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To: All holders of the Structural Services DATE ISSUED: June 30, 2017

Manual

Section 3 — “Inspection” and Section 4 — “Ratings and Permits” have been updated.
Existing policies and procedures in both sections have been expanded and clarified.
Section 5 -~ “Tunnel Inspection” is a new section to the manual.

This Structural Services Manual revision includes several minor and editorial changes
throughout the manual and some major changes as well. The following is a brief
summary of some of the major changes:

Section 1 - “Introduction”

Section 1 is now the introduction section to the manual.

Section 2 — “Repairs”

-

The previous Section 1 — “Repairs” has been moved to Section 2.

Section 3 — “Bridge Inspection”

Section has been renamed “Bridge Inspection”.

Section 3.1.3 “lllinois Bridge Inspection Organization” clarifies the responsibilities
of a consultant program manager for a local agency.

Revised Section 3.2.1 “Reporting Inventory information” to limit the number of
days aliowed to submit changes in inventory data.

Section 3.3.3 “Routine Inspection” added requirement that hardwood blocking be
installed when certain conditions are met.

Section 3.3.5.1 “Identifying Bridges with Fracture Critical Members” has been
re-written.

Section 3.3.12 “Critical Findings” has been re-written to clarify IDOT's policy for
identifying and reporting critical findings.

Section 3.4.2.1 “Routine inspection 48-Month [nterval Criteria” criteria for the
48-Month Inspection Interval has been revised.
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Section 4 — “Load Rating”

e Section has been renamed “Load Rating”.
e Entire Section has been re-written.

Section 5 — “Tunnel Inspection”

e Section has been added to outline IDOT policy for the National Tunnel Inspection
Standards.

The Structural Services Manual is now available for download on the IDOT website. All
IDOT approved Team Leaders and Program Managers are required to read and be
familiar with Section 3 — “Bridge Inspection”.

A X /47

D. Carl Puzey
Engineer of Bridges and Structures

CME/KktSSMCL17-01-20170630
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Document Control and Revision History
The Structural Services Manual is owned by the lllinois Department of Transportation Bureau of
Bridges and Structures. The manual is reviewed during use and updated by the Bureau of
Bridges and Structures, as necessary.

Interim changes are communicated through the Bureau of Bridges and Structures email
subscription services. Copies are available electronically on the IDOT web site.

Archived versions of this guide are available to examine in the Policy Center.

Electronic copies of this manual are available in Portable Document Format (PDF) and can be
downloaded at the website below.

http://www.idot.illinois.gov/Assets/uploads/files/Doing-Business/Manuals-Guides-&-
Handbooks/Highways/Bridges/Inspection/Structural%20Services%20Manual.pdf

The official archives of this manual are available for examination by contacting the
Department’s Records Center at DOT.Records@illinois.gov. The Palicy and Research Center
Library (DOT.PolicyResearchCenter@illinois.gov) located at 2300 S. Dirksen Parkway, Room
320, Springfield, IL, has reference copies of this manual.

Interim changes are communicated through the Bureau of Bridges and Structures’ National
Bridge Inventory (NBI) subscription service.

This manual is not distributed in hard copy format. Users of this manual who choose to print a
copy are responsible for ensuring use of the most current version.
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Section 1 Introduction

As directed by the Engineer of Bridges & Structures, it is the responsibility of the Engineer of
Structural Services to develop, maintain, and administer the policies that govern repair,
inspection, and load rating of bridges and tunnels in lllinois. This also applies to bridges and
tunnels under the jurisdiction of other agencies when IDOT oversight is required by State
Statute. The IDOT Structural Services Manual is the vehicle by which these policies are
controlled.

1.1 Organization and Functions

The Bureau of Bridges & Structures is a part of the Office of Program Development. The
Engineer of Bridges & Structures, as head of the Bureau, is responsible for the planning,
developing and maintaining of the State’s bridges. The Structural Services Section Chief is
responsible for the bridge inspection program for the State of lllinois, 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, and review and approval of local public agency bridge construction projects.

The Section is comprised of four units: Bridge Investigations and Repair Plans Unit, Bridge
Management Unit, Local Bridge Unit and the Structural Ratings and Permits Unit.

1.1.1 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
address deficiencies related to the deterioration of structural members or accidental or
manmade 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
IDOT 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 IDOT
Structural Services Manual, for which the unit is responsible. Repair, maintenance and minor
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bridge rehabilitation projects prepared by IDOT 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 assists IDOT implementation personnel as required to resolve construction
issues during the implementation of the projects reviewed or prepared by the unit. In order to
comply with Federal Regulations and to ensure that IDOT 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 IDOT Structural Services Manual should be referenced.

1.1.2 Bridge Management Unit

Under the supervision of the Unit Chief, this unit is responsible for providing oversight of the
bridge and tunnel inspection procedures utilized by IDOT and local public agencies to ensure
bridge and tunnel safety as required by the National Bridge Inspection Standards (NBIS) and
the National Tunnel Inspection Standards (NTIS) provided in Title 23 of the Code of Federal
Regulations. The Unit Chief is the State Program Manager for bridge and tunnel inspections in
lllinois and is responsible for setting bridge and tunnel inspection policy. The Unit Chief also
ensures that only qualified personnel inspect bridges and tunnels in Illinois. This unit performs
guality assurance reviews of agencies to ensure that agency inspection programs meet the
standards of the NBIS. These agencies include the lIllinois Department of Transportation, the
lllinois State Toll Highway Authority, county, municipal and other state government agencies.
This unit is responsible for the publication of the IDOT Structural Services Manual and
development and maintenance of Section 3 and Section 5 of the IDOT Structural Services
Manual which summarizes the official bridge and tunnel inspection policies for the State of
lllinois. The unit is responsible for assisting with IDOT’s Asset Management Plan. This unit
interacts routinely with FHWA, other units and sections of the Bureau of Bridges & Structures,
central offices, District bridge inspection staff, and local public agencies.

1.1.3 Local Bridge Unit

Under the supervision of the Unit Chief, this unit provides administrative and technical expertise
to local public agencies concerning local bridge matters and assists the Bureau of Local Roads
and Streets during the development of policies and procedures for Local Public Agency (LPA)
bridges. LPA bridge rehabilitation and replacement projects utilizing Federal, State or motor fuel
tax funds, and other local projects requiring IDOT approval by State Statutes, are reviewed by
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the unit during project development to the degree necessary to ensure structural adequacy and
compliance with IDOT policies and procedures. As part of the project review, the unit provides
coordination with the Department of Natural Resources, using information received from the
LPA, to obtain approvals necessary 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. Unit personnel conduct field inspections and perform
analyses to determine the load carrying capacity of existing bridges in response to LPA
requests, or to address changes in bridge conditions routinely reported by LPA inspection
personnel. The unit establishes weight limits for LPA bridges to ensure highway safety, and
assists agencies in developing repairs to improve the condition of LPA bridges or to avoid the
implementation of weight restrictions. LPAs coordinate with the unit, as necessary, 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 training to LPA and consulting engineer personnel. For
additional information related to unit procedures, the IDOT Bureau of Local Roads and Streets
Manual should be referenced.

1.1.4 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 IDOT 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 IDOT 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
across existing bridges to facilitate construction projects is evaluated by this unit, as well as the
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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 IDOT Structure Information and Procedure Manual to ensure compliance
with the bridge safety and inventory provisions of the National Bridge Inspection Standards, and
represents IDOT 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).
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Section 2 Repairs

2.1 General
2.1.1 Purpose and Scope

This section has been developed to assist IDOT personnel and consulting engineers during the
preparation of bridge repair plans. Serviceability and performance history were considered in
the development of the procedures and details presented in this section. The inclusion of
specific details in this section for the repair of every type of structural deterioration or damage
that may be encountered is not possible. In preparing this section, information has been
included for the types of repairs most often required to adequately maintain typical bridge
structures during their service life. The details and procedures provided in this section are
intended to address routine repair requirements and to provide a foundation to assist in the
preparation of unusual repair details.

All structure repair plans for maintenance contracts and Day Labor awards will be subject to the
requirements of this section. The Design and Planning Sections of the IDOT Bridge Manual
should be used as the primary reference when developing plans for bridge rehabilitations and
the details and procedures provided in the Repair Section may be used during the final
preparation of repair details associated with the rehabilitation project.
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2.1.2 General Notes

In addition to the general notes provided in the Design Section of the IDOT Bridge Manual, the
following general notes should be included in repair plans, when applicable.

Page 2-2

NOTE

All new fasteners shall be high strength
bolts. Holes shall be subpunched or
subdrilled 11/16" dia. and reamed in the
field to 13/16" dia. for 3/4" dia. bolts,
unless otherwise noted. Holes shall be
subpunched or subdrilled 13/16" dia. and
reamed in the field to 15/16" dia. for 7/8"
dia. bolts, unless otherwise noted.

The Contractor shall provide support
and/or shoring systems for the slab and
beam in the area of existing beam removal
and at other locations as required in order
to maintain the existing deck profile. The
support and/or shoring systems shall be
approved by the Engineer. Such approval
will  not relieve the Contractor of
responsibility for the safety of the
structure.

After the new beam is in its final position
and/or beam straightening operations
have been completed, the Engineer in the
field shall check to see that the top flange
is tight against the slab. If not, the
Contractor shall inject an approved epoxy
between the existing concrete deck and
the top flange of the beam. Cost to be
incidental to "Furnishing and Erecting
Structural Steel". See special provision for
"Epoxy Injection".

HARD COPIES UNCONTROLLED

APPLICATION

When new structural steel elements are to
be connected to an existing steel
member.

When replacing portions of nhoncomposite
beams without removing the existing deck
slab.

When replacing or straightening a portion
of a noncomposite beam without
removing the existing deck slab. (Cost is
incidental to "Beam Straightening" if
"Furnishing and Erecting Structural Steel"
is not used as a pay item.)
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NOTE

Grind existing nicks, gouges and shallow
cracks in the damaged beams as shown
by the details included in the plans.
Ground surfaces shall be inspected for
cracks using magnetic particle testing prior
to initiating any beam straightening
operations. The cost of grinding and
testing is incidental to "Beam
Straightening”. Any cracks that cannot be
removed by grinding approximately 1/4"
deep shall be identified and reported to the
Bureau of Bridges and Structures for
further disposition.

Existing structural steel shall only be
cleaned and painted as required by the
Special Provision "Cleaning and Painting
Adjacent Areas of Existing Steel
Structures”.

The Inorganic zinc rich primer / Acrylic /

Acrylic Paint System shall be used for

shop and field painting of new structural

steel except where otherwise noted. The

color of the Acrylic finish coat shall be

, Munsell No.

See Special Provision for

"Cleaning and Painting New Metal
Structures".

Any reinforcement bars that are damaged
during concrete removal operations shall
be repaired or replaced using an approved
bar splicer or anchorage system. Cost
incidental to "Concrete Removal".

APPLICATION

All beam straightening projects where
nicks, gouges or shallow cracks may be
present on the damaged beams.

When new structural steel is being
provided and attached to existing
structural steel as part of a repair project.

When new structural steel is being
provided as part of a repair project.

When existing concrete is to be removed
and replaced. (This note may be placed
adjacent to the detail showing concrete
removal.)

2.2 Plan Preparation and Review
2.2.1 Responsibilities

The responsibility for the preparation of plans, special provisions and estimates for Maintenance
Contracts and Day Labor awards rests with the Districts. The plans and special provisions may
be prepared by District personnel or by a consulting engineer. Consulting engineers used for
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the preparation of repair plans and special provisions should be retained by listing the proposed
project in the Professional Services Bulletin.

When repair plans are prepared by District personnel, the Structural Services Section of the
Bureau of Bridges & Structures will prepare the details and special provisions necessary for the
repair of deteriorated structural elements which will be included in a project. The District should
submit a request for the preparation of structural repair details to the Structural Services Section
with the following information:

e Structure Number

e Route Number

e Project Section Number

e County Name

e Marked Route

e Feature Crossed

e Inspection Information

e Bridge Description of Proposed Structural Repairs
e Tentative Letting or Award Date

e Contract Number or Day Labor Project Number

Upon completion of the structural repair details, the Structural Services Section will provide the
District with a copy of the structural repair detail sheets which will be included with the plans
prepared by the District.

When a consulting engineer prepares the repair plans, the consulting engineer is responsible for
the preparation of all repair details, including the structural repair details, necessary to complete
the project.

2.2.2 Preparation Procedures

Bridge Condition Reports, existing fabrication plans and existing design plans should be
consulted prior to commencing repair plan preparation. Plans should be prepared on 24" x 36"
sheets. However, 8 1/2" x 11" sheets may be used for the preparation of repair plans for
projects which are limited in scope and require relatively few repair details. Repair details and
lettering on plan sheets which will be reduced in size for letting or award should be large enough
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for legibility after reduction. The plan presentation guidelines provided in the Design Section of
the IDOT Bridge Manual should also be applied to repair plans.

2.2.3 Review Procedures

All Maintenance Contract and Day Labor plans prepared for the repair or retrofit of existing
structures must be submitted to the Bureau of Bridges & Structures for review. The plans
should be submitted for review prior to their submittal to the Bureau of Design and Environment
for letting or to the Bureau of Operations' Day Labor Section for award. The plans should be
submitted to the Bureau of Bridges & Structures sufficiently prior to the anticipated letting or
award date to allow adequate time for review and revision of the plans. Review time will vary
depending on the size and complexity of the project and on the current workload within the
Bureau. Typically, project plans should be submitted for review a minimum of 90 days prior to
the scheduled date for submittal of the plans, specifications and estimates (PSE) to the Bureau
of Design and Environment for letting. In order for the Bureau of Bridges & Structures to be
able to prioritize the review of projects submitted for review, it is important that each submittal
for review be accompanied by information stating an anticipated letting or award date.

No bridge related repair plans for Maintenance Contracts or Day Labor awards are exempt from
review by the Bureau of Bridges & Structures. All plans, including those for minor operations
such as bridge rail and parapet repairs, slopewall repairs, rip rap placement, standard bridge rail
installation and in-kind removal and replacement of bituminous surfaces must be submitted for
review prior to submittal to the Bureau of Design and Environment or the Bureau of Operations.

Plans prepared by District personnel or consulting engineers for bridge maintenance or repair
projects will be reviewed by the Structural Services Section of the Bureau of Bridges &
Structures and should be submitted to:

To: Bureau Chief of Bridges & Structures
Attn:  Section Chief of Structural Services

Plans prepared by consulting engineers for bridge replacement or rehabilitation projects will be

reviewed by the Design Section of the Bureau of Bridges & Structures and should be submitted
to:
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To: Bureau Chief of Bridges & Structures
Attn:  Section Chief of Design

In most situations, maintenance and repair projects may be categorized as those projects for
which a Type, Size and Location Plan (TSL) was not prepared. Project plans developed without
the initial preparation of a TSL should be submitted to the Structural Services Section. After the
submittal of the plans, if the scope of the project is determined to be rehabilitation rather than
maintenance or repair, the Structural Services Section will forward the plans to the Design
Section for review.

2.3 Inspections
2.3.1 Responsibilities

The District is responsible for the inspections required to produce repair plans prepared by
IDOT personnel. The inspections should include the collection of information describing and
locating the deterioration or damage. The Bureau of Bridges & Structures will provide
assistance to the Districts during inspections, when requested to do so by the District.
Assistance by Bureau of Bridges & Structures personnel will be limited to providing guidance to
District personnel during the inspection on the collection of data required to adequately
determine the extent and nature of the repairs needed. Also, the Bureau of Bridges &
Structures may provide the District with inspection equipment and operating personnel when
inspection scheduling does not conflict with other Bureau responsibilities.

2.3.2 General Deterioration

The information collected during the inspection of deteriorated structures should include a
framing plan and detailed sketches of the affected members. The framing plan should indicate
the locations of the deteriorated areas on the structure. The sketches should be dimensioned to
show the extent and the location of the deterioration relative to a fixed point of reference, such
as the end of the member. An estimate of the maximum amount of section loss should be given
and the size and location of any corrosion holes, cracks and areas of section loss in the
member should be shown on the sketch. Figure 2.3-1 shows a sample framing plan and sketch
documenting the location and extent of structural deterioration. Photographs of all deteriorated
locations requiring repairs should also be provided.
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During an inspection, particular attention should be given to the structural elements in the area
of existing deck drains and expansion joints. Also, personnel inspecting tension members
should be alert for the presence of tack welds and plug welds.

When inspecting abutments and piers to determine areas of unsound concrete, an effort should
be made to determine the depth of concrete deterioration. The depth of unsound concrete can
be determined using a chipping hammer, masonry drill or concrete cores. When the depth of
deterioration exceeds 12 inches, or significantly reduces the effective size of the member, a
structural evaluation is needed to determine repair requirements. The length and size of all
cracks in substructure units should be determined. Although hairline cracks are not repaired,
they should be recorded in the inspection sketches and designated as "hairline”. An example
inspection sketch showing areas of deterioration is shown in Figure 2.3-2.
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Figure 2.3-1 — Documentation of Structural Steel Deterioration
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2.3.3 Impact Damage - Steel Structures

The inspection of steel beams or girders which have been struck by a vehicle is the first
procedure necessary in determining whether to repair or replace a damaged beam. Depending
on the extent of the damage, the beams may be replaced, straightened or straightened and
retrofitted. In many cases the need for beam replacement is obvious, however, a beam may be
damaged to a degree where visual observation alone is not sufficient to determine repair or
replacement requirements. In order to more accurately determine if a beam can be
straightened or must be replaced, measurements of impact deflection must be obtained. The
measurements of the damage should be done in accordance with the guidelines presented in
the National Cooperative Highway Research Program (NCHRP) Report 271 (Guidelines for
Evaluation and Repair of Damaged Steel Bridge Members), with the following exceptions.
NCHRP Report 271 indicates that deflection measurements should be obtained for the entire
length of the beam where impact deflections have occurred. However, it has been found that it
iS not necessary to obtain deflection information for the entire deflected length of the beam
when determining repair requirements. In order to reduce traffic lane closure time and the
length of time inspection crews are exposed to traffic, measurements of vertical and horizontal
beam flange deflection should typically be obtained at horizontal intervals of 3-inches for a
distance of 2-feet on each side of the point of maximum displacement. This point is usually
located at the point of impact where the highest local strains have occurred in the beam. Also,
vertical and horizontal flange deflections should be obtained at horizontal intervals of 3-inches
for a distance of 4-feet from the center of any deflected beam splice toward the adjacent
substructure unit. Horizontal web deflections should also be measured at 2-inch vertical
intervals for the depth of the web at the most severely deflected web section and adjacent to a
deflected beam splice. Additional measurements of the web deflection should then be taken in
a similar manner at a location 3-inches each side of the most severely deflected web section.
The deflection measurements of the flange and web described above need not necessarily be
the total deflection which has occurred relative to the beam's original position at the points being
measured. The deflections being measured at 2 or 3-inch intervals must be measured relative
to a common reference plane which is approximately parallel to the original location of the
undamaged beam. Figure 2.3-3 illustrates the recording of localized impact deflections for steel
beams and girders.
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In addition to the localized impact deflection information, an overall description of the extent of
damage and existing beam conditions should be provided. This should consist of photographs,
sketches and framing plans of the beams and diaphragms showing:

the location of impact on the beams which were hit.

2. the extent of impact deflection along each damaged beam referenced to a fixed point on
the structure or the point of impact.

3. the location of damaged diaphragms or crossframes and the connecting angles or
plates.
the location and dimensions of cracked welds and flange or web gouges.

5. the location and extent of damage to the concrete slab or fillet encasing the top flange of
the beam.

6. any factors or conditions (such as utilities, clearances or beam deterioration not related
to the impact) which must be considered during the preparation of repair plans.

An example framing plan recording impact damage information is shown in Figure 2.3-4. Figure
2.3-5 illustrates the documentation of damage to the concrete fillet encasing the top flange of a
noncomposite beam. Also, a cross section of each damaged beam should be provided

showing:

1. the maximum horizontal and vertical impact deflection of the beam.
2. the maximum rotation of the flange.

Figure 2.3-6 illustrates the documentation of maximum beam distortion.

June 2017 HARD COPIES UNCONTROLLED  Page 211



Structural Services Manual Section 2 - Repairs

Structure No. _ _ _ _ _ _ _ _
Beam NO: viva wrava wrave wra
Date

Bottom Flange

rrt rr

~— Point of Max. Displacement
8 spa. at 3 = 2-0” 8 spa. at 3 = 2-0”

4 P 01/

HORIZONTAL DISPLACEMENT

Bottom Flange

— — —_— -
~— Point of Max. Displacement
8 spa. at 3 = 2-0” 8 spa. at 3 = 2-0"
4’_0/'
VERTICAL DISPLACEMENT
cCC/—— | — | | — |
) ) )
S S S
(%] 0 n
L5 JE—— o J—— [+ p—
o o o
S — S — S —
% — » — %) —
SECTION AT 3 ( ) OF SECTION AT MAX. SECTION AT 3 ( ) OF
MAX. DISPLACEMENT DISPLACEMENT MAX. DISPLACEMENT

Figure 2.3-3 — Impact Damage Steel Beams
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Figure 2.3-5 — Impact Damage Steel Beams Broken Fillets
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Figure 2.3-6 — Maximum Displacement of Impact Damaged Steel Beam or Girder
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2.3.4 Impact Damage - Concrete Structures

The inspection of impact damage to concrete structures should include information locating all
cracks and areas of substantial section loss. This usually requires an elevation view of each
side of the beam and a view of the bottom of the beam marked to show crack and section loss
locations relative to a fixed point of reference as illustrated in Figure 2.3-7. The approximate
width of cracks should be provided and the depth, width and length of areas of section loss
should be defined. The location of exposed reinforcement bars or prestressing strands should
be noted. Information giving the location, size and number of any severed reinforcement bars
or prestressing strands should also be provided. Photographs of the damaged areas should be
submitted with the inspection information. In addition to the above information, a framing plan
showing information such as the point of impact and the location of damage to diaphragms
should be included with the inspection data. An example framing plan recording impact damage
on a concrete structure is illustrated in Figure 2.3-8.
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Figure 2.3-7 — Details of Impact Damaged PPC | Beams
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2.3.5 Inspection Photographs

Colored photographs should be taken of all deteriorated or damaged members to be repaired.
The photographs submitted with inspection data should be of original quality and permanently
attached to 8 1/2” x 11” pages with, depending on the size of the photographs, two or four
photographs per page. The date the photographs were taken and the structure number of the
bridge should be shown on each page of photographs. The location on the structure where the
photograph was taken should be written on the page directly below each photograph (rather
than on the back of the photograph) with an indication of the photograph’s direction of view
(such as “Looking North”). The recommended format for mounting inspection photographs
submitted to the Bureau of Bridges & Structures with requests for the preparation of repair plans
is illustrated in Figure 2.3-9 and Figure 2.3-10.

2.3.6 Nondestructive Testing
When evidence of cracking in a steel member is found during an inspection, nondestructive
testing should be performed to confirm the presence of the crack and to determine the extent of

the cracking. The most frequently used forms of nondestructive testing employed during an
inspection to identify cracking are dye penetrant testing and magnetic particle testing.
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Figure 2.3-9 — Recommended Picture Format for Submittal with Repair Plans Request
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Figure 2.3-10 — Recommended Picture Format for Submittal with Repair Plans Request
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2.4 Bridge Deck Overlays
2.4.1 Overlay Types
Bridge deck overlays will typically consist of one of the following alternates:

1. Bituminous concrete with a waterproofing membrane system.
2. Microsilica or latex modified concrete.
3. Reinforced concrete

The type of overlay used for a project is chosen by district personnel based on cost, availability
and experience with the overlay types. The IDOT Guidelines for Bridge Deck Repair Projects,
developed and distributed by the Planning Section of the Bureau of Bridges & Structures,
should be used to assist in the planning and design of all bridge deck overlay projects.
However, the expansion joint replacement details and longitudinal joint replacement details
shown in this Repair Section should take precedence over similar details shown in the IDOT
Guidelines for Bridge Deck Repair Projects.

2.4.2 Bridge Condition Reports

The Bridge Condition Report for Deck Repairs (BCR-DR) requirements presented in the IDOT
Guidelines for Bridge Deck Repair Projects apply to all Federal or State Funded projects.
Bridge deck overlay projects using only Maintenance Funds do not require the preparation and
submittal of a formal BCR-DR. However, District personnel should use the procedures
presented in the guidelines for the survey and evaluation of an existing bridge deck when
planning an overlay project using Maintenance Funds.

2.4.3 Deck Patching

Prior to the placement of an overlay, a deck survey is necessary to identify areas of the existing
deck which require repair before the overlay can be placed. The date of the most recent
delamination survey should be shown in the project plans on the sheet showing the deck
patching locations or delamination survey plot. When more than one winter is expected to occur
between the last delamination survey and the projected date of the commencement of deck
patching operations, another delamination survey should be performed prior to the submittal of
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repair plans for review. It is preferred that the anticipated partial and full depth deck slab repair
areas be shown on a plan view of the deck and included in the plans. When the deck slab
repair areas cannot be predicted, then the deck survey data and how it relates to potential
partial and full depth deck slab repairs should be shown in the plans. In all cases deck plan
views should be shown of adequate size to allow the Engineer to record the location of the
actual deck slab repairs on the as-built plans. The plans should include a note instructing the
Engineer to record the deck repair areas in order to document as-built conditions for future
reference.

Except for locating the anticipated patching areas in a plan view, specific details for partial and
full depth patching are not required to be shown in the plans. Instructions for deck patching are
included in the special provision for “Deck Slab Repair”.

When the existing superstructure consists of a reinforced concrete slab, reinforced concrete
deck girder or other type of superstructure where the deck functions as a component of the
main load carrying members of the bridge spans, partial and full depth deck patching should be
avoided. When patrtial or full depth patching is necessary on these types of structures, the size,
locations and extent of the deck patching must be evaluated to determine if temporary shoring
must be placed under portions of the superstructure until the deck patching concrete has
obtained the required load carrying capacity.

2.4.4 Effect on Structure

The Bureau of Bridges & Structures should be contacted to evaluate the effect of overlay
projects on the overall load carrying capacity of the structure. The load carrying capacity of a
structure will be evaluated during the review of the BCR-DR. When a BCR-DR is not required
for a project, the Structural Services Section should be contacted to evaluate the effect of the
overlay on the structure. This contact for evaluation is also necessary for bridges included with
roadway resurfacing projects where the District plans to scarify the existing wearing surface on
a bridge deck and/or place a new wearing surface on the bridge.

When a bridge deck overlay project requires the removal of the existing deck concrete over a
large area to the level of the existing top reinforcement bars of a reinforced concrete slab
bridge, special precautions are necessary to maintain the structural load carrying capacity of the
structure. The Bureau of Bridges & Structures should be contacted by District personnel for

June 2017 HARD COPIES UNCONTROLLED  Page 223



Structural Services Manual Section 2 - Repairs

assistance in determining what measures should be taken to ensure the structural integrity of
reinforced concrete slab bridges when the method of deck removal specifies that the top
reinforcement bars are to be exposed or deck patching is required. The measures typically
taken will require that:

1. the superstructure be supported from below during the scarification and overlay
operations.

2. the full and partial depth slab repairs be completed and cured prior to scarification
operations.

3. the existing reinforced concrete slab be scarified and overlaid in segments following a
predetermined sequence.

Details associated with the sequential concrete surface removal and overlaying of a reinforced
concrete slab bridge are shown in Figure 2.4-1.
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Figure 2.4-1 — Sequential Scarification and Overlaying of a R.C. Slab Bridge
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2.4.5 Bituminous Concrete Overlays

A bituminous concrete overlay can be used to replace an existing bituminous concrete wearing
surface or to protect an existing bare concrete deck. A waterproofing membrane system is
always required when using a bituminous concrete overlay. The minimum thickness of the
bituminous overlay to be placed, not including the 1/2 inch waterproofing, should be 1-1/4
inches for a minimum total thickness of 1-3/4 inches. When replacing an existing bituminous
concrete overlay, the scarification of the existing overlay should not extend into the existing
waterproofing membrane if the waterproofing is to remain in place. If the existing waterproofing
system is to be removed and a new waterproofing membrane system applied to the deck, the
scarification of existing overlay should not extend into the surface of the concrete deck. Also,
an existing bare concrete deck should not be scarified prior to the application of the
waterproofing membrane system, but the deck should be cleaned using methods which will not
roughen the surface. Waterproofing membrane should always be extended across construction
joints in the deck at locations where the deck has been patched or replaced. When removing
existing bituminous concrete surfaces and existing waterproofing systems, the existing plans
and other records should be consulted to determine if any hazardous materials, such as
asbestos, were used. If hazardous materials were used in the existing overlay, containment of
the materials during removal and proper disposal will be necessary.

