the
basic type and shape for proposed structures utilizing current State and Federal design policies.
It reviews and approves Bridge Condition Reports (BCR), prepares Type, Size and Location
Plans (TSL), and reviews those prepared by consultants. The BCR details the scope of work for
a bridge project and is utilized in the Project Report to secure design approval. The TSL plan
documents the basic features of the structure and is used to obtain final preliminary approval of
the details for the basic project parameters required by the designer.

1.2.2.2 Hydraulics Unit

Under the supervision of the Unit Chief, the Hydraulics Unit is responsible for the review and
approval of the Hydraulic Report (HR) for bridge projects and the Pump Station Hydraulic
Report (PSHR) for storm water pumping stations. For bridge projects, the approval means the
waterway opening properly addresses policy and practice controlled in the IDOT Drainage
Manual and satisfies any external regulatory requirements. Recommendations generated from
Hydraulic Unit approvals are provided to the Project Planning Unit and the Foundations and
Geotechnical Unit in support of TSL plan development. The Hydraulics Unit assists both Units
in further refinement of preliminary structure details relating to hydraulics, such as bridge
alignment\skew, substructure placement, low beam elevation and scour countermeasures.
Beyond this involvement in TSL plan development, the unit assists the Bridge Design Section
and other Central Office Bureaus within the PS&E process. The Hydraulics Unit also assists the
Bridge Investigations & Repair Plans Unit with review and preparation of bridge scour

countermeasure plans.
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Aside from the PS&E contribution within the Bureau of Bridges & Structures, the primary
responsibility of the Hydraulics Unit is the content and upkeep of the IDOT Drainage Manual. In
that capacity, the unit is responsible for the development and implementation of all drainage
policy, practice and technical hydrologic and hydraulic (H&H) procedures utilized by the Division
of Highways. The Drainage Manual is the primary reference for H&H studies that include, in
addition to structure Hydraulic Reports; Location Drainage Studies for roadway improvements,
storm drain and detention analysis, bridge scour evaluation\countermeasure design and
drainage connection permits. The Hydraulics Unit provides technical support of these District
efforts, and also serves as an IDOT clearinghouse for disseminating new methodologies, FHWA
activities, research products, and software investigations relating to hydraulics. Technical
support is delivered via statewide meetings\informal training sessions such as AHEM, and the
annual meeting with District Hydraulic Engineers which is organized by the Hydraulics Unit. The
unit also delivers or coordinates formal H&H training for IDOT, Local Agency and consulting
personnel through the Bureau of Employee Services, NHI and other agencies. The Hydraulics
Unit Chief rates SEFC submittals from consulting firms seeking pre-qualification for IDOT
hydraulic work and also is charged with national IDOT representation on several AASHTO,
FHWA and NCHRP panels. Finally, the unit creates and leads the IDOT technical review panel
for hydraulic research projects initiated by our primary research arm, the lllinois Center for
Transportation, or ICT.

1.2.2.3 Foundations and Geotechnical Unit

Under the supervision of the Unit Chief, the Foundations and Geotechnical Unit provides a wide
spectrum of geotechnical services to the Central Bureaus and Districts within the Department,
consultants or contractors working for the Department, other State and Local Agencies,
academia, and other DOTs and national organizations outside the State.

The unit provides geotechnical services during all project phases of planning, design and
construction. In the planning phase, the unit assures proper subsurface exploration and
geotechnical recommendations, which are contained in the Structure Geotechnical Report
(SGR), that are appropriate for use in finalizing the TSL and developing the final design of
bridges, major walls, and multiple box culverts. This is accomplished by either preparing or
providing approvals of district’s or consultant's SGR’s during TSL reviews. In the design phase,
the unit assists the design section with retaining wall, drilled shaft, repair plan, traffic signal, light
tower, and sign structure foundation design. In the construction phase, the Foundations and
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Geotechnical Unit provides Special Provisions, assists in resolving construction issues and
reviews construction submittals including temporary soil retention, tieback design, drilled shaft
installation, and value engineering. The unit conducts forensic investigations, foundation
underpinning/repairs, and subgrade or slope failure retrofit designs. The unit is charged with
continuous maintenance and updating of the Department’s Geotechnical Manual and Subgrade
Stability Manual as well as updating all geotechnical/foundation aspects of the Bridge Manual.
The unit also provides technical supervision over the Central Soils Lab in order to
evaluate/validate the soil data which will be used in the geotechnical analysis or design of
structures and roadways. The unit also serves as a conduit for technology transfer by providing
various training classes to Districts and their consultants/contractors, facilitating and organizing
seminars and conferences, and disseminating innovative research findings to all geotechnical
personnel working for the Department (Districts and consultants). In addition to providing
geotechnical consultant pre-qualification ratings, and research studies on roadways and
structures, it serves on various State and national technical review panels/committees
overseeing sponsored research projects.

1.2.3 Bridge Design Section

This Section is under the direct supervision of the Engineer of Bridge Design. It is composed of
five units. These are the Bridge Design and Review Unit; the Bridge Design and Construction
Review Unit; the Policy, Standards and Specifications Unit; the Construction Liaison Unit; and
the Shop Drawings and Steel Fabrication Inspection Unit. The Bridge Design Section is
responsible for the design and preparation of bridge and structure plans for the Department; and
the initiation, development and dissemination of design policies, procedures and structural
theories to be used in the selection, proportioning, and detailing of members and components
employed in any bridge or structure type on lllinois’ highway system. In addition, it is
responsible for the development of specifications and Special Provisions for all materials and
procedures as they relate to the use and application in bridges and structures; the preparation
of bridge and structure estimates of cost and time; the evaluation and utilization of new structure
types, products, techniques and materials; and the resolution of bridge and structure
construction problems. The Design Section is also responsible for the review and approval of
Shop plans as well as steel fabrication inspections.
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1.2.3.1 Policy, Standards and Specifications Unit

Under the supervision of the Unit Chief, this unit develops and maintains all bridge and structure
design policies including design manuals, standard plans, and seismic design procedures. In
addition; the unit analyzes, reviews and develops standards for special structures, highway
appurtenances, and specialized design and construction concepts developed by outside
agencies. It designs new specialized structure components utilized by the Bridge Design and
Review Groups in structural plan preparation; seeks out, evaluates and develops policy and
guidelines for implementation of new design and construction techniques, products and
materials; monitors structure related Standard Specifications for revision of the Standard
Specifications for Road and Bridge Construction; and develops the Bureau's technical
programs. Technical programs include bridge and structural engineering software, and
computer systems. The Unit Chief represents the Bureau on the Department’s Specification
Committee.

The Policy, Standards and Specifications unit also conducts final reviews which ensure
compatibility of roadway and bridge plans; evaluates, develops and recommends approval of
bridge Special Provisions; and prepares cost and time estimates for new bridge designs,
products or construction methods.

1.2.3.2 Bridge Design & Review Units

Under the supervision of the Unit Chiefs, each unit performs the analysis and evaluation of
structural designs; develops and prepares bridge and structural plans for use on the State
Highway System; and performs the analysis, evaluation and approval of Final Contract plans for
bridges and structures prepared for the Department or Local Agencies by outside consultants.
Design & Review Units also evaluate and study construction problems and develop details for
corrective action, develop and implement policies and procedures for design and plan
preparation by outside agencies for structures on Primary and Secondary State Highway
Systems, and conduct performance evaluations of consultant prepared plans. Additionally, the
Computer Aided Design Group is supervised by one of the Design & Review Unit Chiefs.

Page 1-8 Jan. 2012



Bridge Manual Section 1 Introduction

1.2.3.3 Construction Liaison Unit

Under the supervision of the Unit Chief, this unit assists the Bridge Design & Review Units, the
Shop Drawing & Steel Fabrication Inspection Unit, and the Policy, Standards and Specifications
Unit on special matters related to construction, fabrication and policy.

1.2.3.4 Shop Drawings & Steel Fabrication Inspection Unit

Under the supervision of the Unit Chief, this unit is responsible for the review and approval of
Shop Drawings covering steel, aluminum, and prestressed concrete elements for bridge and
sign structures as well as structural evaluation of Shop Drawings for precast box culverts, three
sided precast concrete structures and noise walls. The unit provides shop quality assurance
services during the fabrication, painting and non-destructive testing of structural steel bridge
components and aluminum sign structures. The unit also acts as adviser in matters associated
with fabricating and non-destructive testing of steel and aluminum. In addition, it is responsible
for the development and maintenance of the Sign Structures Manual which covers design
policy, plan standards, inspection of sign structures, and structural evaluation of light towers and
other special traffic structures.

1.2.4 Structural Services Section

This Section is under the direct supervision of the Engineer of Structural Services and is
composed of three units which are responsible for the structural investigations of existing
bridges, the development or review of repair plans, determination of bridge load-carrying
capacity, establishment of posted weight limits, evaluation of overweight permit vehicle
movements, maintenance of bridge plan archives, and review and approval of Local Agency
bridge construction projects. These units, acting together, provide oversight of the bridge
inspection procedures utilized by the Department and Local Agencies to ensure bridge safety as
required by the National Bridge Inspection Standards provided in Title 23 of the Code of Federal
Regulations, Part 650.301.

1.2.4.1 Bridge Investigations and Repair Plans Unit

Under the supervision of the Unit Chief, this unit performs field investigations to identify the
cause or extent of structural deficiencies, develops repair alternatives, and prepares plans to
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eliminate deficiencies related to the deterioration of structural members or accidental damage.
Field investigations performed by the unit also include those to evaluate reoccurring deficiencies
associated with standard structural detailing practices to identify the elements contributing to the
deficiencies and to offer solutions. The unit provides guidance to Department personnel,
consulting engineers and other agencies engaged in the development of repair or maintenance
projects, and this guidance is provided on a project specific basis and through the maintenance
and updating of information contained in the Repair Section of the Structural Services Manual,
for which the unit is responsible. Repair, maintenance and minor bridge rehabilitation projects
prepared by Department personnel or consulting engineers are reviewed by the unit for
comment and approval prior to being accepted for advertisement as a contract for letting. The
unit also provides assistance to Department implementation personnel as required to resolve
construction issues during the implementation of the projects reviewed or prepared by the unit.
An inventory of Contract plans and As-Built plans is actively maintained by the unit for all
bridges directly under State jurisdiction for reference during bridge maintenance, repair or
rehabilitation projects. In order to comply with Federal Regulations and to ensure that the
Department obtains a proportional share of Federal funds, the unit tracks and assembles bridge
construction cost information for submittal to the Federal Highway Administration. For additional
information related to unit procedures, the Repair Section of the Structural Services Manual
should be referenced.

1.2.4.2 Local Bridge Unit

Under the supervision of the Unit Chief, this unit provides administrative and technical expertise
to Local Agencies concerning local bridge matters and assists the Bureau of Local Roads and
Streets during the development of policies and procedures for Local Agency bridges. All Local
Agency bridge rehabilitation and replacement projects utilizing Federal, State or motor fuel tax
funds, and other local projects requiring Department approval by State Statutes, are reviewed
by the unit during project development to the degree necessary to ensure structural adequacy
and compliance with Department policies and procedures. As part of the project review as
necessary, the unit provides coordination with the Department of Natural Resources, using
information received from the Local Agency, to obtain approvals for local bridge projects to
proceed to letting. The unit provides services to Counties, as required by State Statute, leading
to the development of Contract plans for bridge construction.
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Unit personnel conduct field inspections and perform analyses to determine the load-carrying
capacity of existing bridges in response to Local Agency requests or to address changes in
bridge conditions routinely reported by Local Agency inspection staff. The unit establishes
weight limits to be enforced for Local Agency bridges to ensure highway safety and assists
agencies in developing repairs to improve the condition of Local Agency bridges or to avoid the
implementation of weight limits. Local Agencies coordinate, as necessary, with the unit to
resolve construction issues and to evaluate permit requests for overweight vehicles. The unit, in
cooperation with the Bureau of Local Roads and Streets, provides bridge inspection, bridge
repair, and structural database utilization training to Local Agency and consulting engineer
personnel. Oversight of Local Agency activities related to the performance of bridge safety
inspections, as required by the National Bridge Inspection Standards, is provided by the unit,
with the Unit Chief functioning as a Program Manager on behalf of the Department for Local
Agency bridge inspection related issues. Unit personnel assist the Office of Planning and
Programming during the maintenance and updating of the Structure Information and Procedure
Manual to ensure compliance with the bridge safety and inventory provisions of the National
Bridge Inspection Standards for Local Agency bridges. For additional information related to unit
procedures, the Bureau of Local Roads and Streets Manual should be referenced.

1.2.4.3 Structural Ratings and Permits Unit

Under the supervision of the Unit Chief, this unit performs analysis and evaluations to determine
the load-carrying capacity of new and existing bridges under State jurisdiction, as required by
State Statute and Federal Regulations. When necessary, unit personnel perform field
inspections of severely damaged or deteriorated bridges to obtain information regarding
essential bridge elements for use in evaluating load-carrying capacity. When necessary to
address existing structural conditions, the unit issues directives to place weight restrictions on
existing bridges under State jurisdiction to ensure highway safety. The unit works cooperatively
with the other units of the Structural Services Section for identifying repair alternatives to
eliminate deficiencies that would otherwise require the implementation of a weight restriction.
The Bureau of Operations routinely coordinates the review of overweight permit requests with
the unit prior to authorizing the movement of overweight vehicles to ensure that highway
infrastructure is not damaged. In order to ensure that bridge load-carrying capacities can be
determined in an expeditious manner, the unit maintains databases of structural information for
use during the evaluation of overweight permit vehicle movements or the effect of damage or
deterioration on bridge load-carrying capacity. The movement of heavy construction equipment
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across existing bridges to facilitate construction projects is evaluated by this unit, as well as the
feasibility of placing additional wearing surface on existing bridges located within the limits of
roadway resurfacing projects. The unit reviews proposed legislative changes to the lllinois
Vehicle Code to determine the effect of the changes on highway system bridges, and provides
coordination with other Units and Bureaus for developing comments in regard to anticipated
effects. Unit personnel assist the Office of Planning and Programming during the maintenance
and updating of the Structure Information and Procedure Manual to ensure compliance with the
bridge safety and inventory provisions of the National Bridge Inspection Standards, and
represents the Department in matters pertaining to the maintenance, revision or updating of
bridge rating specifications that may be proposed by the American Association of State Highway
and Transportation Officials (AASHTO).

1.3 Preparation of Bridge and Structure Plans

The preparation of all State bridge plans is initiated by the submittal of the Structure Report and
Bridge Condition Report and, where applicable, the Hydraulic Report. The information
contained in these reports is the basis upon which the structure is hydraulically and
geometrically proportioned. Sufficient data shall be furnished to fully delineate all field
conditions. Particular care shall be taken to supply complete information on existing structures
which are to be incorporated into the plans. It shall be assumed that authority to proceed with
subsurface investigations and preparation of the Structure Geotechnical Report (SGR) is given
once the Bridge Condition Report is approved. The subsurface investigation results and SGR
shall then be submitted to the BBS with consultant prepared TSL plans.

From the data furnished in the Structure, Bridge Condition, Hydraulic and Structure
Geotechnical Reports, the Type, Size & Location Plan (TSL) is prepared. This plan shows the
general plan and elevation of the structure and general descriptions and treatments of the basic
components. It is employed as an exhibit for presentation to the Regional Engineer and to other
agencies for their concurrence in relation to overall features of the structure. The data
necessary for all approvals shall be included. In addition to the Regional and District Offices,
agencies whose approvals are required, when applicable, include the U.S. Department of
Transportation, the Federal Highway Administration, the lllinois Department of Natural
Resources, the U.S. Army Corp of Engineers, railroads, utilities, and the U.S. Coast Guard
(when navigable streams are affected). After all the necessary approvals contributing to TSL
plan development have been received, detailed design and preparation of the Final plan is
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initiated.

The Final Design plans constitute the single most important document necessary for the
construction of structures. The Final plans should agree with the approved TSL plan in all
details as well as the SGR. If it is found necessary to deviate from the TSL plan during design,
prior approval shall be obtained from the Engineer of Bridges and Structures before such
change can be incorporated. Since any deviation could involve concurrence by other applicable
agencies, sufficient time shall be allowed for processing.

After the Final plans are completed, they are submitted to the Engineer of Bridges and
Structures for approval and signature to denote acceptance of the plans. The plans are then
stored until placed on contract. During this time, if policy changes dictate, the plans may be
updated when practical or necessary in accordance with current design policy and then will be
transmitted to the Project Development and Implementation Section of the Bureau of Design
and Environment for contract processing.

The process for preparation of preliminary submittal and Final plans for Local Agency structures
is similar, and submittals are processed through the Bureau of Local Roads and Streets to the
Local Bridge Unit. See the Bureau of Local Roads and Streets Manual for guidelines.

1.4 Consulting Engineers

Consulting engineers are retained by the Division of Highways for the design of bridges and
other structures when the plan production capacity of the Bureau of Bridges and Structures
requires supplementing. The consultant shall be prepared to undertake all of the necessary
tasks required for the production of the Final plans as per the standard of practice and in
conformance with the policies and requirements of the Department. These tasks include: field
site investigation, preparation of the Structure Report, preparation of the Bridge Condition
Report, hydraulic survey and preparation of the Hydraulic Report, subsurface investigation and
preparation of the Structure Geotechnical Report, economic studies, bridge and wall type
selection studies, preparation of the TSL and Final plans, and Shop plan review. During the
construction phase of the project, it shall be the consultant’s responsibility to interpret the plans
and undertake correction of any construction difficulties resulting from Design plan errors or

inconsistencies.
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Included in this manual are guidelines and requirements to assist consultants in the
development of the TSL and Final plans. Adherence to these guidelines will help to facilitate
expeditious review and approval of plans, and minimize last minute changes and delays. The
guidelines are presented in the following manner:

1. Checklist for preparation of TSL Plans (See Section 2.3.13)
2. Plan Development Outline Guidelines (See Section 1.4.1)
3. Checklist for use in the Final Plan Preparation (See Section 3.1.13)

Structure plans prepared by design consultants for the Department shall be approved by the
Engineer of Bridges and Structures prior to letting for construction. To accomplish this, the
Bureau of Bridges and Structures requires specific submittals for review and approval. These
submittals include a Plan Development Outline, Final Structure plans for structural review and
approval, and the Final plans and Specifications for letting.

1.4.1 Plan Development Outline

In order to facilitate a more efficient and timely review and approval of Final plans, a “Plan
Development Outline” (PDO) shall be prepared and submitted for each project involving a State
structure. (PDQ’s are not required in the plan development for Local Agency structures.) This
outline shall be submitted directly to the Bureau of Bridges and Structures prior to the
commencement of Final plans. Figure 1.4.1-1 gives an example format for a “Plan
Development Outline” which should be followed. The listed items in the figure are considered
the minimum required by the Department.

After reviewing the PDO, the Department will decide either (a) to have a meeting with the design
consultant for an “Interim Plan-Review” or (b) to notify with comments, if any, the consultant to
proceed with the finalization of the plans without a meeting. At this time, the consultant will be
informed of the name and phone number of a contact person within the Bureau of Bridges and
Structures. Even if an interim review is made by the Bureau of Bridges and Structures, it is the
responsibility of the consultant to submit Final plans which are 100% complete, devoid of errors,
and sealed by an lllinois Licensed Structural Engineer. Errors not discussed or commented on
by the Department shall be the sole responsibility of the consultant.
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1. Project Data: [Provide cover sheet with easily identifiable project data.]
Plan Development Outline
for
[Route]

[Feature Carried and Crossed]
[Section #]
[County]
[Structure #]
[Contract #]
[IDOT Job D#]
[Scheduled Letting Date]

Prepared by: [Consultant Co. Name]
[Current Date]

2. Procedures for Quality Control and Quality Assurance: [Brief description of the
consultant’s procedures for quality control and assurance including the names of
the project coordinator, QC/QA reviewer, and structural engineer sealing the Final
Structure plans.]

3. Project Description: [Brief description of the structure project including the
structure type, location, staging, and major items of the project scope-of-work.]

4. Scope of Services: [Brief description of the scope of services to be provided by the
consultant including BCR and TSL preparation, structural design and Final plan
preparation, services as a sub-consultant to (prime consultant), and fabrication
Shop plan review.]

5. Schedule: [Brief outline of proposed schedule for the submittal of Final plans for

review and PS&E submittal.]

Analysis and Design Procedures: [Brief outline of proposed methods of analysis.]

Special Checks: [Brief description of special checks that will be needed such as:

fatigue analysis, seismic, ice loads, curved girder analysis, etc.]

8. Constructibility: [Discussion of any issues regarding constructibility including:
erection, deck pour sequence, staging, etc.]

9. Non-Conventional Details: [Note any non-conventional details or concerns that
need to be addressed.]

10. Foundations: [Final assessment of foundation treatment based on the Structure
Geotechnical Report.]

11. Preliminary List of Pay Items: [List all anticipated structure pay items with units.]

12. Preliminary List of Plan Sheets: [List all anticipated Structure plan sheets with
brief description of contents and Base Sheet designations.]

13. Preliminary List of General Notes: [List all anticipated Structure plan general
notes.]

14. Special Provisions: [List all structure Special Provisions necessary along with
applicable Guide Bridge Special Provisions (GBSP’s).]

15. TSL: [Include and 8 Yz in. by 11 in. copy of the TSL.]

No

Figure 1.4.1-1
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1.4.1.1 "Interim Plan-Review" Meeting Requirements

The consultant engineer responsible for sealing the plans may be required to attend a meeting
in the Central Office with personnel from the Bridge Design Section of the Bureau of Bridges
and Structures. After receiving comments on the “Plan Development Outline” document, the
consultant shall schedule a mutually acceptable date for this meeting as required. The
consultant shall respond within 10 calendar days of the first notification date to set the "Interim
Plan-Review" meeting date. The following items, at a minimum, should be made available to
facilitate discussions:

In-progress design computations. These will be returned at the end of the meeting.

2. Copies of all completed or in-progress sheets appearing in the final submittal should be
presented. These sheets should not be copies of altered sheets from other projects.
Outlines for all sheets that are not completed should be presented.

3. Special Provisions where needed.

4. List of any specific problems that the consultant is facing or anticipates.

1.4.2 Quality Verification Statement

A Quality Verification Statement and requested documentation (Figure 1.4.2-1) shall be
completed by the consultant and shall accompany all “Final Structure Plans” for State projects.
“Final Structure Plans” are defined as the first submittal of the Structure Contract plans,
including Special Provisions, to the Bureau of Bridges and Structures for review.

The Quality Verification Statement attests that the plans prepared by consultants are completed
by the firm and checked prior to first submittal to the Bureau of Bridges and Structures. It is
intended to emphasize that the responsibility for ensuring plan quality rests with the consulting
firm, and to give the Bureau of Bridges and Structures a confidence level that the firm has
completed all the necessary work for a structurally safe, cost efficient, and well-detailed
structure conforming to Department requirements and policies.

As a minimum, the Bureau of Bridges and Structures will review the Plan Development Outline,

perform a rating analysis of the main load-carrying members for capacity verification purposes
only, and review the pay items, notes, and Special Provisions for bidability. Some projects will
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be further reviewed for structural adequacy (splices, shear studs, bearings, substructure units,
etc.) and adequate detailing at the discretion of the Bureau of Bridges and Structures.

Since the review and processing of Local Agency (LA) bridge projects varies from project to
project, the Quality Verification Statement will not be required for most LA projects. The Quality
Verification Statement will not be required for LA projects when the bridge plans are to be
accepted by the Department based upon certification in accordance with the Bureau of Local
Roads and Streets (BLR&S) Manual Section 11-7.03.1, or Section 23-7.02.1 for Federal Aid
Projects. The Quality Verification Statement shall be submitted with bridge plans for LA projects
that cannot be accepted based on certification, and that will therefore be reviewed by the
Bureau of Bridges and Structures prior to acceptance by the Department.

The QC/QA review shall be completed by an lllinois Licensed Structural Engineer and should
not be the same engineer as the designer or checker.

The quality  verification statement is available  for  printing online at
http://www.dot.il.gov/bridges/bridgforms.html.

Quality Verification Statement

“The Final Plans for SN__ have been completed in accordance with the Plan
Development Outline and are submitted for review. The signatures given below indicate
that all phases of design, checking, and the firm’s quality control and assurance plan have
been completed. Such considerations as bidability and constructability have also been
completed for this project. Attached to the Quality Verification Statement is documentation
annotating comments from all independent QC/QA reviews and a disposition of those

comments to the satisfaction of the project team.”

QC/QA Review Date

Figure 1.4.2-1
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Section 2 Planning

2.1 General Planning Process

2.1.1 Goal

The bridge and structure planning process encompasses the evaluation of site information, the
application of established policies and practices, the consideration of the alternates and their
respective economic evaluations for the purpose of establishing the bridge or structure
configuration which is the most appropriate based on cost, safety and function (i.e. hydraulic,
geotechnical, geometric, structural and aesthetic).

The Planning Section of the Bridge Manual is a guide and control for the preparation of Bridge
Condition Reports (BCR), Structure Geotechnical Reports (SGR), Hydraulic Reports, and Type,
Size and Location Plans (TSL), and for the dissemination of policy interpretations. Many of the
controls and guides for the proper development of BCR’s, SGR’s and TSL Plans are found in
documents issued by other Bureaus. As such, the Planning Section of the Bridge Manual also
serves as a source manual for ready reference in locating the appropriate planning policies.

2.1.2 Bridge and Structure Specifications

The AASHTO LRFD Bridge Design Specifications and the AASHTO Standard Specifications for
Highway Bridges are the two primary design codes currently being utilized by the Department.
The design specification for a particular project shall be clearly indicated on the TSL plan and
other pertinent planning documents. Reference is made to Table 2.1.2-1 which states the
appropriate design specifications for a given project type. Any deviations will require written
approval from the Engineer of Bridges and Structures. See Section 1.1.1 for additional
information. The level of seismic retrofitting required for a bridge which is either undergoing
reconstruction or rehabilitation varies. See Section 2.3.10.
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Structural Design Specification Selection Table
New or Complete Replacement Structure Projects

All_Structure Types AASHTO LRFD Bridge Design Specifications
Structure Reconstruction Projects (e.g. Minimum Superstructure Replacement)

Existing ASD or LFD Designs AASHTO LRFD Bridge Design Specifications
Existing LRFD Designs AASHTO LRFD Bridge Design Specifications

Structure Rehabilitation Projects
(e.g. Re-Deckings , Widenings and Extensions)

Existing ASD or LFD Designs AASHTO Standard Specifications for Highway Bridges
Existing LRFD Designs AASHTO LRFD Bridge Design Specifications
Table 2.1.2-1

2.1.3 Context Sensitive Solutions

Context Sensitive Solutions (CSS) is an interdisciplinary approach that seeks effective
multimodal transportation solutions by working with stakeholders to develop, build and maintain
cost effective transportation facilities which fit into and reflect a project's surroundings — its

“context”.

The Bureau of Design and Environment Departmental Policy-21 (D&E-21) contains guidelines
and polices for implementation of CSS on highway and structure projects. Detailed guidelines
for practice of CSS can be found on the IDOT web site at http://www.dot.il.gov/css/cssquide.pdf.

Contact the District if a decision has been made on a particular project to implement the CSS
process.

2.1.4 Structure Types

There are several main types of structures which require the Bureau of Bridges and Structures’
(BBS) involvement and approval. These are:

Bridges
2. Multiple Barrel Box Culverts
a. Cast-In-Place
b. Precast
3. 3-Sided Precast Concrete Structures
4. Retaining Walls
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All new structures generally require a TSL. Structures which require varying degrees of repair
or rehabilitation (scope-of-work) may or may not require a TSL. See Section 2.3.2 for details.

2.1.5 Planning Tasks

There are several primary tasks involved in the planning process of a bridge or structure. Each
contains a number of detailed requirements. Responsibility for completing individual tasks falls
to either an IDOT District Office, a consultant hired by the Department, or the Bureau of Bridges
and Structures in various combinations. The following gives a general overview:

The main tasks that control the planning process are as follows:

Bridge Condition Report
Type, Size and Location Plan
Hydraulic Report

Structure Geotechnical Report
Utility Attachment

o kw0 bd =

Additional BBS Planning Section input provided to the Districts or the Bureau of Design and
Environment (BDE) are:

1. Consultant Man Hour Evaluation
2. Consultant Prequalification

3. Project Programming

2.1.5.1 Bridge Condition Report (BCR)

Bridge Condition Reports are intended to provide a format for Districts to document a proposed
scope-of-work for an existing structure to the Bureau of Bridges and Structures. A BCR may be
completed by District Personnel or a consultant hired by the Department. The BCR provides
clear documented communication between the Bureau of Bridges and Structures and the
Districts or its consultants.
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The BCR documents a bridge or structure’s current physical condition and functionality. It also
addresses structural and safety deficiencies, and finally proposes a scope-of-work. All pertinent
information which is required to support the proposed scope-of-work is contained in a BCR.

A complete guide to compiling a BCR can be found in the IDOT document “Bridge Condition
Report Procedures and Practices” available online. Requirements for BCR’s for Local Agency
projects are similar, and follow the requirements of Sections 10-2.03(a) and 22-2.06(a) of the
Bureau of Local Roads and Streets Manual. See also Section 2.2 for further discussion of
BCR’s.

2.1.5.2 Type Size and Location Plan

The Type Size and Location (TSL) plan forms the basis for Contract plan preparation which is
used for construction of the structure. TSL’s are also used to obtain an agreement between a
District or its consultant and the BBS along with other applicable parties such as railroads, the
Federal Highway Administration (FHWA), the US Coast Guard (USCG), the lllinois Department
of Natural Resources (IDNR), the Army Corp of Engineers, the lllinois Historic Preservation
Agency (IHPA), municipalities and private developers. Additional approval process information
is given in Section 2.3.15.

Bridge or structure type, size and location are established under the principles of overall project
economy and safety and are subject to the various site factors and conditions unique to a
project. Consequently, detailed structure configurations are based upon comprehensive
geometric, hydraulic, geotechnical, structural, aesthetic and economic analyses.

Guidelines and policies for preparing TSL plans are given in Section 2.3, and sample TSL plans
are presented in Section 2.3.14.

Requirements for TSL submittals for Local Agency projects are similar to those for State

projects, and follow the requirements of Section 10-2.03(b) and 22-2.06(b) of the Bureau of
Local Roads and Streets Manual.
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2.1.5.3 Structure Geotechnical Report and Hydraulic Report

The Structure Geotechnical Report provides the engineers responsible for development of the
TSL and the Design plans with the geotechnical information and recommendations needed to
plan and design the foundations for a specific structure. See Sections 2.3.4.3 and 2.3.6.3 along
with the IDOT Geotechnical Manual for more information and guidance on developing and
compiling SGR’s.

The Hydraulic Report plays an important role in determining the scope of a project. Hydraulic
issues, such as scour, estimated water surface elevations and the waterway information table
are also addressed in the Hydraulic Report. See Sections 2.2.4 and 2.3.4.2 along with the
IDOT Drainage Manual for more information and guidance on developing and compiling
Hydraulic Reports.

2.1.5.4 Consultant Man Hour Evaluations

Consultant man hour estimates for BCR'’s are at the discretion of the Districts. The BBS will be
available for assistance upon request.

There are two options for which the BBS can have involvement in consultant man hour
estimates for TSL plans and Structure plans. These are:

Option 1: If a time constraint is given to have an agreement signed, a District can request the
BBS to provide an independent estimate prior to the selection of a consultant by the Department
through the Professional Transportation Bulletin (PTB) selection process. This option allows the
Districts to negotiate directly with the consultant in a timely manner for a set of agreed upon
man hours. The BBS may be contacted during the negotiation phase to help resolve any
questions. The District is asked to send the original consultant estimate to the BBS prior to
negotiation in order to keep BBS records current.

Option 2: If a District sends a consultant estimate to the BBS for review and comment, the BBS
will perform an independent estimate. Comparisons will be made with previous projects to
ensure similar scopes-of-work were assumed. The BBS will then forward its recommended
estimate to the District. The District negotiates and discusses any discrepancies with the
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consultant in order to arrive at an agreed upon set of man hours. The BBS may be contacted
during this negotiation phase to help resolve any questions.

Additional notes that may apply to the two options above are:

1. Estimates for the Structure Geotechnical Report should be coordinated through the
District Geotechnical Engineer. The BBS Foundations and Geotechnical Unit may be
contacted for assistance.

2. QC/QA, and Management and Administration estimates are related to the entire project
and therefore should be reviewed by the District.

3. Estimates should be separated into specific tasks. l.e. TSL plan, PDO, Structure plan,
Shop Drawings, etc. Structure plan estimates should include an itemized breakdown.

4. It may be necessary to defer the Structure plan estimate until after the TSL plan is
approved and the structure type (or scope-of-work) is more clearly defined. Structure
plan estimates are then negotiated as a supplement.

2.1.5.5 Utility Attachments

Utility attachments to bridges and structures require approval from the Regional Engineer.
Applications for a permit are then submitted to the Central Bureau of Operations for review of
compliance with policy and method of attachment. Utility companies who wish to attach their
facilities to traffic structures under the jurisdiction of the Division of Highways are subject to
assessment charges. If the Central Bureau of Operation approves the method of attachment,
the BBS Planning Section will conduct a structural feasibility analysis and compute the
assessment charge. Guidelines and policies for utility attachment to structures are given in
Section 2.5.
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2.1.6 Responsibilities

2.1.6.1 District

The District is responsible for providing Bridge Condition Reports (BCR) and Structure
Geotechnical Reports (SGR) to the BBS for review and approval. The District reviews TSL
plans for conformance within various Bureaus, and agreement with the Project Report, the
development of the Roadway plans and other non-structural project requirements. In addition,
the District is responsible for directing and supervising work and man hours performed by its
consultants which include those that compile Structure Geotechnical and Hydraulic Reports
(with guidance from the BBS as needed).

2.1.6.2 Consultant

Consultants may be hired by the Department to help the District compile Bridge Condition
Reports, Hydraulic Reports and Structure Geotechnical Reports and/or to develop Type Size
and Location plans. In addition to specific guidance provided by the Districts, consultants are
required to follow the policies and procedures of relevant IDOT documents as well as the
appropriate AASHTO or AREMA Design Specifications. In particular, a consultant should rely
on the guidelines and polices referenced in Section 2.1.7 and this manual.

2.1.6.3 Bureau of Bridges and Structures Planning Section

Overall, the Bureau of Bridges and Structures Planning Section responsibilities vary from
production to oversight and guidance. The BBS Planning Section can be called upon by the
Districts to develop a TSL plan. See Section 2.3.15.1 for a more detailed TSL plan
development process. The BBS Planning Section provides oversight and approval authority on
all BCR’s and consultant TSL plans submitted by the Districts. Approvals or rejections are
documented by memorandum with recommendations/revisions as required. See Section
2.3.15.2 for a more detailed TSL plan approval process. The Foundations and Geotechnical
Unit of the BBS reviews and approves all SGR’s and compiles them for in-house projects. The
Hydraulics Unit of the BBS reviews and approves Hydraulic Reports and compiles them for in-
house projects. The BBS Planning Section is available upon request for guidance and
interpretation of various design specifications and Departmental policies and procedures.
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2.1.7 Reference Manuals

In addition to this manual, the AASHTO “LRFD Bridge Design Specifications” and the AASHTO
“Standard Specifications for Highway Bridges - Division | & IA”, familiarity with the following

manuals and documents is necessary to properly develop a BCR, SGR, Hydraulic Report, and

TSL plan for a structure over which the State has review authority:

o kw0 Dd =

o2 © o No

12.
13.
14.
15.
16.
17.
18.

19.
20.
21.

Bridge Condition Report Procedures and Practices — Bureau of Bridges and Structures
Geotechnical Manual — Bureau of Bridges and Structures

Drainage Manual — Bureau of Bridges and Structures

Culvert Manual — Bureau of Bridges and Structures

Standard Specifications for Road and Bridge Construction (Including most recent
Supplemental Specifications and Recurring Special Provisions) — Bureau of Design and
Environment

Bureau of Design and Environment Manual — Bureau of Design and Environment
Highway Standards Manual — Bureau of Design and Environment

Bureau of Local Roads and Streets Manual — Bureau of Local Roads and Streets
Memoranda to All Regional Engineers — Bureau of Design and Environment

. Memoranda to All Bridge Designers (ABD) — Bureau of Bridges and Structures
. Memoranda to All Geotechnical Manual Users (AGMU) — Bureau of Bridges and

Structures

FWHA Retrofitting Manual for Highway Bridges

AREMA Manual for Railway Engineering

AASHTO Guide Specification for Bridge Railings

AASHTO Policy on Geometric Design of Highways and Streets

AASHTO Guide Specification for Fatigue Evaluation of Existing Steel Bridges
AASHTO Guide for the Development of Bicycle Facilities

AASHTO Guide Specifications for Horizontally Curved Steel Girder Highway Bridges,
2003

NCHRP 341 Guidelines for the Use of Weathered Steel

AASHTO Guide Specifications for LRFD Seismic Bridge Design

AASHTO Roadside Design Guide

These reference materials form the basic criteria which control all BCR’s, SGR’s, Hydraulic

Reports and TSL plans prepared for the State. With the exception of the documents published
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by AASHTO, AREMA, NCHRP and FHWA, the references above can all be obtained from the
issuing Bureau or from the IDOT web site at: hitp://www.dot.il.gov/dobuisns.html.

An “exception to policy” shall be secured from the appropriate Bureau before any design or
detail outside the guides and controls of the referenced policy manuals may be utilized on any
TSL plan.

2.2 Bridge Condition Reports

2.2.1 Definition

A Bridge Condition Report (BCR) is required for every structure within a roadway section
covered by a Project Report or is the subject of a Project Report by itself. The purpose of a
Bridge Condition Report is to establish a scope-of-work with regard to the extent of repair,
replacement (partial or total), widening or other improvements. The BCR allows the Bureau of
Bridges and Structures to determine the most cost effective method for correcting reported
structural, geometric or hydraulic deficiencies which restores a bridge to a structurally adequate
and functionally serviceable condition. The BCR, which contains a comprehensive
recommendation for the proposed scope-of-work, along with supporting information shall be
submitted by the District to the Bureau of Bridges and Structures for review and concurrence.
After concurrence is obtained, the approval memorandum issued by the BBS shall be
incorporated into the Project Report.

A complete guide to compiling a BCR can be found in the IDOT document “Bridge Condition
Report Procedures and Practices” available online (Primary BBS Documents Web Page
address is: http://www.dot.il.gov/bridges/brdocuments.html), and Chapter 39 of the Bureau of

Design and Environment Manual. Requirements for BCR’s for Local Agency structures are
similar, and follow the requirements of Sections 10-2.03(a) and 22-2.06(a) of the Bureau of
Local Roads and Streets Manual.
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2.2.2 BCR Types

There are several possible formats for a BCR. Each require varying degrees of detail for how
information is reported as well as how much. Generally, as the scope of proposed work
increases, so does the length of the BCR for a particular structure. The possible formats or
types of BCR’s are briefly described below.

2.2.2.1 Bridge Condition Report

The format of the Bridge Condition Report is an extensive and detailed description of a
structure. It allows the Bureau of Bridges and Structures to make correct structural, economic
and policy decisions for the cost effective expenditure of bridge rehabilitation funds. Therefore,
the BCR shall provide:

1. A description of the physical conditions and deficiencies that mandate repair or
replacement.

2. A verification of the apparent soundness of any substructure elements recommended for

reuse along with the economic advantage gained by their reuse.

A statement of any geometric or hydraulic improvement required.

A recommendation for the proposed scope-of-work.

A statement regarding the maintenance of traffic during the rehabilitation.

o 0k~ w

A Proposed Structure Sketch. If the recommended scope-of-work is total replacement, it
should address the approximate dimensions of a replacement structure, but not so
precisely that configuration refinements resulting from subsequent hydraulic, soils,
structural, or economic studies are restricted.

2.2.2.2 Abbreviated Bridge Condition Report

An Abbreviated Bridge Condition Report is the shortened version of a BCR in which the scope-
of-work is minor or no work is planned. This is intended to minimize the effort required by the
Districts to complete, process and approve these types of projects while also ensuring adequate
documentation and analysis of the proposed work. Structures that meet the Abbreviated Bridge
Condition Report Requirements are B-SMART bridge deck repair projects and bridge
rehabilitation projects such as bridge rail retrofit, transverse or longitudinal joint work, minor
beam repairs and minor substructure repairs which are not Contract Maintenance Projects.
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2.2.2.3 ISIS Master Report

For structures to be gapped (allowed to remain in place) within a 3R type highway project, a
memorandum outlining the District’s intent to do very minor work or no work along with attaching
the lllinois Structure Information System (ISIS) Master Report (R107) and the most recent
PONTIS inspection report will suffice as documentation.

2.2.2.4 Bridge Condition Report Not Required

SMART and 3P projects do not require submittal of a BCR. However, if a structure lies within
the limits of these type projects, coordination shall be initiated with the Bureau of Bridges and
Structures before determining resurfacing options across the bridge. Bridge Repair Projects
financed by maintenance funds are not evaluated by the Bureau of Bridges and Structures
unless specifically requested by the District.

2.2.3 BCR Content

2.2.3.1 Bridge Inspection and Documentation

Since the BCR is the vehicle by which the scope-of-work to be performed is defined, it is
imperative that the information presented be as thorough and detailed as possible. This allows
for an accurate and in-depth evaluation of the scope-of-work recommendations. Of particular
concern is the physical condition of all elements to be retained for reuse in a rehabilitation
project. All potential problems such as scour, shifted or frozen bearings, out-of-plumb elements,
substructure movements, deterioration, anticipated vertical or horizontal alignment changes,
and structurally significant cracks should be reported and accompanied by explanatory sketches
and photographs to aid the evaluation of the recommended scope-of-work. Colored
photographs and properly scaled drawings are valuable tools which provide a permanent record
of the conditions existing at the time of inspection and are of great use in evaluating the
suitability of reusing specific structural elements. The photographs and sketches should be of
sufficient number to cover all appropriate areas of the structure.
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2.2.3.2 Delamination Surveys

Delamination surveys for bridge decks are usually conducted when it is unclear if the level of
deterioration dictates deck repair or replacement. Decks which have a small area, are beyond
repair by visual inspection, are functionally obsolete, or exhibit little or no deterioration generally
do not warrant a delamination survey. Since some delamination surveys may interpret the
debonding of wearing surfaces as delaminations, the surveys should be closely coordinated
with both the top and bottom of deck inspections to aid in estimating areas of deck
delaminations. There are several test methods and procedures to choose from when
conducting a delamination survey.

2.2.3.3 Bridge Condition and Geometric Analysis

There are various geometries related to a bridge or structure which should be analyzed,
evaluated and documented along with the structure itself. The roadway geometrics, for which a
bridge is a small part, as well as the roadways passing under the structure should be evaluated
for conformance with Departmental policies. Vertical and horizontal clearances underneath the
superstructure, and clear width of the deck itself should also be reviewed for conformance with
Departmental policies.

Structural adequacy and condition of the deck, superstructure and substructure elements should
also be analyzed, evaluated and documented. Reuse of bridge elements such as primary
beams generally depends upon their rated load capacity. Generally, an HS-20 rating or greater
and a structural condition evaluation of “6” or greater are required to “do nothing” or reuse.
Reuse of other bridge elements such as bearings and joints typically depend upon their
condition.

The reuse of bridge components for which the original plans are not available is not
recommended. Proposals of this nature will be considered only when the Bridge Survey
provides complete information on the component’s soundness, make-up and dimension, and
the proposed loading conditions will remain essentially unchanged.

Note that economics plays a pivotal role in all recommendations made by the engineer during
the BCR process.
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Detailed guidelines and requirements, as noted previously, can be found in “Bridge Condition
Report Procedures and Practices”. The Bridge Planning Section is also available, upon
request, to assist with the evaluation of problem structures or site locations as well as to clarify
current Departmental policies.

2.2.3.4 Recommendation

2.2.3.4.1 Scope-of-Work

To propose or recommend a scope-of-work for a project, a synthesis of critical information about
the structure which has been collected and evaluated from the beginning of the BCR process as
well as other factors is required. These critical pieces of information and factors include the
structure’s condition and load capacity, geometric and hydraulic acceptability, economic

evaluation as well as what is termed “exterior constraints”.

“Exterior constraints” is a term used to describe issues which bear directly on the feasibility of a
project. These include adverse affects on traffic control, unacceptable user delay, emergency
need of repair, and availability of funding.

When exterior constraints influence the scope-of-work decision, they should be thoroughly
analyzed and documented.

2.2.3.4.2 Bridge Width

The proposed bridge width on a rehabilitation/reconstruction project should be addressed in the
recommended scope-of-work as applicable. Required bridge width is a function of traffic,
design speed, existing roadway features and the proposed roadway improvement. Urban
bridge widths for rehabilitation/reconstruction projects generally match the roadway template.
Detailed guidelines on required bridge widths can be found in Chapters 39, and 44 through 50
of the Bureau of Design and Environment Manual. Any exceptions to the bridge width policies
require the District to submit proper justification and documentation for consideration by the
Bureau of Bridges and Structures and the Bureau of Design and Environment.
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As structures are an extension of the adjacent roadway, structures should, whenever possible,
duplicate the accommodations made for bicyclists on the roadway. These projects should be
coordinated with the District and the BDE Bicycle and Pedestrian Coordinator. Policies and
procedures are given in Chapter 17 of the BDE Manual.

2.2.3.4.3 Maintenance of Traffic

When traffic is recommended to be maintained for a project, i.e. the construction is staged, it is
an important aspect of the proposed scope-of-work. Lane widths, condition of the existing
superstructure, structural adequacy, soil retention, etc. during each stage of construction are
critical factors to evaluate. In particular, ensure that the lane used for Stage | traffic is correct
and will last the duration of Stage | construction. If this is not feasible, posting the structure,
providing a beam replacement contract prior to Stage | traffic, or detouring the traffic should be
evaluated and determined by the District. It will not be necessary to show a detailed staging
sequence in the BCR upon approving the feasibility of stage construction.

2.2.3.4.4 Proposed Structure Sketch

A “Proposed Structure Sketch” shall be included with the Bridge Condition Report as the sketch
and a memorandum from the BBS approving the BCR are part of the Phase | report. Details
such as railing, superstructure and substructure types need not be shown. However, the
approximate structure length, pier locations (when environmental or hydraulic concerns
mandate a specific location or omission), the general structure configuration (i.e., open
abutment, closed abutment or culvert) and recommended structure width should be indicated.
All other details, unless required to secure approval, should generally be omitted to allow the
designer the necessary freedom to select the most appropriate structure design. Figure
2.2.3.4.4-1 presents an example of a Proposed Structure Sketch.
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Figure 2.2.3.4.4-1
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2.2.4 Hydraulic Analysis Summary

For bridges or other structures at stream crossings, the hydraulic capacity should be reviewed
when appropriate. A review of any existing hydraulic capacity analysis results and records of
flooding should be made, if available. Changes since initial construction in the channel location
or hydraulic opening through the structure should be noted.

Where the existing vertical alignment is to be maintained and there is no history of serious
hydraulic deficiencies at the location, the existing bridge waterway opening may usually be
retained.

For the following cases, development of a formal Hydraulic Report is required:
Bridge Replacement

Superstructure Replacement
Bridge Widening Requiring Additional Substructure

AN~

Reductions to the Hydraulic Opening Through the Structure

Detailed guidance on writing a Hydraulic Report is available in the IDOT Drainage Manual.
2.2.5 BCR Submittals and Timelines

The BCR for a typical bridge or structure should be submitted 30 months before a project’s date
of letting. For complex bridges, the submittal time is increased to about 40 months. The
engineer responsible for completing the BCR should take this into account when compiling a
BCR. A single copy of the BCR should be submitted to the BBS unless the structure carries or
crosses an interstate in which case two copies of the BCR will be required.

2.2.6 Example Bridge Condition Report Format

Example formats for completing a BCR can be found in “Bridge Condition Report Procedures
and Practices”.
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2.3 Type Size and Location Plans

2.3.1 Introduction

Since a TSL plan is generally utilized as the General Plan sheet for the Design plans, care
should be exercised in its layout and presentation. Unnecessary details, out-of-proportion
drawings, and non-standard lettering should be avoided. The plan and elevation views should
be presented on the same sheet to provide a clear picture of the complete structure. In
addition, a section through the superstructure, a section through a pier with an expansion joint,
a pier sketch and the sequence of staging should be provided, as applicable. A TSL plan can
require multiple sheets because of overall length and/or complexity of the structure. Detailed
dimensioning outside of that necessary to establish geometric and structural controls is not
desirable; however, the engineer should make the necessary calculations and scaled sketches
to assure a well proportioned and aesthetic structure.

See Section 2.1.5.2 for information on the purpose and need for a TSL plan.

2.3.2 Submittal Requirements

Generally, a TSL is required to be submitted for a project when at least some portion of the
scope-of-work is structural. The cases are essentially the same as when a comprehensive BCR
is required. These are:

Bridge Replacement
2. Bridge Reconstruction
Bridge Rehabilitation with at Least Some Major Work
a. Deck Replacement
b. Superstructure/Substructure Widening
Permit Projects (See Section 2.6)
Walls with an Exposed Height of 7 ft. or Greater
Multiple Barrel Culverts (Cast-In-Place)
Multiple Barrel Culverts (Precast) on an Interstate System
Three Sided Structures
Pedestrian Bridges

2 © ® N o o s

0. Pedestrian Tunnels
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Cases where a TSL is typically not required to be submitted include when the scope-of-work is

only:
1. Bridge Deck Repair
2. Minor Bridge Repair where an Abbreviated BCR is Only Required for Submittal
3. Bridge to Remain in Place
4. Single Box Culverts (which are covered in the Culvert Manual)
5. Walls Less Than 7 ft. of Exposed Height

2.3.3 Submittals and Timelines for TSL Plans

2.3.3.1 In-House TSL Plans

The TSL plan is initiated by the District submittal of the Structure Report (See Section 2.3.4.1)
and associated attachments. For typical structures, the submittal of the Structure Report to the
BBS should be 24 months prior to the project’s date of letting and is increased to 27 months for
complex structures.

2.3.3.2 Consultant TSL Plans

Two 11 in. x 17 in. copies of the TSL plan along with the Structure Report (See Section 2.3.4.1),
Structure Geotechnical Report, and associated attachments should be submitted to the BBS by
the District or by the consultant with permission from the District 15 months prior to the project’s
date of letting and is increased to 18 months for complex structures.

2.3.4 Preliminary Guidelines, Investigations and Reports

2.3.4.1 Structure Report

2.3.4.1.1 General

A Structure Report (BBS Form 153) shall accompany all requests to the Bureau of Bridges and
Structures for a State bridge project to commence a TSL plan prepared by Department
personnel, or to review and approve a TSL plan prepared by a consultant. The Structure Report
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is the means of providing the Bridge Planning Section of the BBS the necessary information and
documentation to properly accommodate these requests.

2.3.4.1.2 Content

The Structure Report provides for the comprehensive reporting of data pertinent to a proposed
bridge/culvert/retaining wall project. These data include:

Project identification, location and programming

Highway, railroad and/or stream/river data

Structure Geotechnical Report and soil boring responsibility

Special requirements/recommendations for the composition of the structure
Utility accommodation, traffic handling, lighting needs and permit requirements

© a0k~ 0w N~

Attachments

Plans, drawings or photographs necessary to define special conditions or information, such as
highway and railroad templates, plan and profile sheet(s), existing survey data, underpassing
roadway and railroad profile grades and cross sections, and deck drainage calculations should
be provided, if applicable, as attachments to the Structure Report. In addition, unless previously
submitted, the Bridge Condition Report and Approved Waterway Information Table shall
accompany the Structure Report, if applicable.

2.3.4.1.3 Preparation and Submittal

The efficiency and timeliness of the preparation and review of a TSL plan are highly contingent
upon the completeness of information in the Structure Report. Therefore, all items in the report
shall be appropriately addressed with non-applicable items so designated. All required
attachments to the report should be provided. When filling out the Structure Report, the
consultant should contact the District regarding any questions they may have.

Upon receipt by the Bridge Planning Section, the Structure Report will be reviewed for
completeness of information and, if found acceptable, used as the basis for the review of a
consultant TSL plan, or the initiation and subsequent development of a TSL plan and Structure
Geotechnical Report by the BBS.

Jan. 2012 Page 2-19



Bridge Manual Section 2 - Planning

A sample Structure Report form is shown in Figure 2.3.4.1.3-1 and can be found at
http://www.dot.il.gov/bridges/brdocuments.html.
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Structure Report

VIADUCT/SUBWAY — Railroad:

Marked Route/Name of Road: Over:
RANGE PM

Funding Route: Existing Structure No.:
Section: New Structure Number:
County: Obo# o [rP#
Station: Proposed Letting Date:
Proposed Improvement:: %
Bench Mark:
RECOMMENDED STRUCTURE
Skew: Spans: Approx. Bridge Length:

SECTION ~ LOCATION  MAP
BRIDGE APPROACH ROADWAY - Route:
Functional Class: Design Speed: Posted Speed:
ADT: (20 ) ADT: (20 ) ADTT: (20 ) [JOneway or [JTwo Way
Directional Distribution: DHV: (One Way)
GRADE SEPARATION — Roadway Under, Route:
Functional Class: Design Speed: Posted Speed:
ADT: (20 ) ADT: (20 ) ADTT: (20 ) [ Oneway or [JTwoWay
Directional Distribution: DHV: (One Way) Skew:

No. of Tracks:

GEOTECHNICAL INFORMATION:

Substructure Exploration / Soil Borings Required?