2.4.6 Microsilica, Plasticized Dense, or Latex Concrete Overlays

Microsilica, plasticized dense, and latex concrete should be placed with a minimum thickness of
2-1/4 inches on a roughened or scarified concrete surface. A maximum overlay thickness of 3
1/2 inches may be placed without the inclusion of reinforcement bars or wire mesh. Existing
concrete decks, to which microsilica, plasticized dense, or latex concrete is to be applied,
should be scarified a minimum of 1/4 inch to remove all waterproofing membrane and to provide
a roughened surface. When microsilica, plasticized dense, or latex concrete is used to overlay
a precast prestressed concrete deck beam superstructure, the minimum overlay thickness,
reinforcement bar requirements and scarification limitations specified for Reinforced Concrete
Overlays should be used.
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2.4.7 Reinforced Concrete Overlays

Reinforced concrete overlays may be a minimum of 4 inches in thickness. However, a minimum
concrete overlay thickness of 5 inches should be used when the additional dead load will not
adversely affect the load carrying capacity of the structure. Also, a minimum overlay thickness
of 5 inches will facilitate the embedment of rail post anchors in the overlay if necessary.
Reinforcement bars or wire mesh providing a minimum cross sectional area equivalent to no. 4
bars at 12 inch centers, in both the longitudinal and transverse directions, should be
incorporated in the overlay to prevent and control cracking.

Except when placed on a precast prestressed concrete deck beam or precast concrete bridge
slab superstructures, the concrete surface on which the reinforced concrete overlay will be
placed should be scarified a minimum of 1/4 inch. All existing wearing surface, waterproofing
and foreign material must be removed from the surface receiving the overlay.

2.4.8 Overlaying Precast Superstructures

The top surface of precast prestressed concrete deck beams and precast bridge slabs
superstructures should be prepared by scarifying only the wearing surface and removing any
waterproofing or foreign material using hand methods and shotblasting. The top surface of the
original precast should not be scarified.

The thickness of an overlay on a precast prestressed concrete deck beam superstructure will
vary parallel to the centerline of the bridge in order to match the profile grade of the roadway
and to account for the camber in the beams. A profile of the overlay should be shown in the
plans to clarify the relationship of the overlay thickness to the profile grade and beam camber as
illustrated in Figure 2.4-2.

Figure 2.4-3 shows the use of a preformed joint seal at an expansion joint reconstruction with

concrete overlay.

In order to control cracks in the area of the overlay located over a fixed pier, a relief joint should
be installed in the overlay over the pier. Figure 2.4-4 illustrates the use of a formed joint with
sealer to control overlay cracking over a fixed pier. This detail is used with overlay on existing
PPC Deck Beams.
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Figure 2.4-2 — Concrete Overlay Profile on PPC Deck Beams
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Silicone Sealant suitable for Structural Steel.

Figure 2.4-3 — PPC Deck Beam Expansion Joint Reconstruction with Concrete Overlay
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Figure 2.4-4 — PPC Deck Beam Fixed Joint Reconstruction with Concrete Overlay
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2.5 Expansion Joint Replacements
2.5.1 General

The replacement of expansion joints is a common maintenance operation necessary to prolong
the life of a structure. This operation is usually required due to: the structural failure of the joint,
the joint no longer provides protections for the structural elements below against exposure to
drainage from the deck; or the joint opening has closed and is restricting the normal expansion
of the structure. Before preparing plans to replace closed expansion joints it is necessary to
determine the cause of the closure to avoid a recurrence after the new expansion joint is
installed. If the cause of the joint closure is not apparent or easily correctable, the Bridge
Investigations and Repair Plans Unit of the Structural Services Section of the Bureau of Bridges
& Structures should be contacted for assistance.

2.5.2 Joint Type Selection

When replacing an expansion joint, the selection chart provided in the Design Section of the
IDOT Bridge Manual should be used to select the type and size of the replacement joint. Joint
types not shown in the Design Section of the IDOT Bridge Manual joint selection chart or which
have not been tested and approved for general use by IDOT should not be used unless the
Bureau of Bridges & Structures and the Bureau of Materials and Physical Research have
concurred in the use of the joint on an experimental basis. A joint type which is not in the IDOT
Bridge Manual, but is approved as an alternate to the Preformed Joint Sealer and Neoprene
expansion joints up to 3 inch width is the Silicone Joint Sealer. Figure 2.5-1 shows the sealer
being used with the same plates and studs which are utilized in the Preformed Joint Sealer. An
optional, preferred method for the sealer is illustrated in Figure 2.5-2 where a polymer concrete
nosing protects the joint edges. Silicone Joint Sealers larger than 3 inch width are considered
experimental.

2.5.3 Existing Armoring Steel
The existing steel armoring elements anchored in the ends of the PPC deck beams or cast-in-
place decks can often be reused and incorporated into the details for the replacement joint

when the concrete in the area of repair is sound and will not be removed. When these existing
steel elements are found to be loose, re-anchorage of the steel elements can be achieved by
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drilling through the steel element and into the beam, installing epoxy grouted threaded rods and
bolting the steel element firmly in position. Also, voids under the existing steel elements can be
repaired by injecting epoxy under the steel element in the area of the voids. These procedures
are illustrated in Figure 2.5-3 and require the placement of a concrete overlay in the area of the
deck adjacent to the armoring elements. When the grade is raised at an expansion joint with
existing armoring steel, the steel can be retrofitted as shown in Figure 2.5-4 and Figure 2.5-5.
In these details the grade is raised by the thickness of the new bituminous wearing surface or
concrete overlay.
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Silicone Joint Sealer

"

13
34

w_

~
N

T

0

)
N

at
50° F.

* E 34 ” X 71'
Fabricate to crown.

a

0

1

Backer rod having a
diameter 25X greater
than joint opening at
the time of installation.

SILICONE JOINT SEALER DETAIL

l_7/s “® Holes at 12'°cts. for

359 bolts. All bolts shall be

burned, sawed or chipped
of f flush with the plates
after forms are removed.

DESIGN CHART

3,9 x 8 Granular or solid

flux filled headed studs conforming
fo Article 1006.32 of the Std. Specs.
automatically end welded at 12°° alt. cts.

Length Contributing to Expansion | 0°-40° | 40°-80°

80°- 120’

120°- 160’

160°- 200’

Joint Opening at 50° F

1” 112 i

2%

v

Steel.

Steel.

* Furnish in segments of 20 fi. maximum
length. Maximum space between installed
segments shall be 3"
Silicone Sealant suitable for Structural

Seal space with

Note: After fabrication all surfaces of the
steel plates shall be given one shop
coat of paint specified for Structural

No field painting required.

Figure 2.5-1 — Silicone Joint Sealer with Steel Plates
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Silicone Joint Sealer

Iﬂ)/ymer concrete
nosing

Backer rod having a
diameter 25X greater
than joint opening at
the time of installation.

SILICONE JOINT SEALER DETAIL

DESIGN CHART

Length Contributing to Expansion | 0°-40° | 40°-80° | 80'-120° |120°- 160°|160°- 200°

Joint Opening at 50° F 1 15 2" 25 3

Figure 2.5-2 — Silicone Joint Sealer with Polymer Concrete Nosing
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5%® Threaded Stainless Steel Anchor
Rod & Nut (with flat washer & lock washer)
epoxy grout at *12°" cts. (If used in
conjunction with neoprene joint, space
to match Joint anchor bolt pattern.)

Pressure grout under angle,
if req’d. (See Notes)

(gl } = =4 Z = = =
1 % —— Overlay
E xisting LS Y N A A
— [
armoring (=
steel " N
W
' S
End of P.P.C. Deck
Beam or poured in |
place concrete deck
o N\

Notes: Loose angles will be bolted to the end of the deck or P.P.C. deck beams by
field drilling holes through the existing angles and epoxy grouting threaded rods
into the deck.

If the existing angles sound loose after the epoxy grouted rods are in place,
holes will be drilled through the angles and epoxy injected under the angles.

Figure 2.5-3 — Re-Anchoring Existing Loose Expansion Angles
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New Bituminous Joint T :

: ype as required to .
Wearing Surface accommodate expansion Ses . Derall. A
or Concrete Overlay

A%
Existing ", s '

Slab

]

]

]

1

)

«‘.@ R
Y%

¢ Brg. —=

SECTION AT ABUTMENT

b x b bars r Jep 12" at 6" cts.
if new PJS

DETAIL A

* Re-anchoring of existing angles may be
required. See Figure 1.5.3-1

*® t = Thickness of Bituminous Surface or
Concrete QOverlay.

Figure 2.5-4 — Expansion Joint Treatment with Grade Raise and Existing Angles
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New Bituminous

: Joint Type as required to .
Wearing Surface accommodate expansion Ses . Derall. A
or Concrete Overlay

\ J
E xisting E = ‘g—g' =3 !
Slab e = 3% * T,
-'_-'_-'_-'_-'_—'_\'_ o B4 '_I L 1 8
(g P P }
¢ N oo
N v EE 2 EFhElE
I CECL )
e 1 1 3y !
¢ Brg. —=
SECTION AT ABUTMENT
3 s l’ b
AR L x L bars r 1" at 6 cts.
if new PJS 3V
Remove concrete as
needed for access \
______,3\ /{;_-_-.—
IJ"-"N /l------u
> - S IIN A DI IL
® iy
b Existing plate
DETAIL A
* t = Thickness of Bituminous Surface or
Concrete Overlay.
Figure 2.5-5 — Expansion Joint Treatment with Grade Raise and Existing Plates
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2.5.4 Concrete Deck on Multi-Beam System

The most common type of expansion joint replacement involves the removal and replacement of
a portion of a reinforced concrete deck slab which rests on a multi-beam support system. A
minimum 2’-0” of deck slab and parapet removal and replacement is required. The deck slab
removal should be sufficient to include the entire thickened (corbel) area of the deck slab in the
area of the joint. This will require more than the minimum 2’-0” of deck slab removal and
replacement in many situations.

The longitudinal reinforcement bars in the area of slab, curb, sidewalk and parapet removal
should remain in place and should be cleaned and incorporated into the new construction. The
existing reinforcement bars placed parallel to the end of the deck should be removed and new
reinforcement bars should be provided. Also, the existing vertical reinforcement bars in the curb
and parapet areas should be removed and replaced.

The details, which should be incorporated in expansion joint replacements for deck slabs on

multi-beam systems, are illustrated in Figure 2.5-6 for steel beams and Figure 2.5-7 for PPC |
beams.
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into new construction.

Figure 2.5-6 — Joint Reconstruction for Steel Beams
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Figure 2.5-7 — Joint Reconstruction for PPC | Beams
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2.5.5 Reinforced Concrete Deck Girder

Another type of superstructure often encountered during an expansion joint replacement project
is the cast-in-place reinforced concrete deck girder (T-beam). The same slab removal and
replacement requirements specified for multi-beam bridges should be used except that the
depth of the deck slab removal in the area directly over the girders should be limited to the
minimum depth of the deck slab rather than the thickened (corbel) end area of the slab. This
difference in concrete removal limits is illustrated in Figure 2.5-8.

The existing reinforcement bars should be incorporated into the new construction or replaced in
a manner similar to that specified for deck slabs on multi-beam systems. Figure 2.5-9 and
Figure 2.5-10 illustrate detail for expansion joint replacement associated with reinforced
concrete deck girders.
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Figure 2.5-8 — R.C. Deck Girder Concrete Removal
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Figure 2.5-9 — R.C. Deck Girder Joint Reconstruction (Full Removal)
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Figure 2.5-10 — R.C. Deck Girder Joint Reconstruction (Full Removal)
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2.5.6 Reinforced Concrete Slab

For reinforced concrete slab bridges, the concrete removal, concrete replacement and
reinforcement bar requirements given for multi-beam bridges is preferred. In addition, if the
ends of the existing longitudinal reinforcement bars in the bottom of the slab are not hooked,
new hooked bars should be provided and lapped with the existing unhooked bottom longitudinal
reinforcement bars in the area of slab removal and replacement. Figure 2.5-11 shows details
for the removal and replacement of the end of a reinforced concrete slab during the replacement
of an expansion joint.

Although not preferred, a limited partial-depth removal area in the immediate area of the joint
can be utilized if inspection indicates that the slab concrete that will remain in the area of the
joint is sound and analysis shows that the reduced end area is structurally adequate to support
the structure during the joint replacement operations without need for temporary support. Refer
to Figure 2.5-12 for details of partial slab removal and replacement.
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Figure 2.5-11 — Joint Reconstruction for R.C. Slab (Full Removal)
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See Figure 1.5.6- 1

Figure 2.5-12 — Joint Reconstruction for R.C. Slab (Partial Removal)

June 2017 HARD COPIES UNCONTROLLED

Page 2-47



Structural Services Manual Section 2 - Repairs

2.5.7 Precast Prestressed Concrete Deck Beams

When replacing an expansion joint on a PPC deck beam bridge, the existing structure plans
should be consulted to determine if the ends of the beams were originally fabricated with 9”x10”
blockouts for the placement of cast-in-place concrete in the field during construction. If
blockouts were provided, the original cast-in-place can be removed and replaced in conjunction
with the expansion joint replacement as shown in Figure 2.5-13. All existing reinforcement bars
and anchorage devices within the existing blockout areas of PPC deck beams which extend into
the precast concrete beam should be cleaned and incorporated into the new construction. The
existing reinforcement bars placed parallel to the expansion joint in the area of the blockout
should be removed and replaced with new reinforcement bars. If the existing PPC deck beams
were not fabricated with blockouts, concrete removal should be limited in depth to the top layer
of the existing reinforcement bars at the ends of the PPC deck beams.

When an existing bituminous concrete overlay is being replaced in-kind, the existing steel
armoring elements cast into the beams should be reused as part of the new expansion joint
details, as shown in Figure 2.5-14. The details shown in Figure 2.5-15 should be utilized to
provide a modified armoring element for small preformed joint sealer type joints, when a new
reinforced concrete overlay is placed on PPC deck beams. Occasionally, a neoprene
expansion joint must be used in lieu of a preformed joint seal in order to accommodate the
geometry encountered at an existing expansion joint.

When installing a neoprene expansion joint on an existing PPC deck beam, shimming is often
necessary to place the top of the joint at the proper elevation relative to the roadway surface.
This can be accomplished using a polymer concrete as the shimming material as shown in
Figure 2.5-16.
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Figure 2.5-13 — PPC Deck Beam Joint Reconstruction (Blockout Removal)
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Figure 2.5-14 — PPC Deck Beam Joint Reconstruction

Page 250  HARD COPIES UNCONTROLLED  June 2017



Structural Services Manual Section 2 - Repairs

(.’:n — Son Datall A ?(,' " Reinforced
. /\[_ gsnc/rele
a a 2 d R, eria
TN = e — y
L W S
0#6 (E) bars b ] R )
d i I’ ¢ & g
I — : i I| #4 (E) bars\ |#4 (E) barss ol ®
. " 1 ‘ot 127 cts. ot 12" cts. | S|y
d | Fun wiatn 2|3
A b el W
2
i gl - = = - - - | —L
Existing 1 q - N
Reinforcement I I le— € Brg.
1 ﬂ'l 1 ~ !
SECTION AT ABUTMENT
Minimum bar lap for #4 bars = 1'-4*
]34 7 a’ » 3 3
50° F E .4 X 4% 7/6 ‘“® Holes at 12'cts. for
Fabricate to crown. 339 bolts. All bolts shall
Preformed Jt. Seal (2'5") be burned, sawed or chipped
off flush with the plates
:v after forms are removed.
: N LV
S o
Q SRR
L. -~
D ﬂ ElSs 55 _Top of Concrete
o|§ S8 \Deck Beam
.4 @x
! - - -
‘ 1
=L 39 x 8 Granular or solid
R LA flux filled headed studs conforming
2" x 2" Bars " | to Article 1006.32 of the Std. Specs.
(32” from top of plate) i 7 automatically end welded at 12 cts.
36 x 12" Fillet Weld
at 6 cts. g
DETAIL A

* Furnish in segments of 20 ft. maximum
length. Maximum space between installed
segments shall be 3. Seal space with
Silicone Sealant suitable for Structural
Steel.

Note: After fabrication all surfaces of the
steel plates shall be given one shop
coat of paint specified for Structural
Steel. No field painting required.

Figure 2.5-15 — PPC Deck Beam Expansion Joint Reconstruction with R.C. Overlay
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Figure 2.5-16 — PPC Deck Beam Joint Reconstruction (Neoprene)
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2.5.8 Concrete Removal Limits and Reinforcement Bar Lapping

Regardless of the type of structure, expansion joint replacements should extend across the
entire (out-to-out) width of the structure. The replacement joint should effectively seal the
existing curb, sidewalk and parapet in a manner similar to new construction. Bonded
construction joints should be provided between the existing concrete slab or beam and the
replacement concrete.

An approved bar splicing device or anchorage system should be used to install new longitudinal
reinforcement bars in deck slabs, slab bridges or new end block reinforcement in PPC deck
beams, when the existing reinforcement bars do not extend a sufficient distance into the new
construction or cannot be salvaged. Provisions should also be made for lapping or splicing
reinforcement bars which extend across a stage construction joint.

Refer to Figure 2.5-17 for a general illustration of concrete removal limits and reinforcement bar

treatment requirements. A similar detail should be included in all repair plans for joint
replacements.
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Figure 2.5-17 — Plan of Reconstruction
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2.5.9 Steel Finger Plate Joint

When developing plans for the installation of steel finger plate joints, the information shown in
the existing design plans and shop plans should be verified. Construction delays can occur
when existing diaphragms or beam ends are found at different locations or elevations than
those indicated by the existing plans. In order to avoid necessity to refabricate or redesign the
joint during construction, the District should provide the engineer designing the joint with field
measurements showing the location of the existing diaphragms, beam ends and bearings
relative to the proposed joint opening and top of deck. Figure 2.5-18 and Figure 2.5-19 indicate
typical dimensions which are critical for the accurate detailing of steel finger joint replacement
plans. When the grade is raised at a finger plate expansion joint, the joint can be retrofitted as
shown in Figure 2.5-20.

A note should be added to the plans as follows: Tapered shims shall be added under the stools
as required by the Engineer to make a smooth finger joint. Cost shall be included in the cost of

“Furnishing and Erecting Structural Steel”.

Concrete deck removal shall consist of 3’-6” minimum on each side of the centerline of the joint
to allow room for the placement of the new finger plate and reinforcement bars.

2.5.10 Existing Neoprene Joint
When raising the grade at a neoprene expansion joint, the joint can be retrofitted as shown in

Figure 2.5-21. In these details the grade is raised by the thickness of the new bituminous
wearing surface or concrete overlay.

June 2017 HARD COPIES UNCONTROLLED  Page 255



Structural Services Manual Section 2 - Repairs

Struclure NO. =:x = wns o e

Temperalure . . ac c'c « - =
DAt zrwvs wrore crvevs v
i: —
e
~ s
N\ A\
e
e

Figure 2.5-18 — Finger Joint Field Dimensions (At Abutment)
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Figure 2.5-19 — Finger Joint Field Dimensions (At Pier)
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Figure 2.5-20 — Expansion Joint Treatment with Grade Raise and Existing Finger Plates
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Figure 2.5-21 — Expansion Joint Treatment with Grade Raise and Existing Neoprene
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2.6 Longitudinal Joint Closure
2.6.1 General

Maintaining an effective seal against the intrusion of water, chlorides and other contaminants
through a leaking longitudinal deck joint is very difficult. The beams or girders supporting the
deck are often adversely affected by moisture and deicing agents passing through poorly sealed
longitudinal joints. One solution to the problem of a leaking longitudinal joint is the removal of
the existing joint seal along with a portion of the adjacent concrete deck and the construction of
a new segment of continuous reinforced concrete deck (without a sealed longitudinal joint).
This method of eliminating the leaking longitudinal joints can be applied to all concrete
superstructures with out-to-out deck width of 90 feet or less. The Bureau of Bridges &
Structures should be consulted when considering the closure of an existing longitudinal joint on
a superstructure with an out-to-out of deck width greater than 90 feet.

2.6.2 Concrete Removal Limits

The width of the existing deck to be removed will depend on the distance between the beams or
girders adjacent to the joint. The width of the removal of the existing concrete deck should be
limited so that the deck removal does not extend beyond the centerline of the adjacent beam or
girder. When the existing superstructure is a reinforced concrete deck girder, the removal
should not extend beyond the stirrup reinforcement bars of the girder adjacent to the existing
longitudinal joint. When shear stud connectors are present on the existing beams or girders, the
limits of removal should be adjusted so that the remaining and new concrete will adequately
encase the shear studs. These requirements are illustrated in Figure 2.6-1. When the existing
superstructure is a reinforced concrete slab bridge, removal of the edge beam at the longitudinal
joint will require temporary shoring and cribbing at the expansion bents if the slab was
supported on bearings.

Bonded construction joints should be specified for the joints between the existing concrete deck
and the new construction. When a bituminous concrete surface and waterproofing membrane
system will be placed on the deck, the waterproofing membrane should extend a minimum of 6
inches across the construction joint in the deck.
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2.6.3 Reinforcement Bar Treatment

The length of existing transverse reinforcement exposed by the deck removal should be
checked to determine if it can be lapped with the new transverse reinforcement bars sufficiently
to develop the capacity of the reinforcement bar. When deck removal is limited and the
transverse reinforcement bars cannot be lapped to develop the full reinforcement bar capacity,
the new bottom transverse reinforcement bars should be hooked at each end.

All exposed existing longitudinal reinforcement bars should be removed and replaced. Existing
transverse reinforcement bars should remain in place and should be cleaned and incorporated
into the new construction. All new reinforcement bars should be epoxy coated. The typical
features to be incorporated in a longitudinal joint closure are shown in Figure 2.6-2, Figure
2.6-3, and Figure 2.6-4 for a project without an existing deck overlay, with and existing
bituminous concrete overlay and with a proposed overlay respectively. Figure 2.6-5 shows a
longitudinal joint closure for a reinforced concrete girder bridge with an overlay.

For a reinforced concrete slab bridge, new longitudinal reinforcement should be added to match

the size and spacing of the reinforcement of the existing slab section adjacent to the edge beam
being removed. See Figure 2.6-6.
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Figure 2.6-1 — Longitudinal Joint Removal Limits
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Figure 2.6-3 — Longitudinal Joint Reconstruction with Existing Bituminous Overlay
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Figure 2.6-4 — Longitudinal Joint Reconstruction with New Overlay
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Figure 2.6-5 — Longitudinal Joint Reconstruction with R.C. Deck Girders
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Figure 2.6-6 — Longitudinal Joint Reconstruction with R.C. Slab
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2.6.4 Diaphragms / Crossframes

Diaphragms or crossframes should be installed, when not already in place, between existing
steel beams or girders adjacent to the existing longitudinal joint being closed, except that end
diaphragms and diaphragms directly over interior piers are not required. When the distance
between the beams adjacent to the longitudinal joint is 4 feet or less and traffic on the deck will
be far enough away from the longitudinal joint so as not to cause excessive differential live load
deflection in the beams during the joint reconstruction, the installation of diaphragms is not
required. To ensure a minimum amount of live load deflection in beams without diaphragms
adjacent to longitudinal joints, traffic should be kept at least three beam spaces away from the
beams adjacent to the longitudinal joint during placement and curing of the closure slab.

The diaphragms or crossframes and their connections should be detailed to account for the
installation difficulties presented by small beam or girder spacing and dimensional variations for
existing members typically encountered. This typically requires that end attachment angles be
field bolted to the diaphragm using slotted or oversized holes during installation and that the
flanges of the diaphragms be clipped to allow them to be swung into place between the existing
beams. Place proposed diaphragms midway between existing diaphragms whenever possible,
however locate diaphragms midway between existing splice plates. If a small skew does not
permit midway placement, locate the proposed diaphragms approximately one foot from the
centerline of one of the existing diaphragms.

2.7 Bridge Rails and Parapets
2.7.1 Project Requirements

Bridge rails and parapets on structures to be repaired using Federal or State Funds should be
repaired or retrofitted as required by the IDOT Guidelines for Bridge Deck Repair Projects. For
structures being repaired using Maintenance Funds, damaged portions of the existing bridge rail
or parapet should be repaired and consideration should be given to installing a crash tested
replacement rail on structures with bridge rails which do not meet the current geometric or
structural requirements for vehicle induced loadings.
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All replacement rails on projects to be implemented using Maintenance Funds must be
designed to withstand the lateral loads specified in the current edition of the AASHTO Standard
Specifications for Highway Bridges.

2.7.2 Rail Retrofit on PPC Deck Beams

When a reinforced concrete overlay is placed on a PPC Deck Beam superstructure, the existing
bridge rail is often replaced to conform with current bridge rail geometric and structural
requirements. A new bridge rail, conforming with current design policies, can be attached to an
overlayed PPC Deck Beam superstructure as shown in Figure 2.7-1 or Figure 2.7-2.

2.7.3 Rail Replacement on Trusses

Attaching a new bridge rail to an existing truss is often done to eliminate an existing damaged or
structurally deficient bridge rail. Whenever possible, the post spacing of the new bridge rall
should be adjacent to avoid attaching the new rail posts to the truss members. General details
of the procedure are shown in Figure 2.7-3 and Figure 2.7-4.

2.7.4 Concrete Parapet Extensions

Existing concrete parapets are often reconstructed to meet current design requirements or to
eliminate existing aluminum rail elements. This usually involves the removal of existing
aluminum rail sections from the top of an existing parapet and the addition of a section of
concrete parapet to the top of the existing parapet. The section of parapet added can be cast-
in-place or precast as shown in Figure 2.7-5 and Figure 2.7-6 respectively.
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Notes: For Section A-A and B-B see Figure 1.7.3-2.

The Contractor shall use the capsule or the adhesive cartridge type anchor
rods that have been previously tested and given a prior approval by the
Department. The Contractor shall install these anchor rods in pre-drilled
holes in accordance with the manufacturer’s recommendations and procedures.

The capsule or the adhesive cartridge shall be a sealed glass capsule or
a sealed glass adhesive cartridge containing premeasured amounts of the
adhesive chemical.

Nuts for 3’9 threaded anchor rods connecting the angle to the
concrete shall be tightened to a snug fit and given an additional g turn.

Figure 2.7-3 — Truss Rail Replacement
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Figure 2.7-4 — Truss Rail Replacement
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2.7.5 Parapet Repairs

When repairing a section of parapet damaged by a vehicle impact or natural deterioration, the
following procedures should be used:

1. Extend the concrete removal for the repair to an existing parapet joint whenever possible
or saw cut the perimeter of the damaged area 3/4 inch deep.

2. Salvage, clean and incorporate all existing vertical reinforcement bars into the new
construction.

3. Remove and replace all existing horizontal reinforcement bars in the area of concrete
removal when a significant length of the bars has been exposed and there is a
probability that the bars will be damaged during the concrete removal operations.

4. Except at existing parapet joints, new horizontal reinforcement bars should be lapped
with existing horizontal reinforcement bars sufficiently to develop the strength of the bar
and bonded construction joints should be specified for the contact area between the new
concrete and the existing parapet.

5. Existing parapet joint spacing and features should be utilized in the repair.

See Figure 2.7-7 for parapet repair details.
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2.8 Deck Drains
2.8.1 General

Many existing structures were constructed with deck drains which direct drainage in to the main
load carrying members of the superstructure or onto the substructure units. Also, the number of
deck drains present on many existing structures greatly exceeds the number of drains
necessary to adequately control the ponding of water on the deck surface. Repair plans for
major maintenance projects on the deck surface of a structure, such as overlay projects, should
contain details to provide for the adjustment or elimination of existing deck drains. Also, when
the low point of a vertical sag curve is located on the structure and there is no existing drainage
scupper at the low point, major deck maintenance projects should provide for the installation of
a drainage scupper.

2.8.2 Drain Extensions

When existing deck drains are to remain in place, adjustments must be made to prevent the
discharge of deck drainage onto the superstructure. Existing aluminum drains may be extended
using bent aluminum sheets as shown in Figure 2.8-1 or an aluminum extrusion as shown in
Figure 2.8-2.

When the existing drain consists of a formed opening in the concrete deck, an aluminum drain
can be fabricated and attached to the existing deck and beam as shown in Figure 2.8-3. When
the existing aluminum drain extends horizontally through the curb, as is often the case with PPC
deck beam superstructures, the details shown in Figure 2.8-4 may be utilized to prevent
drainage onto the side of the fascia beam.

Deck drains should always be extended to a point at least 3 inches below the bottom of the
beam or girder. Drain extensions on bridges where the extensions will be directly visible to the
travelling public should be painted to match the color of the fascia beam or girder. The method
of painting should be as described for deck drains in the IDOT Precast Prestressed Concrete
Design Manual and the Design Section of the IDOT Bridge Manual.
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Figure 2.8-1 — Drain Extension Detail
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Figure 2.8-2 — Drain Extension Detail
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2.8.3 Drain Elimination

Many existing structures were constructed with deck drains at 6 foot centers. The number of
drains on these structures greatly exceeds the number of drains required to prevent ponding on
the deck. When this situation is encountered, alternate drains may be eliminated to provide a
12 foot drain spacing. Also, existing deck drains located within 10 feet of a substructure unit
should be eliminated.