Nearest Mile Post Location:

STREAM CROSSING - Hydraulic Report Approving Agency -

Skew:

[ District [ Central Office ~ Streambed Elevation:

Information Provided by:

Structure Geotechnical Report Required?

Information Provided by:

ATTACHMENTS:
[ Bridge Approach Roadway Template
[ Plan and Profile Sheet for Route over Feature

|:| Structure Geotechnical Report

SPECIAL REQUIREMENTS - Describe and attach appropriate details.

General (Configuration preferences, Slope protection, Deck drainage, Type of bridge lighting, Light pole type, Light pole height, Salvage items, etc.)

[ Plan and Profile Sheet and Cross Section for Underpassing Feature
[] Approved waterway Information Table and Hydraulic Data

O Retaining Walls: Applicable Plan and Profile Sheets and Cross Sections

Utility Attachments:

Stage Construction/Temporary Bridge:

L Printed 8/30/2006

BBS 153 (revised draft)
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Figure 2.3.4.1.3-1
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2.3.4.2 Hydraulic Report Coordination

The engineer responsible for development of the TSL should obtain or check the status of the
Hydraulic Report at the time when the TSL is in its initial stages of formulation if the structure
involves a waterway crossing. Since the Hydraulic Report is often initiated in the BCR phase, it
is important that as the TSL development progresses, any structure type or length changes that
would affect the waterway table, scour calculations, or other recommendations be relayed to the
Hydraulics Engineer for reevaluation and possible revision. There can be special concerns
regarding scour calculations that were not foreseen during the BCR phase. The final number of
piers, their location, skew, stem widths, footing widths and footing elevations will effect this
calculation, and thus communication between the hydraulics engineer and the engineer
responsible for TSL development plays a key role. In addition to the waterway table and scour
calculations, the Hydraulic Report provides the information needed to calculate estimated water
surface elevations (EWSE), which are used to evaluate the need for and required height of
cofferdams,and/or the need for permanent casing of drilled shafts.

2.3.4.3 Structure Geotechnical Report and Subsurface Investigation

A significant amount of geotechnical information and recommendations are required in order to
select the most appropriate structure type, size and location for a project. This information is
provided via the Structure Geotechnical Report (SGR). The SGR ensures that geotechnical
responsibilities are properly assigned, documented, and approved in a consistent manner
statewide. The SGR serves to verify that all geotechnical issues affecting a structure have been
identified and taken into account by the engineer responsible for TSL development. In some
cases a design phase geotechnical memo will be required to provide the design parameters and
foundation treatments to be used by the structural design engineer during Final Contract plan
development. Guidance and policies for preparation of SGR’s are given in the All Geotechnical
Manual Users Memoranda at the web site http://www.dot.il.gov/bridges/brdocuments.html and in
Section 2.3.6.3.

For consultant projects, as soon as a project's BCR is approved, the District should determine
which individuals or parties will be responsible for the subsurface investigation and the SGR.
Both decisions impact the Professional Transportation Bulletin (PTB) scope, consultant
selection, man hour negotiations as well as other issues, and thus should be completed at the
earliest possible time. In general, the geotechnical responsibilities related to structures involve
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subsurface exploration or investigation, geotechnical analyses, and foundation design
recommendations, all of which shall be contained in the final SGR or design phase geotechnical
memorandum. Subsurface exploration shall be conducted by either the District Geotechnical
Engineer or a geotechnical consultant. For consultant prepared TSL plans, the SGR shall be
completed by the District Geotechnical Engineer, a geotechnical consultant, or the structural
consultant. The BBS Foundations and Geotechnical Unit will complete the SGR for Structure
plans prepared by the BBS. In all cases, the Foundations and Geotechnical Unit reviews and
approves all SGR’s during the BBS’s process of review and approval of TSL plans.

The engineer responsible for TSL development should establish contact with the geotechnical
engineer responsible for performing the subsurface investigation immediately after the District
requests initiation of TSL plan preparation. Together, they should formulate an exploration and
testing plan tailored to the needs of the anticipated geotechnical analyses and foundation
design recommendations. A timeline which meets the expected SGR and TSL completion date
should also be established. The engineer responsible for TSL development should conduct
preliminary analyses in order to determine possible structure type(s). These analyses should
consider existing foundations and conditions as well as anticipated foundation locations,
elevations and loadings, the potential need for any new fills or cuts, and any other pertinent
information. The engineer responsible for TSL development should provide all pertinent
information to the geotechnical engineer to help ensure a proper and complete subsurface
investigation. This information should take into account existing foundation elevations, loads
and new fills/cuts. Continued coordination between the geotechnical engineer and the engineer
responsible for TSL development is recommended up until actual mobilization of drilling
operations to ensure that the subsurface investigation is relevant and completed to meet the
TSL development schedule.

2.3.4.4 Location Study Reports

The purpose of a Location Study is to establish the alignment, develop a profile grade line,
provide an environmental assessment as well as determine and address those factors affecting
the socio-economic conditions and the overall impact of the project on the area through which
the alignment passes. The results of these procedures and studies are summarized in the
Location Study Reports (Project and Design Reports).
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2.3.4.5 TSL Guidelines

The following general guidelines for various aspects of the TSL plan can be used to establish
the most cost effective bridge type and size and to locate the substructure components
appropriately.

2.3.4.5.1 Bridge Length

Bridge Length is determined by the location of the abutments. The location of the abutments is
dependent on bridge opening requirements, and the method used to terminate the approach
embankment and transition to the structure. Where the embankment is to be terminated by
means of a stable end slope, an “open” abutment is located at or near the top of the end slope.
End slopes shall be 2:1 or as otherwise established by the Structure Geotechnical Report
stability analysis. Where the embankment is to be terminated at a vertical plane, a “closed” or
earth retaining abutment is located at that plane. The use of an end slope to terminate the
embankment results in a longer bridge than one using a closed abutment; however, overall
bridge costs are generally lower with the open abutment design because of the high cost of
closed abutments.

Closed abutments are generally designed as a reinforced concrete retaining wall supported on a
large spread footing, drilled shafts or a pile supported footing. Closed abutments are seldom
economical and should not be used without a detailed cost investigation unless site conditions
dictate its use.

Open abutments generally consist of a single or staggered rows of piles, drilled shafts, or a
spread footing supporting a concrete cap block. Vaulted abutments are a combination of closed

and open abutments used at grade separation or interchange locations.

See Section 2.3.6.2 for more complete guidance on substructure selection.

2.3.4.5.2 Pier Location and Type

The number, type and location of the piers are determined in such a manner as to produce

optimum bridge economy within the constraints of horizontal clearance requirements, stream
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flow requirements and aesthetics. Bridge piers are generally of two basic types; pile or drilled
shaft bents, and piers with footings. Bent piers consist of a single row of piles or drilled shafts
supporting a bearing cap. Where required for aesthetic or hydraulic purposes, the extension of
the piles above the ground may be encased to produce a solid wall.

Footing supported piers are of many types. Footing may be “spread” (soil or rock supported) or
may be supported by drilled shafts or piling. Pier shafts may be solid walls, walls with cantilever
extensions (hammerheads) or may consist of a multi-column frame mounted on a plinth or
crashwall.

See Section 2.3.6.2.2 for more complete guidance on pier type selection.

2.3.4.5.3 Superstructure Types

Figure 39-3B in Chapter 39 of the Bureau of Design and Environment Manual provides a list of
commonly employed superstructure types, the span lengths for which they are applicable, and
the approximate construction depth (profile grade to low beam) required for their use.
Superstructures may be of any of the types listed for the span length ranges indicated. The
figure is a good source for a rough estimate prior to the initiation of the TSL plan development
process and can be a helpful tool for the District when evaluating profile grades.

See Section 2.3.6.1 for more complete guidance on this and other aspects of superstructure

planning.

2.3.5 TSL Plan Types

Generally, there are five specific types of TSL’s. Four are for different kinds of bridges. The
fifth is for retaining walls. The following sections present a brief overview of what specific types
of information shall be presented on a TSL plan. The first, 2.3.5.1 Highway Bridges, is the most
detailed of those dealing with TSL’s for bridges. The next three, 2.3.5.2 to 2.3.5.4, deal with
railroad bridges, culverts and three sided structures, and pedestrian bridges, respectively.
These sections primarily present only some aspects and considerations for TSL’s which are
different than those for highway bridges. The section on retaining walls (2.3.5.5) is a separate
category.
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The TSL plan shall be an 11 in. by 17 in. drawing (or drawings) with the standard of preparation
being the same as that required for Final Contract plans. The plan sheet shall be presented in a
form that will allow for its eventual refinement as the "General Plan and Elevation" sheet or the
cover sheet for Contract Bridge plans.

Section 2.3.13 gives a comprehensive checklist for preparation of TSL plans for bridges and
Section 2.3.14 provides online links to sample TSL plans.

2.3.5.1 Highway Bridges

The following is a partial list of items which shall be shown on a TSL plan (as applicable):
elevation and plan view, cross section through superstructure, outlines of existing structure,
location sketch, waterway information, profile grade data, design specifications, roadway
classification data, sketch of typical pier in elevation, stage construction order and limits,
foundation type at each substructure, etc.

All aesthetic details for a structure shall be finalized during the TSL phase. Special aesthetic
treatments and special bridge features should also be illustrated; however, data and dimensions

subject to refinement in the detailed structural analysis should be omitted.

2.3.5.2 Railroad Bridges

The primary differences between highway and railway bridge TSL’s are: the AREMA Railway
Bridge Design Specifications govern the design, railroad approval of the TSL is required, and
stage construction and traffic control differ.

2.3.5.3 Culverts and Three Sided Structures

For culverts, a cross section through the barrel should be shown on the TSL. A longitudinal
section which includes lane, shoulder, and median widths as well as roadway cross slopes shall
also be given. Special considerations for a culvert TSL include indicating the type of wingwalls
proposed. See Sections 2.3.11 and 2.3.13.

Three sided structures are typically shown as culverts on a TSL plan.
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2.3.5.4 Pedestrian Bridges

Pedestrian bridges have a minimum vertical clearance which is greater than that required for
highway bridges. See Chapter 39 of the BDE Manual. They shall also meet the Americans with
Disabilities Act (ADA) requirements and the AASHTO LRFD Guide Specification for the Design
of Pedestrian Bridges. See Guide Bridge Special Provision (GBSP 33) for other requirements.

2.3.5.5 Retaining Walls

Walls with an exposed height (defined as the difference in elevation between the finished grade
behind the wall and the finished grade in front of the wall) of 7 ft. or greater require a TSL plan
be developed. In addition, walls below this height with unique retention conditions such as
tiered walls, walls with large/steep back slopes, walls designed to retain slope failures, and walls
retaining railroads or disturbance sensitive property may also require a TSL plan. The following
is a partial list of items which shall be shown on a TSL plan (as applicable): elevation and plan
view, typical wall section, location sketch, roadway profile grade data, design specifications, etc.
Contact the BBS if the need for a TSL plan remains uncertain.

All aesthetic details for a retaining wall shall be finalized during the TSL phase. Special
aesthetic treatments and special wall features should also be illustrated; however, data and

dimensions subject to refinement in the detailed structural analysis should be omitted.

See Section 2.3.13, which gives a comprehensive checklist for preparation of TSL plans for
retaining walls and Section 2.3.14 which provides online links to sample TSL plans.
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2.3.6 Bridge Type Study

A Bridge Type Study is the process by which the most appropriate structure type for a given
location is determined and is a synthesis of the necessary economic, aesthetic and site
evaluations which lead to that selection. A well conceived Bridge Type Study considers the
structure types feasible for the site parameters or environmental commitments, provides the
reasoning for eliminating or developing particular alternates as well as compiles cost estimates
for all alternates considered and finally the rationale for the selection of the structure type
chosen. Essentially, a Bridge Type Study is an important phase in the TSL plan preparation
process.

In each project, the Bridge Type Study is a part of the planning computations which justify the
TSL plan and as such is not submitted for review. However, for major river crossings or when
requested by the Bureau of Bridges and Structures, a Bridge Type Study becomes a formal
report requiring the approval of the Bridge Planning Engineer before preparation of the TSL plan
can commence. Such a report would provide additional written treatments concerning
economic evaluations for the viable alternates, span length versus pier height studies for the
approaches, pier type structural and aesthetic studies, main spans and the approaches
structure type aesthetic studies, and architectural presentations of the alternate systems
presented in the report. Since AASHTO Specifications do not specifically address some of the
long span bridge types associated with major river crossings, the report should also document
unusual design procedures contemplated, deviations from or variations of AASHTO
Specifications to be used, special materials or details proposed or tests anticipated.

Economic Evaluation: It is the philosophy of the Bureau of Bridges and Structures that all

structures are to be planned within the constraints of site requirements and policy such that the
selected bridge configuration will result in the minimum structure cost. The minimum structure
cost shall be established on the basis of initial structure cost with due consideration given to
replacement and maintenance costs.

Increasing minimum costs are justifiable when it will result in either the least overall highway

project cost, reduced annual maintenance costs or where other intangible benefits are derived.
The use of cost premiums shall be supported by proper economic documentation.
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The following features are obvious cost premiums:

Bridge length in excess of that required by clearance or waterway opening requirements.
Bridge widths in excess of that required by structure width policy.
Bridge superstructure depth greater than the most economical.

>N =

Bridge length in excess of that required to avoid conflict between new and old
substructure units.

Aesthetics: Each structure should be evaluated for aesthetics. It is seldom practical to provide
cost premium aesthetic treatments without a specific demand, but careful attention to the details
of the lines and forms used will generally result in a pleasing structure appearance.

Some basic aesthetic guidelines are:

1. Avoid mixing structural support systems, i.e. trusses and beams, or column piers with
solid piers.

2. Whenever possible, use one or no more than two beam depths in a structure length.
Avoid sandwiching shallow spans between two deeper spans and utilizing very slender
superstructures over massive piers.

3. Abrupt changes in beam depth should be avoided when possible. Whenever sudden
changes in the depth of beams in adjacent spans are required, care should be taken in
the development of details at pier locations. If thoughtfully considered, treatment of
these depth transition piers can create an attractive and pleasing appearance which will
compliment the aesthetics of the overall project.

4. The lines should be simple and without excessive curves, insets, offsets and
ornamentation.

5. All structures should blend with their environment.

One of the most significant design factors contributing to the aesthetic quality of a highway
might variously be termed unity, consistency, coherence or continuity - that quality which makes
it appear the whole has been consciously designed to present a “highway theme”. Highways are
not, from an aesthetic design point, easily divisible, particularly the modern interstate or freeway
with long sight distances. Therefore, every element in the highway complex should relate
directly or indirectly to the others if the desired theme is to be realized.
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Because of the typically great extent of modern multi-lane freeways, it is inappropriate to follow
a single theme for the full extent of a highway. Changes in the character of the terrain and in
the culture of the various areas traversed will facilitate the blending or graceful transitioning from
one basic set of design concepts to another.

The thematic concept for highway design can normally be accomplished within the general
guides of the standards developed by the Department for both structures and roadways
requiring only minimal special designs and accomplished with minor project cost increases.

It is anticipated that special situations and projects will arise where new concepts and details will
require development to fulfill the aesthetic needs of a given project. In particular, Context
Sensitive Solutions (CSS) will be a requirement on highway and structure projects. Details and
concepts as a result of CSS should be coordinated with the appropriate District and the Bureau
of Bridges and Structures. See Section 2.1.3 for additional information on CSS.

2.3.6.1 Superstructure Component Selection

Figure 39-3B in Chapter 39 of the Bureau of Design and Environment Manual provides a list of
commonly employed superstructure types; the span ranges for which they are applicable; and
the approximate construction depth (profile grade to low beam) required for their use.
Superstructures may be of any of the types listed for the span length ranges indicated. Where
two or more types are applicable to the span length and depth requirements of the site, the
choice shall be made on the basis of comparative cost. The values provided are general
guidelines for setting profile grades, sizing waterway openings and estimating cost for a
proposed structure and should not be used for detailed TSL determination.

2.3.6.1.1 Structural Steel

All wide flange beams and plate girders shall be designed for composite action in both positive
and negative moment regions. See Section 3.3.9 for more information. Long span steel plate
girders may be evaluated for the option of HPS 70 ksi hybrid flanges at the piers, or the option
of straight haunched girders for bridges with vertical clearance issue. When practical (i.e. cost,
constructability, vertical clearances, etc.), web depths should meet AASHTO 2.5.2.6.3 and
2.5.2.6.2 live load truck criteria. The recommended minimum wide flange section shall be W27.
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Due to constructibility and serviceability concerns, contact the BBS before using wide flange
sections shallower than W27. See Section 2.3.8 and 3.3.25 for stage construction limitations.

Structural steel shall utilize the materials designated in Table 6.4.1-1 of the LRFD Specifications
or Table 10.2A of the AASHTO Standard Specifications for Highway Bridges. When conditions
are appropriate (see below), unpainted AASHTO M 270 Grade 50W should be used for new
and reconstructed bridges with consent from the District. When unpainted weathering steel is
not applicable, M270 Grade 50 should be specified for primary members unless M270 Grade
HPS 70W is authorized by the Bureau of Bridges and Structures. For bridge widening projects,
the section properties of the existing members should be matched.

Unpainted AASHTO M 270 Grade 50W (Weathering Steel) is encouraged for bridges when
criteria of the Federal Highway Administration Technical Advisory (T 5140.22) "Uncoated
Weathering Steel in Structures" (1989)" are met. All surfaces are blast cleaned to remove mill
scale and to promote a uniform weathering appearance. Also, protection measures for
substructure concrete surfaces vulnerable to staining shall be as directed by the District. See
Section 3.1.3 for applicable General Notes when weathering steel is specified.

"http://www.fhwa.dot.gov/bridge/t514022.cfm

2.3.6.1.2 Prestressed Concrete Deck Beams

Precast Prestressed Concrete Deck Beams are available in 6 different depths (11” thru 42”) and
can be an economical option for structures with spans ranging from 15 to 100 feet. Some
advantages include relatively shallow overall superstructure depth, and reduced construction
time. A reinforced, non-composite, 5 inch minimum Concrete Wearing Surface (CWS) shall be
used on these types of structures for State routes. An initial 1 %4 inch minimum Hot Mix Asphalt
(HMA) wearing surface may be used in lieu of the CWS on Local projects and on State routes
for new deck beam superstructures on existing substructures with load restrictions as approved
by the Bureau of Bridges and Structures. Approach slabs are required on State projects but are
optional for Local projects. Base Sheets depicting the preferred application of deck beam
superstructures are available on the IDOT web site.

PPC deck beams shall not be used on bridges with large vertical curves, superelevation,

superelevation transitions, or with skew angles greater than 35 degrees. Also, changes in beam
depths from span to span are not desirable. The standard details, base sheets and charts do
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not address these conditions. Exceptions may be allowed on a case by case basis when very
unique circumstances dictate a need but are subject to approval by the Bureau of Bridges and
Structures. Deck beam structures with all new substructure units and a total length equal to or
less than 300 feet shall be fixed at all substructure units. An analysis for thermal forces is not
required for structures within the 300 feet length limitation. Longer structures generally should
incorporate an expansion joint; however, longer structures with all fixed supports may be
permitted on a project-by-project basis in which case all thermal forces shall be accounted for in
the design.

The selection charts illustrate the relationships between beam size and beam strand patterns,
and utilize bar graphs to depict the maximum span length for each loading combination. The
charts are configured such that the strand patterns are listed on the y-axis, the span lengths are
listed on the x-axis. There is one chart for each beam size. For more detailed policies on the
PPC deck beams see Section 3.5 and the Design Guide 3.5.

The deck beam charts were developed using the loading cases and Design Criteria shown

below:

Loading cases for 11 inch beams:
1. Bare deck beams + future wearing surface + Type T-1 railing and curb.
2. HMA wearing surface + future wearing surface + Type T-1 railing and curb.

3. Concrete wearing surface + future wearing surface + F shaped barrier.

Loading cases for 17 inch thru 42 inch beams:
1. Bare deck beams + future wearing surface + Type SM railing.
2. HMA wearing surface + future wearing surface + Type SM railing.
3. Concrete wearing surface + future wearing surface + Type SM railing.
4

Concrete wearing surface + future wearing surface + F shaped barrier.

Where:
Bare deck beams = No initial wearing surface

Concrete wearing surface 70 pounds per square foot

HMA wearing surface 40 pounds per square foot

Future wearing surface 50 pounds per square foot
Type SM railing = 100 pounds per foot

F shaped barrier = 450 pounds per foot
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Type T-1 railing and curb = 185 pounds per foot

Additional Design Criteria:

1. LRFD 4™ Edition with 2008 & 2009 interims.
2 inch diameter low relaxation seven-wire strands, f,, = 270,000 psi.
Concrete beam strengths f'; of 6,000 psi with release strengths f'; of 5,000 psi.
HL-93 live load.
Live load distribution according to “(g)-connected only enough to prevent relative
vertical displacement at the interface” of AASHTO Table 4.6.2.2.2b-1.

Interior beam design.

o k> 0N

1 inch camber for dead load calculations.

Concrete wearing surface is considered non-composite.

© © N o

Barriers, railings and curbs are distributed over 3 beams.
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2.3.6.1.3 Prestressed Concrete I-Beams and Bulb-T Beams

For PPC I-beams and bulb T-beams, selection charts have been developed to aid in
determining beam size, beam spacing, and beam strand patterns for a given span length.
These charts illustrate a bar graph depicting the span ranges for each strand pattern with beam
spacings ranging from 4 ft. 6 in. to 9 ft. 0 in. The charts are configured such that the strand
patterns are listed on the y-axis, the span lengths are listed on the x-axis and the beam
spacings are listed on the bars of the bar graph. There are two charts for each beam, one for
simple span designs and one for multi-span designs. The scales depicting the span length
ranges for the x-axis were chosen for presentation purposes and therefore the absolute
minimum span length for the strand pattern may not be defined on the chart. These limitations
are available in Tables 3.4.4.1-1 through 3.4.4.1-12. When possible the minimum span length
limitations are depicted by darkening the bars for the lower boundary.

To use the chart, enter a span length starting from the bottom of the chart and go up until a
strand pattern is intersected with a beam spacing equal to or greater than the desired beam
spacing. For example, a 36 in. I-beam with a 57 ft. span and 6 ft. beam spacing would require
strand pattern 18DS or 20DSH with 18DS being the most economical.

The charts were developed using the following criteria:

LRFD 3™ Edition with 2005 interims
2. Y2 inch diameter low relaxation seven-wire strands, f,, = 270,000 psi.
Concrete beam strengths ', of 6,000 psi and 7,000 psi with release strengths f';; of 5,000
psi and 6,000 psi respectively. Concrete deck strength of 3,500 psi.
HL-93 live loading using simplified distribution. See Section 3.3.1.
8 inch deck thickness
1 inch average fillet height for dead load only. Fillet not included in section properties.
6 beam lines.
Standard F-shape concrete barrier weighing 450 pounds per linear foot.
50 psf future wearing surface.

2 © ® N o o s

0. Multi-span charts are based on two equal spans.
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These charts can be used to help choose an appropriate beam size for a given bridge. They
also provide designers with a good starting point when selecting a strand pattern. They are not

to be used in lieu of computations for the final design of a structure.
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2.3.6.1.4 Slab Bridges

Use of slab bridges will be limited to a maximum span length of 40 ft. The slab thickness shall
be based on design requirements and not on the minimum slab thickness tables found in the
LRFD and LFD specifications. See Section 3.2.11 for more information.

2.3.6.1.5 Bearing Type

The Department generally specifies three primary types of bearings. These are elastomeric
expansion, fixed, and pot or disc (HLMR). Seismic isolation bearings have been employed by
the Department in selected cases. When pot or disc, or seismic isolation bearings are under
consideration for selection, the Bureau of Bridges and Structures should be consulted to verify
their acceptability.

Section 3.7 contains technical details, policies and procedures for the design of bridge bearings.
Most of the typical bearing details for PPC I-beam, Bulb T and PPC deck beam bridges are
depicted on the prestressed base sheets. Sections 3.7 and 3.15 contain seismic provisions,
details, and policies for bearing design.

The Department typically uses standardized elastomeric bearings in conjunction with standard
fixed bearings for non-integral abutment bridges when the expansion length is less than 500 ft.
See Figure 3.7.4-4 for guidance. The standard fixed steel bearing used in conjunction with
elastomeric bearings is illustrated in Figure 3.7.1.2-1. Longer expansion lengths usually call for
the use of HLMR bearings. Structures designed for curvature shall have HLMR bearings at all
locations.

Standard fixed bearings and elastomeric bearings are also used on bridges in lllinois which
have integral abutments. There also is a standard fixed bearing detail used at integral
abutments with steel beams which is presented in Figure 3.7.1.2-2. Generally, if a pier is rigid
and the expansion length is long, elastomeric bearings may be considered at the piers of
integral abutment bridges. Otherwise, standard fixed bearings are usually specified.
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2.3.6.1.6 Bridge Deck Expansion Joints

All expansion joints in decks shall be sealed to prevent deck drainage from penetrating the
bridge deck joint openings. The preferred types of sealed expansion joints are strip seals, and
fingerplates with troughs. Modular joints may be used in lieu of fingerplates or when the limits
for the use of fingerplates are exceeded. Preformed joint seals and neoprene joints have been
phased out. The use of the preformed joint seals and neoprene joints should be limited to
replacement or extending in-kind situations. Details for the phased out joint systems can be
found in Section 3.17.

Section 3.6 contains technical details, policies and procedures for the design of expansion
joints. A guide for selection of expansion joint type is presented in Figure 2.3.6.1.6-1. The joint
type in the guide is primarily a function of contributing expansion length and skew. Contributing
expansion length at a pier shall be defined as the distance between fixed bearings measured
along the bridge. At an abutment, the length shall be the distance from the joint to the nearest
fixed bearing.