Existing aluminum deck drains, which extend below the deck, can be eliminated by installing a
threaded rod through the bottom of the drain and plugging the drain with concrete as shown in
Figure 2.8-5. Existing drains consisting of a vertical formed opening in the deck slab should be
eliminated by removing and replacing a 1 foot by 2 foot area of the deck as shown in Figure
2.8-6. Formed drain openings extending diagonally through the deck may be eliminated by
coating the interior surface of the opening with a bonding agent and plugging the opening with
concrete as illustrated in Figure 2.8-7.

The deck concrete adjacent to deck drains is often in an advanced state of deterioration relative
to other areas of the deck slab. The condition of the concrete surrounding the drain should be
considered when determining if a drain should be eliminated by plugging the existing drain
opening or removing and replacing an area of the deck.

2.8.4 Drain Replacement

Rather than extending an existing deck drain, a drain may be completely replaced using the
details shown in the Design Section of the IDOT Bridge Manual. Installing a new drain will
include the removal and replacement of any poor quality concrete in the area of the existing
drain. Also, the replacement drain may be of a type which requires less maintenance or is more
easily replaced when damaged or stolen.
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Figure 2.8-7 — Drain Elimination Detail
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2.9 Bearing Replacements
2.9.1 Bearing Type Selection

When existing bearings must be replaced, the replacement bearing assemblies shall be
designed as specified in the Design Section of the IDOT Bridge Manual. Elastomeric bearings
should be used when replacing existing expansion bearings except where specific design
requirements necessitate the use of an alternate type of bearing. Steel rocker or roller bearings
should be used as replacement bearings only when a limited number of bearings are to be
replaced on a specific structure and the replacement bearings need to match the behavior of the
existing bearings which are to remain in place.

2.9.2 Seismic Requirements

Seismic requirements, including substructure seat width and superstructure restraint, need not
be considered for maintenance contracts and Day Labor awards. However, seismic
requirements should be considered as specified in the IDOT Bridge Manual for structures being
rehabilitated or replaced.

2.9.3 Existing Bearing Removal

When removing an existing bearing assembly, the steel plate welded to the bottom flange of an
existing beam or girder should be removed. The method of removal used should not damage
the bottom flange and should provide for the removal of all existing weld material from the
bottom flange. Figure 2.9-1 shows details associated with the removal of an existing bearing
assembly.
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EXISTING BEARING REMOVAL DETAIL

Notes: Anchor Bolts for new bearing assembly or side retainers
should be located such that the distance from the center of
existing anchor bolt to center of proposed anchor bolt is not
less than "S" as determined by the equation shown below.

D,
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- /(D1 _* D2,
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Existing bolt diameter.
New bolt diameter.

Figure 2.9-1 — Existing Steel Rocker Bearing Removal
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2.9.4 Bearing Height Adjustment

When elastomeric bearings are used to replace existing steel bearings, there is routinely a
difference in the height of the existing bearing assembly versus the height of the new
elastomeric bearing assembly. Differences in bearing assembly height require the addition of a
steel extension to the elastomeric bearing assembly or the reconstruction of the substructure
bearing seat. These adjustments are necessary to maintain the current profile grade elevations
of the superstructure or to adjust the elevation of the superstructure to meet a new profile grade.

The decision to use either a steel extension or a reconstructed bearing seat will depend on the
difference between the existing and proposed bearing assembly heights. Generally, steel
extensions should be used to adjust the height of the elastomeric bearing assembly for
extensions less than or equal to 12 inches in height. When the height of the extension is less
than 6 inches, the extension should consist of steel shim plates placed between the elastomeric
bearing assembly and the superstructure as shown in Figure 2.9-2. When the required height of
the extension is greater than or equal to 6 inches and less than 12 inches, an extension should
be fabricated using 1 inch plates as shown in Figure 2.9-3. When 12 inches or more of bearing
assembly height adjustment is required, the bearing seat area of the abutment or pier should be
reconstructed to provide the proper elevation for the new elastomeric bearing assemblies.
Figure 2.9-4 illustrates an acceptable method of constructing a new concrete seat for a
replacement bearing assembly.

The guidelines for choosing extension types should be used with some flexibility. Although a
concrete extension is preferred for extension heights of 12 inches or more, situations will occur
when a fabricated steel extension may be used with a height of 12 inches or greater in order to
minimize construction time and traffic disruptions. Also, fabricated steel extensions may be
used for a height less than 6 inches when it is physically possible to fabricate and install the
steel extension.
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2.9.5 Reinforced Concrete Slab Bearings

When replacing the bearings under a reinforced concrete slab bridge, preferably the end of the
deck should be removed and replaced as described for expansion joint replacement elsewhere
in the Repair Section. Although this method, as shown in Figure 2.9-5, will require the slab to
be temporarily supported and the employment of stage construction during construction, it will
ensure that the new bearings are uniformly loaded.

Bearings may also be replaced under a reinforced concrete slab bridge without completely
removing the end of the deck, as shown in Figure 2.9-6. However, this method requires that
accurate field measurements of the existing bearing heights be taken to ensure that the
replacement bearings are detailed and fabricated to match the heights of the existing bearings.
Heights can vary from one existing bearing to the next and failure to match existing bearing
assembly heights can result in the replacement bearings being unequally loaded. This method
of bearing replacement also requires the new bearing assemblies to be field welded to the
existing steel bearing plates usually found embedded in the bottom of the slab. The limited
space available between the bottom of the slab and the bearing seat and the condition of the
existing plate should be considered to determine if field welding operations can be adequately
performed.
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Figure 2.9-6 — Bearing Replacement for Existing R.C. Slabs
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2.9.6 Reaction Table

All plans for bearing replacement should contain a table showing the girder or beam reactions
for each bearing replacement location (substructure unit). The table should include the
Deadload, Liveload, Impact and Total reaction per beam line as shown in the Design Section of
the IDOT Bridge Manual for an “Interior Girder/Beam Reaction Table”. The Structural Services
Section of the Bureau of Bridges & Structures will provide reaction tables when plans are
prepared by District personnel.

2.9.7 Top Bearing Plate Adjustment

If a steel rocker expansion bearing is substantially titled out of position with respect to its proper
location for a given temperature, the top bearing plate needs to be adjusted. This consists of
removing the top bearing plate by the air-arc method without damaging the bottom flange and
grinding smooth all weld material remaining on the bottom flange. Then a new top bearing plate
should be placed in the right position depending on the temperature at the time and welded to
the bottom flange.

2.9.8 Anchor Bolts

If existing anchor bolts are deteriorated due to corrosion or broken, a new threaded extension
rod can be welded on to the existing anchor bolt as shown in Figure 2.9-7. If new anchor bolts
are needed, they shall be placed such that the distance between the center of the existing
anchor bolt and the center of the new anchor bolt is as shown in Figure 2.9-1.
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Figure 2.9-7 — Anchor Bolt Extension
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2.10 Jacking and Cribbing
2.10.1 General

During bearing replacements or the repair of concrete immediately under bearings, the
superstructure must be lifted and temporarily supported. This procedure is generally referred to
as Jacking and Cribbing. Specific details for Jacking and Cribbing are not usually shown in the
repair plans prepared for maintenance contracts or Day Labor awards. However, pay items and
special provisions for jacking, cribbing, and bearing removal should always be included in the
repair plans. Specific details for the jacking and cribbing system to be used to implement the
planned repairs will be developed by the contractor and submitted to the Bureau of Bridge and
Structures for review and approval prior to beginning jacking operations. Design calculations
should be included with the jacking and cribbing details submitted for review and approval.

2.10.2 Traffic Staging

The plans or special provisions should require that traffic be redirected during the jacking and
cribbing operations so that vehicles will not be located directly over the cribbed areas. Traffic
should not be allowed directly over cribbed areas of the superstructure unless there is no
reasonable alternate method of routing vehicles and the jacking and cribbing plans contain
details which will provide adequate horizontal and vertical stability for the superstructure.
Vehicles must not be allowed to travel over uncribbed areas of the structure supported only by
hydraulic jacks.

2.10.3 Jacking Synchronization

During the jacking and cribbing operations, the lifting of the structure should be controlled so
that the relative elevation between adjacent beams does not vary more than 1/8 inch from their
original elevation differential. Also, the relative elevations of a continuous beam at adjacent
substructure units should not vary more than 1/4 inch from the original relative elevations. If the
entire superstructure is being raised a significant amount to meet new profile grade
requirements, a synchronous lifting system should be used to control and equalize individual
jack pressures to ensure that the superstructure is lifted uniformly without exceeding the above
stated relative elevation differentials. These relative elevation restrictions and system
requirements should be included in the plans or special provisions. The relative elevation
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restrictions should not be exceeded unless analysis indicates that greater differential elevation
variances can be tolerated and will not induce stresses in the superstructure elements which will
exceed the original allowable design stresses used for the structure.

2.10.4 Jack Capacities

The jack capacities required for lifting should be based on the maximum expected load present
during the lift derived from the reactions shown in the Beam Reaction Table included with the
plans. The jack capacity provided should be between 50% and 100% greater than the maximum
expected load.

2.10.5 Jack Placement

Unless the diaphragms of the superstructure have been retrofitted or analyzed to carry jacking
loads, they should not be used as load carrying members in the jacking and cribbing system.
The plans or special provisions should state this restriction when diaphragms are present.

When jacks are placed directly under a beam, the jack should be centered under the web and a
steel plate should be placed between the top of the jack and the bottom flange of the beam.
When web stiffeners bearing on the bottom flange do not exist directly over the location of the
jack under a steel beam, hardwood timbers should be installed tightly between the top and
bottom flange to prevent flange rotation. Steel stiffening angles should be attached to the web
of the beam when the beam web thickness is not adequate to carry the jacking load. Steel
plates should be placed under jacks bearing directly on the existing substructure to distribute
the jacking load and prevent damage to the existing concrete.

When lifting the entire superstructure as a unit, jacks should be placed in a manner and in
locations that will ensure that the jacks will be equally loaded and the load will be uniformly
distributed to the foundation of the jacking system.

2.10.6 Load Distribution
Whenever the jacking system will require that lifting loads be transferred to natural ground,

slopewall, roadway shoulder or roadway pavement an adequate distribution of the load should
be accomplished using steel beams, timber mats or other means approved by the Engineer. An
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aggregate leveling base may also be required below the mats when natural ground is used to
support the jacking system.

The following maximum allowable pressures should be used to determine the area of the timber
mats supporting jacking systems, unless information is available indicating that higher values

may be used:
Supporting Material Max. Allowable Pressure
Natural ground (unsaturated) 0.5 Tons / Sq. Ft.
Conc. slopewalls & bit. Shoulders 1.0 Tons / Sq. Ft.
Bituminous pavements 2.0 Tons / Sq. Ft.
Concrete pavements 4.0 Tons / Sq. Ft.

Table 2.10-1 — Maximum Allowable Bearing Pressures for Jacking
System Support

2.11 Pin and Link Replacement

2.11.1 General

When pins are found to be defective or “frozen”, the pin and link assemblies must be replaced.
These assemblies are considered to be fracture critical details for inspection and maintenance
purposes, and measures should be taken to immediately correct any deficiencies associated
with the pins or link plates.

2.11.2 Pin and Link Replacement

When replacing defective pins, the notes shown in Figure 2.11-1 and the features shown in
Figure 2.11-2 and Figure 2.11-3 should be incorporated into the design of the replacement
whenever possible. Also, new link plates, designed in accordance with AASHTO specifications,
should always be provided when replacing defective pins.

The suspended span must be temporarily supported from below with shoring or from above

using a needle beam. General details for temporarily supporting the suspended span using a
needle beam are shown in Figure 2.11-4. Specific details for the temporary support system are
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typically to be submitted by the contractor for review and approval by the Bureau of Bridges &
Structures and are not shown in the plans. However, pay items and special provisions for the
temporary support system should be included with the repair plans.

A Reaction Table, similar to that required for bearing replacements, should be included with the
pin and link replacement plans.

2.11.3 Pin and Link Elimination

When the major rehabilitation of a structure is planned, the elimination of the pin and link
assemblies should be evaluated. The method used to eliminate the assemblies will depend on
the characteristics of the individual structures and may include replacing the assemblies with
bolted splices and the installation of counterweights at the simply supported ends of spans.
This will eliminate a fracture critical detail, susceptible to sudden failure, from the structure and
reduce future maintenance inspection requirements.
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Note A:

E xisting welds shall be inspected for cracks using liquid dye
penetrant or magnetic particle testing. Any cracks that are found
shall be identified and reported to the Bureau of Bridges and
Structures for further disposition. Clean and paint before installing
new link plates.

Note B:

Bore diameter for bushing in link plate, existing webs
and web reinforcement plates shall correspond to bushing
manufacturer’s allowable tolerances for proper functioning.
Hole diameter may be adjusted to allow use of stock bushings.

Note C:

Inside face of new link plates shall receive first field coat in
shop. The primer shall pass the M.E.K. Rub Test before the first
field coal is applied.

Note D:

Actual bushing thickness per manufacturer’s specifications,
47" is approximate. Bushings shall be a self lubricating filament
wound epoxy matrix backed Duralon Bearing, metal backed Fiber
Glide Bearing or equivalent. No primer or grease shall be allowed
on bushings. Bushings shall be suitable for dynamic loads of
20,000 psi.

Note E:
Tighten inside nuts to bring all bushings into firm contact,
then back off 4 turn and tighten outer nuts.

Note F:

Apply 33" bead to face of the web reinforcing plates approximately
I, from bushing immediately before installing new link plates.
Place sealant around nuts after installation. Sealant shall be suitable
for prolonged exterior exposure without losing flexibility or adhesion
to painted steel surfaces. Proposed products shall be subject to
Department’s acceptance based on documented testing or other
evidence.

Note G:
Body of Pin dimension “a" shall be based on measured thickness of
captured plates (including paint), plus 5.
a= 20+ tw+ 5"

Note H:
Nominal Pin diameter (diameter tolerances subject to Specifications of
Teflon Bushing Manufacturer and shall be approved by the Engineer).
Pin shall be ASTM A276, UNS 21800 (Nitronic 60 or equal) (No step at
threads) 12 threads per inch. Install prior to new link plates.

Figure 2.11-1 — Pin Replacement Detail Notes
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47 Woven Teflon Bushings (See Note D)

|, s

2 - 3 thick Hex Nuts
(Each Side) Nuts shall be
ASTM A-576, Grade 12L 14,

minimum yield of 36 ksi.
(See Note E)

Silicone Sealant suitable for

AN -

New Link Plate

(See Note C) v Existing Web

, Reinforcement Plate
, (See Note A)

€ Pin and Link Plate

b A

ELEVATION AT PIN CONNECTION

Q I
2 ]60 2
o (=)
i (See Note G) t
& &
INYZ.
SECTION A-A
Anchor Span . Suspended Span
» A
SE Z SRS C 2E = S Notes:
f |
' )

Structural Steel (See Note F)

Provide support for beams at each pin
and link plate replacement location; to be
paid for as “Temporary Support System”.

The Pins and Link Plates shall conform
to the minimum Charpy V-Notch
Toughness of 25 ft.-Ibs. at 40° F.

The pins. link plates, bushings. nuts and
silicone sealant are the items included in
“Pin and Link Plate Replacement".

Figure 2.11-2 — Pin Replacement Detail
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Drill and Tap
for 4% -20
Set Bolt

¢ Mt and
¢ Set Bolt
5A

.5A

See Detail A

EXTERIOR NUT DETAIL

470 Hex. Head Set Bolt (Tighten
firmly against Neoprene Pad)

369 x '4°° thick Neoprene
Pad (55 Durometer)

=

DETAIL A

Set Bolts shall conform to the
requirements of ASTM A 307
and shall be galvanized

according to AASHTO M 232.

Figure 2.11-3 — Set Bolt for Pin and Links
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Figure 2.11-4 — Temporary Beam Support Details
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2.12 Fatigue

2.12.1 General

“Fatigue” is the general term used to indicate the eventual loss of ductility that may cause
cracking in a steel member after repeated loading. The fatigue cracking found in steel
structures is generally associated with localized deformations and fabrication operations to
which a member has been subjected. Nicks, gouges and cuts present on a member due to
vehicle impacts or construction operations can eventually initiate cracking in a member. Tack
welds used during construction to ease erection difficulties and unauthorized field welding
during maintenance operations can cause fatigue cracking. Fatigue cracks are also frequently
found in the area of copes which have been cut with too small a radius or were poorly made.

Fatigue cracks can occur due to in-plane bending or out-of-plane bending. Cracks caused by
in-plane bending stresses can occur in any tensile zone of a member. They are usually related
to the presence of a weld or surface defect on the member. Fatigue cracks due to in-plane
bending stresses can grow quickly and should receive immediate attention. Cracks caused by
out-of-plane bending are usually associated with the welded connections of a secondary
member to the primary load carrying member. These types of cracks are usually in the web and
grow slowly except when located in a tensile zone of the primary member.

A common type of fatigue cracking found in welded plate girders is related to “freezing” of
articulated expansion bearings at the simply supported end of the girder. When a pin
associated with the bearing “freezes”, rotation of the girder over the bearing is restricted. A
crack eventually forms between the bottom flange and the web plate along the flange to web
weld.

2.12.2 Pre-repair Procedures
When cracks are found, the Bureau of Bridges & Structures should be immediately contacted.
Information should be obtained and submitted describing the location and size of all cracks

found so that the current structural adequacy and the procedures necessary to contain or repair
the cracks can be determined.
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The first step during the inspection of a fatigue crack is to locate the ends of the crack. This can
be done by using dye penetrant or magnetic particle testing. Once the ends of the crack are
found, 13/16 inch minimum diameter holes should be drilled as shown in Figure 2.12-1 to
capture the crack ends to prevent crack growth while repair requirements are being determined
or retrofit plans are being prepared. To ensure that the arresting hole captures the end of the
crack, the hole should be centered 1/4 inch beyond the apparent crack end. After the arresting
holes have been drilled, tests should be performed again to ensure that the drilled holes have
captured the crack ends. A high strength bolt with washers should be installed when possible in
the arresting hole to provide a compressive force in the area of the crack tip and to minimize
distortions in the area of the crack that may encourage further growth of the crack.

2.12.3 Repair Considerations

Cracks located in tensile stress areas of a primary load carrying member should be retrofitted to
prevent further growth of the existing cracks and to prevent additional cracks from developing.
The retrofit details should restore the load carrying capacity lost when cracking has significantly
affected the section properties of the member. Figure 2.12-2 shows details used to repair the
end of a stringer where cracking has initiated due to low tensile stress repeatedly occurring in
the area of a poorly coped web. Details for the repair of a beam when cracking occurs at the
end of a welded coverplate are shown in Figure 2.12-3. A similar detail should be used to
retrofit the ends of coverplates during bridge deck replacement projects.
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e
! | B ** min. ¢ Crack
Arrestor Hole
p)
— Tip of Crack, see Note.
N\

CRACK ARRESTOR HOLE DETAIL

Note: Locate crack tip using liquid dye penetrant or magnetic
particle testing. Drill 3¢ ** min. ¢ Crack Arrestor hole at
the crack tip. After crack arrestor hole has been drilled,
dye penetranit or magnetic particle testing shall be used
to verify that the drilled hole has captured the crack tip.
Cost shall be included in the cost of "Furnishing and
Erecting Structural Steel”.

Figure 2.12-1 — Crack Arrestor Hole
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Figure 2.12-2 — End of Stringer Repair Detall
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Figure 2.12-3 — Cover Plate Repair Detail
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When the cracking is due to out-of-plane bending, the connection of the secondary member to
the primary member should be retrofitted to eliminate the cause of the cracking. This is usually
achieved by retrofitting the connection details to make the connection more flexible in order to
relieve out-of-plane bending stresses, or by retrofitting the connection details to stiffen the
connection in order to prevent out-of-plane displacements. Of these two methods, the stiffening
of the connection to resist out-of-plane displacement is usually the most effective in arresting
and preventing crack growth. Figure 2.12-4 illustrates a method of increasing the flexibility of a
floorbeam to girder connection by removing a portion of the connection plate. The resistance of
a connection to out-of-plane displacements can be increased as illustrated in Figure 2.12-5 and
Figure 2.12-6.
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./_////' Indicates Plate Removal
Ad

€ Girder
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Figure 2.12-4 — Fatigue Repair to Increase Flexibility
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Figure 2.12-5 — Bolted Strengthening Fatigue Repair
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A

Drill and tap for ;"

H.S. Bolts with hardened
washer and | washer.
"\ A\
&—Concrete Bridge Deck
-_8. - - - AL - 5 - - - -t - - - - - - - -

% L 1 L Z-—(— Top Flange Plate
1’ min.
2 v e

: R washer with Hole 55" greater
than bolt diameter, both sides.

H.S. Bolt with 2 hardened washers

T )| | (T T knese

\J
E xisting Brg. 1

Stiffener Plate 1 __Floor Beam or
Knee Brace Web

Ad

PARTIAL ELEVATION

€ Girder —=
1

L e = o
1

\
1

Existing Brg. Stiffener and ' !

Floor Beam connection Plate 1 '
1

1 l'\'l 1

Remove existing bolts and
ream to 'g*’ larger diameter
0 for new H.S. Bolts.

New Angle
(1’ min. thickness)

VIEW A-A

* Existing flange thickness to be a
minimum of 1°* thick for drilling and
tapping. Use alternate method of
attachment to top flange when the
flange thickness is less than 1,

Figure 2.12-6 — Fatigue Repair to Increase Stiffness
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To correct the cracks which form in the web near the bottom flange of girder ends located over
“frozen” articulated bearings, a portion of the bottom flange and web plate must be repaired as
shown in Figure 2.12-7. The defective bearing must also be replaced to prevent cracking from
recurring.

Retrofits should be made using bolted details. If welded details are proposed, the stresses in
the primary load carrying member at the location to be welded must be considered to determine
the effect that welding may have on the fatigue life of the member at that location. Also, if field
butt welds are required, they must be tested using nondestructive methods and the method of
testing must be specified in the plans.

Tack welds found in the tensile zone areas of a primary load carrying member should be
removed by grinding. The grinding should be done parallel to the direction of the primary stress
in the member when possible.

When plug welds are found in tensile zone areas, they should be removed by drilling a hole

through the plug large enough to remove all of the weld material. If possible, high strength bolts
should be installed in the holes drilled to remove the plug welds.
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Figure 2.12-7 — Girder End Retrofit
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2.13 Impact Repairs - Steel Beams
2.13.1 Determination of Repair Requirements

Based on the inspection information obtained in accordance with the procedures provided in the
Repair Section for the field inspection of impact damaged steel structures, a determination can
be made to:

1. Straighten a damaged beam
2. Straighten and strengthen the damaged portion of the beam
3. Replace the damaged portion of the beam

The guidelines presented in the National Cooperative Highway Research Program (NCHRP)
Report 271 should be used when determining which of the above actions should be taken to
repair an impact damaged steel structure.

The NCHRP Report 271 guidelines for choosing a repair method are based on determining the
amount of strain the impact has placed in the steel. The strain induced at any point on the
member can be approximated by using the measured impact deflections adjacent to that point
to determine a radius of curvature as illustrated in Figure 2.13-1.

Based on the approximate strain, the following NCHRP guidelines should be used to determine
the repair requirements for primary tension members:

1. If the strain in the member is equal to or less than the yield point strain of the steel,
straightening is not required unless necessary to restore the structure to its original
appearance.

2. If the strain in the member is greater than the yield point strain but less than or equal to
15 times the yield point strain, the member can be straightened without strengthening.

3. If the strain in the member is greater than 15 times the yield point strain but less than 5
percent nominal strain, the member can be straightened without strengthening.
However, if the damage is located in a highly fatigue susceptible area (lower than
category C) the beam should be strengthened by adding material to the beam to provide
50 percent additional cross-sectional beam area in the damaged highly fatigue
susceptible area.
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4. |If the strain in the member is greater than 5 percent nominal strain and straightening is
attempted, the beam must be strengthened after straightening to provide additional
cross sectional beam area equivalent to the existing beam (100 percent strengthening).
Beams with extensive damage exceeding 5 percent nominal strain are typically
replaced.

The repair requirement guidelines are illustrated graphically using a stress and strain diagram in
Figure 2.13-2. Using approximated impact strains should be considered an aid rather than an
exact solution for determining repair requirements. The age of the structure, visibility of the
structure to the travelling public, roadway closure requirements during repair operations, plans
for future replacement or rehabilitation of the structure and other factors peculiar to each bridge
impact situation should be considered when determining the extent of member repairs or
replacement required.

The guidelines given for determining repair requirements for primary members in tension or
bending are based on the effect of the damage on the serviceability or fatigue life of the
member. Compression members are not subject to the same guidelines and may be
straightened without strengthening regardless of the impact strain unless fracture has occurred
or deformations are too large to allow the member to be adequately straightened.
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L L Deflected
Element

Reference Line paraﬂl

to original position of
damaged element from Q
which impact deflections

were measured.

CALCULATION OF DAMAGE CURVATURE
L2
Y Y2
L = increment lengths at which deflection measurements were taken.
Y = offset of deflected element from reference line.
R = approximate radius of curvature at location of offset Y.

MINIMUM ALLOWABLE RADII OF CURVATURE

Radius of Curvature at Yield Strain:

R =

WE
Ry = ZF,
Approximate Radius of Curvature at 15 x Yield Strain:
Ry - ME__
¥ " Bwek,
Approximate Radius of Curvature at 57 Strain:
w
R 5 = W

W = the thickness of the deflected element measured in
the direction of the deflection offsets measurements.

E = Modulus of Elasticity of the damaged Steel.
Fy = Yield point stress of the damaged Steel.

The information shown in this figure is a summary
of the information and procedures presented in
NCHRP Report 271. When the radius calculated
exceeds the radius of curvature at yield, the
calculated radius should be considered an
approximation for use in determining repair needs.
Persons using this information should oblain a
copy of the report in order to familarize
themselves with the assumptions made in the
derivation of this procedure.

Figure 2.13-1 — Damage Calculations Based on NCHRP 271
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* Straightening not required

Beam can be straightened (no strengthening required)
Beam can be straightened. However, if damage is located in a
severe fracture critical area (category C or lower) the
beam shall be strengthened by adding 507 (min.) additional
material to the damaged area.
Beam replacement is required unless, after straightening,
the beam is fully strengthened by adding additional material
sufficient to carry 100% of the applied loads.
60 T
50 T
S i
x 40 5% Strain
W
w (
<
(7) 1.5% Strain (At 15 X Yield Strain)
30 T
0.1% Strain (At Yield Strain)
20 1
* Straightening may be done if it
is determined that it is necessary
to return the structure fo its
10 - original appearance.

0 20
Z Elongation
TYPICAL STRESS-STRAIN CURVE
FOR A36 STRUCTURAL STEEL

Figure 2.13-2 — General Guidelines Based on NCHRP 271
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2.13.2 Beam Straightening and Strengthening

At the present time, IDOT is straightening damaged beams using mechanical methods only.
IDOT is currently experimenting with the use of heat to straighten beams. Until the
experimental heat straightening projects have been completed and evaluated, damaged beams
should only be straightened using mechanical methods.

The mechanical straightening of damaged beams is accomplished using timber bracing, jacks,
cables and winches between the beams to push or pull the damaged beam back to its original
configuration. Typical details associated with beam straightening are shown in Figure 2.13-3,
Figure 2.13-4, and Figure 2.13-5. After straightening, the configuration of the damaged beam
should meet the tolerances specified for new fabrication in the current issue of the IDOT
Standard Specifications for Road and Bridge Construction.

After straightening operations are completed, welded connections in the damaged area must be
inspected and welds should be nondestructively tested using magnetic particle or dye
penetration testing at locations where visible evidence of damage exists. If cracks are found
after straightening, further retrofitting of the member will be necessary.
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Oak Timber Blocks

Place an HP Bm. or a 6’ I-Bm. min.
+1’-6"" in length on Bottom Flange.

Bm. shall have -g’* Stiffeners (3 ea.
side of Bm.) welded in place. Bent
Bott. Flange shall be straightened
before starting any Horiz. Straightening
| operation.

50 Ton (min.) Jack

Deformed Beam—e
]

Shim B ‘s as req‘d.

B et e—

10” x 10 Ock Timber |
or HP8x36

Timber Wedge

3, Brg. P
50 Ton (min.) Jack ! g

Timber Block—i @

VERTICAL STRAIGHTENING DETAIL

Figure 2.13-5 — Suggested Beam Straightening Methods
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When strengthening is necessary after straightening or grinding the damaged area, bolted
plates should be used. The plates should be placed continuously through the entire damaged
area where the impact strains indicate that strengthening is required, with sufficient bolts to
adequately stitch the strengthening plates to the damaged beam. The strengthening plates
should extend beyond the above mentioned area for a distance sufficient to install an adequate
number of bolts in the flange and/or web to transfer the loads from the strengthening plates to
the portion of the beam not requiring strengthening. These requirements are illustrated in
Figure 2.13-6.

Gouges caused by the impact should be ground to eliminate sharp or sudden irregularities in
the beam surface. Grinding should be done in such a way as to provide a smooth transition
with a maximum slope of 3:1 between the damaged and undamaged surfaces as illustrated in
Figure 2.13-7. Long or deep gouges should be evaluated to determine if it will be necessary to
strengthen the gouged area after grinding. After grinding, the gouged area should be checked
for cracks using nondestructive testing methods.
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) J L3_UJ Gouge or nick
Bottom Flange
ELEVATION

( Bottom Flange

Cam Yl wmPlm P b LY =t &” Tl wm A Dlwm VT =

S
e s -—%7\@\ ......
b‘ I.l—‘ Gouge or nick

PLAN

GRINDING DETAIL

Figure 2.13-7 — Grinding Detalil
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2.13.3 Beam Replacement

Beam replacements are typically done in the interior span areas of structures between points of
dead load contraflexure. Beam splices may be installed at locations where field splices
currently exist or at new locations. When an existing splice location is deformed and cannot be
straightened for reuse, a new splice can be installed adjacent to the existing splice at a location
where the existing beam can be adequately straightened for splicing with the new beam.
Occasionally the replacement will extend to a point of simple support. If unavoidable, due to
traffic control restraints or other reasons, beam removal and replacement may require a new
beam splice at a location where sizable dead load moments occur in addition to the live load
moments. The removal and replacement of a portion of the existing deck slab, as shown in
Figure 2.13-8, is required at the locations where the top flange of the new and existing beams
are to be spliced.
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f=— & New Beam
6II II_OIIII_OII 6[1

[
'{‘%zﬂji

SECTION A-A

A 4.I Existing Waterproofing Membrane
in this area to remain in place and
be lapped with New Waterproofing
Membrane (Typ.)

6"

6”

}__.___.7L__.

| |

! /// / / / @ Beam

I / /+ / L_| Limit of Bituminous Surface to be
I // // // | removed and replaced. Saw cut

J to depth just above Waterproofing

N e Membrane, prior to removal.
m‘ € Existing or
Proposed Splice

~ ~

A d

TYPICAL CONCRETE & BITUMINOUS
SURFACE REMOVAL AND REPLACEMENT

Hatched areas indicate concrete sections to be removed
and replaced. Perimeters of concrete removal areas shall
be saw cut 3 prior to the removal of concrefe.

Reinforcement shall be cut only if required for fitting bolts.
Cut reinforcement shall be spliced as directed by the Engineer.
Cost shall be incuded in the cost of “Concrete Removal”.

The cost of removing and replacing the existing bituminous
surface, waterproofing membrane, and saw cutting shall be
incidental to “Concrete Superstructure”.

Figure 2.13-8 — Deck Slab Removal for Beam Replacement
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Noncomposite beams can be removed and replaced without removing the existing concrete
deck slab. However, the deck must be temporarily supported during the replacement of a
noncomposite beam. Figure 2.13-9 and Figure 2.13-10 provide details for a method of
temporarily supporting a deck slab during the replacement of a damaged noncomposite beam.
When inserting a new noncomposite beam into the existing top flange pocket of an existing
deck, the edges of the top flange should be ground as shown in Figure 2.13-11 to ease the
installation.
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Figure 2.13-9 — Temporary Slab Support Details
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¢ Temporary Slab Support System

< W )x( ) (or equivalent) (Min. Sx = in3)
g
o
& 135 @ 1”0 ASTM A 307 Threaded Rods with
s R [ hex. nuts and washers. For Hanger
J W spacing see Longitudinal Section
NS (maximum spacing 8°-0"’).

B-15" x 6 x I’-6" Top & Bott. (Typ.)

Drill 1'4*9 hole on € of 15" P
for hanger rod. (Typ.)

Oak Timbers

Oak Block

|
Drill Nail Holes in . Nail P
to Oak Block before erection.

¢ Bm. I (New ] t € Bm. 2 (Existing)

or Existing)
SECTION A-A

Figure 2.13-10 — Temporary Slab Support Details
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s 4" Bevel
4 (Typical) /
” (Typ.)
T_f 22z ZZ ]

)

1
(Typ

PARTIAL SECTION THRU
NEW NON-COMPOSITE BEAM

Figure 2.13-11 — Top Flange Bevel Grind Detall
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Removing the existing deck is usually necessary when replacing damaged composite beams.
However, if it is not possible to remove the deck for the replacement of the damaged composite
beam, the existing top flange can be left in place and a new beam can be field attached to it.
The new beam, which is to be attached to the existing beam flange, should be designed as if it
were a noncomposite member in order to account for the reduced quality control associated
with field welding operations. Although occasionally used to reduce the traffic lane closure time
on bridges with very high traffic volumes, this method is discouraged because of the amount of
field cutting and welding required. Figure 2.13-12 and Figure 2.13-13 shows the general details
for methods which have been used to attach a new beam to an existing composite beam flange
which has been left in place.

During beam replacements, temporary shoring and cribbing should be placed under portions of
the existing beam which are to remain in place at locations sufficient to maintain the as-built
profile of the structure and provide for adjustments during field splicing of the replacement
beam. As a minimum, this requires the placement of shoring and cribbing immediately adjacent
to the location of the new field splices and, for longer spans, in the spans adjacent to the new
field splices.
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shall be removed flush
with the bottom of the
top flange.

contact with the existing top
during the welding procedure.

foreign material in the areas
field welded shall be removed
to welding.

Web of the exist. beam

~r N s
S N S | 3 € * P
e ¢ * U 0 e 1 Exist.
; Slab
Typ.
New Bar
|
€ Exist. &
New Beam
~ < ~
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e oo » LI B [ B | 1 e 11 L3 Exisf'
> » ' 1 l 1 1y .._S/Gb
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b > ] L ]
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Notes: Care shall be taken to ensure that
the New Beam section maintains tight

flange

All existing painl, scale, rust and

fo be
prior

Typ.

¢ Exist. &
New Beam

Figure 2.13-12 — Partial Beam Replacement for Composite Beams
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Figure 2.13-13 — Splice for A Composite Beam Partial Replacement
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2.13.4 Top Flange to Deck Slab Repairs

After straightening or replacement, the top flange of the beam should be inspected to ensure
that it is in solid contact with the deck slab. Any gaps between the top flange of the beam and
the deck slab should be injected with epoxy to provide positive contact with the deck slab. Also,
damaged or missing concrete fillets encasing the top flange of honcomposite beams should be
evaluated to determine the effect of the missing fillets on the strength of the beam’s
compression flange. Only when substantial lateral movement of the top flange is occurring
should top flange restrainers be installed. The restrainers should be located in the area of
missing concrete fillets to provide lateral restraint for the compression flange in positive moment
areas as shown in Figure 2.13-14.
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39 x 7'’ Threaded Rod. Drill
and epoxy grout. Use Grade 3
epoxy with one hour minimum set
time. Threaded rods to be held

firmly in place during cure period.

Damaged concrete fillet to be repaired
with Polymer Modified PC Mortar or
hand chiseled as necessary fo provide

a flat surface for Support Plate.

New Lateral Support
Plate *t'* x 47" x 10"

41/

Tack weld washer 1o
P, nut to washer &
threaded rods

SECTION A-A

> A

Top Flange of Beam.

New Lateral Support Plate
“t x 4 x 10 (Typ.)
See Detail.

T [ |

Spaces at 4°-0"" = -

lp A
DAMAGED BEAM FILLET REPAIR DETAIL

PARTIAL PLAN

10 .

-

€ Y6 ' Holes
- _a_ﬂlw

26 |
LATERAL SUPPORT PLATE DETAIL
E II,II X 411 X 1011

No. Req‘d. -
Plus additional as directed by the Engineer.

Figure 2.13-14 — Fillet Repairs and Layout of Locations
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2.14 Impact Repairs - Concrete Beams
2.14.1 General

When concrete beams are struck and an area of concrete is removed from the beam by the
impact, a decision must be made to repair or replace the member. Often a decision to replace a
concrete member is based on the extent of the damage rather than the effect of the missing
concrete on the strength of the member. Damage is usually located on the bottom of a member
located over traffic. If the missing concrete is to be replaced, measures must be taken to
ensure that the concrete patch will be securely anchored in place to protect the strands and
cannot eventually loosen and spall off.

2.14.2 Preloading

To ensure that an area of repair concrete will remain in place, anchors should be installed in the
existing beam and a preload should be applied to the structure during the repair and curing
period. After the repair concrete has cured, the preload should be removed from the structure
to effectively place the concrete repair in compression. The preload used should approximate
the effect on the member of the passage of a maximum legally loaded vehicle crossing the
structure. An analysis is required to determine:

e The existing stresses in the damaged member
o The stresses in the damaged member during preloading
e The stresses in the repaired member after the preloading is removed

If the analysis shows excessive stresses in the member during the necessary repair procedures,
the member should be replaced. For the repair of precast prestressed concrete beams, the
guidelines given in the National Cooperative Highway Research Program (NCHRP) Report 280
should be used.

The preload used during the repair of the damaged member can consist of loaded vehicles,
tacked pig iron, concrete barriers or any load determined to approximate the effect of the
maximum legally loaded vehicle on the member (provided the damaged beam is capable of
carrying the preload).
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2.14.3 Repair Procedures

The concrete patches should be keyed into the existing member by making shallow saw cuts
along the perimeter of the proposed patch and removing the damaged concrete in such a way
as to provide a square (unfeathered) edge along the perimeter of the replacement concrete.
Contact with the existing prestressing strands must not occur during the sawcutting operations.
Patching details associated with the repair of a PPC I-beam are shown in Figure 2.14-1.

If the damage is located on an interior beam which is protected from the elements and analysis
shows that the missing concrete does not affect the strength of the member, replacement of the
missing concrete may not be necessary. However, all exposed reinforcement bars and
prestressing strands should be cleaned and coated with epoxy to prevent deterioration.

All cracks in the members should be located and repaired using epoxy injection. Precast
prestressed concrete members should be preloaded prior to and during the curing period of the
epoxy crack repairs. Again, the effect of the preload on the damaged member should be
analyzed prior to its application.
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2.15 Steel Superstructure Repairs

2.15.1 General

The major cause of the deterioration of steel superstructure elements is the exposure of the
members to moisture and deicing agents. The types of deterioration most often encountered
include:

e Section loss in beams, girders and diaphragms adjacent to unsealed or leaking
expansion joints.

e Section loss in the bottom flange and lower web of beams and girders located beneath
unextended deck drains.

e Section loss in stringers and floorbeams located near unsealed or defective expansion
joints or deck relief joints.

e Section loss in truss members in the splash zone area and in areas prone to the
collection of debris.

Although not as common as deterioration from exposure, steel members must occasionally be
repaired to correct damage occurring to members during the construction operations associated
with rehabilitation projects.

Repairs will often be required for a number of members located adjacent to different expansion
joints or deck drains on the same structure. The length or extent of deterioration will vary from
member to member and the type of repair required will be identical except for the length or
depth dimensions of the repair. Rather than preparing an individual repair detail for each
location, the number of repair details used should be minimized whenever possible by using the
details developed for the location with greatest extent of deterioration at the locations with less
deterioration.

Severely deteriorated or damaged diaphragms should be completely replaced rather than
repaired. The cost of the labor involved to repair a defective diaphragm is usually enough to
make the complete replacement of the diaphragm the most economical choice. Replacement
diaphragms should be detailed to minimize field installation difficulties by bolting the connection
angles to the diaphragm and specifying oversized holes.
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Locations where complete or severe loss of section has occurred should be repaired even when
the load carrying capacity of the member has not been affected. The corrosion holes or areas
of severe section loss should be repaired by placing new steel plates on both sides of the
deteriorated member to prevent further deterioration. The plates should be a minimum of 3/8
inch in thickness and the spacing of the bolts used to attach the plates should meet the
AASHTO requirements for stitching and sealing.

2.15.2 Beam and Girder Repairs

The girder end retrofit shown for the repair of cracks over frozen bearings in the Fatigue chapter
of this Section can also be used to repair ends of members which have experienced severe
section loss in the area of their bottom flange and lower web. When the deterioration is
restricted to the upper area of the web near the attachments to the diaphragms, plates can be
added to the web and the diaphragms can be adjusted or replaced if necessary as shown in
Figure 2.15-1. When the section loss extends into the lower web and bottom flange area of the
member, repair can be made using plates and angles as shown in Figure 2.15-2 and Figure
2.15-3 or channel sections as shown in Figure 2.15-4.
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Figure 2.15-1 — End of Beam Repair Detail

Page 2-144  HARD COPIES UNCONTROLLED  June 2017



Structural Services Manual Section 2 - Repairs

E = .: S e = :p:A: ———— 1 t righ, o 4‘.
" M Clip b x L 1

e, :m : vt i
A, * ! L
] 1

£ - '
Cover P <
h
: Eﬂ L
L]

RB " ? Mil

' ? to DW\
L I-_ .: 1:_ = — > Tb_—

Cover P |

¢ Splice——l ¢ Bfg._.L_.. SECT!ON A'A
lp A
END ELEVATION
s R S = .
Ii:
a
x = = |= =|IF-I--------
oleo—o
— I—— € Splice
BOTTOM PLAN
€ Brg. ==
. Cut Line " '
" \. L
b " 14" Radius { % QE; g
: PN
. g5 8 SECTION C-C
E = .: = = = 3 AL AL LSS S S s OE

REMOVAL DETAIL

Figure 2.15-2 — Girder End Retrofit

June 2017 HARD COPIES UNCONTROLLED  Page 2-145



Structural Services Manual Section 2 - Repairs

E xisting
Diaphragm

-

Angle Each Side
(Grind heel as necessary
to fit beam fillet)

BEAM WEB REPAIR DETAIL

o\ AN

.{,-— Existing Beam

Plate
Each Side

Angle Each Side

SECTION A-A

Figure 2.15-3 — End of Beam Repair Detail
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Figure 2.15-4 — End of Beam Repair Detail
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The section loss, which occurs in the bottom flange and lower web of a member located
beneath a deck drain, should be measured to determine the effect of the section loss on the
load carrying capacity of the member. When the deterioration is located on a tension flange, the
affected area should be ground parallel to the primary stress in the beam to remove sharp
corners and deep rifts in the material. The grinding should be tapered into the undamaged
areas at a 3:1 slope similar to that shown elsewhere in this Section for grinding impact gouges
on steel beams. When load carrying capacity must be restored, splice plates should be placed
across the deteriorated portion of the web and bottom flange, as shown in Figure 2.15-5. Holes
in the lower portion of the web should be repaired by placing plates on both sides of the web to
prevent further deterioration. Whenever possible, the drains adjacent to the problem area
should be eliminated or extended to discharge below the member to prevent recurrence of the
deterioration.
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Figure 2.15-5 — Built-Up Floor Beam Repair Detall
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2.15.3 Stringer and Floorbeam Repairs

Severe section loss in the ends of stringers at expansion/relief joints can be repaired by
attaching a channel section to each side of the stringer as shown in Figure 2.15-6 and Figure
2.15-7. The bottom flanges of the channel sections should be placed tightly against the bottom
flange of the deteriorated stringer when the stringer is supported on a seat bracket and is not
connected to the floorbeam by web clip angles. Steel plates and angle sections can also be
used as shown in Figure 2.15-8 for a “slip type” connection when the deterioration is limited to
the lower web area and bottom flange of the existing stringer.
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Figure 2.15-6 — End of Stringer Repair Detall
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Deterioration in the webs and flanges of floorbeams should be repaired in the manner
previously described for the repair of beam and girder deterioration adjacent to deck drains.
Figure 2.15-9 shows details used for the repair of an existing floorbeam constructed as a built-
up section.

Deterioration is commonly found at the locations where the floorbeams are connected to a truss.
When the structural capacity of the floorbeam has been affected by excessive section loss in
the floorbeam web at the angles connecting the floorbeam to the truss, plates may be placed at
the connection to restore the lost capacity as shown in Figure 2.15-10. When cracks develop
between the top flange and web of the floorbeam in the area of the floorbeam to truss
connection, angles can be installed as shown in Figure 2.15-11.
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2.15.4 Construction Damage

There are many types of damage which can occur during construction. A new beam or girder
can be dropped during erection, a piece of construction equipment can strike a portion of the
structure which has already been constructed, or the beams can be damaged by equipment
being used to remove an existing concrete deck. Damage due to impacts can be analyzed and
repaired as described elsewhere in this Section for impact repairs. This section will deal with
the repair of steel beam flanges damaged by deck removal operations.

Plans for projects where portions of the existing deck will be removed should include a note
instructing the contractor to mark the top surface of the existing deck to identify the location and
limits of the top flanges of the beams prior to the commencement of deck removal operations.
When a beam is damaged by deck removal operations, it is the contractor’s responsibility to
repair the damage at his/her own expense. The contractor will be responsible for retaining a
licensed structural engineer (State of lllinois) to analyze the effect of the damage on the
structure, to make repair recommendations and to prepare repair details. The structural
engineer’s analysis, recommendations and repair details will be submitted to the Bureau of
Bridges & Structures for review and concurrence prior to the implementation of repair.

When the flange of a beam has been nicked, gouged or cut during the removal of the existing
deck, each damaged location must be analyzed to determine the effect of the damage on the
load carrying capacity of the structure and on the serviceability of the structure (fatigue life).
The damaged area should be ground parallel to the primary stress to remove the defects and to
provide a 3:1 taper from the bottom of the defect to the undamaged steel surface. The cross
sectional area remaining after grinding operations should be analyzed to determine the
maximum stresses and stress range expected to occur at the damaged location if left
unrepaired. Damaged locations where the stresses or stress range are determined to be
unacceptable, must be strengthened by placing splice plates across the damaged area to return
the damaged beam to its original load carrying capacity. The grinding details and the flange
strengthening details shown in the Impact Repairs - Steel Beams chapter of this Section can be
applied to the repair of nicked, gouged or saw cut flanges.
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2.16 Concrete Superstructure Repairs
2.16.1 General

The procedure described elsewhere in this Section, for the repair of impact damage on concrete
beams, can also be applied to the repair of beams which have experienced severe long term
deterioration. The repair concrete should be securely anchored to the existing beam. Shallow
unanchored mortar repairs should be avoided, especially over areas of vehicular or pedestrian
traffic. When deterioration has exposed the existing reinforcement bars but does not extend to
below the bars, the exposed reinforcement bars can be coated with epoxy in lieu of a thin
mortar repair being applied to the deteriorated area to cover the exposed reinforcement.

2.16.2 Beam End Repairs

The repair of deteriorated beam ends is among the most common repair procedures performed
during maintenance contracts. When the deterioration extends into the concrete directly over
the bearings, the beams must be temporarily supported during the repair operations. The
deteriorated concrete areas should then be repaired using formed concrete repairs as described
for the repair of substructures elsewhere in this Repair Sections.

2.16.3 PPC Deck Beam Repairs - General
Among the most common repairs necessary for the maintenance of PPC deck beams are:

The replacement of the wearing surface
The repair of keyways
The repair of deteriorated concrete and the protection of exposed reinforcement and
strands
The adjustment of bearing pads
5. The repair of grouted dowel rod holes
The repair of grouted joints at the fixed beam ends

Plans for projects including these repairs, should contain a plan view of the superstructure

showing the locations of all keyways, deteriorated beam areas, expansion joints and fixed joints.
The locations to be repaired should be identified on the plan view. Special provisions for the

June 2017 HARD COPIES UNCONTROLLED  Page 2-159



Structural Services Manual Section 2 - Repairs

repair procedures listed above can be obtained by contacting the Structural Services Section of
the Bureau of Bridges & Structures.

The existing wearing surface may be removed and replaced as described for overlays
elsewhere in this Section. The repairs listed above must be included with all overlay projects on
PPC deck beams when deterioration is present.

After the wearing surface and waterproofing have been removed from deck beams, any existing
unplugged fabrication vent holes in the top of the beams should be located and sealed with
epoxy to prevent water from entering the voids cast inside the beams. Also, during the
inspection of PPC deck beams, the existing drain holes extending through the bottom of the
beams into the voids inside the beam should be probed to ensure that they are not clogged and
that water is not accumulating in the voids.

2.16.4 Keyway Repairs

The grouted keyways between the individual beams, which combine to form the bridge
superstructure, are essential for the lateral distribution of load during the application of live
loads. If the keyways adjacent to a beam are severely deteriorated, that beam must carry a
portion of the live load significantly greater than the amount of live load the beam was designed
to carry. When this condition exists, the Bureau of Bridges & Structures should be contacted to
determine if a load restriction must be placed on the structure until repairs can be made.

Keyways are repaired by removing all deteriorated grout from the keyway and replacing it with
an epoxy grout. In areas of the keyway where the existing grout is cracked but otherwise
sound, the cracks in the grout should be filled with epoxy. The epoxy grouting and crack sealing
should not be done until all PPC deck beam repairs, bearing pad adjustments and dowel rod
hole repairs have been completed.

When the edges of the beam forming the keyway have deteriorated to the point where they
cannot provide the geometric shape necessary to contain the keyway grout, consideration must
be given to beam replacement or the installation of a mechanical keyway device. A device
similar to the one shown in the IDOT Precast Prestressed Concrete Design Manual for use
during the staged construction of a PPC deck beam bridge can be used. The device details
should be modified as shown in Figure 2.16-1. When the superstructure is over a roadway or
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railroad, the effect of the mechanical devices on vertical clearance must be considered. Also,
since the devices will interfere with the placement of waterproofing membrane and may loosen
with time, they should only be installed to avoid total beam replacement on structures scheduled
for replacement.

When the keyway deterioration is due to the lateral movement of the beams relative to one
another, side retainers should be installed adjacent to the fascia beams to prevent further
movement. The IDOT Precast Prestressed Concrete Design Manual provides details for side
retainers which can be installed adjacent to the beams when adequate bearing seat area is
available.
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2.16.5 Bearing Pad Adjustment

The bearing pads located under the ends of the PPC deck beams must be inspected to identify
areas where uniform bearing of the beams on the pads does not exist. These areas will be
prone to rocking when live load is applied to the structure and will contribute to the accelerated
deterioration of the keyways between the beams. Uniform bearing should be established by
inserting shims under the beam ends where rocking is occurring. At fixed bearings, where the
ends of the beams are held in place by dowel rods, uniform bearing can be provided by the
placement of epoxy grout between the bottom of the beams and the bearing seat in lieu of
furnishing shims.

2.16.6 Dowel Hole and Grout Joint Repairs

Deterioration of the grout in the dowel rod holes and the grout joints at the ends of the beams
can occur due to the rocking of poorly supported beam ends or due to the accumulation of
moisture under the overlay at the ends of the beams. After the existing overlay has been
removed, all deteriorated grout should be removed from the dowel rod holes and grouted joints.
Cracks in existing grout to remain in the dowel holes should be sealed with epoxy. Epoxy grout
should then be used to replace the removed deteriorated grout.

2.16.7 PPC Deck Beam

PPC deck beams should be repaired as described earlier in the “General” portion of this
chapter. When the concrete deterioration extends into the voids inside the deck beams or
severed prestressing strands are present, the Bureau of Bridges & Structures should be
contacted to determine if a load restriction must be placed on the structure and if the
replacement of the beam is necessary.

When a PPC deck beam must be replaced, the replacement beam’s load carrying capacity must
not be less than the capacity of the existing beams remaining in place. The number and size of
the prestressing strands placed in the replacement beam should provide the required capacity
and should conform with current design and fabrication practices. When replacing an interior
beam, the width dimension of the replacement beam should be reduced a maximum of 1/2 inch
to facilitate the placement of the new beam between the existing beams. Whenever possible,
transverse tie assemblies should be reinstalled. A modified tie coupler for use with a beam
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replacement is shown in Figure 2.16-2. It is not always possible to reinstall the transverse ties
on structures with large skews and staggered tie assemblies. When transverse ties cannot be
reinstalled, side retainers should be installed adjacent to the fascia beams at the ends of the
beams which are not connected to the substructure with dowel rods and are not tied together by
expansion joint steel.

2.16.8 R.C. Deck Girder Replacement

The primary cause of deterioration in R.C. deck girders is exposure to deicing agents.
Compounding this situation are the lack of anchorage and the debonding of the existing main
tension reinforcement in the bottom of many R.C. deck girders. When deterioration requires
that a girder be replaced, the girder can be replaced in-kind or a precast prestressed concrete
deck beam can used as shown in Figure 2.16-3. The use of the precast beam will avoid many
of the problems associated with forming and temporarily supporting a cast in place R.C. deck
girder.
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2.17 Substructure Repairs
2.17.1 General

The repair of cracks and areas of deteriorated concrete are the most common types of
substructure repairs included in maintenance repair plans. The plans must contain information
identifying the locations to be repaired. The information should consist of views of the top, faces
and sides of the substructure showing the approximate size and location of all cracks and
deteriorated concrete areas as shown in Figure 2.17-1. Figure 2.17-2 shows “Guidelines for the
Selection of Substructure Repair Methods”.

When large cracks or extensive areas of deteriorated concrete are present, an investigation
should be performed to determine the cause of the cracking or deterioration. The repair plans
should include measures to eliminate the cause of the problems. In some cases, the corrective
measures required to avoid the recurrence of the deterioration will simply call for the
replacement of a leaking expansion joint or the elimination or extension of nearby deck drains.

Maintenance repair plans are occasionally required for the replacement of failed retaining walls

and the stabilization of abutment walls. These type of repairs require analysis and investigation
to identify the cause of the wall failure or movement in order to develop a solution.
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Figure 2.17-2 — Guidelines for the Selection of Substructure Repair Methods
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2.17.2 Crack Sealing

Cracks in concrete substructures, with crack openings less than or equal to 1/2 inch, are
repaired by injecting an epoxy crack sealing material into the crack. Cracks located in a wall
with voided areas behind the wall cannot be effectively sealed by injecting material into the
cracks unless the voided area has been filled with material which will prevent the injected crack
sealing material from being forced into the voided area. Hairline cracks need not be sealed but
their locations should be noted in the repair plans.

Cracks with openings greater than 1/2 inch should be sealed by removing all loose material
along the edges of the crack and then using an expansive cement grout to fill the crack. The
presence of large vertical cracks in an unreinforced concrete pier may require the installation of
a steel collar as shown in Figure 2.17-3, if a determination is made that the cracks will reinitiate
after repairs are made.
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2.17.3 Mortar Repairs

Shallow repairs of deteriorated concrete substructure surfaces can be made using polymer
modified Portland cement mortar. This type of repair should be limited to use for repairing
concrete surfaces when the depth of the deterioration does not extend below the existing
reinforcement bars or to a depth of 2 inches for unreinforced substructure units. The application
of mortar repairs to overhead surfaces should be avoided and the repair should not be used on
any portion of a structure located directly over vehicular or pedestrian traffic.

2.17.4 Formed Concrete Repairs
Formed concrete repairs can be categorized into the following two types:

1. Formed concrete repairs with depths of repair less than or equal to 5 inches
2. Formed concrete repairs with depths of repair greater than 5 inches but less than 12
inches

Both types of repairs use formed concrete to replace the deteriorated concrete areas.

When making a formed concrete repair, the perimeter of the deteriorated area should be saw
cut to a depth of 1 inch after the limits of unsound concrete have been determined. The existing
concrete within the saw cut area should be removed to sound concrete and to a depth at least 1
inch below the inside surface of the existing reinforcement bars. The existing reinforcement
bars within the repair area must be cleaned and damaged or deteriorated reinforcement bars
must be replaced prior to the placement of the repair concrete.

The effect of the concrete removal, required for a formed concrete repair, on the strength of the
structure during the repair operations must be considered. When an extensive area of the
substructure, such as an entire column face, is to be repaired, the superstructure should be
temporarily supported until the concrete repair has cured.
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2.17.5 Pneumatically Placed Mortar

High strength pneumatically placed mortar (shotcrete) may be used in lieu of formed concrete
repairs. The saw cutting, concrete removal and reinforcement bar repair requirements for
formed concrete repairs should also be applied to shotcrete repairs.

2.17.6 Retaining Wall Replacement

The cause of a retaining wall failure should be determined prior to the replacement of the wall.
The failure may have been caused by a vehicular impact, a design or construction error, the
placement of additional backfill behind the wall, the lack of sufficient drainage of ground water
from behind the wall, the undermining of the footing, the slope failure of embankment material
behind the wall or the general long term deterioration of the wall. The Bureau of Bridges &
Structures should be contacted to investigate the cause of the failure.

When the entire wall, including the footing, has failed, complete replacement is necessary.
However, if the footing has not failed and analysis indicates that it can carry the anticipated
loadings, the failed wall stem can be removed and a new wall can be attached to the existing
footing using epoxy grouted reinforcement bars as shown in Figure 2.17-4.

The water seal in a joint between a replaced section of retaining wall and an adjacent structure

should be maintained. When it is not possible to salvage the existing water seal, the details
shown in Figure 2.17-5 can be used.

June 2017 HARD COPIES UNCONTROLLED  Page 2-173



Structural Services Manual Section 2 - Repairs

1  {~——2Back Face
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Existing reinforcement extending e Epoxy Grout new bars
out of the footing shall be cleaned, |, info the existing footing

straightened and incorporated
into the new construction. :

* Length required to develop full
capacity of reinforcement bar.

Figure 2.17-4 — Retaining Wall Stem Removal and Replacement
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> Premoulded
Joint Filler
Back Face

Cut existing water seal Concrete Nails (Flat Hd. C.S.)
off flush with existing wall 1’ long at 12* cts. vertical.