Expansion Joint Limitations

The use and limitations of the various expansion joint devices used in lllinois are as shown in
Figure 2.3.6.1.6-1. Strip seals shall be used for bridges with contributing expansion lengths less
than or equal to 280 ft. with skews between 0° and 60° with maximum contributing expansion
lengths reduced as shown in the figure. Strip seals can accommodate small amounts of
curvature as well, but calculations should be made to ensure the strip seal can accommodate
differential expansions due to skew and curvature before using them on curved structures.
Beyond the limits for strip seals, fingerplates with troughs or modular joints shall be used. A
hybrid (swivel) modular joint system designed to accommodate differential non-parallel
longitudinal movements shall be used for bridges which are subjected to large lateral loads, are
designed for the effects of curvature, and/or have skews greater than 60°.
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2.3.6.1.7 Bridge Railing

All new bridge railing configurations, on LRFD or LFD designed projects, shall be shown to be
structurally and geometrically crashworthy according to the appropriate Test Level of Section 13
of the AASHTO LRFD Bridge Design Specifications and shall demonstrate acceptable
performance through a full scale crash test. Railing systems that have been previously found
acceptable under the requirements of NCHRP Report 230, the AASHTO Guide Specifications
for Bridge Railings or the AASHTO LRFD Bridge Design Specification are considered as
meeting the requirements of NCHRP Report 350 and not required to be crash tested provided
they are used for their designated Test Level. The owner is responsible for determining the test
level necessary for each application. Railings on all new or rehabilitated bridges on Federal and
State routes shall satisfy a minimum crashworthy Test Level of TL-4. The crashworthy Test
Level of standard IDOT railing systems are identified in this Section. Maximum post spacing
and other design requirements for each rail are located on the Base Sheets.

For structures owned or maintained by the State, railing Base Sheets shall not be altered unless
approved by the Bureau of Bridges and Structures. Minor changes may be approved by the
BBS provided that the proposed installation does not have features that are absent in the tested
configuration and that might detract from the performance of the tested railing system.

Unless there are restrictions due to proximity of entrances or geometric requirements, all bridge
railings and parapets shall be extended 15 feet onto the approach pavement. Note that this
requirement is waived for curved roadways on straight structures. See Sections 2.3.7.7 and
3.2.12.

The preferred bridge railing is the 34 in. F-Shape parapet detailed in Figure 3.2.4-1. This railing
is structurally and geometrically crashworthy according to Section 13 of the AASHTO LRFD
Bridge Design Specifications and has been crash tested for a Test Level 4 (TL-4) through a full-
scale crash test.

A 42 in. F-shape parapet is detailed in Figure 3.2.4-3. This railing is crashworthy for test level
TL-5 and should only be used in the following scenarios:

1. Structures with a future DHV (one way) x % trucks greater than 250.
2. Structures located in areas with high incidences of truck rollover accidents.
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3. Structures with a radius of 1000 ft. or less with truck traffic.

The BDE Manual gives guidelines as to when glare screens shall be added to parapets and the
Department’s Highway Standards Manual provides details for both metal and concrete glare
screens. The addition of either glare screen to a parapet shall not be considered as improving
or reducing the designated crash worthiness of a parapet.

In certain applications, steel railings may be requested by the District or the owner. However,
steel railings shall be approved by the BBS for structures on Federal or State routes. Railing
posts shall be spaced at equal or nearly equal spaces when possible and shall miss all parapet
and deck joints. The preferred steel railing is the Type SM side mounted steel bridge railing
which is depicted on Base Sheet R-34HMAWS with a hot-mix asphalt wearing surface or Base
Sheet R-34CWS which is depicted with a concrete wearing surface. This railing is suitable for
new or retrofit projects and has been crash tested for a Test Level 4 (TL-4) through a full-scale
crash test. These two railings are curbless and are therefore desirable on deck beams bridges
with low profile grades where ponding due to bridge curbs and parapets is a concern. See
Section 2.3.6.1.8 for more information. Also available is Base Sheet R-34CWSC which is the
SM steel railing with a concrete wearing surface and a curb. It is a TL-4 railing and intended
only for grade separation deck beam structures which are rare. The curb is intended to keep
the runoff from hitting the traffic below. The structure requires an adequate longitudinal grade to
prevent ponding.

All R-34 series of railings require a connection to a Type 6A Traffic Barrier Terminal as noted on
the Base Sheets. To properly attach the terminal, the centerline of the first R-34 post on the
structure shall be detailed from 2 ft. — 3 in. to 2 ft. — 9 in. from the end of the bridge deck.

Traffic structures with sidewalks and a posted speed limit greater than 45 mph shall have a
barrier in front of the sidewalk similar to Base Sheets R-29 and R-33 and in some cases, at the
discretion of the District, a barrier may even be required in front of the sidewalk when the posted
speed limit is less than or equal to 45 mph. Traffic structures with sidewalks and a posted
speed limit less than or equal to 45 mph shall typically use the standard sidewalk section shown
in Figure 3.2.4-8. The metal railing portion of the sidewalk section shown in Figure 3.2.4-8 is
detailed on Base Sheet R-20. This combination railing meets the AASHTO Guide
Specifications for Bridge Railings and is crashworthy for Test Level TL-4. Standard Base
Sheets R-28 and R-32 are additional sidewalk applications on structures with a posted speed

Page 2-64 Jan. 2012


http://www.dot.il.gov/desenv/bdemanual.html
http://www.dot.il.gov/desenv/hwystds/HwyStndIndex.html
http://www.dot.il.gov/cell/superstructure.pdf
http://www.dot.il.gov/cell/superstructure.pdf
http://www.dot.il.gov/cell/superstructure.pdf
http://www.dot.il.gov/cell/superstructure.pdf
http://www.dot.il.gov/cell/superstructure.pdf
http://www.dot.il.gov/cell/superstructure.pdf
http://www.dot.il.gov/cell/superstructure.pdf
http://www.dot.il.gov/cell/superstructure.pdf
http://www.dot.il.gov/cell/superstructure.pdf
http://www.dot.il.gov/cell/superstructure.pdf
http://www.dot.il.gov/cell/superstructure.pdf

Bridge Manual Section 2 - Planning

limit less than or equal to 45 mph and they depict pedestrian railings with protective fencing.
These combination railings may be utilized upon approval by the District where it is anticipated
that a problem with debris or litter being thrown from a structure could cause a hazard to traffic
or pedestrian movements below. Both railings are crashworthy for Test Level TL-4.

Base Sheet R-26 (Type TP-1) is a railing for structures with a sidewalk. However, it is only
crashworthy for Test Level TL-2 and shall not be used on Federal or State routes.

Railing options for traffic structures with sidewalks and a posted speed limit greater than 45 mph
are depicted in Base Sheets R-29 and R-33. These railings should be utilized on all bridges
where provisions are made for the specific operation of bicycles. Base Sheet R-29 may also be
used as a sidewalk rail for pedestrian traffic provided the sidewalk is protected by traffic railing.
The traffic railings on these Base Sheets are crashworthy for Test Level TL-4.

Standard Base Sheet R-30 (Type WT Steel Railing) is a side mounted railing and is crashworthy
for Test Level TL-2. The use of this railing shall be limited to isolated repairs of existing Type
WT Steel Railings or where a preference is warranted to match the approach guardrail detail.

Standard Base Sheets R-23A and R-24A depict side mounted steel railings. These railings are
primarily for use on slab or prestressed deck beam bridges which are widened or reconstructed.
The type "S-1" rail shown on Base Sheet R-23A is designed to be used on single span bridges
without curbs. The type "T-1" rail shown on Base Sheet R-24A shall be used on multiple span
bridges with curbs. These railings are crashworthy for Test Level TL-2 and may not be used on
Federal or State routes.

Standard Base Sheet R-31 (Steel Bridge Rail Curb Mounted (2399)) is a TL-4 crash tested curb
mounted railing. This railing may be utilized on new bridges or retrofit projects when replacing
substandard rail or where eliminating safety walks. The R-31 railing requires a Type 6A Traffic
Barrier Terminal as noted on the Base Sheet. To properly attach the terminal, the centerline of
the first R-31 post on the structure shall be detailed from 2 ft. — 3 in. to 2 ft. — 9 in. from the end
of the bridge deck.

Base Sheets R-35, R-36 and R-37 are aesthetic railings developed from Texas railing details.
These railings are crashworthy for Test Level TL-2. Base Sheet R-35 is detailed for girder
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supported structures, Base Sheet R-36 is detailed for slab structures, and Base Sheet R-37 is
detailed for a sidewalk on a girder supported structure.

2.3.6.1.8 Bridge Deck Drainage

Drainage runoff is caused by precipitation events. Bridges shall be evaluated to determine if
drainage scuppers, floor drains, and/or bridge approach slab drains are required to control
drainage runoff.

Drainage scuppers and floor drains can have detrimental effects on adjacent bridge
superstructure elements. Therefore, drainage scuppers and floor drains should only be
provided on a structure when required by design or to reduce the amount of drainage runoff

crossing an expansion joint.

Bridge deck drainage should be considered when establishing the profile grade across a
structure. Bridge deck drainage should also be considered when establishing superelevation

transition locations.

It is desirable that profile grades be established such that the longitudinal grade on a bridge is
not less than 0.5%. In certain circumstances, such as near the crest of vertical curves, grades
less than 0.5% may not be avoidable; however, efforts should be made to minimize these areas.

Profile grades of less than 0.5% are particularly discouraged for precast prestressed concrete
deck beam superstructures with curbs or parapets. These structures typically do not have
drainage systems, and ponding of runoff results in premature deterioration of the keyways and
beams. However, railings on Base Sheets R-34CWS and R-34HMAWS are curbless and allow
flow to run off the side of the bridges. While this method of bridge drainage may be
unacceptable in some urban settings or over railroads, it is satisfactory for deck beam bridges in

most rural applications.
Typically, the minimum cross slope should be 1.56% (3, in. per ft.). At superelevation
transitions where the cross slope reverses from full crown to full superelevation, care should be

exercised to avoid impoundments and to eliminate cross road flow.

See Section 3.2.9 for details of deck drains and drainage scuppers.
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Bridge Drainage Scuppers

Drainage scuppers are required on bridge decks wherever needed to prevent gutter flow spread
from exceeding traffic lane encroachment limitations. The spread of gutter flow, under a rainfall
intensity of 6 in. per hour, shall not encroach on the traveled way more than 1 ft. when the
design speed is 50 mph or greater, nor more than 3 ft. when less than 50 mph.

A drainage scupper shall be provided at a distance D, from the high point of the bridge deck
and subsequent drainage scuppers shall be spaced at distances D,, D3, etc. Theoretical values
of Dy, D,, D3, etc. should be determined with the equations shown in Drainage Scupper Location

by Hydraulic Analysis and in accordance with the methods presented in Design Guide 2.3.6.1.8

Bridge Scupper Placement.

Drainage scuppers are also required at the bottom of any sag vertical curve and to prevent
significant flow from crossing the deck immediately ahead of any superelevation transition. In
addition, it is desirable to locate a drainage scupper immediately upgrade from a transverse
deck expansion joint.

Free fall drainage scuppers should not be located within 10 ft. from the faces of substructure
elements. Where discharge from the drainage scuppers cannot be allowed to fall free to
underlying areas, the drainage scuppers should be attached to downspouts or a closed
drainage system. Direct downspouts are preferred over a lengthy closed drainage system when
either is feasible.

Floor Drains

Bridge decks or portions thereof on vertical tangent grades of less than 0.5% should be
provided with standard free fall floor drains spaced at 15 ft. centers. Similar provisions should
be made on crest vertical curves with K-values of 167 or greater over the portion of the curve
having a grade of 0.3% or less. Crest vertical curves with K less than 167 need not be provided
with floor drains. (See equation in Drainage Scupper Location by Hydraulic Analysis for the
definition of K.)
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Free fall floor drains should not be located within 10 ft. from the faces of substructure elements.
When free fall drains are not permitted, a special investigation should be conducted to
determine whether to provide special drainage scuppers attached to a closed drainage system,
to re-space the drains, or to omit the drains.

Off Bridge Inlets

At bridges on uncurbed highways, approach pavement drains may be required to control
roadway slope erosion.

Bridge approach shoulder drains (Highway Standard 609001 or 609006) shall not be used for
integral and semi-integral structures. These shoulder drains protrude from the bottom of bridge
approach slabs and create additional stresses in the approach slab by restricting thermal
expansion and contraction of the slab. The shoulder inlet with curb (Highway Standard 610001)
is encouraged as a substitute. These drains may be placed just off the bridge approach slab in
the shoulders of the connector pavement. Note that additional scuppers may be needed to
address drainage concerns on some bridges to minimize the runoff crossing approach
slab/connector pavement interface. The highway standard may require modification for
structures with narrow shoulders. When needed, shoulder inlets with curbs shall be specified
on TSL plans. Alternate methods of drainage may also be acceptable pending bridge office
review and approval.

Bridge approach shoulder drains are still acceptable for bridges with expansion joints at the
abutments.

At bridges on curbed highways any gutter flow that would enter the bridge should be intercepted
by a roadway inlet immediately ahead of the bridge.

Drainage Scupper Location by Hydraulic Analysis

The number and spacing of drainage scuppers on a bridge deck should be computed from the
following formulae. These formulae are applicable to flow in triangular channels. Design Guide
2.3.6.1.8 presents example calculations.

T

max
A

max
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Where:
C = runoff coefficient = 0.95
di = depth of bypass flow, i = 1 to no. of inlets-1 (ft.)
d; = actual depth of flow at curb face, i = 1 to no. of inlets (ft.)
max = maximum allowable depth of flow at the curb face (ft.)
D; = distance from high point on bridge to location of first inlet or distance
between inlets, i = 1 to no. of inlets (ft.)
01 = grade of initial tangent (%)
02 = grade of final tangent (%)
I = rainfall intensity = 6 (in./hr.)
= vertical curve length coefficient
L = length of vertical curve (ft.)
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n = Manning’s roughness coefficient = 0.013 (concrete surface)
Qui = flowrate bypassing preceding inlet, i = 1 to no. of inlets-1 (cfs)
Qi = flowrate from drainage area at inlet, i = 1 to no. of inlets (cfs)
Rg = frontal flow capture fraction (equals 1 if Vo > V)

S = longitudinal slope at inlet*, i = 1 to no. of inlets (ft./ft.)

S, = cross slope (ft./ft.)

T = actual gutter flow spread at inlets, i = 1 to no. of inlets (ft.)
Tmax = maximum gutter spread (ft.)

shoulder width + 1 ft. for speeds = 50 mph
shoulder width + 3 ft. for speeds < 50 mph

V, = actual gutter velocity at inlet, i = 1 to no. of inlets (ft./sec.)
Vo = grate splash over velocity (ft./sec.)
= 2.8 for DS 11, DS 12, and DS 33
5.8 for DS12M10
Wy = width of scupper (ft.)
w = width of deck drained (ft.)

reciprocal of cross slope

N
1l

*Portions of decks where the longitudinal grade is less than 0.5% shall be assumed to have a
grade of 0.5%.

2.3.6.2 Substructure Component Selection

2.3.6.2.1 Abutment Type

Common abutment types fall into three main categories: open, closed, and vaulted. Historically,
open abutments have also been referred to as pile bent or spill through. Open abutments
include integral, semi-integral and stub. Vaulted abutments are of two types, filled and unfilled.
Section 3.8 contains technical details, policies and procedures for the design of abutments. See
also Section 2.3.4.5.1 for additional information.

Individual pile encasement shall be provided for steel piles and pile reinforcement shall be

provided for metal shell piles at all integral, semi-integral and stub abutments. See Base Sheets
F-MS and F-HP for details.
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Integral

The preferred open abutment type is integral if the limitations detailed below are satisfied. Use
of integral abutments on structures beyond these limitations requires approval of the BBS.
Typically, this entails detailed soil/structure interaction studies which prove the acceptability of a
proposed design.

Traditionally, bridges are designed with expansion joints and other structural releases that allow
the superstructure to expand and contract freely with changing temperatures. Integral abutment
bridges eliminate expansion joints in the bridge decks, which reduces the initial construction
cost as well as subsequent maintenance costs. The use of integral abutment structures is
permitted within the following limitations:

Maximum skew is 30°.
Total length (along centerline) for steel structures is 310 ft. maximum.
Total length (along centerline) for concrete structures is 410 ft. maximum.

AN~

All structures shall be built on a tangent alignment or built on a tangent (no curved
girders).

o

Abutments and piers shall be parallel.

6. Foundation shall consist of a single row of vertical H-piles or Metal Shell (MS) piles.

a. For bridge lengths up to 90 ft., H-piles, 12 in. MS piles and 14 in. MS piles are
permitted.

b. For bridge lengths between 90 and 200 ft., H-piles and 14 in. MS piles are
permitted.

c. For bridge lengths between 200 and 410 ft., H-piles are permitted.

Standard integral abutment detailing is illustrated in Section 3.8.3. Abutment depths should not
be made deeper in an effort to shorten the structure and comply with the length limitations.

When integral abutment foundation limitations are exceeded, semi-integral or stub abutments

should be used. These can be supported by either spread footings, drilled shafts or piles below
a concrete cap block. See Sections 3.8.4 and 3.8.5 for details.

Semi-Integral
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Semi-integral abutments may be applicable for new construction when piles are battered, set in
rock, or have multiple rows. Other cases where this type could be appropriate include use of
drilled shaft foundations and those supported by spread footings. All of these foundation types
prohibit the use of integral abutments. Generally, bridges with lengths greater than 130 ft.
should be planned with similar abutment types on both ends. These projects should be
considered on a case-by-case basis, and the Bureau of Bridges and Structures should be
contacted for approval.

See Sections 2.4.2.3, 3.8.4, 3.8.5 for detailed information concerning semi-integral and other
open abutment types such as stub.

Closed

Closed abutments are typically cost prohibitive, particularly in stream crossing situations.
Therefore, their use should be documented by an economic analysis. There are instances
where closed abutments are feasible such as railroad bridges and urban areas where right-of-
way is limited for end slopes, thus ruling out open abutments.

Vaulted

Vaulted abutments are partially closed and open as they are located in a stable end slope
behind where a closed abutment would be placed to allow a shorter end span than open
abutments. Vaulted abutments are typically used on grade separations and interchanges. Use
of this abutment type shall be coordinated with the BBS.

2.3.6.2.2 Pier Type

The number, type and location of piers are determined in such a manner as to produce optimum
bridge economy and safety within the constraints of vertical and horizontal clearance
requirements, stream flow requirements and aesthetics. Bridge piers and bents are generally
separated into three main groups.

1. Individual Encased Pile or Drilled Shaft Column Bents

2. Solid Wall Encased Pile or Drilled Shaft Bents
3. Footing Supported Piers
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Individually encased pile bents consist of a single row of piles in which each pile is individually
encased in a column of concrete and supports a pier cap beam. Individual drilled shaft column
bents appear and act in a similar manner as individually encased pile bents. Where required for
hydraulic purposes, individual piles or shafts may be encased in a solid wall of concrete
(referred to as a solid wall encased bent). A web walled drilled shaft bent pier is more
economical and should be substituted for an encased drilled shaft bent pier unless a smooth
pier face is required. Footing supported piers may be composed of multiple rows of piling, one
or more rows of drilled shafts or spread footings on rock or soil. Pier stems extending from the
footing may be solid walls, walls with cantilever extensions (hammerheads), or may consist of a
multi-column frame mounted on a "crashwall" which supports a pier cap beam.

Special considerations should be given to pier design in regions of the State with moderate to
high seismicity (See Section 2.3.10). Multiple round column frame piers are preferred for the
resistance of earthquake loadings. The columns could be supported by a footing with steel piles
or drilled shafts. Multiple round column bents are considered optimal for design which
considers extreme lateral forces in two orthogonal directions.

Sections 3.9 and 3.10 contain technical details, policies and procedures for the design of piers.
Detailed seismic considerations for pier design and analysis are presented in Section 3.15.

Piers on Footings

General proportions for grade separation piers are shown in Figures 2.3.6.2.2-1, 2.3.6.2.2-2 and
2.3.6.2.2-3. The ratios given in Figure 2.3.6.2.2-2 should be used with caution for any extreme
heights. In all cases, a scale drawing should be made so that the pier’s true proportion can be
visualized. Crash walls typically have rounded ends, but may be made square to accommodate
issues such as aesthetics or guard rail attachments. The piers in Figure 2.3.6.2.2-1 should be
used with integral, stub or other open abutments. Figure 2.3.6.2.2-2 should be used when an
aesthetic option is needed at a particular location. The piers in Figure 2.3.6.2.2-3 should be
used with vaulted abutments.

On typical stream crossings, the solid piers shown on Base Sheets P-1, PB-1 or PC-1 can be

used. The sides of solid piers shall be straight, except, when required by design, the sides shall
be battered. The minimum width at the top of a solid pier shall be 2 ft. — 0 in. If the bearing seat
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requirements are such that more than 2 ft. — 0 in. in width is needed, consideration should be
given to the use of a hammerhead grade separation pier or a modified hammerhead pier such
as that shown on Base Sheet P-10. The ends of pier stems shall be rounded when located in a
main stream. Different pier types should be considered at bridge sites which lend themselves to
special architectural treatment.

All piers on grade separation structures shall be equipped with a crashwall which extends 4 ft. —
0 in. minimum above the ground. The top of the crashwall shall run continuously level. Figure
2.3.6.2.2-4 illustrates the crashwall criteria for railroad crossings and grade separations.

Section 3.9.3.7 contains policies and procedures for the design of new grade separation piers
subject to vehicle collisions. The vehicle collision requirements of LRFD Article 3.6.5 shall be
applied to new grade separation piers unless the piers are protected by TL-5 barriers or placed
outside the clear zones. A cost benefit analysis is recommended prior to implementing either
option. Retrofitting of existing piers to meet the vehicle collision requirement of LRFD Article
3.6.5, will not be required.
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Individually Encased Bent Piers

Individually encased bent piers are primarily used at stream crossings where the potential for
the collection of debris and ice is not a concern. Individual pile encasements are primarily
intended to provide corrosion protection of steel piles and not to prevent pile damage and
waterway blockage due to the collection of debris and ice. The District should be consulted
prior to the use of this pier type. For individually encased bent piers, individual pile
encasements within channel bank limits shall extend 2.5 ft. below the streambed elevation. |
Beyond channel bank limits, individual pile encasements for individually encased bent piers
shall extend 2.5 ft. below the ground line. Non-encased piles may only be used under special |
circumstances (such as unmarked routes, etc.) after discussion and concurrence with the
Bureau of Bridges and Structures. Example cases for which encasement is not required include
when a precast pile is specified, when a corrosion reduced cross section is used in design, or
when a corrosion protection system such as paint, galvanization, etc. is utilized. This pier type
can also be used at locations without water such as overbank piers.

Individual column drilled shaft bent piers typically provide the most economical alternative when
small single row drilled shafts foundations are recommended. They are commonly used at
stream crossings where debris collection is not a concern. The top of the drilled shaft shall be
shown on the TSL to be located 1 ft. above the Estimated Water Surface Elevation (EWSE)
(see Section 2.3.6.4.2). If aesthetics allow, permanent casing may be specified to simplify
construction of the shaft through the water to above the EWSE. If the appearance of permanent
casing is undesirable, construction of the shaft through the water to above the EWSE can be
completed with a removable form system. If the removable forms system exceeds 10 ft, a
permanent casing shall be specified to make up the difference. Although the pier Base Sheet
P-DS is detailed for a pier located in water with no permanent casing, permanent casing can be
added, or the Base Sheet modified for use at piers without concerns for water such as overbank
piers or grade separations where a crashwall is not required.

Solid Wall Encased Bent Piers

Generally, solid wall encased bent piers are utilized at stream crossings to prevent pile damage
and waterway blockage due to the collection of debris and ice. The following guidelines shall be
followed for using solid wall encased pile bent piers on stream crossing structures.
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Unless otherwise approved by the District, piers located within 25 ft. of the channel bank limits,
including piers within the channel itself, shall have a solid wall encasement which extends to 2.5
ft. below the current stream bed elevation. Since the concern for debris collection is minimal
outside of these limits, any remaining piers located beyond these limits should be individually
encased bent piers with the individual encasements extending 2.5 ft. below the geound surface.
Pile bent piers shall not be used on the maijor river crossings listed below:

The Mississippi River

The Ohio River

The lllinois River

The Wabash River

The Rock River

The Navigable reaches of the Des Plaines River

o gk~ W N~

Solid wall encased drilled shaft bent piers may be used at locations requiring a solid wall
encasement pier when the use of piles or spread footing foundations is not feasible or
economical. This pier type uses small diameter drilled shafts with permanent casing which will
be covered by the solid wall encasement. The drilled shaft diameter shall be shown at least 1 ft.
less than the encasement width to accommodate shaft construction tolerances. Since the
encasement width limits the shaft diameter, more shafts are normally required, which causes
this shaft supported pier type to be more costly than the web wall drilled shaft bent pier
discussed below. When the EWSE indicates water is expected to contact substructure
concrete, the use of a cofferdam may be warranted. See Section 2.3.6.4.2 for descriptions of
the types of cofferdams to be used. Base Sheet P-DSSW provides a construction sequence
and other pertinent information.
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Column-Web Wall Drilled Shaft Bent Pier

Column-web wall drilled shaft bent piers are preferred in lieu of solid wall encased shafts where
possible. This pier type is less expensive than the solid wall encased drilled shaft bent pier
because it involves less concrete, labor and time to construct. The lower web wall is only
connected to the upper web wall (not the shafts). Consequently, the upper web wall should
extend to 5 ft. above the lower web wall or to the project's Design High Water Elevation,
whichever is greater. The use of this pier type without Cofferdams is limited to locations where
six feet or less of water above the base of the web wall, as indicated by the EWSE, is expected
at the pier location. Cases with more than six feet of water will require the use of a cofferdam.
Base Sheet P-DSWW provides a construction sequence and other information.

Transfer Beam Drilled Shaft Bent Pier

Transfer beam drilled shaft bent piers are most suitable when the design loading (vessel impact,
ice, seismic, etc.) requires more strength, stiffness, and redundancy along the axis of the pier.
The transfer beam also provides additional construction tolerances to facilitate incorporation of
out-of-plan location shafts which are more likely in deep water shaft installations. Permanent
casing can avoid the need for a cofferdam, provide a form through deeper water sites and add
protection against stream abrasion. However, since the casings will remain below the beam,
aesthetics and debris collection may require other pier types or special modifications to address
these issues. Base Sheet P-DSTB provides more details on this pier type.

Crash Wall Drilled Shaft Bent Pier

Crash wall drilled shaft bent piers are normally used at grade separations where the proximity of
the adjacent roadway or railroad traffic dictates the use of a crashwall. Since the crashwall is
not acting as a footing, it can typically extend just 2 ft. below the finished grade. The crashwall
pier can also be used in locations requiring added strength, stiffness, and redundancy along the
axis of the pier. In cases where the shaft diameter causes the crashwall width to increase
excessively, a wider grade beam may be located below the thinner crash wall to connect it to
the larger shafts. Reference Base Sheet P-DSCW for more information.
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2.3.6.3 Foundation Component Selection

2.3.6.3.1 Foundation Type

There are three basic kinds of foundations used for bridges and structures. These are piles,
drilled shafts and spread footings. Piles are the most commonly used foundation type for bridge
construction. Piles are usually selected when the foundation soil conditions are not sufficient to
support a spread footing and drilled shafts are found to be either too expensive or incompatible
for a specific structure.