Epoxy new Water Seal into 2 Z  Chamfer \ 6’ Hollow bulb type nonmetallic
wide sawcul groove. Epoxy 2 water seal (6°° from top of wall

to meet the requirements of to top of footing)
ASTM (881, Type III, Grade 3.

Prime Groove with an Epoxy

meeting ASTM C881, Type I1II

Grade 1.

Figure 2.17-5 — Water Seal Replacement Detall
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2.17.7 Abutment Wall Movement

When excessive horizontal movement has occurred in the front wall of closed concrete
abutments, measures should be taken to determine the cause and to stabilize the movement.
Closed concrete abutments are generally designed with:

1. The front wall restrained against movement at both the top of the wall where it meets the
superstructure and at the bottom of the wall where it is attached to the footing

2. The front wall acting as a cantilever rigidly attached to the footing and free to deflect at
the top of the wall adjacent to the superstructure

Abutment walls designed to be restrained at the top and bottom of the wall should not
experience any horizontal deflection at those locations. Occasionally the top restraining
element of this type of wall will fail and allow the top of the wall to move. If the wall is
determined to be in sound structural condition, except for the loss of top restraint, restraining
angles can be attached to the bottom of the superstructure as shown in Figure 2.17-6. If the
structural integrity of the wall has been compromised by movement or analysis shows that the
wall is structurally deficient, a steel frame work can be installed between the abutments as
illustrated in Figure 2.17-7.
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Abutment walls designed to act as cantilevers will deflect horizontally after backfill material has
been placed behind the wall. Also, cantilevered abutment walls may experience additional
horizontal movement when the height of the backfill is significantly increased by raising the
roadway profile grade during a rehabilitation of the structure. If the existing abutment wall
cannot carry the increased loading without exceeding the design stresses of the reinforcement
bars and concrete used for its original construction, excessive horizontal deflections may occur
at the top of the wall. The wall can be stabilized by placing additional embankment material in
front of the abutment wall as shown in Figure 2.17-8 or by constructing counterforts as shown in
Figure 2.17-9. Prior to adopting a method of stabilizing a wall, the effect of the method on the
size of the bridge opening and the hydraulic adequacy of the structure must be considered.
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Figure 2.17-9 — Abutment Wall Support Using Counterforts
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Section 3 Bridge Inspection

3.1 General
3.1.1 Purpose and Scope

Congress implements highway policy through passage of multi-year authorization bills (The
Highway Bill). The Highway Bill establishes the federal statutes that govern, in part, the
inspection of the Nation’s bridges. The statutes are codified in the United States Code (USC)
and grant authority to the US Department of Transportation, Federal Highway Administration
(FHWA) to establish and promulgate, or publish, the National Bridge Inspection Standards
(NBIS) in the Code of Federal Regulations (CFR) under Title 23, Chapter |, Subchapter G, Part
650, Subpart C included in Appendix A-1.

Inspections of structures located on public roads are necessary to provide adequate safety for
the traveling public, ensure compliance with the NBIS, and protect the large investment in
Illinois bridges.

To maintain full compliance with the NBIS, the lllinois Department of Transportation (IDOT)
must adhere to all policies, procedures, and regulations established by the FHWA. This section
of the IDOT Structural Services Manual provides documentation of the official bridge inspection
policies for the State of lllinois.

The primary purpose of this section is to provide information pertaining to bridge inventory and
inspection activities. The information provided in this section summarizes IDOT inspection
policies and guidelines for the effective and efficient management of the bridge inspection
program. The information provided in regard to inspection types and frequencies is also
applicable to structures under the jurisdiction of agencies other than IDOT, where the oversight
for inspections is the responsibility of the agency having jurisdiction.

The primary function of the bridge inspections performed in accordance with the NBIS is to
ensure that bridges serving roadways in lllinois remain safe for all users of the highway system.
The results of the inspections are also used as a tool to assist in determining bridge
maintenance and improvement needs. To enhance this capability, IDOT has implemented
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element level inspections that provide information which may be used in a Bridge Management
System (BMS) complying with federal guidelines. The primary use of the BMS is to identify
existing and potential deterioration in individual bridge members, and to predict bridge
maintenance and construction programming needs on a system-wide basis.

3.1.2 National Bridge Inspection Standards

Bridge inspections are generally performed and recorded under the requirements of the NBIS.
The NBIS contains the federal regulations establishing minimum requirements for inspection
organizations, qualifications of personnel, frequency of inspections, inspection procedures, and
the preparation and maintenance of a bridge inventory.

The FHWA administers the NBIS under the guidelines outlined in the FHWA Recording and
Coding Guide for the Structure Inventory and Appraisal of the Nation's Bridges (Federal Coding
Guide). The information collected, as required by the NBIS, is reported annually to the FHWA.
The NBIS applies to all structures defined as highway bridges located on public roads. The
following definitions, which have been taken from federal regulations, apply:

Bridge: A structure, including supports, erected over a depression or an obstruction,
such as water, highway, or railway, and having a track or passageway for carrying traffic
or other moving loads, and having an opening, measured along the center of the
roadway of more than 20 feet between undercopings of abutments or spring lines of
arches, or extreme ends of openings for multiple boxes; it may also include multiple
pipes, where the clear distance between openings is less than half of the smaller
contiguous opening.

Public Road: Any road or street under the jurisdiction of and maintained by a public
authority and open to public travel.

It should be noted that a Bridge includes both permanent and temporary structures as
discussed in Section 3.12 and a Public Road includes transit highways as discussed in Section

3.13.

Although the NBIS requirements are not directly applicable to privately owned bridges, the
FHWA strongly encourages private bridge owners to follow the NBIS as the standard for
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inspecting their bridges. In those instances, where a privately owned bridge carries or crosses
a public road, the FHWA has indicated that public agencies should encourage the private bridge
owner to inspect their bridge in accordance with the NBIS or reroute the public road.

In addition to the Federal Coding Guide, several national publications have been developed to
assist the states in uniformly complying with the NBIS including but not limited to:

FHWA Bridge Inspector’s Reference Manual

e FHWA Underwater Bridge Inspection

o FHWA Evaluating Scour at Bridges

e AASHTO The Manual for Bridge Evaluation

e AASHTO Manual for Bridge Element Inspection

NHI courses are another source that help ensure uniform compliance with the NBIS.

3.1.3 lllinois Bridge Inspection Organization

lllinois complies with the NBIS program requirements for inspection and inventory data through
the following responsible positions.

State Program Manager: The IDOT Bridge Management Unit Chief within the Bureau of

Bridges & Structures providing statewide oversight for all NBIS related activities. The
State Program Manager is responsible for inspection policy and to ensure the quality of
the NBIS program.

Local Program Manager: The IDOT Local Bridge Unit Chief within the Bureau of Bridges

& Structures providing assistance to the State Program Manager for statewide oversight
of all NBIS related activities performed by local public agencies or other state agencies.

Central Program Manager: The IDOT Bridge Inspection Group Engineer within the

Bureau of Bridges & Structures providing oversight for all NBIS activities related to the
In-Depth Inspections performed for designated Major Structures.

District Program Manager: The IDOT District Bridge Maintenance Engineers providing

oversight for all NBIS related activities within their designated area of responsibility.
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Area Program Manager: The IDOT Area Bridge Inspection Engineers in District 1

providing oversight for all NBIS related activities within their designated area of
responsibility.

Agency Program Manager: All local public agencies with jurisdiction of a structure in the

National Bridge Inventory (NBI) must designate a Program Manager to ensure
compliance with the NBIS, and provide guidance and management of their bridge
inventory. Local public agencies may designate in-house staff or a consultant who is an
approved Program Manager. The consultant and agency should discuss and clarify the
program manager duties such as responding to BridgeWatch alerts, submitting
inspection reports to IDOT, maintaining official bridge files, responding to IDOT requests
for additional NBIS information, and other NBIS related activities.

The local public agency should complete IDOT Form BBS LAPMD, “Local Agency
Program Manager Designation” to designate their Program Manager.

3.1.4 lllinois Structure Information System

The lllinois Structure Information System (ISIS) is the official database containing all lllinois
bridge inventory and inspection information. The bridge data stored in ISIS for each structure
includes an inventory record, current and previous inspection records, and information related to
construction, reconstruction, highway routes, scour evaluations, microfilm, hydraulics, and
design.

3.1.5 Structure Information and Procedure Manual

The IDOT Structure Information and Procedure Manual (SIP Manual) is the official document
describing ISIS, which includes the various data items it contains and coding of each item. This
includes the criteria to be used by bridge inspectors when assigning condition ratings and
appraisals. Use and knowledge of this manual is essential for all inspectors and other involved
in the inventory and inspection of lllinois bridges. The manual is maintained by the IDOT Office
of Planning and Programming, Data Management Unit.
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3.1.6 Maintenance Management Information System

The Maintenance Management Information System (MMIS) is utilized by the IDOT Bureau of
Operations to track various maintenance operations performed on IDOT maintained structures.

3.1.7 Bridge Management System

The Bridge Management System (BMS) contains element level inspection and condition state
information. Element Level Inspections provide detailed quantitative condition data for each
element of a bridge. This system provides IDOT with an enhanced capability of predicting
future bridge programming needs. Guidance for this system and Element Level Inspections is
included in the AASHTO Manual for Bridge Element Inspection and the IDOT Bridge Element
Inspection Manual.

3.1.8 Structure Information Management System

The Structure Information Management System (SIMS) provides IDOT personnel with access to
information contained in ISIS, Program Planning System (PPS), Bridge Project Tracking (BPT),
and the Bridge Management System. SIMS provides those involved in managing bridge
inspection programs with a means to easily and quickly access NBIS information and run data
queries for individual structures. For bridges under the maintenance jurisdiction of local public
agencies, the SIMS-County database file of local bridges for each county may be obtained from
IDOT’s website.

3.1.9 Bridge Inspection System

The Bridge Inspection System (BIS) is utilized by IDOT bridge inspectors to record the results of
bridge inspections in the following databases:

¢ lllinois Structure Information System, which contains data from the following
NBIS related inspections:
o Routine Inspections
o Underwater Inspections
o Fracture Critical Member Inspections
o Special Inspections
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e Bridge Inspection - Structured Query Language (SQL), which contains information
regarding:
o Element Level Inspections
o Inspector Work Candidates

Using BIS, inspection personnel can download the most recent inspection information onto a
laptop computer prior to an upcoming field inspection. The inspector can then utilize the laptop
computer during the next field inspection and can input new inspection data during the
inspection or at any time prior to returning to the office, subsequent to the field inspection. After
returning to the office, the inspector can utilize BIS to directly upload the recently obtained
bridge inspection information for eventual inclusion into ISIS, after approval by supervisory
personnel.

3.2 Structure Inventory
3.2.1 Reporting Inventory Information

Each bridge involved with a public road, whether carrying or crossing the roadway, must be
included in the bridge inventory. In accordance with NBIS, bridges carrying a public roadway
must be inspected and reported to FHWA. Bridges that do not carry motor vehicle traffic but
cross over a public road, such as pedestrian/bicycle bridges or railroad bridges, must also be
included in the bridge inventory. Even though Routine Inspections are not required by NBIS for
these structures, they are recommended as a matter of public safety. Inspections for bridges
that do not carry public roadways are further addressed in Section 3.11 of this manual.
Directions for recording structure inventory information are provided in the IDOT Structure
Information and Procedure Manual (SIP Manual).

Bridge inventory information, or changes to the bridge that affect the inventory, must be
recorded in ISIS for bridges involving state maintained roads, within 90 days of opening to traffic
or when necessary. In general, the inventory data is entered by Region/District personnel.
Data entry for some items, such as load rating and hydraulics, are the responsibility of the
Bureau of Bridges & Structures.

For bridges not directly under IDOT jurisdiction, IDOT policy requires that the lllinois Structure
Information System must also be updated within 90 days of the inventory change taking effect.
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The agency with jurisdiction of the roadway carried by the bridge is responsible for submitting
the revised inventory information to IDOT. If the bridge passes over a public road, but does not
carry a public road, the agency with jurisdiction of the roadway under the bridge is responsible
for submitting the revised inventory information to IDOT.

3.2.2 Updating Inventory Information

A general review of inventory items should be a part of each Routine Inspection, with any
needed corrections promptly reported to appropriate personnel, so that the bridge data in ISIS
can be kept as accurate as possible. This general review of inventory information during the
Routine Inspection does not necessarily require the inspector to take physical measurements,
but should include an effort to identify obvious errors in existing inventory information. The
inspector should print a copy of IDOT Form S-114, "Inspector's Inventory Report" or IDOT Form
S-107, "Master Structure Report” to refer to during the Routine Inspection, noting any
discrepancies or missing information on the form.

3.2.3 The National Bridge Inventory

ISIS data is submitted to FHWA annually. The data becomes part of the National Bridge
Inventory (NBI) which is defined by FHWA as:

National Bridge Inventory: The NBI is a collection of information (database) covering

over 600,000 of the Nation’s bridges located on public roads, including Interstate
Highways, U.S. highways, State and County roads, as well as publicly-accessible
bridges on Federal lands. It presents a State by State summary analysis of the number,
location, and general condition of highway bridges within each State.

3.3 Structure Inspections

3.3.1 General

There are various types of bridge inspections derived directly from the NBIS and other FHWA
referenced publications and technical documents as follows:
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Initial Inspection: The first inspection of a new bridge or a bridge that has undergone

rehabilitation to provide all Structure Inventory and Appraisal (SI&A) data and other
relevant data and to determine baseline structural conditions.

Routine Inspection: A regularly scheduled inspection consisting of observations and/or

measurements needed to determine the physical and functional condition of the bridge,
to identify any changes from initial or previously recorded conditions, and to ensure that
the structure continues to satisfy present service requirements.

Underwater Inspection: Inspection of the underwater portion of a bridge substructure

and the surrounding channel which cannot be inspected visually at low water by wading
or probing, generally requiring diving or other appropriate techniques.

Fracture Critical Member Inspection: A Hands-On Inspection of a Fracture Critical

Member or member components that may include visual and other non-destructive
evaluation methods.

Special Inspection: An inspection scheduled at the discretion of the Program Manager

or Bureau of Bridges & Structures, used to monitor a particular known or suspected
deficiency.

In-Depth Inspection: A close-up inspection of one or more members above or below the

water level to identify any deficiencies not readily detectable using Routine Inspection
procedures; Hands-On Inspection may be necessary at some locations.

Damage Inspection: An unscheduled inspection performed to assess structural damage

resulting from environmental factors or human actions.

Load Rating Inspection: A scheduled inspection performed to investigate damage or

deterioration in order to evaluate potential reductions in the live load carrying capacity.

Complex Bridge Inspection: This is an In-Depth Inspection, requiring Hands-On

Inspection procedures, to assess the unique or unusual characteristics of the bridge
according to a pre-established, written Complex Bridge Inspection Plan.

Page 3-8 HARD COPIES UNCONTROLLED  June 2017



Structural Services Manual Section 3 - Bridge Inspection

Element Level Inspection: Inspection of the individual elements of a bridge, each rated

for severity and extent of deterioration, assigning quantities of each element in 1 of 4
specific Condition States.

Hands-On Inspection: Inspection within arm’s length of the component using visual

techniques that may be supplemented by non-destructive testing.

These various inspections are performed at intervals controlled by such things as structural
condition, structure type and details, site conditions, load capacity evaluation, and scour critical
evaluation. IDOT policy requires that SI&A data must be entered into ISIS within 90 days of
inspection for all bridges regardless of jurisdiction. The 90 day rule only applies to data entry
and shall not be used to extend the inspection intervals.

NBIS related inspections must be coordinated and performed by qualified personnel as stated in
the NBIS requirements. The individuals with overall responsibility for controlling the quality of
the NBIS inspection program in a specific area, designated as Program Managers, and the
individuals leading field inspection teams, designated as Team Leaders, must meet the
gualifications specified in Section 3.9 . An approved Team Leader must be present during
Initial, Routine, Underwater, Fracture Critical Member, In-Depth, Damage, Load Rating, and
Complex Bridge Inspections.

NBIS requires that all Routine Inspections, Underwater Inspections, Fracture Critical Member
Inspections, Special Inspections, In-Depth Inspections, and Complex Bridge Inspections be
performed within the inspection interval specified in Section 3.4 . Program Managers must
ensure that their NBIS inspections do not become delinquent.

Once a local public agency bridge inspection is completed, the Program Manager is required to
use the IDOT Inspection Date Notification website to record the date of the inspection.
Information on obtaining access to the website can be found in Local Roads Circular Letter
CL2015-18.

All state maintained structures and local public agency structures on the National Highway
System require Element Level Inspections as specified in Section 3.3.11.

June 2017 HARD COPIES UNCONTROLLED Page 3-9




Structural Services Manual Section 3 - Bridge Inspection

Inspection procedures vary greatly depending on the characteristics of the bridge, the inspection
type, and the extent of bridge deterioration. Detailed inspection procedures including guidance
for taking and recording field measurements are provided in FHWA Bridge /Inspector’s
Reference Manual, AASHTO The Manual for Bridge Evaluation, and in this manual. Inspection
procedures are provided for commonly encountered bridge types and elements.

If possible, bridges should be observed during the passage of heavy vehicular loads to assess
the presence of excessive vibration, deflection, or noise. If detected, further investigations
should be made to determine their cause. Complex bridges require specific inspection
procedures that are documented in an inspection plan for each Complex Bridge as specified in
Section 3.3.10.

3.3.1.1 Inspection Forms

The applicable IDOT forms must be used to document each bridge inspection. The latest IDOT
bridge inspection forms, available on the date of the inspection, shall be used. The form must
be signed by both the Team Leader and Program Manager and the original document with “wet”
signatures stored in the Bridge File. For situations where the Team Leader and Program
Manager are the same person, that person must sign the form in both places.

For situations where the Program Manager and the Team Leader are employed by separate
entities, the Program Manager still has ultimate responsibility for the quality of the inspections.
The Program Manager may delegate quality control of the Team Leaders work to others but
should require documentation of this for quality assurance purposes. This policy is in no way
intended to discourage additional QC/QA measures within an inspection program but to clarify
ultimate responsibility for that program.

3.3.2 Initial Inspection

New and recently rehabilitated bridges must receive an Initial Inspection.

The bridge owner is responsible for performing the inspection in accordance with NBIS
requirements and reporting the information to IDOT, allowing sufficient time for data entry by

IDOT. Agencies should coordinate the timing of submittal of inspection data with IDOT. IDOT
Form BBS-BIR, “Routine Inspection Report” shall be used to record the Initial Inspection.
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Some bridges are built over several years and under different construction contracts. When this
is the case, the Initial Inspection shall be performed after the first construction stage of the
bridge is opened to traffic. As additional stages are completed, Routine Inspections shall be
completed and inventory data updated as necessary. The inspection and revised inventory data
must be entered into ISIS within 90 days after opening the new stage to traffic.

The purpose of an Initial Inspection is to verify the safety of a bridge in accordance with the
NBIS, provide required inventory information of the as-built structure, and to determine its
baseline structural condition.

Documents, including photographs, drawings (design, as-built, and shop), scour analysis,
foundation information, hydrologic and hydraulic data, stream cross sections, pile driving
records, and field changes shall be included in the Bridge File as applicable. See Section
3.9.3.4 for Bridge File content requirements.

The level of effort required to perform an Initial Inspection will vary according to the structure’s
type, size, design complexity, and location. An Initial Inspection may include a Hands-On
Inspection of main bridge members of the structure to document the baseline conditions.

3.3.3 Routine Inspection

Although commonly used to also determine bridge maintenance and repair needs, the primary
focus of the Routine Inspection is public safety. This inspection must be performed for all
bridges on public roads with an opening greater than 20 feet, measured face-to-face of
abutments along the center line of the roadway. See Section 3.1.2 for the complete NBIS
definition of a Bridge. This inspection includes sufficient observations and measurements to
determine the physical condition of a bridge in order to accomplish the following functions:

e Verification and updating condition ratings and appraisals assigned to various items
pertaining to the physical condition and the functionality of the bridge.

¢ Identification and documentation of potential problems that may affect bridge safety.

e Correction of inaccuracies in the bridge inventory data. During Routine Inspections,
inspectors are encouraged to verify inventory data items. See Section 3.2.2 for updating
bridge inventory.
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o Determination of need for the Bureau of Bridges & Structures, or an lllinois Licensed
Structural Engineer retained by an agency, to evaluate load carrying capacity or repair
needs.

e Documentation of maintenance work that may be required.

Inventory and inspection items are coded in accordance with the guidelines provided in the
IDOT Structure Information and Procedure Manual (SIP Manual). The results will be recorded
on the IDOT Form BBS-BIR, “Routine Inspection Report”. The BBS-BIR for each Routine
Inspection is kept in the official Bridge File at the headquarters of the District or the Agency
responsible for inspection.

The Inspector’'s Appraisals section of the BBS-BIR contains space for comments next to each
condition rating item. A concise description of deficiencies must be included for all condition
ratings of “5” (Fair) or less and should be included for condition ratings of “6” (Satisfactory).
Deficiencies must also be documented with photographs for condition ratings of “4” (Poor) or
less.

When the rating for “Superstructure Condition”, “Substructure Condition”, or “Culvert Condition”
(ISIS Items 59, 60, or 62) is judged to warrant a drop to a level of “4” (Poor) or lower, or the
rating for “Deck Condition” (ISIS Item 58) drops to “3” (Serious) or less, a subsequent Load
Rating Inspection as specified in Section 3.3.9 is required to evaluate load carrying capacity.
Such a condition rating is an indication that a main structural member may have deteriorated to
a point where its load carrying capacity has been reduced. The Bureau of Bridges & Structures
monitors ISIS to determine when condition ratings are lowered to levels requiring a Load Rating
Inspection and will schedule an inspection and perform analysis as needed to determine the
revised load carrying capacity of the deteriorated structure.

When the rating for “Superstructure Condition” (ISIS Item 59) for steel superstructures drops to
a “3” or lower due to section loss of the web at the bearing, the Program Manager responsible
for the structure shall ensure hardwood blocking is installed between beam flanges at the
identified bearing locations to resist buckling or crushing of the web.

If an inspection reveals that an imminent danger to the travelling public is likely, the inspector

should immediately take necessary action to protect the travelling public prior to notifying the

Program Manager responsible for the structure and the Bureau of Bridges & Structures.
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When the Bureau of Bridges & Structures cannot provide a Load Rating Inspection for an
Agency within a reasonable time frame, the responsible Agency will be notified to retain the
services of an lllinois Licensed Structural Engineer to evaluate the load carrying capacity of the
affected bridge. The Structural Engineer’'s recommendation must be submitted to the Bureau of
Bridges & Structures for concurrence and approval.

3.3.3.1 Routine Inspections - Structures over Waterways

When the water depth at a substructure unit is normally less than 4-feet (typically referred to as
“shallow water conditions”), site conditions do not meet the “Basic Submergence Criteria”
specified in Section 3.3.4 and an Underwater Inspection is not required.

Condition of substructure units and the surrounding streambed below the waterline are typically
determined by wading and probing during the Routine Inspection as required for the proper
coding of “Substructure Condition” (ISIS Item 60). If all waterway substructure units of a bridge
are located in water that is normally less than 4-feet in depth, an Underwater Inspection is not
required and the “Underwater Inspection Interval” (ISIS Item 92B) is left blank.

If site conditions at the bridge indicate that there is a known deficiency or concern at one or
more substructure units, the responsible Program Manager must determine how it should be
monitored:

o During subsequent Routine Inspections at their normal interval
e By lowering the Routine Inspection Interval

e By initiating a Special Inspection to address each concern

e By closing the structure or limiting traffic

If the Program Manager elects to initiate monitoring with a Special Inspection, the appropriate
“Special Inspection Type” (ISIS Item 92C1) and “Special Inspection Interval” (ISIS Item 92C)
must be determined for each deficiency or concern and entered in ISIS. See Figure 3.4-2,
“Substructure Condition Assessment Method below Waterline” and Table 3.4-3 for options and

recommended monitoring intervals.

When Special Inspections are initiated for waterway monitoring, IDOT Form BBS SI-1, “Special
Inspection Report” must be completed for each Special Inspection Type. Information obtained
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during Special Inspections will be used for the coding of “Substructure Condition” (ISIS Item 60).
See Section 3.3.6.2, Special Inspections for Monitoring Substructure and Channel Conditions
Below the Waterline.

Channel cross-sections, along the upstream and downstream fascias shall be taken for
comparison with Initial Inspection baseline cross-sections at a maximum interval of every 5
years and after significant storm events as documented by an alert from BridgeWatch specified
in Section 3.7.6. Additional cross-sections should be taken when conditions indicate significant
changes from original construction or previous inspections. An elevation “grid” may be
established for tracking local scour around individual substructure units. Whether accomplished
during a Routine Inspection or by a Special Inspection, the condition of substructure units below
the waterline and the streambed adjacent to those units must be determined to verify that
existing conditions do not compromise the safety of the structure. This need for inspection
applies to all structures over water, including new bridges that may have been designed to
structurally accommodate an established scour depth determined by analysis. Figure 3.4-2
illustrates the use of the various inspection types referred to in this Section.

3.3.4 Underwater Inspection

When water is normally 4-feet or more in depth or the combined depth of mud makes it unsafe
to wade in normal chest waders at a substructure unit, site conditions meet the “Basic
Submergence Criteria” requiring an Underwater Inspection. Underwater conditions at these
substructure units typically cannot be determined by wading and probing, and inspections
require the use of a boat, sonar depth finder, or diving to determine existing conditions.

As described in FHWA Bridge Inspector’s Reference Manual (BIRM), an Underwater Inspection
for all bridges meeting the Basic Submergence Criteria shall include the development of an
Underwater Inspection Plan (IDOT Form BBS UIP) for inspecting each substructure unit. The
Underwater Inspection Plan shall include the following, as applicable:

e A plan sheet locating each substructure unit that qualifies for an Underwater Inspection

¢ Inspection records from previous Underwater Inspections

¢ Initial Inspection baseline stream cross-sections and all subsequent cross-sections taken
during past Underwater Inspections

e Detailed inspection procedures to be followed for each substructure unit

Page 314 HARD COPIES UNCONTROLLED  June 2017



Structural Services Manual Section 3 - Bridge Inspection

e Equipment required to complete the inspection

Procedures for inspecting the substructure units may vary, depending on weather, stream level,
or stream current. Inspection history will assist in determining preferred time periods when
conditions are usually most conducive for conducting an inspection.

In addition to assessing the condition of the substructure elements, waterway inspections are
conducted to create a record of the existing channel conditions adjacent to the bridge.
Conditions such as channel opening width, depth at substructure elements, channel cross-
sections, water flow velocity, and channel constriction and skew should be noted and compared
to previously recorded conditions. To track local scour conditions near substructure units, a
streambed elevation “grid” may be established.

Channel cross-sections along the upstream and downstream fascias shall be taken for
comparison with Initial Inspection baseline cross-sections and previous inspection data with
each Underwater Inspection. Current waterway inspection data should be plotted against
previous inspection data in order to identify channel changes. This “tracking” of channel change
over time is an important step in ensuring the safety of the bridge. Over time, vertical changes,
due to either degradation or aggradation processes, or horizontal alignment changes, due to
lateral migration of the channel, could result in foundation undermining, bridge overtopping, or
even collapse of the structure.

For bridges that are located in low-flow or no-flow conditions, such as in lakes, ponds, or
lagoons, or in controlled pool conditions above locks and dams, the requirement for stream
cross-sections may be waived, at the discretion of the responsible Program Manager.
Justification for waiving this requirement must be documented in the Underwater Inspection
Plan and kept with the Bridge File.

3.3.4.1 Assessing Substructure Conditions Below Waterline

Bridges that have one or more substructure units located in a depth of water meeting the Basic
Submergence Criteria are coded in ISIS as requiring an Underwater Inspection by entering an
“Underwater Inspection Interval” (ISIS Item 92B) and all “Underwater Inspected Substructure
Units” (ISIS Item 93B8) in ISIS. When performing Underwater Inspections, inspectors should be
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aware of which units were entered for ISIS Item 93B8 to ensure that their efforts are
appropriately directed.

If site conditions at the bridge indicate that there is a known deficiency or concern at one or
more substructure units, the responsible Program Manager must determine how it should be
monitored or addressed:

o During subsequent Underwater Inspections at their normal interval
e By lowering the Underwater Inspection Interval

e By initiating a Special Inspection to address each concern

e By closing the structure or limiting traffic

The procedures used for determining the need for an Underwater Inspection are the same for
new structures, which have been designed for anticipated scour, and older structures, which
were designed prior to the development of procedures for estimating scour. Figure 3.4-2
illustrates the use of the various inspection types referred to in this Section.

3.3.4.2 Procedures for Underwater Inspections

A typical Underwater Inspection should evaluate the substructure units and adjacent
streambeds areas utilizing procedures considered appropriate by the District/Area Program
Manager, the Central Program Manager, or the Agency Program Manager.