Drilled shaft foundations are specified to address vertical and lateral load capacity concerns
resulting from large scour depths, high seismic loadings, potential liquefaction, low soil strengths
and inadequate pile embedment. There are six Departmental Base Sheets for drilled shafts
which can be employed for various situations. See Section 4.2 for details.

Spread footings can be the most economical foundation type when the soil or rock at a site is
sufficient to carry the design loads.

Section 3.10 and the IDOT Geotechnical Manual should be referenced for detailed technical
information concerning the design of foundations. Note, however, that a large portion of the
foundation and geotechnical engineering required for a project is contained in the Structure
Geotechnical Report (SGR) which is completed during the TSL development phase. The
foundation type selected from the three primary categories shall consider the geotechnical
issues contained in the SGR, the anticipated cost impact on the project, and structural design
feasibility. The most appropriate foundation type shall be shown on the TSL plan.

Geotechnical Issues and Recommendations

A separate SGR shall be completed for each TSL and submitted to the BBS with the TSL plan
to assure that all the geotechnical issues have been evaluated and properly addressed. Note
that the approval processes for the TSL and SGR are concurrent. The purpose of the SGR is to
identify and communicate geotechnical considerations to the planner and provide foundation
design recommendations to the designer so they may be incorporated in the contract
documents. In some cases, a design phase geotechnical memorandum may be required while
simple TSL’s will not require an SGR. The IDOT Geotechnical Manual and All Geotechnical
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Manual Users Memorandum (AGMU)  05.2, which  can be found at
http://www.dot.il.gov/bridges/brdocuments.html, provides policy and guidance on the content
and need for an SGR.

Piles

When the SGR either recommends or recognizes that a pile supported foundation may be
viable, guidance is provided on which pile types are considered feasible, given the soil profile,
the range of anticipated axial pile loadings, and embedment necessary to develop fixity. IDOT
allows construction with four basic pile types. These are steel H-piles, metal shell, precast
concrete, and timber. Steel H-piles and metal shell piles are, by a large margin, the most
commonly used pile types within the basic group of four. The engineer responsible for

development of the TSL shall utilize the SGR to select the feasible pile types along with their
associated lengths, resistances and treatments, conduct preliminary computations to determine
the various potential piling-substructure configurations that may be feasible, and perform a cost
evaluation to determine the most appropriate pile type to be shown on the TSL plan. Often
times, the SGR also contains site specific soil-structure interaction analyses for various pile
types considered feasible to assist the planner in preliminary analyses as well as the final
designer in assessing the relationship between lateral pile loading, deflection, and developed
moment.

Structure or substructure type, or other circumstances may dictate that certain pile types be
specified. Examples include integral abutments, pile bent piers, seismic applications, structure
demands for ductility, and requirements for combined bending and axial strength. It is also not
uncommon that the anticipated vertical loading level may be in a range which eliminates lower
capacity pile types.

Metal Shell Piles: Metal shell piles should typically be considered during the pile type selection

process. They offer many advantages including a relatively low installed cost, availability in
several diameters and wall thicknesses, are easily spliced, and allow inspection after driving.
The 12 in. Metal Shell with 0.179 in. wall provides a cost effective section which has shown the

ability to withstand driving stresses in medium-dense or stiff foundation soils. When harder soils
are present, successful use of this pile size may still be possible when a lower Nominal
Required Bearing can be specified. In some soil profiles, pre-coring of the pile locations will
allow use of this pile size. When very dense or hard layers are present, or when higher
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Nominal Required Bearings are necessary, the 12 in. Metal Shell pile with 0.25 in. wall can be

selected to provide added strength in order to penetrate difficult layers without damage. The
higher Nominal Required Bearing for this pile size can be particularly useful when scour,
liquefaction, or downdrag reduce the factored or allowable resistance available to support
factored or service loadings applied from the structure. It may also be selected when lateral
loading mandates more capacity than that offered by the smaller wall thickness metal shell.

When the Nominal Required Bearing specified exceeds that available by the 12 in. metal shell
piles, a 14 in. Metal Shell pile with 0.25 in. walls can be selected. This larger diameter will also

result in shorter pile lengths than 12 in. piles which can provide cost advantages in some cases.
In soft/loose soil profiles, the 14 in. may be required to keep the pile length from extending
beyond the limits of the subsurface exploration. In stiffer/dense deposits, the 14 in. Metal Shell

pile with 0.312 in. walls offers higher resistance to driving damage but this is, to some extent,

partially offset by increased end bearing and skin friction resistance which can result in
continued risk of either pile installation damage or concerns for inadequate penetrations to
develop lateral fixity. This pile type allows the use of a reinforcement cage which increases
flexural capacity, allows for anchorage of the pile to the substructure or footing, and provides
added corrosion protection in addition to the shell.

In recent years, the lead time required to obtain steel H-piles has significantly increased due to
the decreased number of annual rollings and a reduction in domestic mills. This has caused
delays and forced contractors to place orders prior to driving test piles. Metal shell piles have
multiple in-state suppliers who can fabricate and deliver piling in a more timely fashion in most
cases. On projects where both pile types could be utilized and delays in construction could be
problematic, metal shell piles should be given preference over H-piles when selecting TSL pile

type.

Steel H-Piles: Steel H-piles (which are almost exclusively HP sections, but may also include
other structural shapes) are typically chosen when the nominal required bearing is larger than
that of other pile types or when the expected subsurface conditions could cause damage to
other pile types. They also have significant lateral load or moment capacity which makes them
well suited for applications which require ductility such as for bridges located in moderate to
highly seismic regions.
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When the estimated tip elevation of the pile is within 20 feet of the bedrock surface, H-piles
extended to bedrock and driven to their maximum nominal required bearing are often selected
for several reasons. First, the higher available resistance can allow the number of piles to be
reduced which results in a net savings despite having to increase the pile length into rock.
Second, the risk of driving damage as bedrock is approached is minimized with H-piles. And
finally, H-piles driven to bedrock typically require fewer test piles than other pile types which
results in cost savings.

When bedrock is not an issue, H-piles may not be the most cost effective choice when the |
loadings and subsurface conditions permit the use of other pile types, such as metal shells. This
is because an H-pile has a lower soil volume displacement resulting in a lower total resistance
and thus longer pile lengths. Also, required lengths for H-piles are difficult to estimate and cost
overruns are common for friction H-piles. However, for piles driven in closely spaced multiple
rows, the cumulative soil displacement and densification that might occur in some soils may still
require that H-piles be used.

Precast Concrete Piles: This pile type requires special techniques of handing and shipping to |

avoid damage or excessive stresses. Splicing for additional length or cutting piles to plan
elevations can be problematic and, in some cases, is not permitted. However, precast piles do |
provide some advantages over more common piles and in some applications provide cost
savings or structural and aesthetic advantages. They offer excellent corrosion resistance and
thus do not require individual pile encasement at pile bent piers or below abutment ‘
substructures. Precast-prestressed piles do not require epoxy coated bars and should be
selected over precast piles when the subsurface driving conditions are more demanding.

Timber piles: While cutting this pile type is relatively easy, several concerns exist with regard to ‘
driving and splicing timber piles. There is an added need to accurately and conservatively
estimate the pile length as well as order lengths correctly. The piles’ low maximum Nominal
Required Bearing also limits the locations which would permit use of timber piles. Untreated
timber piles are not recommended for most permanent State maintained structures, although
they may be cost effective for temporary foundation support or for other structures with a short
design life. Untreated timber piles have been seen to last many years when they are installed in
permanently saturated soils (not subject to wetting and drying cycles). However given the
common soil/air/water conditions present at most sites and the added durability of a treated
timber pile or other pile type, their use is extremely limited.
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TSL Specification: The TSL plan shall specify the general pile type (steel H, metal shell, precast

concrete, or timber) to be used at each foundation location. Since it is not possible for the
engineer responsible for the development of the TSL to accurately check every load
combination using the final pile spacing, size and group configuration for both lateral and
vertical loadings, the structural engineer responsible for the final structural plans design will
select the final pile size that best satisfies the SGR, TSL and structural design requirements. In
cases where project specific conditions mandate further pile specification, the TSL shall further
indicate those limitations. These typically included:

Indicating HP to eliminate the use of W sections

2. Indicating minimum HP depth (such as Min. HP10 or Min. HP12 etc.) when required by
the SGR or by substructure type limitations

3. Specifying Metal Shell Diameter or thickness (such as 14” metal shell, or metal shell with

0.25” walls, etc.) when required by the SGR or by substructure type limitations

Indicating Prestressed to eliminate Precast

Indicating Treated to eliminate Untreated

Indicating “Set in Rock” when driving will not obtain adequate lateral capacity

N o g A

Cofferdams (Type 1 or Type 2), and Seal Coat if required

Drilled Shafts

When the SGR recognizes that a drilled shaft foundation may be viable, the engineer
responsible for the TSL development shall compare the various feasible foundation type
alternatives to determine if drilled shafts are the most cost effective. Shafts may also be the
most appropriate foundation type based on structural feasibility analyses, physical site
limitations or subsurface conditions.

If rock or dense soils prevent driven piles from obtaining sufficient embedment to develop fixity,
drilled shafts may be selected to ensure adequate foundation depth into appropriate subsurface
materials. When rock is present but too deep for the economical use of spread footings
(considering stage construction, R.O.W. excavation support requirements, etc.), drilled shafts
extending into rock may be the most cost effective foundation type.
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Shafts are also preferred over spread footing foundations when the subsurface information
indicates a highly sloping, irregular, or very poorly defined rock surface. In these cases, the
plan footing elevation often must be lowered during construction to satisfy the plan minimum
footing rock embedment or assure the entire footing bears on uniform non-weathered rock as
encountered. Lowering the elevation results in cost increases for rock excavation as well as
concrete costs and can delay construction if modified rebar quantities/lengths or redesign is
required. The use of drilled shafts at these sites allows for an easier extension or shortening of
the shaft rebar cage and results in fewer changes in foundation costs as only the shaft quantity
in soil, not the embedment in rock, is typically affected.

Drilled shafts should also be considered if noise caused by driving pile operations has been
determined to be unacceptable. Vibrations caused by pile driving can cause damage to
buildings or other infrastructure in some cases and necessitates the use of drilled shafts.
Limited overhead clearance, proximity of power lines as well as other physical site limitations
often causes problems with pile driving, in which case special drilled shaft equipment may be
required to address these constraints.

Drilled shaft foundations can be used when concerns exist for potential high loadings, such as
earthquake, stream flow/debris and vehicular or vessel impact. They can also be designed to
perform well at sites with a lack of resistance due to large anticipated design scour, substantial
liquefaction, or very low soil strengths. Compared to piles, drilled shafts provide significantly
higher lateral resistance which makes them a viable foundation option when these loading are
present.

Piers located near or in deeper stream waters supported by drilled shafts may require a
cofferdam (as would other foundation types) for proper construction. Howeverm some drilled
shaft supported pier types can be constructed with removable forms to avoid the expense of
cofferdams when the EWSE is within the limits covered in Section 2.3.6.2.2. Permanent casing
can also be used to facilitate construction in deeper water and avoid cofferdams, but the added
expense and aesthetic impact of exposed steel should be evaluated.

Guidance should generally be provided in the SGR and design phase geotechnical
memorandum on side and/or end bearing resistance. When the shafts are to extend to rock,
the estimated top of rock elevations should be provided in the SGR so they may be included in
both the TSL and Final plans. Although less common, shafts may not extend to rock, in which
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case they utilize both end bearing and side resistance. Shafts located in granular deposits
below the water table are least attractive due to the added expense of maintaining shaft
excavation support and placing concrete below the water table by tremie or pump. In contrast,
shafts terminating in cohesive soils can be more easily drilled, may not require excavation
support, and typically can be dewatered to allow concrete placement. When recommended in
the SGR and determined to be cost effective, a bell (or enlarged base) may be utilized to
maximize the end bearing resistance when cohesive soils exist within the height of the bell.
Permanent casing should not be specified as a temporary construction aid, since drilling slurry
or temporary casing can be used at the Contractor’s option.

As described in Section 3.10 and indexed in Section 4.2, there are six drilled shaft Base Sheets
used for abutment and pier applications (P-DS, P-DSWW, P-DSSW, P-DSTB, P-DSCW, and A-
1-DSD).

TSL Specification: The TSL plans shall indicate the foundation type (Drilled Shafts) and include
the following information, as appropriate, at each foundation location:

Bottom of footing, abutment cap or pier encasement elevation.

The “estimated top of rock” elevation (when shafts will extend to rock).
Approximate bell or tip elevation (when shaft will not extend to rock)
Note “Number, diameter and depth of shafts to be determined in design”
Minimum number of shafts per bent (only when required)

The estimated water surface elevation (if located at a stream crossing)

No g ks DN~

Permanent Casing, removable forms, or Cofferdam (Type 1 or Type 2).

The designer should not show temporary casing on the TSL or Final plans. The contractor is
responsible for using temporary casing, drilling slurry or other systems to maintain the shaft
excavation support per the IDOT drilled shaft specifications. The contractor’s installation
procedure is reviewed and approved by the Department and further adjusted by the contractor
to fit the subsurface conditions encountered.

Additional guidance is provided in Section 3.10 on drilled shaft feasibility and design
requirements.

Spread Footings
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When the SGR recognizes that a spread footing foundation may be viable, the factored (for
LRFD design) bearing resistance, the corresponding footing elevations, and other
recommendations should also be provided to aid the engineer responsible for developing the
TSL plan in determining if it is the most appropriate foundation type.

Spread footings are most commonly found to be a cost effective foundation type when fairly
level or easily excavated rock is present within a reasonable distance from the existing ground
surface. Spread footings may also bear on soils when the calculated resistance and service
settlements are acceptable for the applied loadings and structure type. A cost and feasibility
analysis shall be conducted using preliminary loadings to verify that the resulting approximate
footing size is reasonable and cost effective (considering staging, site excavation constraints
and ground water level).

For cost estimates and excavation feasibility evaluations, closed abutment footing widths can be
estimated to be between 0.5 and 0.6 times the distance from the crown to the bottom of the
footing for which %2 the width is behind and %3 is in front of the stem. Bridge pier spread footing
widths should be estimated using preliminary loadings and bearing capacity/eccentricity
feasibility analyses.

The bottom of spread footings should be located a minimum of 4 ft. below finished grade unless
solid rock is encountered. This should, in most cases, preclude concern for frost heave, and
provide some tolerance for erosion as well as future utility or other temporary excavations. At
stream crossings, spread footings may only be used when embedded in rock and located below
the design scour depth.

When selecting an approximate footing elevation, reasonable interpretations and extrapolations
between all available boring data are critical such that, upon excavation, the encountered rock
or soil deposit will likely have a relatively uniform stiffness throughout the entire footing area.
The SGR should provide assistance on selecting an appropriate elevation and bearing

resistance.

The IDOT Geotechnical Manual, FHWA-IF-02-054 “Shallow Foundations”, and the AASHTO
Standard and LRFD Specifications should be referenced when evaluating the feasibility of
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spread footings. Bearing capacity, eccentricity limits, sliding, and settlement are the primary
geotechnical considerations.

Using possible footing elevations and sizes, the factored (LRFD) equivalent uniform bearing
pressures applied to the foundation soils or rock shall be calculated to assess feasibility. The
SGR should provide factored bearing pressure resistance values and other footing
recommendations. If the bearing resistance values in the SGR are not sufficient to carry the
applied bearing loadings, the foundation soils should be evaluated to determine if some type of
ground modification can be used to increase the bearing resistance at a reasonable cost. The
SGR may contain recommendations on ground modification, and, if not, the geotechnical
engineer should be contacted and the SGR modified prior to selecting spread footings as the
most appropriate foundation type. When the added cost to improve foundation soils is less than
the cost of changing to piles or drilled shafts, spread footings may be specified assuming all
other geotechnical design considerations can be addressed.

In cases where the bearing resistance is relatively high compared to the applied moments and
lateral loading, the eccentricity limitations may control the footing size and thus should be
checked during the feasibility analysis. The eccentricity limitations require that the vertical
resultant be located at an acceptable offset from the center of the footing as specified in
AASHTO. Generally, increasing the footing widths to reduce vertical resultant offset
(eccentricity) to within AASHTO limits minimizes footing uplift and assures a reasonable factor
of safety against overturning. The criterion changes when the footing is placed on soil as
compared to rock.

In most cases, the passive resistance of the soil in front of spread footings is not included when
evaluating sliding. Some weak cohesive soils can have problems developing adequate sliding
resistance in which case shear keys should be considered. In granular soils however, they are
commonly not needed and can be difficult to construct. Spread footings on rock are normally
placed some distance below the rock surface to ensure that, upon excavation, the entire footing
will bear in competent rock. When added sliding resistance is desired, a minimum embedment
in rock can be specified. If a footing is to be placed on shale, a six inch thick “mud slab” or
“seal coat” concrete is normally specified to maintain the deposit’s integrity and assist in

ensuring sliding resistance.
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When spread footings are to be located on rock, settlements do not normally need to be
evaluated since they are expected to be less than %2 in. which is tolerable for most bridge
configurations used by IDOT. Conversely, spread footings placed in soil deposits shall be
evaluated for settlement to assure that the amount of vertical deflection expected is within the
tolerance and serviceability of the structure being supported. As a general rule, spread footings
may be susceptible to excessive settlement when 1) the footing is located in recently placed
cohesive embankment, 2) new fill is being placed adjacent to or above the footing, 3) the
moisture content of the foundation soils exceeds 18%, or 4) the equivalent uniform bearing
pressure applied exceeds either 1'% times the existing overburden (current vertical loading) soil
pressure or 1% times the unconfined compressive strength. In some cases, ground |
modification may provide a cost effective means of decreasing settlement to a point that would
allow the use of spread footings where piles or drilled shafts would otherwise be necessary.

The approach slab is supported on an approach footing which acts as a spread footing
foundation. Thus, the foundation soil conditions should be evaluated for bearing capacity,

settlement, etc. during the TSL phase.

TSL Specification: The TSL plans shall indicate the foundation type (Spread Footing) and

include the following information, as appropriate, at each foundation location:

Approximate bottom of footing elevation

The “estimated top of rock” elevation (when placed in rock)

Note “Footing elevation, width, and other proportions to be finalized in design”
Any minimum embedment in rock or shear keys proposed.

The Estimated Water Surface Elevation or EWSE (if located at a stream crossing)

o a0 bk~ wbh -~

Cofferdams (Type 1 or Type 2), and seal coats if required |

Additional guidance is provided in Section 3.10 on spread footing feasibility and design
requirements. See also Section 3.11 for the design requirements of CIP and MSE walls which
are often supported by spread footing foundation soils.

2.3.6.3.2 Scour Consideration and Design Scour Table

The most common cause of bridge failure is foundation and structural instability resulting from
excessive removal of stream bed soils (scour) during major flood flow events. This
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multidisciplinary concern requires the engineers responsible for hydraulic evaluations,
geotechnical/foundation analyses, and structure TSL planning to work together to determine the
appropriate design scour depths, strategically locate the substructures and design the
foundations to withstand the design flood.

Scour Estimation at Bridges

The Hydraulic Report provides the initial theoretical scour calculations for the 100 year event
(Q100) and 500 year event (Q500). These normally consider the cumulative effects of long
term aggradation/degradation, general contraction scour and local pier scour. Analyses may be
completed at an early stage in the project using a specific set of assumed parameters including
pier width, shape, foundation configuration, soils information, opening area, bridge skew, and
others. If these or other key parameters affecting scour are modified during the development of
the TSL plan, the hydraulics engineer should be contacted to determine if the calculated scour
depths need to be recalculated. Refer to Chapter 10 of the Drainage Manual for more details on
scour calculation methods.

The Hydraulic Engineering Circular HEC-18 based scour equations contained in the Hydraulic
Report are primarily derived from empirical laboratory research in sand. The local scour
equations at piers are specifically for live-bed scour in cohesionless sand-bed streams.
Consequently, for some cohesive soil or rock deposits, HEC-18 based scour depths may be
excessively deep since they do not account for the increased scour resistance which exists in
some non-granular streambed conditions. The Structure Geotechnical Report should include
the total Q100 and Q500 scour depths and provide any reductions in the final design scour
amount when cohesive soils or rock exist. The Department is conducting research and working
to develop more accurate methods of making these scour depth reductions. At select sites
where Shelby tube soil samples can be obtained near the pier, the Department’'s Erosion
Function Apparatus (EFA) can be used, primarily on an experimental basis, to determine the
erosion rate of cohesive soils and the scour depth can be re-calculated using the SRICOS
analysis program. Contact the BBS Foundations and Geotechnical Unit or Hydraulics Unit to
determine if this testing and analysis is possible or appropriate on a case-by-case basis. In the
absence of an EFA/SRICOS cohesive soil scour analysis, the following general guidance has
been used by the Department and is provided to assist the geotechnical engineer in making
recommendations on reducing the theoretical, predicted scour depth at typical bridge locations

with non-granular streambeds.
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1. Non-weathered limestone or dolomite is generally not considered susceptible to scour
and, in most cases, should be assumed to arrest scour from extending below the non-
weathered elevation. (100% reduction in scour depth)

2. Shale and sandstone deposits are more susceptible to erosion depending on their
strength and degree of weathering. In most typical deposits, the amount of scour
computed to extend into to this rock may be assumed to be only 10% of the predicted
value for sand. (90% reduction in scour depth)

3. When stiff to hard (Q, > 1.5 TSF) cohesive soil layers exist with no sandy or lower
strength layers present and the boring data is located close to the proposed
substructure, the predicted scour depth can be assumed to be only 50% of the
predicted value for sand. (50% reduction in scour depth)

4. When soft to stiff (Q, between 0.5 to 1.5 TSF) cohesive soils are present with no sandy
layers or lower strength layers present, the scour can be taken as 75% of that predicted
in sand. (25% reduction in scour depth)

5. When lower strength (Q, < 0.5 TSF) cohesive soils or substantial layers of sands are
present, or the boring data is not close to the proposed pier, the scour should be
assumed to act as granular, and, as such, the scour should be taken as 100% of that
predicted in the Hydraulic Report. (0% reduction in scour depth)

Most sites will not be easily classified into one of the above categories. It is recommended that
some interpolation, weighted averaging, and substantial engineering judgment be used to

determine if any reduction can be provided in the SGR.

Foundations Design for Scour

The foundations shall be designed to provide full factored resistance available to resist strength
limit state loadings during the Q100 event but shall also provide nominal or ultimate resistance
during the Q500 event using a resistance factor or factor of safety equal to 1.0. The
geotechnical engineer should discuss the impact of site-specific soils with the engineer
responsible for the TSL and determine the Q100 and Q500 scour elevations to be used in the
SGR and TSL. See Table 2.3.6.3.2-1 and Table 2.6.3.6.2-2.

Piers are of primary concern for damage from scour. The TSL engineer should compare the
cost and feasibility of designing the piers to withstand the design scour with other alternatives
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such as relocating the pier or changing foundation type. The TSL engineer may also employ
structural countermeasures (examples: sheet piling around foundation, deeper footings) within
the development of pier alternatives. These alternatives should be compared utilizing
essentially equivalent design scour conditions. There is also the option of improving scour
conditions (i.e. reducing estimated scour) by enlarging the waterway opening if the above
alternatives prove too costly or infeasible.

A widely employed tactic that is no longer recommended for new structures is the use of
“hydraulic countermeasures” such as riprap or gabion baskets to armor the pier at the
streambed interface. @~ Per HEC-18 and FHWA hydraulic policy directives, “hydraulic
countermeasures” intended to protect the pier or stabilize channel alignment cannot be
considered absolute safeguards against scour. It is wunrealistic to expect these
“‘countermeasures” to remain stable and in-place throughout the service life of a structure.
Consequently, the TSL engineer should consider alternatives to ensure the foundation is
structurally stable for design scour without the use of riprap, gabions, or some other type of
revetment intended to reduce or mitigate estimated scour. Use of riprap at piers is allowed if
additional alternatives are also employed. This is employed on an infrequent basis, typically at
the request of District or BBS Hydraulics. See Chapter 11 of the Drainage Manual for hydraulic

scour countermeasure direction.

Unlike riprap or other revetments at piers, armored embankments (slopewalls) are considered to
be scour deterrents for typical IDOT bridge abutments. The combination of an open, “spill-
through” abutment configuration set back away from the channel and positioned behind a 1:2
(V:H) embankment lined with Class A4 or A5 stone riprap is considered to be an adequate level
of scour protection for stub abutment foundations. With this waterway opening geometry and
revetment in place, potential damage from a single event is minimized.

As opposed to the relatively immediate and potentially catastrophic development of scour at
piers, damaging scour at the abutment slopewall generally results from multiple flood events
over a period of time. This rate of scour development and the relative ease of observing scour
at abutments (in comparison to piers) generally allows inspectors more time to identify the loss
of rock or embankment material. The primary exception to this generality occurs at bridges
where the abutment is not set back from the channel and the slopewall is in proximity to the
channel bank. Another example arises when channels have the potential to migrate. At
locations where the abutment is not set back from the channel or could become impacted by
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channel migration or other flow conditions, the TSL engineer should consult with the project
hydraulic engineer. Ideally, design recommendations that address this atypical issue by
upgrading the slopewall armoring should originate in the Hydraulic Report. The upgrade can
consist of larger stone, more rigid revetment (such as slope mattress), or river-training
measures in the vicinity of the bridge (such as a bendway weir) to stabilize potential channel
migration.

Design Scour Table for Bridges and Culverts

In addition to design, inspection of the actual streambed and structure conditions throughout the
life of the bridge is required for maintaining public safety through the assurance of design
assumptions. In a joint National Bridge Inspection Standards (NBIS) review with IDOT and the
FHWA, it was recommended that the design scour elevations be provided on all new bridge
plans over waterways to assist the bridge maintenance engineers during their inspections. This
will allow a better assessment of the severity of any changes in the streambed surface over time
or to quickly identify problem scour conditions that require remediation.

Design scour elevations shall be provided near the Waterway Information Table on the TSL plan
and a refined table showing only the governing scour elevations shall be shown on the general

plan sheet of the Final Design plans for all bridges over waterways.

Typical TSL Scour Elevation Table:

Design Scour Elevations (ft.)
W. Abut. Pier 1 Pier 2 E. Abut.

Q100
Q500

Table 2.3.6.3.2-1
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Final Plans Scour Elevation Table:

Design Scour Elevations (ft.)
W. Abut. Pier 1 Pier 2 E. Abut.