Streambed cross-sections shall be obtained during each Underwater Inspection for comparison
to initially established baselines and to previous inspection data. Procedures utilized for an
Underwater Inspection shall include the following as deemed appropriate for a particular bridge
site:

¢ Visual observation of the channel at, and adjacent to, the substructure units.

e Manual probing of the channel bottom and/or substructure footing at, and adjacent to,
the substructure units to identify areas of concern or to establish channel bottom
elevations.

e Probing of the substructure walls below the waterline for damage.
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o Recording of the channel bottom elevations with depth finding sonar at, and adjacent to,
the substructure units, as well as at cross sections just upstream and downstream from
the bridge.

e Visual observation of the substructure units to detect possible abnormalities in elevation
or attitude.

e Observation of conditions below waterline by certified divers.

When the water depth is too great or site conditions prohibit an inspector from adequately
determining the condition of a substructure unit by visual means or probing, a diving inspection
will be required.

All procedures used for accomplishing the Underwater Inspection are recorded in ISIS as Item
93B4, “Underwater Inspection Method”. As bridge deficiencies are discovered or suspected,
more thorough evaluation techniques should be employed. These may include surveying
measurements to determine the elevation and attitude of substructure units or obtaining soll
borings. The findings of inspections are to be recorded on IDOT Form BBS BIR-UW1, “Bridge
Inspection Report Underwater Inspection” and an “Underwater Appraisal Rating” (ISIS Item
93B1) is to be entered in ISIS.

3.3.4.3 Effect of Conditions Below Waterline on Substructure Rating

The findings from Underwater, Routine, and Special Inspections should be taken into account in
determining the “Substructure Condition” (ISIS Item 60). Condition of bridge elements below
the waterline should be included during the evaluation of the substructure as part of each
Routine Inspection. Inspectors should take advantage of low water conditions during Routine
Inspections to observe elements below the waterline, especially those elements that would
normally receive an Underwater Inspection and are currently accessible due to environmental
circumstances. The performance of Underwater Inspections at intervals less than 60 months is

encouraged when resources are available and environmental circumstances are favorable.

Only observed or historical scour is considered when determining a “Substructure Condition”
(ISIS Item 60). Calculated scour, which is an analytically derived estimate of the depth to which
the channel could be eroded during an extreme event, is only considered when determining the
coding for “Scour Critical Evaluation” (ISIS Iltem 113). Scour Critical Evaluation is unrelated to
Substructure Condition unless significant scour has actually occurred at the bridge. The
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“Substructure Condition” (ISIS Item 60) shall match the “Scour Critical Evaluation” (ISIS Item
113) when the “Scour Critical Evaluation” (ISIS Item 113) is "2" or less.

3.3.4.4 Determining Safe Conditions for Standard Diving Inspections

IDOT policy for safe diving inspections requires that certain field conditions must be met before

allowing a dive team to enter the water.

Diving Inspections shall be scheduled to avoid unsafe waterway conditions. Prior
research shall be conducted to evaluate the best time of year to make a dive. Every
effort shall be made to schedule Diving Inspections for periods of low flow and/or low
water levels when diving inspections can be safely performed in accordance with IDOT
Policy and FHWA guidance. Dive Teams shall research the site conditions from the
office before traveling to the site to make sure water levels are in a safe condition for
diving.

Upon arrival at the bridge, the site and waterway conditions shall be assessed with a
formal Job Hazard Analysis to determine if an Underwater Inspection by a diving team
can be safely performed. If the conditions are unsafe for diving, IDOT shall be notified
immediately.

With IDOT approval, Underwater Acoustic Imaging may be performed at unsafe bridge
sites to preliminarily evaluate the bridge prior to the NBIS compliance Underwater
Inspection Interval date. The approved types of Acoustic Imaging equipment are Sector
Scanning Sonar, Mechanical Scanning Sonar, and Multibeam Sonar. “Underwater
Inspection Remarks” (ISIS Item 93B2) shall have a comment added stating that Acoustic
Imaging was done without diving until diving could be rescheduled due to unsafe diving
conditions. The Dive Team shall reschedule the dive as soon as conditions are safe.
FHWA does not accept sonar evaluations for Underwater Inspections as a substitute for
diving, even in situations where the Underwater Inspection cannot be safely performed
by divers. However, FHWA recognizes that safety of the diving inspectors and
adherence to policies are necessary when conditions are unfavorable. Full
documentation of the conditions and reasons why sonar inspection was employed
should be included in the Underwater Inspection Report.
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Unsafe Conditions —
Underwater Imaging

Current Depth Special Conditions Procedures to be Used
>4.0 fps Any Depth None Unsafe Conditions
>30 ft None Unsafe Conditions

Hazardous Debris Present at

3.0t0 4.0 fps Any Depth Unsafe Conditions

Dive Site
Any Depth Channel Bottom Unstable Unsafe Conditions
All flow >99 ft None Unsafe Conditions
velocities >50 ft Water Temp < 35 deg. F Unsafe Conditions

Table 3.3-1 —Unsafe Conditions for Underwater Diving Inspections
3.3.4.4.1 IDOT Expectations for Routine Diving Inspection Team
A typical diving inspection team should include:

o Dive Team Size: 3 or 4 person team including an IDOT approved Team Leader who is
also an lllinois Licensed Structural Engineer and will be at the site 100% of the
inspection

e Standard dive equipment but not including hot-water suits or a hyperbaric chamber on
site

o Commercial scuba or surface-supplied air in accordance with OSHA Dive Standards

e All dive team members are required to be certified divers and have taken NHI
“Underwater Bridge Inspection” Course FHWA-NHI-130091 or NHI “Safety Inspection of
In-Service Bridges” Course FHWA-NHI-130055

o Appropriate sized boat (typically less than 25 feet in length)

In addition, diving consultants may have their own requirements.
3.3.4.4.2 Procedures for Underwater Diving Inspections
The following procedures should be performed during an underwater diving inspection:

e Determine if safe diving conditions exist at the structure.
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e Inspection schedules will be sent to the Bureau of Bridges & Structures and the United
States Coast Guard a minimum of two weeks in advance of the inspection.

o IDOT shall inform the lllinois State Police of the inspection.

e Visual and tactile inspection of 100% of the underwater portions of the substructure
units.

o Provide measurements of pitting and damage of each substructure unit.

o Provide a complete report with topside photographs, diagrams, and underwater
photographs necessary to adequately describe conditions and deficiencies found at the
water surface and below, and anything above the waterline that would be hidden from an
inspector not diving.

e Reports will include scope of work, description of the structure, method of investigation,
existing site conditions, structure conditions with elevation views of units showing
damage and streambed elevations, streambed probing information at each unit,
streambed elevation grid at 25 ft. intervals out to 50 ft. from each unit, streambed cross-
sections at both fascias and at 100 ft. upstream and downstream, IDOT Form BBS BIR-
UWH1, “Bridge Inspection Report Underwater Inspection” and anything else as required
by the Bureau of Bridges & Structures.

e The reports shall be signed and sealed by an lllinois Licensed Structural Engineer.

For local public agency structures, the Agency Program Manager will set the requirements of
the Underwater Diving Inspection for each bridge, but they should generally follow the
requirements above. The Agency Program Manager is responsible for coordination with the
waterway authority and local law enforcement.
3.3.5 Fracture Critical Member Inspections

Federal regulations provide the following definition:

Fracture Critical Member: A steel member in tension, or with a tension element, whose

failure would probably cause a portion of or the entire bridge to collapse.

Based on the above definition, Fracture Critical Member Inspections are performed on steel
bridge tension members and tension components of members whose failure could result in
collapse of the bridge or a portion of the bridge. These inspections consist of arm’s length
investigations of all Fracture Critical Members contained within the structure. The primary
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method for detecting cracks in steel members is a Hands-On visual inspection. See BIRM for
detailed guidelines for identifying and inspecting Fracture Critical Members.

NBIS requirements specific to bridges containing Fracture Critical Members include:

e Fracture Critical Inspection procedures must identify the locations and include a
description of all Fracture Critical Members.

e An inspection frequency must be specified for Fracture Critical Members. The Federal
Coding Guide states the maximum frequency between Fracture Critical Member
Inspections is 24 months. See Section 3.4.5 for requirements for reduced intervals.

e Procedures for inspection of Fracture Critical Members must be identified prior to the
inspection.

As described in AASHTO The Manual for Bridge Evaluation, a Fracture Critical Member
Inspection should include the development of a plan for inspecting such members. The
inspector should be in a position to see at least one side of all Fracture Critical Members, all
sides when accessible, and to look along all welds attaching the members. This may require
that critical areas be specially cleaned prior to or during the inspection. Additional lighting and
magnification may also be required to facilitate the Fracture Critical Member Inspection. Other
non-destructive testing procedures may be used at the discretion of the Bridge Owner, Program
Manager, or Team Leader. Where the fracture toughness of the steel is not documented,
testing may be needed to determine the threat of brittle fracture at low temperatures. Consult
with the Bureau of Bridges & Structures before taking samples for testing.

IDOT requires that a Fracture Critical Member Inspection Plan be included in the Bridge File for
every fracture critical bridge. A Fracture Critical Member Inspection Plan template is available
in Appendix A-5 to aid in the development of the Fracture Critical Member Inspection Plan. It is
the responsibility of the District/Area or Agency Program Manager to ensure that the Fracture
Critical Member Inspection Plan is developed, included in the Bridge File, and updated as
needed.

As part of the development or review of the Fracture Critical Member Inspection Plan the
Program Manager shall verify that any active FHWA Technical Advisories that are applicable to
the bridge, or its components, are included in the Fracture Critical Member Inspection Plan. All
FHWA Technical Advisories are located at the following address:
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https://www.fhwa.dot.qgov/reports/techadvs.cfm

Bridges which are known or suspected to have been fabricated with Grade 100 ksi ASTM A514
Steel (also known by several different proprietary names such as “T1”, “NAXTRA” and others; or
may be designated as “Quench and Tempered (Q&T) Steel” or “Heat-Treated Steel” on the
plans) require special inspection procedures and considerations. FHWA Technical Advisory
5140.32, Inspection of Fracture Critical Bridges Fabricated from AASHTO M270 Grade 100
(ASTM A514/A517) Steel, provides recommendations regarding the inspection and treatment of
such structures. This Technical Advisory addresses issues found with welds, particularly butt
welds, connecting this type of steel. It does not recommend re-inspection of bridges that have
been previously properly inspected and maintained. Rather it recommends a review of the
inspection records to ensure that any components fabricated with this type of steel have been
regularly and appropriately inspected and that any critical findings identified have been properly
addressed. Although IDOT anticipates very few such structures, it is important to identify
bridges containing this type of steel and to follow the recommendations of this Technical
Advisory.

The following items are required to be included in the Fracture Critical Member Inspection Plan
for each bridge:

o Sketches as necessary to identify Fracture Critical Members.

e The Fracture Critical Member Inspection Plan should identify the inspection frequency
and procedures to be used. The inspection frequency shall be in accordance with the
NBIS and Section 3.4.5.

o Description of inspection procedures for the Fracture Critical Members. Include any
specific inspection requirements (specific measurements, NDT, access equipment
required, additional lighting and magnification, etc.).

A table listing the Fracture Critical Members, and identifying the Fatigue Sensitive Details
(FSDs) for each Fracture Critical Member is recommended. See Appendix A-6 for the table of

AASHTO LRFD Fatigue Categories.

When documenting and recording cracks or other deterioration during Fracture Critical Member
Inspections, several items of information should be noted:
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e The general location of the crack or deterioration with respect to the member should be
recorded, as well as the exact location of the member with respect to the entire bridge.
Any noticeable lengthening, opening and closing, and visible distortion of the crack when
exposed to live load should be documented.

e The members should be labeled in the field using paint or other permanent markings.
The ends of all cracks should be marked, and the date should be identified. It is
important to compare the new markings with any previous markings, if any, and the
inspection team should be sensitive to aesthetics at prominent areas.

e Detailed sketches and photographs of cracking and other deterioration should be
provided showing the orientation, length, width, depth and end of crack. A close-up view
should be provided, as well as a general view of the member from the same perspective
to show context, showing all sides of the deteriorated area.

e The inspection team should document dimensions and details of the member containing
the crack. The general condition at the location of the problematic detail should be
noted, including corrosion and section loss, dirt and debris, traffic impact and steel type
(if available).

For bridges with superstructures containing Fracture Critical elements, the bridge’s
“Superstructure Condition” (ISIS Item 59) shall not be higher than the “Fracture Ciritical
Appraisal Rating” (ISIS Item 93A1) for the superstructure Fracture Critical Member, though it
may be lower.

For bridges with substructures containing Fracture Critical elements, the bridge’s “Substructure
Condition” (ISIS Item 60) shall not be higher than the “Fracture Critical Appraisal Rating” (ISIS

Item 93A1) for the substructure Fracture Critical Member, though it may be lower.

3.3.5.1 Identifying Bridges with Fracture Critical Members

Fracture Critical Members can have either all or part of their cross section in tension. Steel
members that are subjected to calculated tension and are not part of a load path redundant
system are to be considered Fracture Critical Members.

The FHWA Bridge Inspector’s Reference Manual (BIRM) defines redundancy as follows:
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Load Path Redundancy: Bridge designs that are load path redundant have three or more

main load carrying members or load paths between supports. If one member were to fail,
load would be redistributed to the other members and bridge failure would not be
expected. Bridge designs that are non-redundant have two or fewer main load carrying
members or load paths.

Structural Redundancy: Most bridge designs, which provide continuity of load path from

span to span, are referred to as structurally redundant. Some continuous span two-
girder bridge designs are structurally redundant. In the event of a member failure,
loading from that span can be redistributed to the adjacent spans and total bridge failure
may not occur.

Internal Redundancy: Internal redundancy is when a bridge member contains several

elements which are mechanically fastened together so that multiple load paths are
formed. Failure of one member element would not cause total failure of the member.

Only load path redundancy is to be considered when identifying Fracture Critical Members. Note
that while the presence of structural redundancy and internal redundancy may reduce the
consequence of the failure of a Fracture Critical Member, these types of redundancy are not to
be considered when identifying Fracture Critical Members. For a structure to be considered load
path redundant it must have three or more primary load carrying members between supports.

The Bureau of Bridges & Structures with the assistance of the applicable Program Manager will
identify all bridges requiring a Fracture Critical Member Inspection. The Bureau of Bridges &
Structures will enter the necessary information for a bridge to be included in the Fracture Critical
Member Inventory in ISIS.

Some common fracture critical bridge types include, but are not limited to, the following:

e One- or two-girder systems (I-girder or box girder)

e Suspension systems with eyebar components

e Steel pier caps and cross girders

e Two-truss systems

e Steel tied arches

¢ Pin and hanger connections on two- or three-girder systems
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e Bascule/Lift bridges with two primary girders or two primary trusses
o Floorbeams are considered fracture critical when their spacing exceeds 15 feet or the
floorbeam supports other longitudinal or flared beams, girders, or stringers

See IDOT Structure Information and Procedure Manual (SIP Manual) Item 92A1.

3.3.5.2 Common Problematic Details on Fracture Critical Members

It is important to note that problematic details may exist on a variety of bridges, such as steel
girder, frame, truss or arch substructure configurations. Problematic details may also exist on
substructure components. The following problematic details can lead to cracking:

e Triaxial constraint

e Intersecting welds

o Welded Cover plates

e Suspended spans

¢ Field welds on patch and splice plates

¢ Intermittent welds

o Details prone to out-of-plane bending (small web gaps, diaphragm connection plates that
are not attached to flanges)

e Improperly installed or spliced back-up bars

o Tack welds and poor quality welds

More information about these problematic details and procedures for their inspection are
described in considerable detail in the following documents:

o FHWA Bridge Inspector’s Reference Manual

o AASHTO The Manual for Bridge Evaluation

o Course material from “Fracture Critical Inspection Techniques for Steel Bridges” (FHWA-
NHI-130078)

Fatigue-prone details shall be given special attention as part of an arm’s length visual inspection

during Fracture Critical Member Inspections. The inspection of fatigue-prone details may
include non-destructive testing.
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Fatigue cracks may occur at stress concentrations, where the rigidity of the member changes.
Examples of such locations include connection details, damaged components, material flaws,
changes in member cross-section, welds, corrosion-notched sections or a combination of these
features.

Common connection details have been identified and have been assigned a fatigue stress
category as shown in Appendix A-6. Category E’ details generally have the shortest fatigue life
and are most prone to fatigue cracking. The susceptibility of the detail to fatigue cracking
decreases from Category E’ to Category A. Problems associated with these details are often
related to weld terminations and weld defects. Tack welds, plug welds, and other welds made
in the field are also susceptible to fatigue cracking.

3.3.5.3 Recording Fracture Critical Member Inspections

All Fracture Critical Member Inspections must be reported using IDOT Form BBS-BIR-FC1,
“Fracture Critical Member Inspection Report” form. New and rehabilitated fracture critical
bridges shall receive an initial Fracture Critical Member Inspection within 90 days of opening to
traffic to ensure that no cracks or discontinuities have initiated in any Fracture Critical Member
due to faulty fabrication, substandard construction or inappropriate design details.

3.3.5.4 Identifying Misclassified Bridges

Team Leaders are responsible for identifying bridges that have been misclassified as not being
fracture critical. Local public agencies should also survey their inventory for any structures
having characteristics which previously may have excluded them being reported as fracture
critical. If any structures are identified, notify the District/Area Program Manager or Agency
Program Manager and the State or Local Program Manager. Inventory information for ISIS
ltems 92A1, 92A2, and 92A3 should be provided. The IDOT Structure Information and
Procedure Manual (SIP Manual) should be consulted for additional information on reporting
Fracture Critical Members.

3.3.5.5 Gusset Plates — Fracture Critical Member Inspections

Each gusset plate will require Hands-On Inspection and thickness measurements to be taken to
document and assess continued growth and expansion of section loss, initiation or growth of
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cracks, and development or increase in any plate distortion. The inspection record for each
gusset plate must document all significant changes to previously identified areas of concern as
well as any new areas identified with each new inspection.

The District/Area or Agency Program Manager shall determine if new inspection findings are
significant enough to require structural analysis and load rating. Results of any Hands-On
inspection that identifies significant changes to previously documented data should be reviewed
by a load rating engineer to determine if a new load rating will be required. The District/Area or
Agency Program Manager should consult with the Bureau of Bridges & Structures when
determining the need for further analysis.

Copies of the inspection report, including a summary of all field measurements and photos shall
be kept in the Bridge File. It is imperative that complete and accurate records are kept to
chronicle the initiation and progression of gusset plate deterioration and the steps taken to
repair or mitigate those findings.

All repairs, retrofits or member replacements that have been performed since the last Fracture
Critical Member Inspection shall be documented in the bridge file. The condition of the work
performed and a general assessment of its effectiveness in arresting or mitigating previous
damage or deterioration shall be noted.

3.3.5.6 Non-Destructive Testing for Fracture Critical Member Inspections

When visual inspection alone is not sufficient for determining the condition of a Fracture Critical
Member, Non-destructive Testing (NDT) may also be performed by qualified personnel to
determine the condition of structure elements and components associated with the Fracture
Critical Members. Through the use of NDT, and inspector can verify both the presence and
extent of a crack or discontinuity. The NDT methods most frequently used in the field by IDOT
are D-Meter Thickness Measurement (DM), Dye Penetrant Testing (DT), Magnetic Particle
Testing (MT) and Ultrasonic Testing (UT). Inspectors should be trained in the use and
limitations of the various method of NDT. Basic procedures for performing DM, DT, MT and UT
are provided in Section 3.5.
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3.3.6 Special Inspections

Special Inspections are performed to monitor a specific structural feature, deficiency or
condition that must be monitored more frequently than Routine, Underwater, or Fracture Critical
Member Inspection Types require. Special Inspections may be initiated by structural damage or
deterioration, conditions affecting the stability of the structure, or for other reasons at the
discretion of the responsible District or Agency Program Manager or the Bureau of Bridges &
Structures. Some examples of concerns that may be cause for a Special Inspection are
damage/deterioration to main load carrying members, existing or potential scour,
settlement/movement of substructure units or adjacent embankment, and structural details with
histories of poor performance. Procedures used during these inspections should be adopted in
accordance with the specific deficiency or condition to be monitored.

Special Inspections for local public agency or other non-IDOT State Agency structures are
typically initiated by or after consultation with the Local Bridge Unit of the Bureau of Bridges &
Structures. Failure to comply with the inspection frequency and/or the established procedure for
the required Special Inspection may result in posting, reduced posting, or closure of the bridge.

3.3.6.1 Recording and Performing Special Inspections

The frequency of the Special Inspection shall be recorded in ISIS as the “Special Inspection
Interval” (ISIS Item 92C). See IDOT Structure Information and Procedure Manual (SIP Manual)
“Special Inspection Type” (ISIS Item 92C1) for a list of feature types that can be specified.

The dates when the Special Inspection was initiated and rescinded are recorded in ISIS as the
“Special Inspection Determination Date” (ISIS Item 92C6) and the “Special Inspection Close
Date” (ISIS Item 92C3) respectively. The Agency that initiated the Special Inspection should be
recorded in ISIS as “Special Inspection Initiated By” (ISIS Iltem 92C4). The Agency responsible
for initiating the Special Inspection must determine a time frame for conducting the first Special
Inspection by entering the “Special Inspection Inspect By Date” (ISIS Item 92C7). The actual
date of the First Special Inspection is recorded as the “Special Inspection Date” (ISIS Item 93C).

In order to record information specific to the “Special Inspection Type” (ISIS Item 92C1) and to

provide information relative to the conditions that initiated the need for a Special Inspection,
comments should be entered for “Special Inspection Remarks” (ISIS Item 92C5).
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The performance of each inspection is recorded by entering the date of the inspection in ISIS for
“Special Inspection Date” (ISIS Item 93C) and the results of each inspection are recorded by
entering a Condition Type Code in ISIS for “Special Inspection Condition Status” (ISIS Item
93C1). See IDOT Structure Information and Procedure Manual (SIP Manual) Item 93C1.

Except when the Special Inspection Condition Status is coded as 2 or 4, the inspector must
document the change in condition in ISIS by providing information for “Special Inspection
Remarks” (I1SIS Item 92C5).

It is imperative that personnel performing Special Inspections compare the conditions noted in
the field. The comparison of current conditions to initial conditions determines the proper coding
of “Special Inspection Condition Status” (ISIS Item 93C1). When a Special Inspection Condition
Status code of “1” or “0” is applicable, the Bureau of Bridges & Structures should be contacted
immediately to determine if additional information is required and to discuss measures that must
be taken to ensure safety.

The inspection team for the Special Inspection should be established by the Program Manager
based on the specific requirements of the Special Inspection. The responsible Program
Manager must emphasize to personnel performing the inspections that they are to compare
observed conditions to the conditions that initiated the need for the Special Inspection. In some
cases, a qualified Team Leader may not be required, provided the inspection team is fully
instructed on what specific observations are needed. Personnel performing Special Inspections
must be knowledgeable of the conditions that initiated the need for the inspections. The
inspectors must understand, based on their observations, decisions will be made relative to the
need for follow-up inspections or the need for traffic restrictions. Whenever possible,
consecutive Special Inspections should be performed by the same inspection personnel to
ensure sufficient site specific knowledge.

Observations made during Special Inspections are recorded as “Special Inspection Remarks”
(ISIS Item 93C4). IDOT Form BBS SI-1, “Special Inspection Report” should be utilized by
personnel performing Special Inspections. The form must be accepted by means of the
signature of an IDOT approved Program Manager. Photographs or other evidence are
suggested to validate Special Inspection findings.
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3.3.6.2 Special Inspections for Monitoring Conditions Below the Waterline

Special Inspections may be necessary to monitor known, suspected or potential deficiencies of
a substructure unit or adjacent channel. The inspections are performed to verify that
deficiencies do not exist, or to determine the extent to which previously identified deficiencies
are affecting the substructure.

If site conditions at the bridge indicate that there is a known deficiency or concern at one or
more substructure units, the responsible Program Manager must determine how it should be
monitored:

o During subsequent Routine or Underwater Inspections at their normal interval
e By lowering the Routine or Underwater Inspection Interval

e By initiating a Special Inspection to address each concern

e By closing the structure or limiting traffic

If the Program Manager elects to initiate monitoring with a Special Inspection, the appropriate
“Special Inspection Type” (ISIS Item 92C1) and “Special Inspection Interval” (ISIS Item 92C)
must be determined for each deficiency or concern and entered in ISIS. See Figure 3.4-2,
“Substructure Condition Assessment Method below Waterline” and Table 3.4-3 for options and
recommended monitoring intervals.

3.3.6.3 Special Inspections for Pin and Link Assemblies

Pin and link or pin only assemblies in girder/beam bridges that have been retrofitted with the
stainless steel pins and Teflon bushings as shown in Section 2.11 shall have a Special
Inspection on a maximum interval of 48 months, preferably coinciding with the Routine
Inspection. This inspection shall be completed as per Section 3.6. Any defects found in the
pins or link plates shall be reported to the Bureau of Bridges & Structures immediately. The link
assemblies shall be visually observed to verify they are functioning as intended. The link plates
shall be measured as required to verify any section loss or cracks. Any defects found in the
pins or link plates shall be reported to the Bureau of Bridges & Structures immediately.

If a defect is found in the pin or a crack is found in a link plate, the inspection interval of the
Special Inspection shall be changed as required by the Bureau of Bridges & Structures. If the

Page 330 HARD COPIES UNCONTROLLED  June 2017



Structural Services Manual Section 3 - Bridge Inspection

assembly appears not to be functioning properly or section loss in the link plates is between 5%
and 10% the Special Inspection interval shall be 24 months or less. If the loss is greater than
10% the interval shall not be greater than 12 months, and the Bureau of Bridges & Structures
must be notified to perform a structural evaluation.

Pin and link or pin only assemblies in multi-girder/beam bridges that have not been retrofitted as
described above shall have a maximum inspection interval of 24 months.

3.3.7 In-Depth Inspections

As described in AASHTO The Manual for Bridge Evaluation, an In-Depth Inspection is a close-
up, hands-on inspection of one or more members above or below the water level to identify any
deficiencies not readily detectable using Routine Inspection procedures. Traffic control and
special equipment (such as under-bridge inspection equipment, staging and workboats) should
be provided for access and safety, as needed. In addition, personnel with special skills (such as
divers and riggers) may be required. Non-destructive field tests and other material tests may be
used as needed to fully ascertain the presence and extent of any deficiencies.

Every bridge shall receive an In-Depth Inspection at least once every 4 years for bridges with 12
month inspection intervals; at least once every 6 years for bridges with 24 month inspection
intervals; and at least once every 8 years for bridges with 48 month inspection intervals. These
In-Depth Inspections need not necessarily require access to all areas of the bridge but should
serve to assure the inspector that areas of potential concern have received the proper degree of
inspection. Areas under expansion joints (beam ends, end cross frames or diaphragms,
bearings, concrete bearing areas), web stiffeners (transverse and horizontal), cross frame
connections, lateral bracing connections, fixed bearings, and any other areas of the bridge that
are not normally visible during a Routine Inspection should receive special attention.

An In-Depth Inspection can replace a Routine Inspection, be scheduled independently, or be
scheduled as a follow-up to a Damage Inspection, Load Rating Inspection, or an Initial
Inspection.

An In-Depth Inspection may include a load rating to assess the residual capacity of the

members, depending on the extent of deterioration or damage. In addition, a non-destructive
load test may be conducted to assist in determining the safe bridge load carrying capacity.
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On typical bridges, In-Depth Inspections should include all critical elements of the structure. For
large or complex bridges, In-Depth Inspections may be scheduled separately for defined
portions of the bridge or for specific groups of elements, connections or details that can be
efficiently addressed by the same inspection procedures. If this option is chosen, then each
defined bridge segment, each designated group of elements or both should be clearly identified
in the Bridge File and each should be assigned a frequency of re-inspection. It is especially
important for an In-Depth Inspection that the activities, procedures and findings be completely
and carefully documented.

3.3.7.1 Inspection of Major Bridges by the Bureau of Bridges & Structures

The Bureau of Bridges & Structures and qualified consultant teams, under the direction of the
Central Program Manager, conduct In-Depth Inspections for designated “Major Structures”.
Included are all structures physically maintained by IDOT over the Mississippi, Ohio, Wabash
and lllinois Rivers, as well as other designated structures. The inspections of these major
structures typically require extensive traffic control and special equipment (i.e. under-bridge
inspection equipment, staging and/or work boats).

Each major bridge receives an In-Depth Inspection, and when applicable, each bridge receives
a Fracture Critical Member Inspection, an Underwater Inspection, and steam/river cross
sections are taken for comparison to previous inspection data. These inspections provide
documentation of deficiencies for use in determining the need for immediate repairs or future
rehabilitation of the structure. See Appendix A-8 for a listing of these structures.