Table 2.3.6.3.2-2

The design scour elevations at each substructure unit should be selected to document the
amount of tolerable soil loss at a substructure unit while maintaining the specified factored
resistance available. At open abutments (integral, semi-integral, stub) protected with riprap,
design scour is typically set not at predicted scour, but at the bottom of the abutment. At piers,
the elevation should be taken from the SGR which provides the necessary scour reduction (due
to cohesive soil or rock deposits) to the original scour elevation provided in the Hydraulic
Report. The adjusted scour elevations shall not be raised any higher than the elevation given in
the SGR but may be lowered if the footing is located below these elevations. When the footing
elevations extend below the predicted scour, the design scour elevations are typically set at the
bottom of the footing. Also as mentioned above, significant revisions during TSL development
to the hydraulic design recommendations and approved waterway opening (such as relocating
piers, changing low beam clearance, or changing the opening size) may significantly impact the
design scour elevations at piers. When this occurs the TSL engineer should use hydraulic and
geotechnical input to determine if the calculated and adjusted scour depths should be revisited.

Scour or erosion at a bridge pier can create the possibility of catastrophic failure. However,
since that is typically not the case at culvert structures, the FHWA does not mandate a
calculation or evaluation of scour at this structure type. Although not considered a scour
evaluation per se, the potential for damaging erosion, channel migration and
aggradation\degradation are still addressed within the TSL plan development. This assessment
can lead to the inclusion of such design features as riprap placement at one or both ends, cutoff
walls, drop structures, energy dissipaters or even a change in structure type. Accordingly, the
Design Scour Elevation Table for culverts is not the calculated scour, but instead documents the
tolerable loss of stream bed material/riprap that would not impact the factor of safety or
performance of the box and wingwalls. The Design Scour Elevation Table will indicate
Upstream and Downstream elevations as shown in Table 2.3.6.3.2-3.
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Design Scour Elevation Table
Upstream Downstream
Design Scour Elevation (ft.) 385.63 385.47

Table 2.3.6.3.2-3

The design scour elevation would normally be taken as the bottom of the cut off wall which is
usually located at or above the bottom of horizontal L-Type or T-Type wingwalls. When the
foundation soils in front of the wall footing are necessary for providing sliding or bearing capacity
resistance, the elevation may be increased. In the case of sheeting pile or soldier pile
wingwalls, the elevation would be the cutoff wall or the soil elevation assumed in the wall
design, whichever is higher.

2.3.6.3.3 Slope Protection and Berms

Slope Protection for Stream Crossings

Layouts of slope protection systems for stream crossing structures are shown in Figure
2.3.6.3.3-1 and several online TSL examples indexed in Section 2.3.14. In each situation, the
slope protection system is developed to protect the bridge embankment endslopes and areas
where stream bank failure could endanger the structure or its individual components. Figures
2.3.6.3.3-2 and 2.3.6.3.3-3 indicate the approved treatments for ending a stone riprap
embankment protection system. The flank detail shall be used along both the upstream and
downstream sides of the riprap treatment. All required riprap treatment details shall be shown or
specified on the TSL.

For additional slopewall information and details, see Section 3.14.

Abutment Cap Geometry

Figure 2.3.6.3.3-4 depicts the preferred methods of treating abutment cap geometry for a single

structure with or without varying elevations between exterior beams.
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These sketches are presented as guides and it is anticipated that situations will occur which will
fall outside the limits defined here. These situations will require combinations of the treatments
shown or unique solutions to solve specific problems.

Dual structures will normally require individual evaluation to determine the appropriate berm
treatment.

Berm Widths

Figures 2.3.6.3.3-5 and 2.3.6.3.3-6 are provided to show the development of berm widths for
open abutment structures.

Slopewalls

Section 3.14.4 presents details and Departmental policies for concrete and bituminous

slopewalls.
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t tg A B

Riprap

Class
A4 ]6// 6// 4/ 8/
A5 22* 8" 57 107
A6 26’ 107 67 1z’
A7 3o0* 12 7’ 147

* Check abutment depth and increase
as necessary to match depth of riprap
and bedding

Low brg. seat

Theoretical
Slope Intercept

min.

3-67

Berm or
Streambed

Filter Fabric

TOE STONE RIPRAP TREATMENT
STREAM CROSSINGS

Figure 2.3.6.3.3-2
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Riprap
Class tr g A B
A4 ]6// 6// 2/78// 4/70//
A5 22// 8// 3/78// 5/76//
A6 26"’ 107 4-4 6-6"
A7 307 e 5-07 7-6”7
Stone Riprap, L 3-07

Bedding LL—J

Filter fabric

FLANK STONE RIPRAP
TREATMENT FOR
STREAM CROSSINGS

Figure 2.3.6.3.3-3
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2.3.6.4 Temporary Construction Works

2.3.6.4.1 Temporary Sheet Piling and Temporary Soil Retention Systems

During the planning phase, it is important to evaluate the likely temporary excavation slopes
necessary to complete the construction being considered. When these excavations extend
beyond State ROW, encroach on traffic lanes or other infrastructure, a temporary soil support
system of some type will generally be required. The Structure Geotechnical Report will evaluate
and identify the proposed temporary construction slopes as being unstable for the soil
type/strengths present and recommend some retention or slope flattening. The engineer
responsible for the TSL plan preparation should evaluate the added cost of installing temporary
retention systems vs. using other substructure types/locations to verify that the most cost
effective structure type, with any necessary temporary retention, is shown on the TSL. It is
desirable to explore whether a simple cantilever sheeting piling design may be feasible or if a
more elaborate and expensive temporary soil retention system design might be required as this
may affect the cost comparison between different structure configurations. IDOT normally
provides temporary sheet piling designs in the contract documents using the design charts and
methods provided in Design Guide 3.13.1. At locations where the simplified charts do not work,
the pay item and GBSP “Temporary Soil Retention System” is utilized which allows the
contractor to evaluate the exposed retention surface area and heights (provided in the contract
documents) and propose a cost effective wall system design during construction. The TSL plan
need only show the locations of temporary sheet piling or a temporary soil retention system and
should not show a full design. The final retention area/heights and temporary sheet piling design
evaluation are completed during the Final plans phase.

2.3.6.4.2 Cofferdams

Most structural concrete for substructures should be built in dry conditions, especially those with
reinforcement congestion which makes constructability and construction inspection difficult.
Dewatering is typically achieved by the use of cofferdams. When the EWSE indicates water is
expected above the bottom of the footing or encasement but below the existing ground line, a
cofferdam will not be required unless soil conditions exist where reasonable pumping efforts
cannot be assumed to be able to keep the excavation dry. When the EWSE indicates water is

expected to be above the ground surface at the substructure location, a cofferdam shall be
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used. Locations with six feet or less of water above the bottom of the encasement or footing will
typically require a Type 1 Cofferdam. Locations with greater than six feet of water will require a
Type 2 Cofferdam. The exceptions to this policy are when web walls are used, drilled shafts
have permanent casing and/or removable forms, and when individually encased pile bents are
proposed. See Section 3.13.3 for more information on these two types of cofferdams. The
SGR provides some recommendations concerning the need for cofferdams and seal coats. The
Estimated Water Surface Elevation (EWSE) is a key value used by both the geotechnical and
structural engineer to determine the need and design requirements for cofferdams and seal
coats. It is also used to select the most appropriate pier type for the expected construction
conditions. The EWSE value is typically determined by a simple procedure described below.
When Type 2 Cofferdams are necessary, the top of cofferdam elevation specified in the
Contract plans should normally be 3 ft. above the EWSE. If the foundation soils require the use
of a seal coat, the seal thickness design (either the initial designed thickness placed on the
Contract plans or a redesigned thickness by the contractor) is based on the top of cofferdam
elevation which is normally directly related to the EWSE, as stated above. The use of
permanent casing on individual column drilled shaft bent piers and transfer beam drilled shaft
bent piers, extending to 1 ft. above the EWSE can be used without a cofferdam or seal coat in
waters of most any depth.

Many bridge sites will be located in controlled pools, especially on major rivers, where the
normal pool elevation established by the United States Corps of Engineers or other agencies
will be readily available and serves as a very accurate EWSE. Other sites will be located at or
near a United States Geological Survey stream gage station, which may be a source of data for
determining the EWSE. A controlled pool elevation, gage data or any other information
pertinent to EWSE determination should normally be contained within the Hydraulic Report.
However, many sites will require an estimate based on hydraulic site surveys. In this case a
standard method of finding the EWSE is presented below:

1. From Hydraulic Report stream survey, find the existing water surface elevation, as
provided per Drainage Manual 2-602.02 & Fig. 2-602.02 b, (or low flow) at the bridge site
and the month that this elevation was surveyed. Also, find the top of bank elevation from
the stream cross sections at the bridge.

2. The existing water surface elevation is assumed to be a “typical low flow”, in any year,
for the month taken. April is assumed to be the typical “high” month for water surface
elevations and September is assumed to be the typical “low” month. The following table
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may be used to adjust the existing water surface elevation to the month of April.

Jan. |[Feb.| Mar. |Apr.| May |[Jun.| Jul. |Aug.| Sep. |Oct.| Nov. |Dec.
+1.5|+1.5|+0.75] 0 [+0.75|+1.5|+2.25|+3.0|+3.75|+3.0[+2.25|+1.5

3. The maximum elevation to be used is 75% of the difference from the typical September
low flow elevation to the top of bank elevation added to the September low flow
elevation. The September elevation may be assumed to be 3.75 feet below the April
elevation but not lower than one foot above the streambed elevation.

4. The Estimated Water Surface Elevation is the lower elevation from step 2 or step 3.

5. The EWSE calculated from this procedure should be tested for reasonableness and the
District Hydraulic Engineer and/or the District Bridge Maintenance Engineer should be

consulted if there is any question about the validity of the elevation.

The following provides an example EWSE computation:

Step 1: Collect Data
From Hydraulic Report stream cross section or profile:
Existing water surface elevation = 606.1 at bridge site
Top of bank elevation = 611.3 at bridge site
Streambed elevation = 602.2 at bridge site
Month of survey is November

Step 2: Adjust existing water surface elevation to an assumed April Value
606.1 + 2.25 = 608.35

Step 3: Check maximum water elevation
Assumed September elevation: 608.35 — 3.75 = 604.6
One foot above streambed elevation: 602.2 + 1.0 = 603.2
604.6 > 603.2, therefore use 604.6 as September elevation

75% of difference between September elevation and top of bank elevation
0.75(611.3 — 604.6) + 604.6 = 609.6

Step 4: Select preliminary EWSE

608.35 < 609.6, therefore use EWSE = 608.35
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Step 5: Verify with District if this calculated value is reasonable

The engineer responsible for the TSL plan should consider the added expense of using
cofferdams as this may affect the cost comparison between different structure configurations.
For more information on cofferdams and seal coats refer to Section 3.13.3.

2.3.6.4.3 Temporary MSE Walls and Temporary Geotextile Retaining Walls

In fill construction, sheet piling may not provide the most cost effective retention system.
Sheeting in taller fill retention applications can result in excessive deflections caused by the
higher than active compaction efforts against the wall which may not be desirable. IDOT has
found the use of temporary MSE or temporary geotextile walls to be cost effective in many fill
conditions. For large retention heights, critical retention applications (such as high ADT,
Interstate, tight staging alignment, etc.) and/or a relatively large quantity of wall surface area,
temporary MSE walls are recommended. These walls are designed and contracted similar to
“temporary soil retention systems” in that the retention surface area is provided in the Final
plans and the contractor provides a design from a qualified MSE vendor. Smaller retention
applications can utilize a temporary geotextile wall system, designed and provided to the
contractor in the Final plans. Common applications include stage construction fills, fill retention
on top of and adjacent to box culverts, and fill retention where the foundation soils or rock will
not allow the penetration of sheet piling. The TSL plan will normally call out either temporary
MSE wall or temporary geotextile wall when they are determined to be cost effective and when
they are to be further developed in the Final plans phase. The SGR should provide
recommendations on the use and feasibility (bearing pressure, settlement, etc.) of using these
systems. For more information on the design and plan requirements for these walls, refer to
Section 3.13.2.

2.3.7 Bridge Geometry and Layout
Bridge geometric policy is the application of highway geometric design policies to the design of

bridges, and generally defines the relationship between the physical limits of a structure, the
supported roadway and the obstruction or obstructions bridged.
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Since good bridge geometric design is intrinsic to the development of aesthetic, economic and
safe structures, the following policies have been developed to facilitate the preparation of TSL
plans along these lines.

Any deviation from these policies shall receive prior approval from the Engineer of Bridges and
Structures.

2.3.7.1 Overall Length

Overall length of a bridge is generally determined by required horizontal and vertical clearances.
For grade separation bridges depending on each roadway’s classification, the minimum
horizontal and vertical clearances may be found in the BDE Manual Chapters 38, 39, and 44
through 50. For bridges over stream crossings, the minimum freeboard requirement and the
approved waterway opening can be obtained from the Hydraulic Report. For bridges over
navigable waterways requiring a permit from the United States Coast Guard (USCG), in addition
to the Hydraulic Report, other clearance requirements may be obtained from the USCG
publication “Application for Coast Guard Bridge Permits.” The minimum vertical clearance
required by IDOT policy for bridges over waterways is 2 ft. For bridges over railroads, the
minimum horizontal and vertical clearances may be found in Chapter 39 of the BDE Manual.

2.3.7.1.1 Horizontal Clearance

The minimum horizontal clearance shall be provided from any obstruction such as piers,
abutments, etc. for the safety of the traveling public. The minimum horizontal clearance is
defined as the clear horizontal distance from the edge of pavement to the face of pier or
abutment. Reduced horizontal clearances may be provided; however, all reduced clearances
shall be economically justified with barrier protection provided and subject to approval by the
District and BDE and, if Federally funded, the FHWA.

2.3.7.1.2 Vertical Clearance

Vertical clearance is defined as the clear vertical distance between the low superstructure and
the usable roadway width including shoulders, the design natural high water elevation, or 8 ft.
from either side of the railroad track centerline. Typically, shorter structures or those on minimal
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vertical grade, this determination is made at the abutment. However, for longer bridges or for
bridges on substantial vertical grade where the beam elevation may vary by several feet over
the length of the bridge, the point of reference for low beam clearance may be over the midpoint
of the channel, not the abutment. Please refer to the Drainage Manual for further reference.
The location and value of the minimum vertical clearance provided shall be shown on all TSL
plans.

For reconstruction/rehabilitation projects, where established profile grades remain unchanged
and the minimum vertical clearance/freeboard is substandard, the District shall secure a policy
waiver from the Bureau of Bridges and Structures. Each waiver of vertical clearance/freeboard
will require that the District submit proper justification and documentation for consideration by
the Bureau of Bridges and Structures. However, for those projects where the District Hydraulic
Engineer has approval authority for the Hydraulic Report, the District has the authority to
determine if an exception should be made to the clearance/freeboard criteria. In that instance,
the District is still required to justify and document the waiver, but BBS approval of the waiver is
not required.

2.3.7.2 Bridge Width

Rural bridge width on a rehabilitation or reconstruction project is required to be addressed in the
BCR and is a function of traffic, design speed, existing roadway features and the proposed
roadway improvement. It should be verified that the bridge width shown on the TSL plan follows
that recommended by the BCR. If there is no BCR, detailed guidelines on required bridge
widths can be found in Chapters 39 and 44 through 50 of the BDE Manual. Urban bridge widths
for rehabilitation/reconstruction projects generally match the approach roadway template.

2.3.7.3 Skew Angle

The relationship between two or more intersecting elements (skew) of a roadway shall be
shown on all TSL plans. See Section 2.3.14 which indexes TSL examples available online for
proper application of this requirement.

The accuracy of the skew angle required to accommodate either stream crossings, roadways or

railroads shall be limited to the nearest second with the exception of standard bridges which
have been developed utilizing skew increments of 5. Bridges over waterways are typically
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skewed to better align the waterway opening with the stream channel at the upstream face of
structures. The Hydraulic Report provides a skew angle that best accommodates flood
conditions, however this recommendation is subject to refinement during TSL plan
development.

For bridge types with limited allowable skew (i.e. structures with integral abutments, skew angle
< 30°), the skew angle of the substructures does not necessarily need to match the roadway or
stream crossing skew. Contact the Bureau of Bridges and Structures if the planned skew
angles between substructures and roadway or stream crossing skew differ by more than 10° for
a particular project.

2.3.7.4 Cross Slopes

2.3.7.4.1 Tangent Sections

Figure 2.3.7.4.1-1 indicates the deck cross slopes for structures with various combinations of
lanes and medians. These slopes are appropriate for all new bridge superstructures. Cross
slopes for redecking projects should be considered on an individual basis to avoid excessive
fillets and undesirable additional dead loads.

2.3.7.4.2 Superelevation Development

The approved procedure for developing superelevation is shown in Figure 2.3.7.4.2-1. The
layout of a structure located within a horizontally curved section of highway is shown in TSL Ex.
4. The appropriate offset treatment is described in Section 2.3.7.6.
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2.3.7.5 Sidewalks

The general procedure for new construction of sidewalks and bikeways on bridges is to slope
the surface transversely away from concrete parapets. This will avoid the need for any surface
drainage through concrete parapets. The typical cross slope is 1.7%. See Base Sheets R-28,
R-29, R-32, R-33 and Figure 3.2.4-8 for detailed configurations.

2.3.7.6 Curved Alignment

Bridges located on horizontally curved alignments present special problems in layout, design
and construction. Because of this, the effect of curvature should receive careful consideration in
the planning stages to assure a problem free structure that is economically and structurally
justifiable. An increase in the degree of curvature increases the amount of torsional forces
which results in a reduction in the direct bending capacity (stress) of a beam. Other factors
affecting the stresses that should be accounted for are uplift for sharply skewed structures,
stiffness analysis and effect of forces on shear center.

The following treatments (Table 2.3.7.6-1) are recommended for layout of highway structures on
horizontally curved alignments. Integral abutment structures on horizontally curved alignments
may be widened for offsets < 2 ft. to avoid a curved structure and for offsets > 2 ft., economic
and shoulder transition studies should be performed and discussed with the BBS prior to
avoiding a curved structure.

See TSL Ex. 4 for the layout of a horizontally curved structure.
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Structure Layout Guidelines for Horizontally Curved Alignments

Maximum Offsets
Shoulder
Width ;
<3in. 3in.to12in. >12in.
3 3
<4t Widen Widen Curve
) Structure Structure Structure
4 Widen Widen Curve
) Structure Structure Structure
4

>4 ft 2 Split Split Curve
) Offset Offset Structure

1 Girders and watertables shall be straight and parallel.

2 For dual structures, consider reducing the larger shoulder width.
3 Re-evaluate alignment for revision to tangent section.

4 For Interstate Bridges, widen to provide full shoulder width.

Table 2.3.7.6-1

2.3.7.7 Traffic Barriers

Traffic Barrier Terminals, Type 6 and 6A are crash tested and approved by the FHWA for
connection of Steel Plate Beam Guardrail to the approach ends of bridges. These terminals
shall be implemented on applicable projects.

Bridge superstructure parapets or railings with curb shall be extended 15 feet onto approaches.
This 15 foot parapet or railing continuation requirement may be waived for special cases, such
as sight distance requirements for adjacent roads. Please contact the Bureau of Bridges and
Structures for approval of the waiver. The 15 feet of parapet on the approach slab shall be
omitted for straight bridges on curved roadways to minimize the bridge width increase and to
avoid a possible kink in the railing-to-parapet connection.

Details of special treatments for bridges with sidewalks can be found in the Planning Cell CADD
Library available online.

For bridges with expansion joints, the standard parallel wingwall as shown in Figure 3.8.5-2
shall be utilized. The foundation support for the wingwalls (i.e. piles, drilled shafts or spread
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footings) shall normally be the same as that for the abutment. Some structures with expansion
joints may have stub abutments with dog-ear wingwalls in which case the wingwall is typically
moved 6 in. toward the face of the abutment.

2.3.7.8 Grinding and Smoothness Criteria

At the request of a District, a bridge project may have special grinding and smoothness criteria
for the deck and approach slab. Detailed guidelines for grinding and smoothness criteria can be
obtained from the BBS. See also Section 3.1.9 for additional information.

2.3.8 Maintenance of Traffic

When staged construction has been determined to be the most cost effective alternate to
provide for traffic flow during the reconstruction process, staging sequences shall be shown on
the TSL plan. Several online TSL examples (see Section 2.3.14) are available which illustrate
typical staging plans. The deck stage construction joint shall be located within the center half of
the slab span between beams/girders. Where a wide-load detour is not available, the minimum
lane width for a single lane staged roadway shall be 14 ft. — 0 in. If a separate wide-load detour
is provided, a minimum lane width of 10 ft. — 0 in. may be provided. The minimum lane width for
multiple lane widths shall be provided in increments of 10 ft. — 0 in. Each of the above lane
widths should be considered as minimums and additional width should be provided whenever
practical. The recommended lane width is 12 ft. — 0 in.

To separate traffic from construction areas during staging, a temporary concrete barrier shall be
provided when it can be safely supported by the existing structure. See Base Sheet R-27 for
the appropriate details. The temporary steel bridge rail alternate should be used whenever a
temporary concrete barrier cannot be safely supported or the use of a temporary concrete
barrier will not provide the minimum required lane width but should not be used on new bridge
decks. The temporary steel bridge rail is depicted on Base Sheet R-25.

All stage traffic over deck-girder superstructures shall be supported by at least three girders.
New deck-girder superstructures which may not be initially staged should consider the number
and arrangement of girders in order to provide at least three girders for possible future staging.
This requirement may be waived if traffic can be detoured during future reconstruction or if
approval is obtained from the Bureau of Bridges and Structures. Special attention should be
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given to stage construction of concrete bridge decks on longer span structures when large
deflections or cambers may cause construction problems in the final deck pour. Alternate beam
sections or a third stage closure pour should be considered when differential dead load
deflections of 2 % in. or larger are anticipated along a stage construction line.

2.3.9 Hydraulic Issues

All structure replacements over waterways shall meet the applicable regulatory criteria
established by the lllinois Department of Natural Resources Office of Water Resources (IDNR-
OWR) Floodway Construction Program. Similarly, projects over navigable waterways shall
satisfy requirements of the United States Coast Guard. Please refer to the Chapter 1 of the
IDOT Drainage Manual for more detail on these two regulatory agencies and their project
requirements. The approved TSL plan is a part of the documentation required by both of these
agencies.

2.3.9.1 IDNR-OWR

IDNR-OWR jurisdiction includes all IDOT roadway crossings of watersheds over 1.0 square mile
in an urban or urbanizing location. For crossings that are not considered urban or urbanizing,
IDNR-OWR jurisdiction includes all crossings with watersheds over 10.0 square miles. The
appropriate IDNR-OWR floodway construction permit is either a statewide permit issued in-
house by IDOT acting as the agent of IDNR-OWR, or a formal application is made to IDNR-
OWR for an individual permit. In the first case, the approved TSL plan is part of the permit
documentation. In the latter case, the approved TSL plan accompanies the submittal package
from the Bureau of Bridges and Structures Hydraulics Unit to IDNR-OWR.

It is important to note that IDNR-OWR floodway construction permits are granted primarily on
the basis of a single criteria, the structure’s backwater impact upon the properties that constitute
the upstream floodplain. Backwater or created head at a given crossing typically relates most
directly to the overall length of the bridge\size of the culvert; i.e., the waterway opening that the
structure provides. Consequently, IDNR-OWR does not approve or comment upon hydraulic
design features such as beam clearance, pier location, number of culvert cells or scour
countermeasures that do not relate directly to backwater impact. The applicant assumes
responsibility for sound hydraulic design. In particular, the structural planner should be aware
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that IDNR-OWR permit issuance is not tied to or contingent upon meeting the 2 ft. low beam
clearance or the 3 ft. roadway freeboard policy criteria.

2.3.9.2 Permit Sketches

As part of the preparation of plans for stream crossing structures, sketches shall be prepared for
submittal to the agencies having jurisdiction over the involved waterways.

The lllinois Department of Natural Resources Office of Water Resources requires the submittal
of Waterway Sketches and Channel Change Sketches. Samples of these sketches are
illustrated in the Drainage Manual.

As applicable, names of waterways shall be shown in the title block of TSL and Final Design
plans. See the Drainage Manual Appendix for a list of public waters.

The U.S. Coast Guard requires permit sketches when navigable waters are involved. Figures

2.3.9.2-1, 2.3.9.2-2, 2.3.9.2-3, 2.3.9.2-4 and 2.3.9.2-5 illustrate the proper presentation and
requirements to be followed in the preparation of these drawings.
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Bridge Manual Section 2 - Planning

2.3.9.3 Bridges Over Navigable Waterways

It is the responsibility of the Engineer of Bridges and Structures to obtain from the Commandant,
United States Coast Guard, a permit approving the location and plans for the construction or
approval for alteration of any bridge on the State highway system over certain navigable
waterways. Alteration in this context means any work that would permanently alter the
navigation clearances.

Requirements for navigation lights and vertical clearance gages are established by the Coast
Guard and become conditions of the permit.

A U.S. Coast Guard Permit is required when a bridge crosses waters which are used or
susceptible to use in the natural condition or by reasonable improvement as a means to
transport interstate or foreign commerce. The determination of the need for a permit is made by
the USCG. The following table (Table 2.3.9.3-1) lists those waterways that in the past have
required permits under the foregoing definition.

U.S. Coast Guard Permit Waterways

Eighth Coast Guard District - St. Louis, Missouri

Waterway Upper Limit
Big Muddy River Murphysboro, lllinois, Mile 37.5
Chain of Rocks Canal In its entirety
Des Plaines River Mile 291.1
Chicago Sanitary and Ship Canal  S. of 9" St. in Lockport
lllinois River Confluence Kankakee and

Des Plaines River, Mile 273.0
Kaskaskia River Fayetteville, lllinois, Mile 36.2
Little Wabash River Mile 39.7
Ohio River In its entirety
Upper Mississippi River In its entirety

Table 2.3.9.3-1
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Carr Creek
Fountain Creek
Massac Creek
Big Grande Pierre Creek
Mary's River
Round Springs
Quincy Bay
Chaney Creek
Grays Bay

Larry Creek
Sonora Creek
Waggoner Creek
Riley Creek

Mile 2.4
Mile 5.75
Mile 2.2
Mile 6.0
Mile 14.0
Mile 0.8
In its entirety
Mile 0.5
Mile 0.4
Mile 0.9
Mile 0.6
Mile 0.7
Mile 0.4

Ninth Coast Guard District - Cleveland, Ohio

Waterway
Waukegan Harbor

Chicago River:
Main Branch
North Branch and
North Branch Canal
South Branch

South Fork of S. Branch
Chicago Sanitary and Ship Canal

Calumet - Sag Channel
Little Calumet River
Calumet River

Lake Calumet

Grande Calumet River

Upper Limit
In its entirety

In its entirety

Mile 7.29 (Addison Street)
In its entirety

In its entirety

N. of 9™ St. in Lockport

In its entirety

Calumet - Sag Channel

In its entirety

In its entirety

State line

Table 2.3.9.3-1 (Cont.)
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All Federally funded bridges over navigable waters which do not meet the above definition are
exempt from the USCG permit process. The FHWA will make the exempt status determination
in the early coordination phase of project development. Non-Federally funded bridge projects
where the permit requirement is not apparent after an investigation into stream navigability shall
be referred to the USCG for a permit requirement determination.