In addition to the In-Depth Inspections, the Bureau of Bridges & Structures coordinates periodic
jointly conducted cursory visual inspections of border bridges with adjacent states to mutually
determine maintenance, repair and rehabilitation needs. District Program Managers are
encouraged to participate during In-Depth Inspections and should be represented during the
mutual border bridge inspections conducted with the adjacent state’s Department of
Transportation. The District Program Manager may be called upon to oversee periodic Special
Inspections or to monitor special problems related to the Major Structures when specialized
equipment is not required.
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3.3.8 Damage Inspections

Damage Inspections are performed on an emergency basis to assess a bridge for damage as a
result of environmental factors or human actions that results in a sudden change in the
structural capacity or stability of a bridge (fire, collision, scour, severe or extensive section loss,
steel cracks, etc.). The inspection shall be performed by District staff, Bureau of Bridges &
Structures staff, or an lllinois Licensed Structural Engineer who is an IDOT-approved Team
Leader or Program Manager.

The scope of a Damage Inspection should be sufficient to determine the need for emergency
load restrictions or closure of the bridge to traffic, and to assess the level of effort necessary to
repair the damage. The level of effort required for a Damage Inspection may vary significantly,
depending upon the extent of the damage. If major damage has occurred, the inspection team
must evaluate the damaged members, determine the extent of section loss, take measurements
for misalignment of members, and check for any loss of foundation support. It may be desirable
to make on-site calculations to establish emergency load restrictions.

Photos, sketches, and detailed description documenting defects that potentially impact the load
carrying capacity of the bridge should be transmitted from the field immediately to the Bureau of
Bridges & Structures.

Any calculations or analysis performed as a result of a Damage Inspection must be sealed by
an lllinois Licensed Structural Engineer and submitted to the Bureau of Bridges & Structures for
review and concurrence. A Damage Inspection may be supplemented by a timely Load Rating
Inspection to document verification of field measurements and calculations. In addition, a more
refined analysis may be warranted to establish or adjust interim load restrictions or required
follow-up procedures.

3.3.8.1 Damage Inspections for State Maintained Structures

Damage Inspections are typically conducted by the Bureau of Bridges & Structures for state
owned structures. However, the inspection may be performed by District personnel, at the
direction of the District/Area Program Manager with guidance from the Bureau of Bridges &
Structures, for the measurement and recording of existing conditions. These inspections

include measurement of main structural members to obtain detailed documentation of member
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size, section loss, structural defects, and member deflections/distortions that may be present.
Traffic control and special equipment are often necessary to accomplish these inspections.

The results of these inspections, for state owned structures, are reviewed by the Structural
Ratings and Permits Unit in the Bureau of Bridges & Structures, which performs an analysis to
determine the load carrying capacity of each inspected structure. After completing the analysis,
the Bureau of Bridges & Structures will provide the Region/District with documentation of the
inspection and the results of the structural rating. The documentation provided to the
Region/District will include field data and photographs, recommended revisions to condition
ratings, updated Inventory and Operating Ratings, and recommendations for load restrictions
and/or Special Inspections.

3.3.8.2 Damage Inspections for Local Public Agency Structures

For local public agency structures, Damage Inspections are performed by the Local Bridge Unit
of the Bureau of Bridges & Structures.

Local public agencies also have the option of employing the services of a qualified lllinois
Licensed Structural Engineer to perform Damage Inspections, calculate the load ratings and
provide posting recommendations. The Structure Load Rating Summary sheet (Form BBS
2795) shall be include with the Load Rating and submitted to the Bureau of Bridges & Structures
for review and approval.

3.3.9 Load Rating Inspections

Load Rating Inspections are performed to confirm and document the variables that affect the
safe live load carrying capacity of a bridge. Load Rating Inspection personnel are not required
to have any particular qualifications but must be trained to collect and document the information
necessary to conduct a quality load rating analysis. Additional information on Load Rating
Inspections is included in Section 4.3.3.1.

3.3.9.1 Load Rating Inspections for State Maintained Structures

Load Rating Inspections are typically conducted by the Bureau of Bridges & Structures,
Structural Ratings and Permits Unit for state owned structures. The inspections may be
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performed by District Personnel, at the direction of the District/Area Program Manager with
guidance from the Bureau of Bridges & Structures, for the measurement and recording of
existing conditions. These inspections include measurement of main structural members to
obtain detailed documentation of member size, section loss, structural defects, and member
deflections/distortions that may be present. Traffic control and special equipment are often
necessary to accomplish these inspections.

The results of these inspections are reviewed by the Structural Ratings and Permits Unit in the
Bureau of Bridges & Structures, which performs an analysis to determine the load carrying
capacity of each inspected structure. After completing the analysis, the Bureau of Bridges &
Structures will provide the Region/District with documentation of the inspection and the results
of the structural rating. The documentation provided to the Region/District will include field data
and photographs, recommended revisions to condition ratings, updated Inventory and Operating
Ratings, and recommendations for load restrictions and/or Special Inspections.

3.3.9.2 Load Rating Inspections for Local Public Agency Structures

Load Rating Inspections and load capacity calculations are performed by the Local Bridge Unit
of the Bureau of Bridges & Structures as resources allow, following the guidelines for the
“Bridge Load Carrying Capacity Rerating Program” originally presented in County
Engineer/Superintendent of Highway Circular Letter # 96-11. Using the information in ISIS, the
Local Bridge Unit monitors condition rating reductions for local public agency bridges and
automatically schedules structures for inspections to determine if the load carrying capacity has
been adversely affected.

In addition to the structures automatically scheduled for inspection, agencies may request an
inspection and rerating of any structure at any time utilizing the “Local Agency Load Rating
Request” from (BLR 06510). A copy can be obtained from the Public Partners area of the IDOT
website at:

http://www.idot.illinois.gov/Assets/uploads/files/IDOT-Forms/BLR/BLR%2006510.docx

When the Bureau of Bridges & Structures cannot provide a Load Rating Inspection for an
Agency within a reasonable time frame, the responsible Agency will be notified that they must
retain the services of an lllinois Licensed Structural Engineer to perform Load Rating Inspection
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and evaluate the load carrying capacity of the affected bridge and provide posting
recommendations. IDOT Form BBS 2795, “Structure Load Rating Summary” shall be included
with the Load Rating calculations and submitted to the Bureau of Bridges & Structures for
review and approval.

3.3.9.3 Gusset Plates - Initial Inspection for Load Rating

The Federal Highway Administration (FHWA) and the lllinois Department of Transportation
(IDOT) have published documents providing guidance on the initial inspection and load rating of
gusset plates on non-load-path-redundant steel truss bridges. IDOT issued All Bridge
Designers (ABD) Memorandum 10.2, dated May 11, 2010, “Load Rating Guidance for Bolted
and Riveted Gusset Plates in Steel Truss Bridges,” which can be viewed at:

http://www.idot.illinois.gov/Assets/uploads/files/Doing-Business/Memorandums-&-
Letters/Highways/Bridges/ABD-Memos/ABD102.pdf

This memorandum references FHWA Technical Advisory T5140.29, which strongly encourages
bridge owners to check the capacity of gusset plates, and may be found at:

https://mwww.fhwa.dot.gov/bridge/t514029.cfm

The first step in determining the capacity of gusset plates is inspection. Current inspection
guidelines provide that all gusset plates joining main load carrying members must have a
Hands-On Inspection. This includes compression and tension members, but not connection
plates of secondary members. For any structures containing gusset plates that have not been
assessed and load rated, IDOT requires performing a Hands-on Inspection of all gusset plates
at or before the next Fracture Critical Member Inspection or Routine Inspection.

The full, non-corroded gusset plate thickness, as well as the overall height and width, should be
measured for calculation purposes and for comparison to the original design and shop plans.
Any areas of section loss should be measured, and the quantity should be calculated and
documented.

Severe section loss or any signs of warping or buckling should be documented and immediately
reported to the District or Agency Program Manager and the State or Local Program Manager.
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When documenting gusset plate section loss, a photo should be taken of both sides of all
gusset plates (i.e., typically both sides of both gusset plates (minimum 4 photos) at each panel
point location). Photos of the interior face of the gusset plates may be difficult to take and/or
may not show the entire interior surface, but they should still be taken.

The thickness of the gusset plate is critical in calculating its load carrying capacity. In most
cases, rudimentary methods (tape measure, ruler and straight edge, etc.) of measuring plate
thickness do not provide measurements precise enough to accurately quantify section loss.
FHWA Technical Advisory T5140.31 recommends use of an ultrasonic thickness meter as the
most appropriate method for measuring remaining plate thickness at locations of section loss
and the full plate thickness at an uncorroded location, which can be found at:

https://www.fhwa.dot.qgov/bridge/t514031.cfm

Field measurements should be compared to the original design and shop plans if they are
available. Any discrepancies should be documented and brought to the attention of the District
or Agency Program Manager. If plans are not available, detailed drawings of the gusset plates
should be made depicting the plate size, thickness, and bolt or rivet pattern and spacing. A
digital imaging method was developed by the Oregon State University for the Oregon DOT and
FHWA to measure gusset plate dimensions and rivet/bolt patterns through photographic
records. That system can be found at:

http://library.state.or.us/repository/2009/200903241458232/index. pdf

After the field inspection is completed, any structure not originally designed for current legal live
loads or whose original dead load has changed, or any structure having gusset plates with
section loss, should have a new load rating performed. A new load rating is not required if a
previous load rating included the dead load changes or section loss. The capacity of the gusset
plates should be determined and included in the load rating. Gusset plate capacities should
also be considered when analyzing truss bridges for permit loads. A list of known steel truss
structures potentially having gusset plates was sent to the IDOT District Bureaus of Local Roads
and Streets for dissemination to local public agencies. This list was not meant to be all
inclusive; it only served as a starting point for local public agencies to search their inventory for
structures with bolted or riveted gusset plates.

June 2017 HARD COPIES UNCONTROLLED  Page 337



https://www.fhwa.dot.gov/bridge/t514031.cfm
http://library.state.or.us/repository/2009/200903241458232/index.pdf

Structural Services Manual Section 3 - Bridge Inspection

Local public agencies are encouraged to utilize their own resources or consultants to perform
the load ratings as necessary. IDOT does not have the resources necessary to perform load
ratings for all local public agencies. Note that load ratings must be performed by or under the
direct supervision of an lllinois Licensed Structural Engineer and must be signed and sealed by
that Structural Engineer.

To assist with determining the load rating of gusset plates, guidelines are presented in FHWA
Publication No. FHWA-IF-09014, entitled “Load Rating Guidance and Examples for Bolted and
Riveted Gusset Plates in Truss Bridges”.

When completed, local public agencies should submit documentation to IDOT, including
detailed inspection reports and load rating computations. Any spreadsheet used for determining
gusset plate capacities and any other software input files, such as AASHTOWare Bridge
Rating™ (BrR), should also be submitted for use in evaluation of the load rating analysis. If the
local public agency is unable to perform the required load rating analysis, in-depth inspection
information should be submitted to IDOT in a timely manner. Reduced size (11” x 17”) copies of
existing design and shop plans should be provided if available.

3.3.10 Complex Bridge Inspections

The inspection of complex bridges presents many unique challenges for an experienced bridge
inspection team. Complex bridges (defined below) represent a major capital investment in the
bridge inventory and many times serve as the only major river crossing for many miles. Other
complex bridges, typically bascule bridges, are key to efficient traffic flow in major urban areas.
Complex bridges must receive a heightened degree of investigation and evaluation to preserve
their continued service to the travelling public and protect IDOT’s investment.

IDOT has determined that the following types are defined as Complex and will be inspected
under the provisions and policies of this section:

e Suspension

o Cable-Stayed
¢ Moveable - Bascule, Swing, and Lift
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The Nation Bridge Inspection Standards (NBIS) requires the owner of each complex bridge to
develop and maintain a detailed Complex Bridge Inspection Plan, specific to each bridge. The
plan must be kept in the official Bridge File and be available for the inspection team to consult
prior to each inspection.

3.3.10.1 General Complex Bridge Inspection Procedures

A comprehensive Complex Bridge Inspection Plan should provide a detailed outline for
conducting all aspects of the inspection process. The following is a brief outline for a detailed
plan.

Team Members: The Program Manager should select an experienced inspection team,
trained for the specific tasks required for the unique structure. The Team Leader should
provide experience and guidance to the remainder of the inspection team. It is
preferable that members of the team have previous experience inspecting the subject
bridge type and are familiar with any past issues and concerns. The Team Leader
should assign specific tasks for each member in order to conduct an efficient and
thorough inspection.

Traffic Control: The inspection of a Complex Bridge will typically require an extensive
Traffic Control Plan. The Program Manager / Team Leader should coordinate the
Complex Bridge Inspection Plan with IDOT or Agency Traffic Operations, Maintenance,
and Construction personnel in order to assure that the inspection operation, lane
closures, or lane width restrictions do not interfere with other activities in the area. The
plan should detail timing and sequence of operations, including lane closure sequences,
signage, flagman responsibilities, and coordination with movement of inspection access
equipment.

Navigable Waterways: For bridges that cross navigable waterways, the Program

Manager or Team Leader should coordinate the Complex Bridge Inspection Plan with
the United States Coast Guard.

Access Equipment: A Complex Bridge Inspection will typically require use of a wide

variety of access equipment, including under-bridge inspection cranes (shoopers),
manlifts, boats, scaffolding, and ladders. The Complex Bridge Inspection Plan should
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coordinate availability of equipment and operators for the entire inspection. Access to
enclosed areas should be documented, including box girder access doors, tower
entrance doors, etc.

Inspection Equipment: A Complex Bridge Inspection will also require an extensive use

of inspection tools and equipment in order to complete a thorough inspection of the
structure. This could include survey equipment, hammers, scrapers, wire brushes, drills,
cameras, sonar depth finders, and NDT equipment.

Documentation: A Complex Bridge Inspection will typically require a greater extent of

documentation and should therefore be compiled into an Inspection Report. The report
should contain all inspection notes, photos, and findings in an organized narrative. It
should contain an overall description of the structure, a table or listing of significant
findings, and recommendations for both general maintenance and any needed repairs.
The findings should be prioritized by importance and severity. Any defect of a structural
member that could potentially affect the load carrying capacity of the structure must be
reported immediately to the District/Area Program Manager or Agency Program
Manager, and the State Program Manager. See Section 3.3.12 for details and
requirements for a Critical Finding.

3.3.10.2 General Inspection Requirements for Suspension Bridges

A suspension bridge is typically comprised of a steel superstructure of beams, girders, and
floorbeams supporting a riding surface, all suspended by cables or wires from two large multi-
wire cables stretched over high towers and anchored in large concrete structures. The general
inspection requirements for a suspension bridge are as follows:

Deck: The deck, including any wearing surface should be inspected for signs of distress
using appropriate procedures, such as chain drag, infrared thermography, ground-
penetrating radar, etc. Deck elevations should periodically be surveyed and compared
to original as-built plans and previous inspection reports for any marked changes. An
inspection of the deck drainage system should be included.

Cable: The main cables of a suspension bridge are usually comprised of hundreds of
individual wire strands, combined together to form the main cable. The cable is usually
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protected from the elements by a system of wire wrapping and a barrier coating of paint.
The cables can also be wrapped in special waterproof fabric material. Inspection of the
cables is typically restricted to a visual, hands-on procedure, concentrating on
identification of any signs of potential problems with the protection system. Any signs of
tearing or gouges that could allow intrusion of water should be documented. Areas
surrounding the cable bands, areas around tower saddles, and entrances to the
anchorages should be inspected thoroughly. The cable inspection should also
document the condition of the safety handhold cable and its connections to the main
cables.

A schedule shall be documented in the Complex Bridge Inspection Plan and followed for
an In-Depth Inspection involving the use of Non-Destructive Evaluation (NDE)
techniques and/or intrusive inspection, where a portion of the cable wrapping is removed
and the wire strands are wedged apart allowing for both a visual and borescope
inspection of individual wires.

Cable Anchorage: Consult the Confined Space Entry Plan before entering the

anchorage structure. The inspection should note the overall condition of the anchorage
house. The inspector should document the temperature and humidity both inside and
outside the anchorage and should also document any sources of water intrusion into the
anchorage building. The inspector should carefully inspect the condition of the cables as
they pass through the anchorage walls and into the splaying (cable spreading) structure
noting any signs of rust or deterioration.

Hangers: Hangers or suspenders should be thoroughly inspected for any signs of wear
or fraying. Note any signs of rust, pitting, or section loss of the wires. Connections to
the cable, typically at cable bands should be carefully inspected for signs of rust staining
or water intrusion. Hanger cable connections to the superstructure, usually through lead
filled sockets and mechanically fastened brackets should also be thoroughly inspected
for signs of rust, pitting, section loss, or distortion.

Towers: Typically comprised of massive steel legs and bracing members, towers can
rise hundreds of feet above the deck surface. A detailed plan for access and inspection
of the tower members should be part of the Complex Bridge Inspection Plan. This may
require hiring an experienced inspection team, trained in rope and free climbing
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techniques in order to gain access to the external components of the tower. A typical
suspension bridge tower will have an internal system of ladders or stairs that gain
access to the top of the tower. The inspection should include a complete documentation
of the condition of all tower members, including the competence of the access ladder or
stair structures. Proper operation of the tower aviation lighting and condition of their
supports should also be noted.

Miscellaneous: The inspection report should include a complete inspection of the
structure’s expansion joints, noting the opening and air temperature and any out-of-
tolerance movements. Superstructure wind-tongue structures should be inspected,
noting any areas of deterioration or section loss, and any defects in the operation of the
system. Proper operation of navigation lighting and condition of their supports should
also be noted.

3.3.10.3 General Inspection Requirements for Cable-Stayed Bridges

A cable-stayed bridge is typically comprised of a steel or concrete box or girder superstructure
supporting a deck structure, all supported by a series of fanned or splayed high strength multi-
strand cables, spanning from anchorages near the top of tall concrete or steel towers to the
superstructure near deck level. The general inspection requirements for a cable-stayed bridge
are as follows:

Deck: The deck of a cable-stayed bridge is typically concrete, either cast in place or
comprised of precast concrete panels with a bituminous or concrete overlay wearing
surface. In most designs, the deck of a cable-stayed bridge is always in compression.
The inspection should note any distressed areas in the deck, including any signs of
compressive force damage or any notable transverse cracks that could indicate a loss of
deck compression and a potential sag in the superstructure. The deck, including any
wearing surface should be inspected for signs of distress using appropriate procedures,
such as chain drag, infrared thermography, ground-penetrating radar, etc. A deck
survey should be completed periodically to document elevations against original as-built
plans and past inspection surveys. The inspection should include an inspection of the
deck drainage system.
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Cable: A typical cable-stayed bridge cable is comprised of a series of multi-wire, high
strength steel strands inside a steel or plastic pipe encasement. The encasement pipe
will usually have a secondary protection system such as a fabric wrap and/or paint. The
cable protection system should be visually inspected for any signs of distress or areas of
possible water intrusion. Areas near cable anchorages in the towers, areas where the
cable typically passes through the deck structure, and areas near the connection to the
superstructure should be inspected thoroughly. Any cable damping system should be
inspected to ensure that it continues to provide proper damping of wind-induced cable
vibrations. A schedule shall be developed and followed for an In-Depth Inspection
involving the use of Non-Destructive Evaluation (NDE) techniques and/or intrusive
inspection of the cables.

Cable Anchorages: If possible, the cable anchorages at the superstructure connections

and at the towers should be inspected for signs of moisture intrusion. Signs of trapped
water and any leaching should be noted. Anchorage protective end caps can usually be
removed for a close inspection of the strand ends and wedge condition.

Tower: Cable-stayed bridge towers are usually massive, hollow, concrete structures.
The inspection should include a visual assessment of the outside of the towers, noting
any cracks, rust staining, leaching, or significant deterioration. The Confined Space
Entry Plan shall be followed before entering the inside of the tower. A system of ladders,
stairs, or elevators is available for access to the top of the towers, including access to
cable anchorages near the top of the tower. Proper operation of tower aviation lighting
and condition of their supports should be noted also. The access door should be
inspected for proper security locks.

Miscellaneous: The inspection report should include a complete inspection of the
structure’s expansion joints, noting the opening and air temperature and any out-of-
tolerance movements. Proper operation of navigation lighting and condition of their
supports should also be noted.

3.3.10.4 General Inspection Requirements for Movable Bridges

A moveable bridge presents unique challenges. Dynamic loadings are induced into structural
members of the bridge as the bridge is operated. Inspectors should observe operation of the
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bridge in order to identify any unusual vibrations or noises or irregular movement of the
structure. The bridge operators and bridge mechanics should be interviewed to discuss any
operational issues identified.

In addition to structural aspects of the bridge, movable bridges owners usually employ bridge
mechanics and electricians to oversee the routine inspection, maintenance, and repair to the
mechanical and electrical elements of the bridge. These employees are usually responsible for
the inspection and maintenance of the power supply, wiring, motors, control panels, trunnions,
rack castings, gears, and counterweights. Although the NBIS inspection is the prime
responsibility of the Team Leader, he/she should discuss operation of the bridge with the
mechanic and electrician. Mechanical / electrical issues can lead to improper operation of the
bridge and induce unusual forces into members, potentially causing severe buckling or torsion.
The general inspection requirements for a moveable bridge are as follows:

Deck: Most movable bridges have an open steel grid deck system in order to reduce the
overall dead load of the span. The steel grid should be inspected for potential member
breakage, weld failures, and deterioration of connection details to the steel
superstructure. The open grid design allows deicing salts and water to fall directly on
the steel superstructure members below the deck.

Superstructure:  The superstructure inspection should follow the Complex Bridge

Inspection Plan for the bridge.

Mechanical: The inspection of the mechanical systems of the bridge should include any
operational reports from the bridge operators, mechanics and electricians. In addition,
the inspector should observe the operation of the span, noting any unusual sounds or
vibrations. The lift system should periodically be scheduled for a span balancing
procedure to ensure efficient and safe operation of the structure.

3.3.11 Element Level Inspections
The primary purpose of an Element Level Inspection is to provide a foundation for a statewide

Bridge Management System. These inspections quantify the physical condition of individually
identified elements of a structure, such as decks, beams, expansion joints, beam ends,
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bearings, piers, abutments, etc. The “condition states” assigned to the elements also indicate
the level of action, if any, necessary to bring the element up to a “like new” condition.

The Team Leader for all Element Level Inspections must have successfully completed the IDOT
Element Level Bridge Inspection course.

Element Level Inspections are performed on all IDOT maintained structures, on and off the
Nation Highway System (NHS). Element Level Inspections are performed on all local public
agency structures on the National Highway System. Element Level Inspection data is included
in the annual NBIS data submittal to FHWA. Element Level Inspections are typically conducted
in conjunction with and at the same interval as the Routine Inspection. Local public agencies
are encouraged to extend this requirement to their entire inventories.

IDOT Form BBS-ELI, "Element Level Inspection Report" contains “Comments” fields for all
elements inspected during an Element Level Inspection. A concise description of deficiencies
shall be included in the comments fields for elements with a Condition State of “3” or greater.

3.3.12 Critical Findings

A Critical Finding is defined as a structural or safety related deficiency that may pose an
imminent threat to the safety of the traveling public.

3.3.12.1 Identifying a Potential Critical Finding

Any of the following will be considered a Potential Critical Finding:

e Bridges that sustain damage from vehicle impacts, fire, severe flooding or other natural
disaster

e Lowering the “Deck Condition”, “Superstructure Condition”, “Substructure Condition”, or
“Culvert Condition” (ISIS Items 58, 59, 60, and 62 respectively) rating to a “2” (Critical) or
less

e Lowering “Channel Condition” (ISIS Item 61) rating to a “2” (Critical) or less

o Lowering the code for “Scour Critical Evaluation” (ISIS Item 113) to a “2” or less (See

Section 3.7 for assessing Scour Critical Evaluation)
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e Lowering the “Fracture Critical Appraisal Rating” (ISIS Item 93A1) to a “2” (Critical) or
less

e Any unforeseen event that the inspector considers to be a threat to the safety of the
traveling public

When a Potential Critical Finding is identified, the safety of the traveling public must be the initial
focus. The Team Leader must take all necessary steps to ensure the structure is secured. If
the Team Leader determines that the identified defect may seriously reduce a structure’s load
carrying capacity, the Team Leader should isolate the defect from traffic by closing lanes. If the
defect is extensive enough that lane closures may be inadequate, the structure should
immediately be closed to traffic. Based on the conditions present, a conservative decision to
limit traffic or close the structure must be made until further analysis can be performed.

3.3.12.2 Critical Finding Determination

On each occasion that a Potential Critical Finding is identified, information regarding the
conditions that contributed to a Potential Critical Finding must be immediately provided by the
Team Leader to the responsible District/Area or Agency Program Manager. The responsible
Program Manager shall then immediately contact the Bureau of Bridges & Structures as follows:

State Maintained Structures: For all state-maintained structures, the Program Manager

shall immediately contact the State Program Manager by phone, email, or other means
with photographs and a description of the critical element.

Local Public Agency Maintained Structures: For all locally-maintained structures, the

Program Manager shall immediately email the IDOT District Local Bridge Liaison and
BBS Local Bridge Unit with photographs and a description of the critical element.

The Program Manager shall provide sufficient, detailed information to allow the Bureau of
Bridges & Structures to make an initial determination of the severity of the finding. The Bureau
of Bridges & Structures will then work with the Program Manager to determine if there is a need
for a Damage Inspection, Load Rating Inspection, follow-up structural analysis, Special
Inspection, submission of IDOT Form BBS CF 1, “Critical Finding Report” and to develop a plan
of action to mitigate the deficiency.
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3.3.12.3 Submitting a Critical Finding Report

If the Bureau of Bridges & Structures determines that the deficiency will require FHWA
notification, the Program Manager will be required to submit IDOT Form BBS CF 1, “Critical
Finding Report” within 7 days. The Program Manager shall provide in sufficient detail all
required information on the form and submit it to the Bureau of Bridges & Structures, retaining a
copy for the Bridge File. This shall include basic structure inventory and location information, a
description of the deficiency, the immediate steps that were taken to ensure public safety, and a
summary of the initial plan of action to mitigate the finding.

If the Bureau of Bridges & Structures determines that submission of a “Critical Finding Report” is
not required, the responsible Program Manager shall follow the initial plan of action, unless

conditions change or additional deficiencies are subsequently found.

3.3.12.4 Reporting Critical Findings to FHWA

The Bureau of Bridges & Structures will report each Critical Finding to the Illinois Division Office
of the FHWA within 24 hours of receiving the “Critical Findings Report’. A complete file,
containing all pertinent data, will be retained by the Bureau of Bridges & Structures for each
Critical Finding.

3.3.13 Inspection of Structures under Construction

When a highway bridge or any portion of a highway bridge is open to public travel, it is to be
inspected per the NBIS.

3.3.13.1 New Structures Under Stage Construction

For staged constructed structures, the portion of the structure open to public traffic is to be
inspected at regular frequency to ensure its safety. Such safety inspections are to be
completed in accordance with the NBIS. The initial NBIS inspection is required once all of the
staged construction is complete and the new structure is carrying full traffic.
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3.3.13.2 Existing Structure Replaced with New Structure

When an existing structure is being replaced with a new structure on a new alignment, the

existing structure is to be inspected per the NBIS as long as it remains in service. The new
structure is subject to the NBIS once it is open to traffic.

When an existing structure is replaced with a new structure on the same alignment and under

staged construction, the portion of the existing/new structure open to public traffic is to be
inspected per the NBIS. The existing structure may be inspected prior to construction to avoid
an inspection delinquency.

3.3.13.3 Existing Structure Rehabilitation

For an existing bridge that is closed to public traffic during rehabilitation work, an NBIS
inspection is to be completed and SI&A data is to be updated within 90 days of completion of
the work (all lanes open to public travel).

For an existing bridge that is open to public traffic during rehabilitation work, regularly scheduled
NBIS inspections are to be performed. If an NBIS inspection cannot be conducted due to
reasonable circumstances such as a hazardous project site or conditions unfavorable to
complete an inspection, then those circumstances should be documented and the inspection is
to be rescheduled at the earliest date possible. Once all risks have been mitigated, an NBIS
inspection is to be completed and updated SI&A data is to be input within 90 days.

See Section 3.3.13.2 for an existing bridge being rehabilitated under stage construction.

3.3.13.4 Temporary Structures

For a temporary structure being used to carry public traffic while the permanent structure is
closed, the temporary structure is to be inspected in accordance with the NBIS. The temporary
structure is not required to have its own individual SI&A data in the state's or federal agency's
inventory. Generally, the structure being rehabilitated or replaced remains in the inventory and
appropriate SI&A data, Items 10, 41, 47, 53, 54, 55, 56, 70, and 103, are to be coded for the
temporary structure. Once the permanent structure is complete and open to public traffic, an
NBIS inspection is to be completed and updated SI&A data is to be input within 90 days.

Page 346 HARD COPIES UNCONTROLLED  June 2017



Structural Services Manual Section 3 - Bridge Inspection

3.3.14 Inspection of Closed Structures

NBIS requirements do not extend to structures closed to traffic. However, IDOT policy is to
continue to inspect all closed structures.