In the early stages of project development, the District shall consult with the Bureau of Bridges
and Structures, who will assess the need for a Coast Guard permit. When a permit is required,
the District should initiate coordination with the USCG at an early stage of project development
and provide opportunity for the USCG to be involved throughout the environmental review
process in accordance with Title 23 CFR, Part 771. The Bureau of Design and Environment
should be consulted for coordination procedures and requirements.

2.3.10 Seismic Issues

There are regions of lllinois that have moderate to high seismicity (generally about the Southern
Y2 to V5 of the State depending on soil conditions) which require additional earthquake loading
consideration for the design of new bridges and retrofitting of existing bridges. Regardless of
region, seismic data shall be provided on TSL'’s for all structures except most walls and buried
structures. Three sided precast concrete structures are considered buried structures. However,
seismic data is required on the TSL in order to satisfy the detailing needs of the special
provision. TSL'’s for retaining walls shall have seismic data only when the consequences of
their failure during a seismic event could cause loss of life as determined by the Bureau of
Bridges and Structures, or the Design Engineer of Record for Local Agency Projects.

The design earthquake return period in the AASHTO LRFD Specifications increased from 500
yrs. to 1000 yrs. beginning with the 2008 interims. The design earthquake return period for the
sunsetted AASHTO LFD Code remains at 500 yrs. and will continue to be relevant to the
Department for the foreseeable future with regards to reuse of existing substructures and
retrofitting of existing bridges, temporary bridge construction and local bridges. Seismic
Performance Zones (SPZ) and Seismic Performance Categories (SPC) in LRFD and LFD,
respectively, are analogous in the sense that they represent differing levels of accelerations and
requirements a structure shall be designed for. However, the design accelerations and
requirements for the 1000 yr. event are increased over those of the 500 yr. event.
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The method for determining the design acceleration and SPZ for a structure using the LRFD
Code also changed significantly in 2008. See Sections 3.15.2 of this Manual and Section 3 of
the LRFD Code for more information. Previously in the LRFD Code, the SPZ was only a
function of the horizontal bedrock acceleration coefficient at a period of zero seconds
unmodified for soil conditions at a project site. Soil type or Site Class (A through F), and the
Spectral Acceleration on rock at a period of 1.0 sec (S4) are now employed by the LRFD Code
to determine the SPZ.  Figures 2.3.10-1 through 2.3.10-4 indicate the extent of each SPZ,
assuming various soil site classes found in lllinois which assist the engineer in estimating the
SPZ for preliminary planning. The final SPZ shall be determined using the LRFD Code, shown
in the Structural Geotechnical Report (SGR), and documented on the TSL seismic data.

A seismic map of lllinois for the 500 yr. design return period earthquake in accordance with the
AASHTO Standard Specifications is given in Figure 2.3.10-5. The regions which encompass

Seismic Performance Categories A to C are also indicated (there are no D regions in lllinois).

The potential for liquefaction shall be evaluated for all projects according to the requirements or
their SPC or SPZ.

2.3.10.1 Seismic Design of New Bridges

All new (non-major) bridge construction on the State System and, as applicable, new bridges on
the Local System shall be designed for the 1000 yr. design return period seismic event
according to the LRFD Code and the Department's Earthquake Resisting System (ERS)
strategy. Those new bridges on the Local System not designed for LRFD shall be designed for
the 500 yr. design return period seismic event according to the LFD Code and the Department’s
ERS strategy. A “flexible” approach for the 1000 yr. design return period seismic event using
the LRFD Code and the Department’s ERS strategy may also be permitted for some local
bridges in primarily rural and/or low ADT areas. See Sections 3.7, 3.10, 3.15 and Design Guide
3.15 for more detailed information.

For significant or critical bridges, e.g. major river crossings, it is likely that a much longer design
return period (2500 years) will be warranted along with more sophisticated design methods than
those in either AASHTO Specification. The Bureau of Bridges and Structures will make the
determination of applicable seismic design criteria for major bridges on a case-by-case basis.
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The selection of PPC |-beam and bulb T-beam superstructures for bridges in LRFD SPZ 3 and
4 (LFD SPC C) should be carefully considered by the engineer responsible for the TSL plan.
Due to their higher mass (and therefore increased seismic design forces) relative to bridges with
steel beam superstructures, PPC I-beam and bulb T-beam superstructures may not be the
optimal choice.

Piles in regions of high seismicity (LRFD SPZ 3 and 4, or LFD SPC C) should not be battered.
For bridges in LRFD SPZ 2 (LFD SPC B), the specification of pile batter should be considered
on a case-by-case basis.

2.3.10.2 Retrofitting of Existing Bridges

All existing bridges on the state and local system which are undergoing superstructure
replacement, or on occasion repair projects on existing LFD substructures and foundations,
should meet the requirements of the 500 yr. design return period seismic event according to the
1995 FHWA Seismic Retrofit Manual (http://isddc.dot.gov/olpfiles/fhwa/010433.pdf) and the
Department's ERS strategy. For questions regarding specific interpretations of these

documents, contact the Bureau of Bridges and Structures.

Significant retrofitting measures may include: adequate seat widths, “equivalent seat widths”
through the use of longitudinal and/or transverse restraint devices, retrofitting columns and
foundations, and isolation bearings. A minor overstress of the existing substructure for seismic
loading may be considered on a case-by-case basis when in good condition. Factors which the
engineer responsible for the BCR or TSL should consider include budgeted funds, ADT, bridge
importance, bridge condition, remaining life, and retrofit vs. replacement cost. For detailed
guidelines regarding seismic evaluations of existing structures, please refer to the Bridge

Condition Report Procedures and Practices Manual.

Bridges along (or over) Earthquake Response Routes should be carefully evaluated during the
planning phase for their importance and condition. See the IDOT Earthquake Preparedness
and Response Plan for a listing of those routes in Section VI. An easy detour around a bridge
may lower its importance to life safety which should be coordinated by the district. On a project-
by-project basis at the discretion of the BBS, significant or critical bridges along Earthquake
Response Routes may be retrofitted according to the 1000 yr. return period. In these cases, the
2006 FHWA Seismic Retrofitting Manual and the Department’s ERS strategy should be used.
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2.3.10.3 Seismic Data

When required, the following data shall be given on the TSL for AASHTO LRFD Bridge Design
Specification jobs when the planned level of seismic resistance to be provided is for the 1000 yr.
or 2500 yr. design return period earthquake: Seismic Performance Zone (SPZ), Design
Spectral Acceleration at 1.0 sec. (Sp,), Design Spectral Acceleration at 0.2 sec. (Sps), and the
Soil Site Class.

When required, the following data shall be given on the TSL for jobs when the planned level of
seismic resistance to be provided is for the 500 yr. design return period earthquake according to
the AASHTO Standard Specifications (LFD design): Seismic Performance Category (SPC),
Horizontal Bedrock Acceleration Coefficient (A), and the Site Coefficient (S). Also, the 1995
FHWA Seismic Retrofit Manual (500 year) shall be listed in the Design Specifications as
applicable.

See Section 2.3.14 for examples of seismic design data specification on TSL plans for both the
LRFD and LFD Codes. See Section 3.15.7 for guidance in retrofitting designs.
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2.3.11 Culvert and Three Sided Precast Concrete Structure Selection Process

The selection of whether a structure over a waterway should be a culvert, a three sided precast
concrete structure or a bridge is heavily influenced by the hydraulic opening. As the hydraulic
opening becomes larger, the selection process for structure type progresses from culvert to
three sided precast concrete structure to bridge. Cost, future maintenance, profile grade,
staging, skew, soil conditions and alignment are also important variables which should be
considered. Culverts generally have low future maintenance; however, culverts should not be
considered for waterways with a history or potential of debris to avoid channel cleanout
maintenance. In these cases a three sided precast concrete structure may be more
appropriate. Three sided precast concrete structures have the advantage of larger single and
multiple openings, ease of construction, and low future maintenance costs.

Precast culverts and three sided precast concrete structures are acceptable options for
pedestrian tunnels. The joints shall be sealed and the barrel covered with a full waterproofing
membrane system. To provide for drainage, geocomposite wall drains shall be used in lieu of
weep holes.

2.3.11.1 Culverts

The plan preparation and structural design of cast-in-place multiple cell box culverts remains
with qualified consultants or the BBS in conformance with current plan development procedures.
Additional details and guidelines can be found in the Culvert Manual and the TSL checklist for
culverts given in Section 2.3.13.2. However, precast multiple cell box culverts meeting the
limitations described below may be undertaken by the Districts at their discretion. The
development of Design plans for cast-in-place single box culverts remains with the Districts with
assistance from the Culvert Manual and the BBS. The option of a precast or a cast-in-place
multiple box culvert should be evaluated and determined prior to the TSL plan phase. If a cast-
in-place multiple box culvert is required or preferred by the District, a note on the TSL plan
disallowing the precast option shall be provided.

The following guidelines are provided when using precast multiple cell box culverts:
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2.3.11.1.1 General

Relatively small projects may not be economical if end sections, wingwalls/aprons are cast-in-
place. For all culverts, especially short culverts (under 2 lane roadways), the following
guidelines shall be considered:

Use precast end sections whenever possible, subject to hydraulic acceptability.

2. Use cast-in-place wingwalls with aprons when precast ends are not feasible.

3. Avoid using a cast-in-place end barrels with cast-in-place wingwalls as much as
possible.

4. For skewed culverts, lengthen the culvert as required (even if additional right-of-way is
needed) to allow the use of precast end sections whenever possible.

2.3.11.1.2 Use Limitations

Cambering the box will not be allowed.

2. A minimum cover of 6 in., measured from the pavement surface at the roadway edge,
shall be provided.

3. All headwalls for multiple cell precast concrete box culverts shall be collared around the
end of the precast sections. Because of the size and weight of these units, it is
anticipated that headwalls for multiple cell precast concrete box culverts will be cast-in-
place similar to the details shown in Figures 2.3.4-3 and 2.3.4-4 of the Culvert Manual.
Individual precast end sections similar to those detailed in Figures 2.3.4-1, 2.3.4-2,
2.3.4-5 and 2.3.4-7 of the Culvert Manual may be used if hydraulically acceptable.

4. Precast box culvert designs shall provide hydraulic equivalence to conventional cast-in-
place designs. This may occasionally require a larger precast culvert size to
compensate for the additional inlet losses and the adjustment to standard sizes.

5. The use of multiple cell precast concrete box culverts is not recommended under the
following conditions:

a. Where high settlement could be anticipated.
b. Where design flood velocity and stream bed soils raise concern for scour.
c. Where clogging from debris or sedimentation is a concern.

6. The use of multiple cell precast concrete box culverts under the conditions listed below

should be avoided. Consultation with the BBS before use is strongly recommended.
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a. For special designs such as when set directly on rock.
b. Conditions where pile foundations would be required.

2.3.11.1.3 Processing Requirements

1. Consistent with current processing procedures for all bridge and multiple cell culvert
projects, submittal of a BCR to the BBS for review and approval is required. The BCR
for multiple cell precast concrete box culverts, will, however, be the tool with which the
BBS documents its approval or disapproval of that structure type for a specific location.
In order to make these determinations, structure boring data will be required during the
BCR submittal.

2. The processing of TSL plans or Final plans for multiple cell precast concrete box culverts
to the BBS for review and approval will not be required except for structures on the
interstate system.

Installation, Method of Measurement and Basis of Payment for Precast Concrete Box Culverts
are included in the Standard Specifications. The Standard Specifications also requires joints
between units to be sealed to assure no embankment material is allowed to pass through.

The BBS is available to assist the District in working out any problems that may arise during
plan development and clarifications of any questions relative to the interpretation of these

requirements.

2.3.11.2 Three Sided Precast Concrete Structures

Three sided precast concrete structures offer a cost effective, convenient solution for a variety
of bridge needs. The ease and short duration of construction make them an attractive
alternative which may be considered on certain projects. A TSL preparation checklist for three
sided precast concrete structures is provided in Section 2.3.13.2.

Three sided precast concrete structures are proprietary systems where the primary structural
unit is designed after the contract is awarded. There are several systems approved for use in
lllinois that the contractor may choose from and they may be found in Guide Bridge Special
Provision (GBSP) # 15. Each of these systems has unique design limitations detailed on their
web sites and the planner should carefully consider these limitations when determining whether
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a three sided precast concrete structure would work on their project. The FHWA requires at
least two independent systems capable of satisfying the project needs in order to utilize a three
sided precast concrete system.

2.3.11.2.1 Use Limitations

The following structure limitations shall be considered by the Planner when considering whether
a three sided precast concrete structure is appropriate for a project.

1. Skew. A zero degree skew is preferable but skews may be accommodated in a variety
of ways. Skews should be limited to 5 degree increments when practical. The range of
skew is dependent on the design span and the fabrication limitations of each proprietary
system. Some systems are capable of fabricating a skewed segment up to a maximum
of 45 degrees. Other systems accommodate skew by fabricating a special trapezoidal
segment. If adequate right-of-way is available, skewed projects may be built with all
right angle segments provided the angle of the wingwalls are adjusted accordingly. The
planner shall consider the lay out of the traffic lanes on staged construction projects
when determining whether a particular three sided precast concrete structure system is
suitable.

2. Span. The maximum clear span permitted by the Department is 60 feet measured at
right angles from the inside face of sidewalls. If a railing is required to be attached to the
structure, the engineer shall investigate whether all design requirements can be satisfied
before specifying a large clear span.

3. Rise. The maximum rise of an individual segment is 13 feet. This limit is based on the
fabrication forms and transportation. The maximum rise of the segment may also be
limited by the combination of the skew involved because this affects transportation on
the truck. Certain rise and skew combinations may still be possible but special permits
may be required for transportation. The planner should verify this with each proprietary
system under consideration. The overall rise of the three sided structure should not be a
limitation when satisfying the opening requirements of the structure because the footing
is permitted to extend above the ground to meet the bottom of the three sided segment.

4. Cover. The minimum cover is limited to the thickness of the roadway pavement
measured at the edge of pavement. This typically equates to a minimum cover of 1’- 6”
when considering the aggregate, asphalt sub base and final surface. Approach slabs
are not required.
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5. Embedment. A 4 foot minimum embedment measured from bottom of footing to
streambed elevation is required.

2.3.11.2.2 Planner/Designer Responsibilities

1. For each project, the above limitations and combinations thereof shall be verified
through the approved manufacturers that are listed in the special provisions. In addition,
the cost of any temporary soil retention system shall be included in the economic
evaluation. Complex soil retention systems due to stage construction may negate the
cost effectiveness of staging a three sided precast concrete structure.

2. Hydraulic and waterway opening requirements shall be handled similarly to any other
project. A scour analysis shall be performed.

3. Foundation borings and an SGR are required. See also Section 2.3.11.4.

4. The actual design of the three sided precast concrete structure is the responsibility of the
supplier. Shop Drawings for the three sided precast concrete structure sections and all
other precast elements along with formal structural calculations, shall be submitted to
the BBS for approval. Shop Drawings shall be certified by the supplier as being
designed in accordance with the applicable AASHTO specifications. The supplier shall
also indicate any additional backfilling requirements that shall be met beyond those
found in the Standard Specifications and shall show the limits of those backfilling

requirements.

2.3.11.2.3 Site Limitations

Three sided precast concrete structures may be impacted by the following conditions:

1. Flowline is underlain by scour susceptible sandy soils. A scour evaluation is required
and protective measures, if necessary and appropriate, shall be provided.

2. High seismicity areas, unless special foundation treatments and/or anchoring devices
can be provided effectively and economically.

3. Weak soil conditions which would require pile foundations.
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When the above conditions would impose relatively high additional costs, a cost comparison is
required to justify a three sided precast concrete structure compared to other bridge/culvert
alternatives.

2.3.11.2.4 Plan Processing Procedures

TSL plans are required for all projects utilizing a three sided precast concrete structure.

2. TSL and Final plans for three sided precast concrete structures shall identify the size
(span x rise), length, and skew angle (in 1° increments) of the bridge.

3. A detailed design of three sided precast concrete structures with precast headwalls and
precast wingwalls is not required on the Final plans. However, final plans shall include
all geometric dimensions and a detailed design for all cast-in-place foundation units and
cast-in-place headwalls and wingwalls. In addition, General Note 46 shall be shown on
the plans.

4. Final plans shall include the pay item Three Sided Precast Concrete Structures, Span x
Rise and applicable pay items for the remainder of the substructure elements.

5. Final plans shall be submitted along with all pertinent special provisions to the BBS for
review and approval.

6. Shop Drawings of all precast elements including the detailed design of the three sided
precast concrete structure shall be prepared and submitted by the supplier for review
and approval. The Shop Drawings will be incorporated as part of the As-Built plans.

To facilitate the initiation of this type of project, the BBS is available to assist the
Districts/Consultants in working out problems which may arise during plan development.

2.3.11.3 Hydraulic Issues

The invert elevations of all culverts at stream crossing locations shall be set a minimum of 3 in.
below the lowest point in the stream cross section. This will ensure that culvert inverts will not
become a barrier to fish migration during low water. The size of the culvert opening does not
need to be increased to compensate for lowering the invert 3 in. Locations which may warrant
lower invert elevations shall override this policy.
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2.3.11.4 Foundation Issues

Many of the foundation type issues discussed under Foundation Component Selection in
Section 2.3.6.3 for bridges are also applicable to foundations for box culverts and three sided
structures. The SGR should provide planning and design recommendations to determine the
most cost effective and feasible foundation treatment to be used on the TSL plans.

2.3.11.4.1 Culverts

Box Culverts have some unique geotechnical issues that should be evaluated to ensure
adequate long term performance of both the box and the wingwalls.

The most common issues affecting the box portion of a culvert structure are mitigating
differential settlement and ensuring constructibility of the bottom slab. Boxes are often located
in existing stream channels where the new loading from a culvert and fill above will likely
generate some settlement. It should be noted that the theoretical new loading at the base of the
box is not as large as the new full height of soil fill loading adjacent to the box which can result
in differential settlement along the roadway alignment. Since portions of the new box alignment
are often located on previously unloaded channel sediments while other segments may be
placed through preloaded existing embankment, concern for differential settlement along the
box alignment should also be considered. Consequently, it is critical that the designer evaluate
the variation in applied loadings as well as the changes in foundation soil conditions to
determine if any ground modification is necessary. Cast-in-place boxes have some tolerance to
bridge across settlement prone areas but can crack when the differential foundation support is
excessive.

As an alternative to ground modification, a box can be designed and constructed in non-
continuous segments which are jointed by collars to allow articulation and prevent overstress.
Known as segmenting and cambering, the collar joints are placed at locations where changes in
surcharge loading or foundation stiffness occur, and constructed at an elevation which will settle
into the desired location. The most common configuration involves dividing the box into three
segments with the center segment located directly below the level portion of the embankment.
The center segment and its collars are detailed to be constructed above the desired flow line by
90 to 110% of the amount of estimated settlement, while the remaining outer segments are
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shown sloping from the collar to the head wall which is normally located above the flow line by
about 10 to 25% of the estimated settlement amount.

Precast boxes are articulated and can handle some differential settlement. However, when
excessive movement is expected, the joints between the box sections can separate, causing the
geotextile joint fabric to fail and allow soil to enter the box. In some cases, joint separation may
decrease, causing contact and damage to the precast units. For these reasons, precast box
culverts are normally only used at sites where minor amounts of settlement are expected or at
locations where the foundation soils have been modified to mitigate settlement.

Where inadequate soil conditions are present to support the proposed loadings of either precast
or cast-in-place boxes, removal of these soils and replacement with a coarse aggregate (or in
less severe cases, re-compacted cohesive embankment) can be an economical treatment
which provides the required stiffness or uniformity in foundation support. The cost effectiveness
of this solution versus other ground modifications or structure type changes should be verified.
It is normally used when removal depths are not excessive, since concerns over cut slope
stability or feasibility of stage construction soil retention can necessitate the use of other
options. Removal and replacement also typically requires some field verification and
adjustment to plan limits in order to address local problem zones or areas of uncertainty
between borings. This may mean reduced cost if the engineer finds the encountered conditions
to be better than that indicated in the boring data. The designer should determine and show in
the plan view the horizontal limits (stations and offsets) of the removal at the base of the
excavation. The elevation view should show the elevations at the base of the removal. The
plan and elevation removal limits should closely correspond to the boring data so that the
inspector can determine the material the designer intends to be removed and what can remain.
Since conditions encountered upon excavation can differ, the Geotechnical and Field
Construction Engineers may need to extend or reduce the limits to address the as encountered
conditions. Along with the plan and elevation limits, the following note should be included.

The limits and quantities of removal and replacement shown are based on the
boring data and may be modified by the District Geotechnical and Field

Engineers for variable subsurface conditions encountered in the field.

Excavation of unsuitable material shall be paid for as “Removal and Disposal of Unsuitable
Material for Structures”. The replacement material and capping requirements are dependent
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upon the application, considering the anticipated loading, placement conditions, structure
settlement tolerance, and cost of the replacement material. In cases such as replacement
below box culverts where dewatering and compaction may not be possible, the pay item
“Rockfill” is commonly used. In these cases, the following note should be added.

The Rockfill shall be capped with 6 in. of CA7 and satisfy the Standard
Specifications unless otherwise indicated in the Special Provisions. The cost of
the capping material shall be included in the pay item for “Rockfill”.

In cases where the replacement material strength requirements are less than Q,=1.25 tsf., the
placement conditions are well above the water table and quantities are relatively large,
embankment can be specified as the replacement material since it is less expensive. Figure
2.3.11.4.1-1 gives an example of elevation and plan view details for removal and replacement.
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When no removal and replacement is required, the foundation soils can become pumpy and
unstable due to construction equipment loadings during excavation, rebar placement, forming
and concrete placement. In these cases, the Contractor may need a so-called “working
platform” to properly construct the culvert bottom slab. The need for such platforms is
dependent on the type, thickness and strength of the soils encountered, the method of water
diversion selected by the Contractor, precipitation, construction sequence, and the time of the
year the box is constructed. Since the borings are often taken in locations that do not give the
designer accurate information about the sediment in the channel and considering the many
factors cited above that affect the need for a platform, the designer is usually not in a position to
specify its use and thus should not in the plans. The Field Engineer or District Geotechnical
Engineer should make the determination that a “working platform” is required during excavation
based on the field conditions. Thus, any removal on the plans is understood to be related to the
long term foundation performance of the box and embankment, rather than a tool to facilitate
construction.

When the estimated water surface elevation of the stream water exceeds 4 ft., construction of a
water diversion system may be very difficult. Maintaining dry conditions for bottom slab
construction can be problematic in granular foundation soils below the water table, as their
permeability may not allow normal pumping to keep up with the water inflow through these soils.

In addition to the geotechnical issues discussed above affecting the box portion of the culvert,
the culvert wingwalls are the other important element that is heavily influenced by the foundation
soils and wall backfill. In most cases, a horizontal wing is the most economical and preferred
wall type. They are supported by the box rather than the foundation soils and thus, their
feasibility evaluation is structural rather than geotechnical. In cases where the culvert height
and/or wing length/skew will not permit the use of horizontal wings, L-types wings provide and
excellent alternative. The L-type wing is structurally connected to the box at the cutoff wall and
via the wing footing/bottom slab connection but is not connected above the flow line. Thus, the
foundation soils, particularly toward the end of the wing, should assist in providing vertical and
lateral support. The standard designs provided in the Culvert Manual can be used when the
factored applied bearing pressures do not exceed the factored bearing resistance of the
foundation soils. When the bearing pressures are not adequate, or the structural limits shown in
the Culvert Manual are exceeded, or if precast boxes are used, other soil dependent/box
independent wings should be used. These wings include MSE, T-type, gabion, sheet piling,
soldier piling, apron supported, and precast modular. MSE is normally not economical due to
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the small quantity and raises concerns in some hydraulic applications about loss of granular
backfill or foundation soils. T-type wings are fairly common as their aesthetics, alignment and
foundation design can be modified to accommodate most any application. However, the
resulting foundation expense, particularly when either a cofferdam or piles are required, may
suggest that another wing type may be more appropriate. Gabion wings can be specified to
follow a wide range of curved alignments and face batters. They can be placed through limited
depths of water, but should be supported on reasonably good foundations soils to resist
overturning and bearing pressures. Sheet pile walls also allow installation through open water
and at locations where bearing capacity may not be adequate for gravity walls. Soldier piles are
used where sheeting can not be driven because H-piles can penetrate farther or can be drilled
when required. However, they require either a cast-in-place or other facing system. Cast-in-
place aprons are often used with precast boxes and should be analyzed like a “reverse L” wall
design as the apron and cutoff wall provides the foundation. The apron’s lack of embedment
and soil weight makes them difficult to design and should be used where proper foundation soils
(sliding and bearing pressure) are present and where the skew angle is not excessive. Various
precast modular wingwall systems have also been used, most commonly with precast boxes
and three sided structures to make the entire structure precast.

2.3.11.4.2 Three Sided Precast Concrete Structures

The specifications for three sided precast concrete structures permits the contractor to
substitute cast in place for precast footings, wingwalls and headwalls, and visa versa when cast
in place is specified unless prohibited on the plans. Three sided structures should be provided
with adequate foundation support to satisfy the design assumptions permitting their relatively
thin concrete section. These foundations are designed and provided in the plans using the
worst case loadings which are available from approved pre-cast vendors. Spread footing
foundations are most commonly used since they prove cost effective when rock or scour
resistant soils are present with adequate bearing and sliding resistance. The use of precast
spread footings shall be controlled by the planner and shall only be allowed when soil conditions
permit and shall not be allowed to bear directly on rock or when rock is within 2 feet of the
bottom of the proposed footing. When lower strength soils are present, or scour depths become
large, a piles supported footing shall be used. The lateral loading design of the foundation is
important because deflection of the pile or footing should not exceed the manufacturers’
recommendations to preclude cracks developing.
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In addition to foundation type, the wingwall type shall be provided on the TSL and Final plans.
Wing selection issues are similar to those discussed in the culvert section above. The
restrictions on the use of cast in place or precast wings and headwalls shall be based on site
conditions and the preferences of the owning District. These restrictions shall be noted on the
TSL and final plans.

2.3.11.5 Culvert Nesting Ledge Issues

Multiple box culverts with a clear height of 4 ft. — 0 in. and greater shall be provided with 1 in.
ledges, 4 ft. — 0 in. long on each side of all interior walls near the downstream end when these
walls contain a single plane of reinforcement bars located at the wall center. These ledges
provide suitable nesting sites for certain bird species (phoebes and barn swallows) that tend to
nest in man-made shelters. The ledge detail is depicted in Figure 2.3.11.5-1.
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2.3.12 Retaining Wall Selection Process

Many factors such as geometric limitations, geotechnical site conditions, aesthetics, structural
feasibility, construction equipment access, and traffic staging affect retaining wall type selection.
The engineer responsible for the TSL plan should identify and evaluate these issues, and
conduct feasibility analyses which leads to a retaining system selection that is cost effective.

To reduce both initial and long term maintenance expenses, efforts should be made to minimize
overall wall length and exposed height. This can be accomplished by utilizing slopes either in
front or behind the wall as well as evaluating various wall locations/alignments. During this
process, there are a number of right-of-way, roadway cross section, drainage, utility, and
construction limitations that should be considered.

The exposed retention height for a wall is established from finish grade elevations found within
the roadway cross sections. The engineer responsible for TSL development should work
closely with the roadway engineer when determining finish grade cross sections along the
length of the wall. The bottom of wall elevations should be determined to accommodate any
drainage/utility excavation proposed in front of the wall and satisfy the minimum embedment
necessary for the wall type selected. The final top of wall elevations should be established to
satisfy the cross section retention requirements while forming an aesthetic top of wall profile.
Where the wall face is visible to traffic or commonly viewed by the public, the use of form liners
or other wall face texturing should be strongly considered. The need for coping, traffic barrier,
noise wall/sight screen, railing or fencing mounted on the top of wall should also be determined
and coordinated with the District.

In addition to establishing the required wall retention geometry and other site design constraints,
geotechnical issues have a substantial impact on the wall type section process. The majority of
loadings applied to the structure as well as the capacity of the foundation are controlled by the
soil conditions present. The SGR generally contains all geotechnical analyses, foundation and
wall type recommendations, and design parameters required to assist in wall type feasibility and
cost analyses. Substantial coordination between the structural and geotechnical engineer
during the SGR development process is necessary to ensure appropriate design parameters
and recommendations are provided. Section 2.3.6.3 should also be referenced when evaluating
foundation type options. Section 3.11 and the IDOT Geotechnical Manual should be referenced
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for detailed technical information concerning the design and subsurface investigation of
retaining walls.

There are four retaining walls types commonly built in lllinois. These are mechanically stabilized
earth (MSE), cast-in-place concrete T-type, soldier pile, and permanent sheet pile. Soil nailed,
precast modular, segmental block, gabions, and other specialized wall systems have been
utilized by the Department on a limited basis when their unique wall properties lend themselves
to specific project conditions. MSE and cast-in-place walls are most economical and better
suited for use in “fill” sections, while soldier piles and permanent sheet pile walls are generally
most advantageous in “cut” section retention applications.

Typical cross section and details should be shown on the TSL plan. Sample retaining wall TSL
plans are given in Section 2.3.14. Policy and procedures for the design of retaining walls are

given in Section 3.11.

2.3.12.1 MSE Walls

MSE walls provide one of the most cost effective and durable wall structures available. The
walls internal stability is designed by the wall vendor during construction to provide over 75
years of design life. The cost savings advantage is most prevalent on projects with large bid
quantities or on structures where the maximum wall height is relatively tall. Locations with short
wall heights or lengths often lend themselves to other wall types.

Precast panels avoid the typical cracking that occurs on CIP walls and provides superior
aesthetics due to their articulated panel pattern. Panels can be cast with a smooth face or form
liners can be specified to produce a variety of cast patterns. MSE walls can also be constructed
along curved alignments. Both design and construction time is reduced when an MSE wall is
selected.

The TSL shall provide the “top of exposed panel line”, the “finished grade line at front face of
wall” and the “theoretical top of leveling pad” which is normally set 3 ft. — 6 in. below the finished
grade unless there are other geotechnical or geometric limitations.  Using these wall heights,
the reinforced mass should be assumed to be 0.7 of the height for feasibility and economic
analyses. The engineer responsible for the TSL, assisted by the recommendations contained in
the SGR, is responsible verifying external stability and foundation soil adequacy. The reinforced
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mass is considered rigid and shall resist overturning, sliding, and bearing pressure, as well as
satisfy settlement and global stability considerations similar to those for spread footings. See
Section 3.10 for more information on the design of spread footing foundations. These walls
have substantial weight and some settlement is almost certain to occur (some during
construction and some after). Although MSE walls are well suited to handle settlements due to
panel articulation and have the ability to adjust while maintaining stability because of the semi-
rigid reinforced mass, the engineer responsible for the TSL, using the SGR, should assess the
magnitude, horizontal limits, and time of settlement as well as the effects of settlement on the |
wall and any infrastructure placed on top of the reinforced volume. When settlement or bearing
capacity of the foundation soils is not adequate, ground modification should be evaluated prior
to using other wall types. Removal and replacement of unsuitable soils, use of lightweight fill,
wick drains, aggregate columns ground improvement, or longer soil reinforcement (wider that |
0.7xH), etc. should be considered.

When abutments are placed on MSE walls, piles are most commonly used although spread
footings and drilled shafts have also been employed. Spread footings are more cost effective
and avoid the approach slab “bump”. However, foundation bearing soils below the wall should
have superior capacity to carry both the bridge and wall loadings. When piles are selected, pile
corrosion and negative skin friction should be considered. Most pile supported abutments also
require soil reinforcement to be attached to the abutment backwall since battered piles should
not be used to resist lateral loadings. Settlement of walls with abutments becomes a more
critical concern since excessive long term settlement with a spread footing abutment can cause
distress in a bridge structure. Piles may develop negative skin friction, but not settle, causing an
approach slab bump.

2.3.12.2 Cast-In-Place T-Type Walls

Cast-in-place T-type walls comprise the large majority of wall inventory currently in service in
lllinois. For wall comparison purposes, cast-in-place T-Type walls are considered to have a
design life of 75 years. It is often deemed a feasible wall type since it can be structurally
designed to perform with limited geotechnical input for a wide variety of conditions. However,
this wall type is often inappropriately selected on “fast track” projects or based on inadequate
geotechnical or cost data only to be value engineered during construction.
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T-type walls commonly require a smaller excavated width than MSE walls. The heal of T-type
walls typically extends 25% to 30% of the wall height behind the face while MSE walls require
an excavation width of at least 70%. This produces cost savings and can help avoid temporary
sheeting for construction of T-type walls. Traffic barriers, parapets, noise walls, and other
structures can easily be attached to the stems of T-type walls. Their configuration also allows
for easy utility installation and future utility excavation behind the wall stem. In some locations,
the cost of footing de-watering, cofferdams, seal coats, as well as ground modification, piles, or
drilled shafts should be taken into account.

Feasibility evaluations consist of evaluating the adequacy in bearing of spread footings,
settlement considerations, etc., or whether piles or a drilled shaft foundation should be
specified. The lateral earth pressures to be used in design and feasibility analyses should
consider backslope angle, height, and retained soil properties. The SGR and/or geotechnical
engineer should be consulted to develop appropriate design values. Regardless of foundation
type selected, CIP T-type walls normally have their footings located at least 4 ft. below finished
grade.

2.3.12.3 Soldier Pile Walls

Soldier pile walls are most suited for “cut” situations, particularly when continuous undisturbed
lateral support is required to be maintained adjacent to existing ground and infrastructure.
Soldier pile walls can also be used to retain new fill at locations with moderate retained heights,
adequate foundation soils, or tolerance for deflection. However, since other feasible wall types
often provide a longer design life with less concern for wall deflection (resulting from fill
compaction and passive pressure mobilization), soldier pile walls see more limited use in fill
applications.

Various wall facing treatments can be used depending on aesthetics and costs. Locations that
are rural or rustic in nature, or are hidden from public view can utilize an exposed treated timber
lagging which provides the least expensive facing. An exposed lagging wall typically includes a
CIP concrete cap to cover the top of the soldier piles and lagging. More commonly, though,
concerns for similarity in wall aesthetics, and maintenance of exposed timber and solder piles
dictates that a CIP concrete facing be used. The use of a CIP concrete facing allows some
variation in rear face alignment to hide out-of-alignment soldier piles, pile deflections and
lagging deflection. Precast lagging and precast panels have been used, but the casting,
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shipping, handling and installation expense can be excessive for most locations in the State. In
most cases, the wall facing is specified on the TSL to be extended 2 ft. below the finished grade
at the wall face.

Soldier piles can be driven to the required tip elevation or placed in drilled holes and encased in
concrete. Driving piles is normally less expensive but the designs are limited to H-pile and small
W-sections. Drilled soldier piles can utilize larger W-sections, built up plate sections or multiple
W-sections to accommodate tie back connections. The larger lateral bearing area of drilled
soldier piles generally allows a wider spacing or shorter embedment. Drilled piles also provide
added corrosion protection and, where exposed treated timber lagging or precast panels are
used, alignment can be more carefully controlled than driven piles. Where vibration, noise, or
driving feasibility (close bedrock, cobbles/till, overhead clearance interference, etc.) are
concerns, drilled soldier piles should be specified.

When evaluating feasibility, the spacing of soldier piles should typically be assumed to be from
6 to 8 ft., although spacings up to 14 ft. have been used in portions of walls with shorter retained
heights. For special applications, where bending or deflection requirements are severe, soldier
piles can be drilled nearly tangent (adjacent) to each other to address these issues. When the
wall height and loadings are not uniform along the length of the wall, the pile spacing or pile
section size or both can vary along the length of the wall to produce consistent deflections and
maximum design economy.

Soldier pile walls are not considered as durable as MSE walls. They can be estimated to have
a 50 yr. design life. The TSL shall specify items such as facing type, soldier pile type (driven or
drilled), estimated top of rock, and the tip elevation/spacing anticipated from the preliminary
feasibility analyses, noting that the final spacing and tip elevation to be determined in design.

2.3.12.4 Permanent Sheet Piling

Permanent sheet piling is best suited for sites where the soil has little or no cohesive binder
(predominantly granular conditions) and is unlikely to temporarily arch for lagging placement.
Permanent sheet piling is also commonly used in conditions where the excavation is to go
below the water table and/or where water retention is required. In sandy conditions, maintaining
a drilled excavation can be difficult and expensive, and may require casing, over-sizing the
holes, and tremie concrete placement methods. As such, sheet piling should be considered.
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Depending on the required aesthetics of the location, a cast-in-place concrete facing can be
added or the sheeting can be left exposed and capped with a steel channel section, making it a
cost-effective alternative to other wall types.

2.3.12.5 Anchors

Some locations where a soldier pile or sheet pile wall is selected may require wall anchors to
satisfy deflection or strength issues. In these cases, the TSL plans should indicate the anchor
type determined to be most cost effective and feasible given ROW and geotechnical design
constraints. Deadman anchors are normally the least expensive but usually offer a lower
capacity than other anchor types. Helical anchors can be installed with less disturbance than
deadmen, but are limited to use in locations where the soil strength will not prevent installation.
Permanent ground anchors provide the highest confidence and capacity but are more

expensive.

2.3.13 Type Size and Location Presentation

The checklists below are provided as an aid to the planner when completing a TSL plan. They
may not be all-inclusive for any particular project.

See also Section 2.3.14 for example TSL plans which are available online.

2.3.13.1 Checklist for Bridges

General

1. Review Bridge Condition Report, Structure Report, Structure Geotechnical Report, and
Hydraulic Report to see that the TSL plan agrees with the listed reports and that the
structure fits the site conditions.

2. Consultants should provide company name on TSL plan.

Title Block

1. Label the page as “General Plan”
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2. List the following data:
a. Roadway name/marked route over feature.
b. If the structure is over a waterway listed as a navigable public body of water,
provide the term “Public Water”.
Designated funding route and section number.
County.
Station at the center of the bridge of main route or intersecting survey lines.

~ o o o0

Structure number. (New structure numbers are issued for bridges that do not
reuse any part of the existing structure.)

Location Sketch

Provide a sketch that shows four sections of the township.
Label the range, township and principle meridian.

Provide a north arrow.

Call out the bridge location.

o kw0 bd =

Recheck names of major features on sketch.
Highway Classification

1. List the following data for each route over and under a structure:
a. Designated funding route and roadway name/marked route.
b. Functional Class from the lllinois Structure Information System.
c. ADT — Present and Future.
d. DHV — Future.
e. ADTT % (including single and multiple unit trucks).
f. Design speed.
g. Posted speed.

Loading (truck)
Provide the correct truck loading based on the design specification, LRFD or LFD.
2. Include the Alternate Military Loading for structures on interstates that are designed

using LFD.
3. Show an allowance for Future Wearing Surface (FWS).
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4. On rehabilitation projects, verify the structure can support the proposed future wearing
surface and meet the required rating.
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Design Specifications

Provide the applicable bridge design specifications.
2. Include any additional applicable specifications (e.g. seismic, curved girders, etc.)

Design Stresses

1. Provide the design stresses for Field, Precast, and Precast Prestressed units as
required. A design stress of 5,000 psi shall be specified for all concrete which
incorporates an anchorage of a Type SM railing.

2. Provide a separate table for design stresses of existing elements that will be
incorporated into new construction.

3. Verify the correct design stresses are shown for the proposed design method.

Seismic Data

1. Provide the applicable seismic data based for the applicable design specification.

Upper Left Hand Corner Data

Provide a benchmark that matches the structure report and survey data.

2. Provide the existing structure number with the construction year and project name.
Provide a brief description of the existing superstructure and substructure that includes
the length and width of existing structure.

4. Indicate the proposed method of traffic control for the proposed bridge construction.

5. Indicate if any items of the existing bridge construction will be salvaged for future IDOT

use.
Waterway Information Table
1. Verify the numbers match the approved hydraulic waterway information table.

2. Verify the design high water elevation matches the elevation shown in the elevation

view.
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Design Scour Elevation Table

1. For stream and river crossings, provide a Q499 and Qs design scour elevation for each
substructure unit.

Offset Sketch
1. Provide an offset sketch for curved roadways. See Section 2.3.14 for an example.
Profile Grade
Provide a profile grade that extends beyond the bridge approach slabs.
Show grade slopes, curve length, elevation and stations of PVC, PVT, & PVI.

Verify the profile grade matches the plan and profile sheet.
Indicate the roadway and location of the profile grade line.

o kw0 bd =

Check for negative fillets on rehabilitation projects.

Horizontal Curve Data

1. Provide horizontal curve data including the PI station, A, D, R, L, T, E, PC station, PT
station, and SE.

2. Indicate superelevation and/or normal crown transition stations if transition occurs
between approach slabs.
Lighting Details

1. Provide pole height, diameter (required bolt circle), spacing and location.
Cross Section

1. Verify the bridge width is correct for the roadway classification and consistent with the
approved BCR, if applicable.

2. Indicate the roadway centerline and profile grade location

3. Provide out-to-out, roadway, shoulder, sidewalk and parapet dimensions.
4. Provide deck cross slopes and check the crown location.
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5. Provide slab thickness. For cast-in-place concrete slab bridges, provide thickness and
indicate “subject to refinement during the design phase”.

6. Show beam depth. For a plate girder, indicate web depth only.

7. Provide the composite note, if applicable.

8. Verify the fillet is shown correctly.

9. Provide the rail type and vertical dimension.

10. Provide median and sidewalk dimensions, if applicable.

11. Show a longitudinal open joint if required.

12. Locate the stage construction line and stage removal line.

13. For each stage sequence, indicate the location of traffic lanes, limits of removal, limits of
construction, and location of temporary barrier.

14. Show local tangent, offset, radial and varying dimensions for curved roadway with
straight beams. See Section 2.3.14 for an example.

15. Provide clearance diagram for Railroad Bridges.

16. Verify the clearance between the stage removal line and the stage construction line can
accommodate temporary sheet piling, if required.

17. Verify the depth of dead load deflection at the stage construction line is acceptable. If
not, provide closure pour.

18. Evaluate the condition of the existing superstructure in order to determine proper lane
usage for Stage | traffic.

19. Label the deck drains and scuppers and verify bridge drainage is provided, as
necessary.

20. Indicate a closed drainage system, if necessary.

21. Provide an outline of the cross section of the existing structure without dimensions.

22. Locate any utilities below the superstructure or conduits in the concrete parapets.

23. Show beam spacing.

Abutment Section

Verify integral and semi-integral abutments meet limitation requirements.
Show bridge omission.

Specify the type of expansion joint and verify it fits the bridge geometry.
Show the approach slab.

Show the back of abutment location.
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Show the clearance to berm/end of slopewall.
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7.

10.
11.
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Provide the dimension from the back of the abutment to the centerline of bearing with
the exception of integral abutments.

Show the bearing type.

Dimension the approach slab seat width and backwall thickness.

Provide appropriate backfill and drainage details for selected abutment type.

For skewed bridges, indicate horizontal dimensions are at right angles.

Slope Details

Show appropriate slope treatment.

Provide a detailed section through the slopewall (or riprap) and corresponding
ditch/anchor detail.

Provide a slopewall flank detail and indicate the slopewall extension distance beyond the
out-to-out of bridge width, if applicable.

Verify the riprap size is consistent with the stream velocity, if applicable.

Provide stone riprap flank details, if applicable.

Pier Sketch

Verify proper pier type configuration.

Show the actual number of columns for multi-column piers.

Verify the correct crashwall heights for bridges over railroads.

Provide dimension from ground line to top of crash wall.

Show ground elevations.

Provide foundation type and related elevations/details.

Provide section thru pier with an expansion joint, if applicable

Label expansion joint type, bearing types and dimensions from centerline of pier to
centerline of bearings, if applicable.

Show open joints in caps and construction joints in base wall according to policy.

Elevation View
Show bridge omission stations.

Show fixity and expansion conditions at all substructure elements.
Show vertical and horizontal clearances.

Page 2-160 Jan. 2012



Bridge Manual Section 2 - Planning

4. Vertical clearance for a bridge over a railroad should be shown in accordance with

AREMA clearance diagrams.

Show approach traffic barrier terminal types.

Show bottom of footing, abutment, or encasement wall elevations.

Show foundation type and required elevations.

Show beam type.

9. Show slope treatment and indicate rise and run.

10. Show pipe culverts through embankment if required at grade separations.

11. Plot the existing ground line (if different than proposed).

12. Show construction embankment and backfill note when applicable.

13. Show ground elevations at piers.

14. Show streambed elevation.

15. Show design highwater elevation and EWSE.

16. Show location of light poles, if required.

17. Show navigation obstruction lighting, architectural lighting or other electrical systems, as
required.

18. Show cross slopes for the roadway and shoulders below the bridge.

19. For structures over railroads, add a note indicating “No freefall deck drains will be
permitted in the span over the tracks or within 10 ft. of cross arms of a railroad pole line”.

Plan View

1. Show span lengths, distances from back of abutment to centerline of bearing, and back-
to-back of abutment length.

2. Ensure the above dimensions match the stationing distances.

Show the skew angle at a substructure unit.

A W

Show approach roadway template, i.e. lane and shoulder widths, curb and gutter type,
etc.

Show the bridge widths and out-to-out dimensions.

Show stations and elevations along profile grade at substructure units.

Show station equation for intersecting reference lines on roadways.
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Show stations and offsets to roadway’s tapers that are under or across structure.
9. Ensure bridges are shown with stationing increasing to the right.

10. Show stationing/flow direction under roadway

11. Show lane and shoulder dimensions under roadway.

Jan. 2012 Page 2-161



Bridge Manual Section 2 - Planning

12.
13.

14.
15.
16.

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

Show channel width at right angles to stream.

Locate point of minimum vertical clearance on the bridge. For railroad bridges, the
minimum vertical clearance should be shown in accordance with the AREMA clearance
diagram on the bridge.

Indicate and check horizontal clearances.

Show stage construction line.

Show temporary construction requirements (sheet piling, geotextile wall, etc.) when
applicable.

Plot the boring locations.

Show proper picture of slopewall configuration.

Show slopewall slope at right angles to stream.

Show pipe culverts and local drainage near structure.

Show bridge approach slab.

Show guardrail.

Show expansion joint accurately at bridge ends.

Show railroad mile post information.

Verify handicap ramps are shown on sidewalks at intersections.

Show north arrow.

Provide light pole foundation locations, if required.

Show limits of existing structure.

Show floor drain/scupper spacing and type.

Show bridge approach shoulder drains when applicable.

2.3.13.2 Checklist for Culverts and Three Sided Structures

General

Check correspondence file, Bridge Condition Report, Structure Report, Structure
Geotechnical Report, and Hydraulic Report to see that the TSL plan agrees with the
listed reports and that the structure fits the site conditions.

Title Block

Label the page as “General Plan”
List the following data:

Page 2-162 Jan. 2012



Bridge Manual Section 2 - Planning

Roadway name/marked route over feature.
Designated funding route and section number.
County.

Station at the center of the structure.
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Structure number. (New structure numbers are issued for bridges that do not
reuse any part of the existing structure.)

Location Sketch

Provide a sketch that shows four sections of the township.
Label the range, township and principle meridian.

Provide a north arrow.

Call out the structure location.
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Recheck names of major features on sketch.
Highway Classification

1. List the following data:
a. Designated funding route and roadway name/marked route.
b. Functional Class from the lllinois Structure Information System.
c. ADT — Present and Future.
d. DHV — Future.
e. ADTT % (including single and multiple unit trucks).
f. Design speed.
g. Posted speed.

Loading (truck)

Provide the correct truck loading based on the design specification.

2. Include the Alternate Military Loading for structures on interstates that are designed
using LFD.

3. Show an allowance for Future Wearing Surface (FWS).

4. On rehabilitation projects, verify the structure can support the proposed future wearing
surface and meet the required rating.
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Design Specifications

Provide the applicable bridge design specifications.

Design Stresses

Provide the design stresses for Field and Precast units.

Provide a separate table for design stresses of existing elements that will be
incorporated into new construction.

Verify the correct design stresses are shown for the proposed design method.

Seismic Data

Provide the applicable seismic data based on the applicable design specification (three-
sided structures only).

Upper Left Hand Corner Data

Provide a benchmark that matches the structure report and survey data.

Provide the existing structure number with the construction year and project name.
Provide a brief description of the existing structure.

Indicate the proposed method of traffic control for the proposed structure construction.
Indicate if any items of the existing bridge construction will be salvaged for future IDOT
use.

Add a note stating “Precast alternate is not allowed” if site conditions require a cast-in-
place culvert.

Waterway Information Table

1. Verify the numbers match the approved hydraulic waterway information table.

Verify the design high water elevation matches the elevation shown in the elevation

view.

Profile Grade
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Provide a profile grade that extends beyond the limits of the structure.
Show grade slopes, curve length, elevation and stations of PVC, PVT, & PVI.
Verify the profile grade matches the plan and profile sheet.
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Indicate the roadway and location of the profile grade line.

Horizontal Curve Data

1. Provide horizontal curve data including the PI station, A, D, R, L, T, E, PC station, PT
station, and SE.

2. Indicate superelevation and/or normal crown transition stations if the structure is located

within a transition.

Section Through Barrel of Structure

1. Show size of barrel opening.

2. Show thickness of walls.

3. Show thickness of top slab.

4. Show bottom culvert slab 1 in. thicker than top slab.

5. Indicate culvert top and bottom slab thickness is subject to refinement during final
design.

6. If there is no fill on the CIP culvert, provide corbels.

7. Show construction joints 6 in. above the top of bottom slab for CIP culverts.

8. Show construction joints between walls and top slab for CIP culverts.

9. Indicate Phoebe nesting sites at downstream end of interior walls on CIP culverts.

10. For three sided structures, indicate slab and wall thickness and shape may vary as per

manufacturer.
11. The top and bottom slabs of multiple cell box culvert extensions should be designed as
continuous members according to present design policies.

Longitudinal Section
Show lane, shoulder, median, barrier, and sidewalk widths.

Show roadway cross slopes.
Show profile grade location.
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Show guardrail (if required)
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10.
11.

12.
13.
14.

15.
16.
17.
18.
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a. Verify guardrail placement behind curb (BD&E Manual Fig. 38-6J)
b. Verify slope “hinge point” is 3 ft. — 10 in. min. from face of guardrail (See Hwy.
Std. 630001).

Show height of barriers and pedestrian rails.
Show upstream and downstream flow-line and invert elevations. (Set invert 3 in. below
flow-line.)
Show design high-water elevation (at upstream end of culvert) and EWSE.
Show height and width of headwall.
Show stage traffic widths.
Show stage construction widths.
Verify stage construction is consistent with condition of existing bridge (and the District’s
desire).
Show temporary concrete barrier.
Show top and bottom slab thickness.
Verify the need for an edge beam on the top slab (of cast-in-place culverts) at the stage
construction joint. (Note, an edge beam is typically not required if stage traffic is located
further than half of the design live load distribution width from the stage construction
joint.)
Show cutoff walls depth.
Show buried utilities
Plot natural ground line.
Show foundation type.

Plan View

Show dimension from out-to-out of headwalls (i.e. length along walls).

Show controlling culvert dimensions perpendicular to barrels.

Show approach roadway template.

Give skew angle.

Show width of headwall.

Show typical value of side-slopes in vicinity of culvert wings.

Show station and elevation on profile grade at CL of culvert.

Show culverts with stationing increasing to the top (typically, 3-sided precast structures
are laid out like culverts).

Show flow direction under roadway.
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10. Show CL of culvert.

11. Indicate and check important horizontal clearances.

12. Show stage construction line and locate on roadway.

13. Show temporary construction details (sheet piling, geotextile wall, etc.) when applicable.
14. Show limits of existing structure.

15. Plot boring locations.

16. Show pipe culverts and local drainage near structure.

17. Show bridge approach slab if there is no fill on the culvert.
18. Show guardrail.

19. Show type of curb and gutter.

20. Show north arrow.

Design Scour Elevation Table

1. For stream and river crossings, provide a design scour elevation for the upstream and
downstream ends.

Stream Protection Details

1. Verify the need for stream protection (i.e. riprap, aprons, etc.) and show stream
protection details as required.

2.3.13.3 Checklist for Retaining Walls

General

1. Check correspondence file, Structure Report, and Structure Geotechnical Report to see
that the TSL plan agrees with the listed reports and that the structure fits the site
conditions.
Title Block
Label the page as “General Plan”

2. List the following data:
a. Roadway name/marked route.
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Designated funding route and section number.
County.
Beginning and ending stations of the wall.
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Structure number. (New structure numbers are issued for walls that do not reuse
any part of the existing structure.)

Location Sketch

Provide a sketch that shows four sections of the township.
Label the range, township and principle meridian.

Provide a north arrow.

Call out the structure location.
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Recheck names of major features on sketch.
Highway Classification
1. List the following data:
a. Designated funding route and roadway name/marked route.
b. Functional Class from the lllinois Structure Information System.
c. ADT - Present and Future.
d. DHV - Future.
e. ADTT % (including single and multiple unit trucks).
f. Design speed.
g. Posted 