The following “Bridge Status” (ISIS Item 41) codes in ISIS represent closed structures in the

inventory:
Bridge Status Description
A Closed, replacement/repairs under contract
B Closed, replacement/repair anticipated within next 5 years
C Road Closed, closure not related to condition of the structure
E Clo_sgd, permanent closure due to bridge condition, repair/replacement not
anticipated within the next 5 years

Table 3.3-2 — “Bridge Status” (ISIS Item 41) Codes for Closed Structure

For bridges over public/private roadways, navigable waterways, active railroads, and
pedestrian/bicycle paths, the inspector must assure safety of the public that may travel below
the structure. Any potential or suspected hazards from falling debris should be noted and
reported immediately to the District/Area or Agency Program Manager.

For all other bridges closed to traffic, the inspection should be limited to verification of proper
signage and closure measures. For structures that may still be used by trespassers, additional
fencing may be warranted to prevent access to the bridge. A closed bridge in the inventory may
pose undue liability to IDOT or the local public agency. The bridge should be scheduled for
demolition if it continues to be a source of concern for collapse or a hazard to the public.

Once a weight restriction or closure has been established for a structure, it cannot be removed

or altered without approval from IDOT. Additional information on removing or altering weight
restrictions is included in Section 4.4.5.3.
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3.4 Inspection Intervals

3.4.1 General

The following sections document IDOT policy for the required frequency of different bridge
inspection types. Routine, Fracture Critical, and Underwater inspections shall be completed by
the end of the calendar month in which they are due. An exception is for the Special Inspection
with an interval of one month or less in which case inspections must be completed by the day it
is due.

For rare and unusual circumstances, such as extreme flooding, the Statewide Program
Manager through coordination with the FHWA Division Office may preapprove an inspection
delay when the situation is expected to cause a delinquency greater than one month. Bridge
inspection delay requests shall be sent via email by the Program Manager to:

DOT.BBS.BridgeMgmt@illinois.gov

The email shall document the original inspection due date, the reason for the delay, and an
estimated date for inspection completion. A copy of the response approving the delay shall be
kept in the bridge file.

3.4.2 Routine Inspection Interval

The Routine Inspection Interval may vary over the life of the structure. After the Initial
Inspection, the interval to the first Routine Inspection will be 24 months. The first Routine
Inspection can be completed before 24 months, but no sooner than 12 months after the Initial
Inspection. After the first Routine Inspection, the interval will remain at 24 months unless the
bridge qualifies for a 48-month inspection interval as described in Section 3.4.2.1.

The NBIS recognizes that certain bridges in poor condition should be inspected at lesser
intervals, while some bridges in good condition may be inspected at an interval greater than 24
months, up to 48 months. The Federal Highway Administration (FHWA) has approved IDOT's
criteria for determining a maximum allowable interval for Routine Inspections. Based on the
established criteria, an interval is automatically determined (computer generated) in ISIS for
“Routine Inspection Interval” (ISIS Item 91).
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The 48-month inspection interval represents an allowable maximum, and in no way precludes
inspections at lesser intervals. The responsible Program Manager may allow structures to be
inspected at lesser inspection intervals.

3.4.2.1 Routine Inspection 48-Month Interval Criteria

Bridges with “Main Structure Material”, “Main Structure Type”, “Near/Far Approach Span
Material”’, or “Near/Far Approach Span Type” (ISIS Items 43A, 43B, 44AN/AF, and 44BN/BF,
respectively) indicated in the following Table 3.4-1 are not eligible for the 48-month inspection
interval extension and must be inspected at a maximum 24-month inspection interval.
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ISIS Item 43/44 | Structure Material Structure Type
x03 All Deck Girder
x08 All Orthotropic Deck
x09 All Deck & Truss
x10 All Thru & Pony Truss
x12 All Thru Arch
x13 All Suspension
x14 All Cable Stayed
x15-x17 All Movable
x24 All Thru Girder
x28 All Segmental Box Girder
x30-x70 All Specific Truss Types
x00 All Other
8xx Masonry All
9xx Aluminum, Wrought Al
Iron, Cast Iron
Oxx Other or Varied All
311 Steel Deck Arch
319 Steel Culvert

Table 3.4-1 — 48-Month NBIS Inspection Interval Structure Material
and Type Exclusions

Note 1: ISIS Items 43 and 44 are three (3) position alphanumeric
fields with the first position (43A or 44AN/AF) representing the type of
material used and the last two (2) positions (43B or 44BN/BF)
representing the type of structure constructed.

Note 2: An “x” in the above table indicates that any alphanumeric
character specified for the coding of ISIS Items 43A, 43B, 44AN/AF,
or 44BN/BF.

For the structures that are not included in Table 3.4-1, all of the following conditions must be
met for the structure’s inspection interval to be assigned as 48-months:

e Structures with a “Deck Condition” (ISIS Item 58) rating of "6" (Satisfactory) or greater
and a “Superstructure Condition” and “Substructure Condition” (ISIS Items 59 and 60)
rating of "7" (Good) or greater.

e Structures with a “Culvert Condition” (ISIS Item 62) rating of "7" (Good) or greater.
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e The structure must be capable of carrying lllinois legal loads at the inventory (design)
stress level. (Rating Factor = 0.9 for bridges or = 0.75 for concrete culverts under 2 or
more feet of fill.) A structure cannot have a weight limit or “Legal Loads Only” restriction
(“Bridge Posting Level” (ISIS Item 70) must be coded “5”).

e “Minimum Vertical Clearance On” (ISIS ltems 53A-B) and “Minimum Vertical Highway
Underclearance” (I1SIS Items 54B1-B2) must be 14’-0” or greater (if applicable).

e The “Length of Longest Span” (ISIS Item 48) must not be greater than 100 feet.

o For new bridges or after reconstruction, major rehabilitation, or major repairs to bridges,
after the Initial Inspection, one Routine Inspection must have been performed within the
normal 24-month inspection interval, but no sooner than 12 months.

o ‘“Estimated AADT Count” (ISIS Item 29) must be 30,000 or less and Average Daily Truck
Traffic [‘Estimated AADT Count” (ISIS Item 29) x “Estimated Truck Percentage” (ISIS
Item 109)] must be 3,000 or less. Culverts with 2 or more feet of fill (See “Culvert Fill
Depth” (ISIS Item 62E)) do not have to meet the AADT and Truck count criteria for a 48-
month inspection interval.

e The age of the structure must not exceed 50 years (with reference to “Construction
Year” (ISIS Item 27A) where “Construction Type Indicator” (ISIS ltem 27) = “O”) unless
the structure has been reconstructed within the past 30 years (with reference to
“Construction Year” (ISIS Item 27A) where “Construction Type Indicator” (ISIS Item 27) =
“R”).

e All structural members are load path redundant; i.e. no truss or two girder type
structures, tied arches, cable stayed, suspension, etc. (See “48-Month NBIS Inspection
Interval, Structure Material and Type Exclusion” Table 3.4-1).

e The rating for “Scour Critical Evaluation” (ISIS Item 113) must be “5”, “8”, or “9” or
“Blank” (for bridges not over waterways).

e The structure shall not carry an interstate route or interstate ramp or carry any highway
over an interstate. The “Functional Classification” (ISIS Item 26) for highway on/under
cannot be coded “10”.

e The structure must not be on the Strategic Highway Network (STRAHNET) system as
designated by “Special Systems” (ISIS ltem 100) coded “4”.

e The structure must not be under the primary maintenance responsibility of a Federal
Agency (denoted by “Maintenance Responsibility” (ISIS Item 21) with codes of “5”, “F”,
“G”, or “H").
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Bridges with repair histories that indicate a substantial probability of future problems should not
be included among the candidates for the 48-month NBIS inspection interval. Such a
determination may be made at the discretion of the District Program Manager, the Agency
Program Manager, or the Program Managers within the Bureau of Bridges & Structures for any
structures that otherwise fall under the eligibility guidelines.

The eligibility of each structure is automatically reviewed by ISIS following any revision of
applicable inventory and inspection data. Any formerly eligible structures which no longer meet
the inspection interval extension criteria are changed back to a maximum 24-month interval.
ISIS will automatically change a 48-month interval to 24-months if the un-reconstructed age of a
structure will reach 50 years before its next scheduled inspection or the reconstructed age of a
structure will reach 30 years before its next scheduled inspection. Other changes to Inventory
items or traffic counts may trigger an immediate change of a 48-month interval to a maximum
24-month interval, causing a structure to become “instantly delinquent”. When this occurs, the
bridge should be inspected within 30 days and documented appropriately in the delinquent
check box and reason field on the inspection form.

3.4.2.2 Routine Inspection 12-Month Interval Criteria

IDOT maintained bridges with one or more of the following characteristics shall receive a
Routine Inspection at 12-month maximum intervals.

e Rating for “Superstructure Condition” (ISIS Item 59), “Substructure Condition” (ISIS Item
60) or “Culvert Condition” (ISIS Item 62) is “4” (Poor) or less.

e Appraisal rating for “Structural Evaluation” (ISIS ltem 67) is “3” or less.

o Posted weight limit has been established due to deteriorated condition of the structure
where “Bridge Posting Level” (ISIS Item 70) is less than “5” and not equal to “L” (Legal
Loads Only structures do not require a 12-month interval).

¢ Uncommon or unusual designs for which there is little performance history within lllinois,
such as Segmental Box Girders, Cable Stayed Superstructures, and Tied Arches. After
the Initial Inspection of these bridge types, they shall receive two 12-month inspections
before being considered for a normal 24-month inspection cycle. After the first two 12-
month inspections are completed, and there is no identified deficiencies or areas of
concern, the Program Manager may request, in writing using IDOT Form BBS CBW1,
"Complex Bridge 12-Month Waiver Statement”, that the inspection interval be changed
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to 24-months. This documentation must be signed by the Bureau Chief of Bridges &
Structures and kept in the official Bridge File.

Structures not under IDOT jurisdiction are typically evaluated on an individual basis by the
Agency Program Manager to determine if a 12-month inspection interval is appropriate based
on specific site conditions. However, IDOT may require a 12-month inspection interval for
bridges under the jurisdiction of other agencies based on inspections conducted by the Bureau
of Bridges & Structures to determine the safe load carrying capacity of structures in accordance
with Section 15-317 of the lllinois Vehicle Code.

3.4.2.3 Routine Inspection Interval for Bridges over Waterways

All structures over waterways that do not meet the Basic Submergence Criteria specified in
Section 3.3.4 shall have the condition of substructure elements below the waterline and the
surrounding streambed assessed at each Routine Inspection. Evaluation of site conditions is
required to establish the appropriate Routine Inspection Interval and if Special Inspections will
be required to monitor specific areas of concern.

When site conditions indicate a need to monitor substructure elements below the waterline at an
interval that is less than the normal Routine Inspection Interval, the Program Manager must
determine whether lowering the Routine Inspection Interval or initiating Special Inspections is
more appropriate.

When site conditions indicate the need to monitor a portion of the substructure units at an
interval less than the Routine Inspection Interval, a Special Inspection should be initiated and an
appropriate Special Inspection Interval set for each Special Inspection Type identified. The
Routine Inspection Interval can remain unchanged. Special Inspections may be staggered to
efficiently monitor the structure by setting the “Special Inspection Interval” (ISIS Item 92C) and
“Special Inspection Inspect By Date” (ISIS Item 92C7) to fall between Routine Inspections.

When site conditions indicate the need to monitor a majority of the substructure units or the
entire streambed at an interval less than the Routine Inspection Interval, the Routine Inspection
Interval may be lowered or the Program Manager may initiate Special Inspections for each
Special Inspection Type identified. See Table 3.4-3 for more guidance on monitoring

requirements and recommended intervals.
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In most cases, the “Routine Inspection Interval” (ISIS Item 91) will be set by policy at 24 months
or as modified by Section 3.4.2.1 or Section 3.4.2.2. If Special Inspections are preferred, all the
Special Inspection (ISIS Item 92C, 92C1, 92C2, 92C4, 92C6, and 92C7) information must be
entered into ISIS.

3.4.3 Underwater Inspection Interval

All bridges requiring Underwater Inspections as specified in Section 3.3.4 shall have an Initial
Inspection to establish a baseline for comparison with future inspections. After the Initial
Inspection has been performed, the “Underwater Inspection Interval” (ISIS Item 92B) shall be
set by the Program Manager. IDOT policy is to use an interval of 60 months unless site
conditions indicate a need to monitor elements below the waterline at a shorter interval.
Alternately, the Underwater Inspection Interval could be set at 60 months and a Special
Inspection could be used to monitor a specific area of concern at a shorter interval.

When site conditions indicate the need to monitor a portion of the substructure units at an
interval less than the Underwater Inspection Interval, a Special Inspection should be initiated
and an appropriate Special Inspection Interval set for each Special Inspection Type identified.
The Underwater Inspection Interval can remain unchanged. Special Inspections may be
staggered to efficiently monitor the structure by setting the “Special Inspection Interval” (ISIS
Iltem 92C) and “Special Inspection Inspect By Date” (ISIS Item 92C7) to fall between
Underwater Inspections.

When site conditions indicate the need to monitor a majority of the substructure units or the
entire streambed at an interval less than the Underwater Inspection Interval, the Underwater
Inspection Interval may be lowered or the responsible Program Manager may initiate Special
Inspections for each Special Inspection Type identified. See Section 3.4.4 for more guidance
on monitoring requirements and recommended intervals.

If Special Inspections are preferred, all the Special Inspection (ISIS Item 92C, 92C1, 92C2,
92C4, 92C6 and 92C7) information must be entered into ISIS.
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3.4.4 Substructure and Channel Monitoring Requirements and Options
When site conditions warrant special monitoring, refer to Figure 3.4-2 “Substructure Condition

Assessment Method below Waterline” and Table 3.4-3 “Substructure and Channel Monitoring
Options” to determine the appropriate inspection type and interval.
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Figure 3.4-2 — Substructure Condition Assessment Method Below Waterline
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Table 3.4-3 — Substructure and Channel Monitoring Options
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3.4.5 Fracture Critical Member Inspection Interval

The “Fracture Critical Inspection Interval” (ISIS Item 92A) assigned to a structure with Fracture
Critical Members should be commensurate with the structural details and condition of the
structure and cannot exceed 24 months. Maximum intervals for Fracture Critical Member
Inspection are summarized as follows:

e 3 months, and again within 24 months from the date of opening to traffic for all newly
constructed or rehabilitated bridges with Fracture Critical Members.

e 12 months for all bridges with a “Fracture Critical Appraisal Rating” (ISIS Item 93A1)
coded “4” or less.

o 12 months or less (as specified by the BBS Bridge Management Unit) for bridges with a
history of fatigue crack formation or with structural details susceptible to fracture.

o 24 months for bridges other than those included in the previously described categories
for Fracture Critical Member Inspection intervals.

3.4.6 Element Level Inspection Interval

All State structures will receive an Element Level Inspection, typically in conjunction with and at
the same interval as the Routine Inspection. Structures under the jurisdiction of the Illinois State
Toll Highway Authority (ISTHA), local public agencies, or other State Agencies, which are on the
NHS, require Element Level Inspections at the same interval as the Routine Inspection interval.

3.5 Non-Destructive Testing

3.5.1 General

Non-Destructive Testing (NDT) is often used during the inspection of steel structures to
determine the presence or extent of a defect when visual inspection either suggests the
existence of a crack, or is not sufficient to verify the internal integrity of structural elements such
as pins. The NDT methods most frequently used in the field by IDOT are:

o D-Meter Thickness Measurement (DM)

e Dye Penetrant Testing (PT)
¢ Magnetic Particle Testing (MT)
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e Ultrasonic Testing (UT)

Personnel inspecting steel structures should be familiar with the use and limitations of the
various methods of NDT. The information in this chapter provides only basic guidance in the
NDT methods employed by IDOT. To ensure proper application of the testing procedures and
interpretation of results, inspection personnel require additional training by certified instructors
and extensive hands-on experience.

3.5.2 D-Meter Thickness Measurement (DM)

A D-meter is a hand-held, UT based instrument that is used to measure steel plate thicknesses
at discrete locations. Several different models of D-meters are available. Consult the manual
for the specific D-meter being used for proper operation. General guidance is presented below:

o Calibrate the D-meter per the manual for the particular model being used. Measure a
plate of a known thickness with the D-meter to verify that it is working properly after
calibration.

o Refer to the manual for the particular model being used for the maximum plate thickness
the D-meter can measure.

o D-meters can only measure the thickness of the ply the transducer is in contact with.

e When measuring remaining section, check the other side of the plate, if accessible, to
see if a flat and uniform area is available at the location where the thickness is to be
measured.

e Remove loose paint, corrosion and dirt/debris at the location where the thickness is to be
measured. Expose a small area of bare steel that is slightly larger than the transducer
being used.

e Use couplant between the transducer and the bare steel when taking thickness
measurements.

e In addition to recording thickness remaining, be sure to record the nominal thickness at
nearby areas of the same plate that do not have section loss for comparison purposes.

e When measurements are complete, clean the bare steel areas of couplant and
dirt/debris. Touch up these small areas with a spray “paint + primer” product to protect
the area from further deterioration.
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3.5.3 Dye Penetrant Testing (PT)
After a visual inspection, PT is often used to verify the existence and extent of cracks open to
the surface in welded connections or the base material of steel beams/girders, depending on

capillary action to reveal the existence of cracks. The following general procedures are used:

Prepare Surface: Prior to PT, all dirt, grease, oil and moisture, together with loose,

heavy or flaking paint, rust and scale must be removed from the area to be tested,
exposing bare metal at the suspected defect. Thin, tightly adhered paint or scale and
light rust may remain as long as it does not prevent dye from entering a defect. The use
of mechanical grinding tools or blasting equipment to prepare the test surface can
deform or “smear” base metal, obscuring the crack and severely affecting the accuracy
of the test. For this reason, foreign materials (dirt, grease, oil, loose paint, moisture)
should be removed using solvents, strippers and nonmetallic scraping tools, followed by
compressed air or volatile cleaners, ensuring any potential cracks are “empty” - free of
material that would prevent capillary action for absorption of penetrant. Removing rust
and scale requires mechanical methods, so scrapers and hand-wire brushing are used
to avoid deforming or “smearing” base metal and covering cracks.

Application of Penetrant: After the surface to be tested has been cleaned and

thoroughly dried (solvent has evaporated from any defects), a dye penetrant is applied to
the surface in the area where a crack may exist. The penetrant is applied by spraying or
brushing, depending on the type of dye, available access, and the orientation of the
surface. The penetrant must remain on the surface for a specified “dwell time” prior to
further actions. The dwell time is based on manufacturer recommendations, and
depends on the temperature of the material, relative humidity, geometry or suspected
defects (surface opening and internal volume) and the type of material tested (weld,
plate, rolled shape, bent plate, sheared edge, etc.).

Excess Penetrant Removal: After sufficient dwell time to allow capillary action to pull the

dye into open defects, the remaining penetrant must be removed from the surface.
While nearly complete removal of the penetrant on the surface is necessary to prevent
false indications, care must be taken not to flush dye out of a crack or other
discontinuities within the tested area. This is accomplished by spraying the cleaning
agent on a towel and wiping, but not spraying the cleaner directly on the surface. Some
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traces of dye may remain on the surface, especially on welds or cut edges with irregular
faces, but that should not be mistaken for a subsurface defect.

Application of Developer: After excess penetrant has been removed and the surface
has dried, a developer is applied to the surface to extract the dye from any
discontinuities. The developer is a “blotting agent” with a higher attraction for the dye
than the capillarity holding it in the defect(s). The developer usually dries white, so the
red or blue dye absorbed provides a strong color contrast, and the extent and intensity of
the stain gives some indication of the volume of the defect. Scratches and nicks holding
small amount of dye show as small, non-relevant indications, but significant cracks and
porosity will produce large vivid stains. The time necessary for the developer to extract
most of the penetrant varies, depending on the type of developer, the geometry of the
defect and material temperature. In general, the developing time will be approximately
one half of the required dwell time.

Interpretation of Test Results: After the developer has been on the surface a sufficient

period of time, a visual inspection is made to interpret any indications within the tested
area. Only discontinuities that are open to the surface within the test area will be visible.
Proper interpretation requires that the inspector be familiar with the original fabrication of
the tested area (assembly, bending, welding procedures) and the types of defects likely
to be present (base metal fractures, delaminations, scabs, weld toe or centerline cracks,
porosity, roll-over, lack of fusion). Photographs of the defect/test area should be taken
for documentation of the test results.

A Dye Penetrate Testing kit typically contains:

¢ Visible dye penetrant that will be pulled into defects and held by capillary action.

o Cleaning fluid for use in pre-cleaning the test area and removing excess penetrant from
the surface being tested.

e Non-aqueous developer that will both extract the dye which penetrated into a
discontinuity and also provide a contrasting background color for the dye.

e Wiping towels, brushes and directions for using the Kit.

In addition to steel, PT can be used on such materials as aluminum, cast iron, forgings,
castings, plastics and ceramics. Although the removal of paint from existing structures can be
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problematic, PT is a very effective tool for detecting surface cracks, and can be easily carried
and used without a power supply or complex equipment.

3.5.4 Magnetic Patrticle Testing (MT)

MT, also often called “mag” particle testing, can be used to locate both surface and near surface
discontinuities in ferrous steel elements using magnetization techniques and principles. It
cannot be used on aluminum or non-ferritic (non-carbon stainless) steels. Two types of MT
equipment may be used, the prod or the yoke. The prod, which is often used in steel fabrication
shops, has two rounded aluminum contact points that pass an AC or DC electrical current
through the test piece, inducing a magnetic field around the current path. (Copper contact
points must never be used, since arcing could deposit copper residue.) Bare steel is required at
the contact points, and care must be taken to only energize the prod while in firm contact with
the test surface or arcing may occur, causing “arc strikes”, which are considered serious
defects. The yoke, which is most often used for field inspections, is an electromagnet. This is
used so that no electrical current passes into the piece and arcing is avoided. One advantage
of MT using a yoke is that it can be performed without removing well adhered paint from the
tested surface. However, paint on the surface of the test area can mask very small
discontinuities by inhibiting movement of the iron particles, and the thickness of coatings
present on the test surface should be 2 mils or less. Yoke legs should be oriented nearly
perpendicular to the surface for transfer of the magnetic field, so positioning near inside corners
may be difficult. The following general procedures are used by IDOT personnel for performing
MT using a yoke:

Prepare Surface: Although cracks filled with contaminates can be detected using MT,

efforts should be made to ensure that the tested surface is clean, dry, and free of such
contaminates as oil and grease that impede particles from moving toward defects.
Heavy, thick, or loose rust and scale, thick or peeling paint and paint runs, and heavy
weld spatter prevent good yoke contact and impede particle mobility. Test surfaces can
be cleaned using solvent or detergent cleaners, wire brushing, grinding or blasting with
sand or grit. If necessary, solvent paint removers can be used to remove excessive

paint from the test surface.

Creation of Magnetic Field: A “yoke”, which is essentially a C-shaped electromagnet, is

used to create a magnetic field in the test area. Although referred to as “C-shaped”,
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most yokes have articulated “legs” and their shape can be varied to make the ends
(“feet”) perpendicular to the surface, providing good contact to transfer magnetic flux into
the test surface. The yoke is connected to an electrical power source and legs of the
yoke are placed in contact with the test surface on either side of the test location. Once
the yoke is placed in contact with the test surface and current activated, the magnetic
field is established. To verify the yoke is working properly, the lifting requirements of the
AASHTO/AWS D1.5 Bridge Welding Code included in Appendix A-7 must be met.

Application & Removal of Particles: While the magnetic field is established, a powder of

dry, finely divided ferromagnetic material with high magnetic permeability and low
magnetic retention, commonly referred to as “iron filings”, is applied to the test area
using a squeeze bulb or shaker bottle. The powder is typically orange or red in color to
contrast with the test surface. With the magnetic field maintained, excess powder is
removed from the test area using dry, low pressure compressed air.

Interpretation of Test Results: Once the excess powder has been removed from the test

area, the iron filings that remain should have aligned themselves with any discontinuities
present on or near the steel surface within the area tested. If the powder is on top of a
flat area, the yoke may be de-energized, and even removed to allow the particle pattern
to be picked up on cellophane tape. For vertical or overhead areas, de-energizing will
release the particles.

This technique depends on the placement of the yoke relative to the defect’s orientation and
size. The magnetic field induced in the steel “flows” between legs of the yoke, and any
interruption in the steel “leaks” magnetic flux, which attracts the iron particles. If a crack is
parallel to the “flow”, very little leakage occurs. Therefore, the yoke must be placed in two
orientations, offset approximately 90°, for each location tested to avoid missing significant
defects. This may require realigning the yoke legs. Personnel performing the test must
determine if any pattern observed is a defect, a false indication, or a suspected defect requiring
additional investigation using another method of NDT. Photographs of the defect/test area
should be taken for documentation of the test results.

To perform MT with a yoke, the following material and equipment is required:

e A source of electricity
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e An electromagnetic yoke
o Ferromagnetic “powder”
o Dry, low pressure compressed air

When an electrical source is not available, MT can be performed using Permanent Magnets.
Permanent magnets are sometimes used for magnetic particle inspection as the source of
magnetism. The two primary types of permanent magnets are bar magnets and horseshoe
(yoke) magnets. These industrial magnets are usually very strong and may require significant
strength to remove them from a piece of metal. However, permanent magnets are sometimes
used by divers for inspection in underwater environments or other areas, such as explosive
environments, where electromagnets cannot be used. Permanent magnets can also be made
small enough to fit into tight areas where electromagnets might not fit.

3.5.5 Ultrasonic Testing (UT)

UT is used by IDOT bridge inspection personnel to ascertain the internal condition of structural
elements that cannot be visually or otherwise inspected. Testing pins for the presence of
internal cracks is the most common use of UT during bridge inspections. UT must be performed
by personnel trained to use the equipment and interpret the test results. Equipment and
materials typically used for UT pin inspections are:

e Ultrasonic Test Machine (horizontal and vertical axes can be calibrated)
o 2.25MHz and 3.5 MHz, %" diameter, straight beam transducers

e Calibration block (Note: Special IDOT calibration block is used for pins)

e Couplant and clean-up material

e Scrapers and other tools to prepare surface

o Documentation for pins (geometry, material, previous inspection results)
o Record keeping material
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3.6 Inspection of Pins, Links, and Hangers

3.6.1 Inspection of Pin & Link Assemblies

3.6.1.1 General

The information provided in this section for the inspection of pin and link assemblies provides an
expedient method for evaluating in-place double-pin and link or single-pin moment release joints
on multi-beam/girder and 2-girder bridges. Region/District inspectors are trained by IDOT
employees previously certified by outside agencies in the use of ultrasonic testing (UT)
equipment and evaluation methods. UT and visual inspection (VT) shall be utilized for a
Preliminary Pin Inspection (PPI), based on pass-fail criteria related to the detection of defects or
discontinuities within the length of the pin. A PPI utilizing UT shall be performed by qualified
personnel with adequate training. This procedure, although based on industry practices, is an
IDOT method developed to provide basic condition information, and neither intends or purports
to identify all irregularities within a pin.

3.6.1.2 Inspector Qualifications

Personnel utilizing UT for the inspection of pins must be adequately trained. IDOT inspectors
performing a PPI to detect significant defects/discontinuities are trained by IDOT personnel
gualified to the recommend ASNT standards for UT Level Il certification. At a minimum, the
training provides:

e Familiarization with operating principles of UT.

e Calibration methods, using American Society for Testing Materials/American Society for
Nondestructive Testing (ASTM/ASNT) standard UT reference blocks and an IDOT UT
reference standard for preliminary pin evaluation.

e Initial VT and subsequent UT scanning methods for various situations and
configurations, including assessments and reporting of results.

e |IDOT pin scanning methods, result interpretation, testing documentation and
recommendations for follow-up inspection or immediate action.

o Potential problems with access and interpretation, and alternative tests or methods.

o Field exercise or classroom mock-up.

e Additional discussion, questions and answers, etc.
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The training includes extensive hands-on and interactive participation, encouraging participants
to critically examine the methodology and propose modifications and improvements. Upon the
successful conclusion of the training, inspectors will be considered qualified to conduct
preliminary pin and link inspections. During a PPI, if results indicate the presence of anomalies
or are inconclusive, a SPI must be scheduled for additional nondestructive testing (NDT) to be
performed by IDOT or outside testing agency employees qualified to appropriate ASNT Level Il
or Il criteria.

3.6.1.3 Link Inspections

All accessible surfaces of link plates shall be visually inspected (VT) for corrosion and paint
deterioration, distortion due to misalignment or seizure, and cracking, especially at critical
sections near the pins. Any confirmed or suspected cracks shall be immediately reported to the
District/Area or Agency Program Manager, so that further NDT may be scheduled or shoring /
lane closures may be instituted. Other defects shall be documented for future reference or for
directing follow-up NDT.

UT or DM may be used during link inspections to verify remaining material thickness, but their
use for crack evaluation and detection in link plates is not common. Magnetic particle
inspection (MT) or dye penetrant testing (PT) may also be used to assess possible cracks if the
inspector is equipped and trained for their use.

The inspector should attempt to determine if the pins are “frozen” within the girder webs and/or
link plates or are free to rotate due to temperature changes or the passage of vehicles across
the structure. A continuous layer of paint or corrosion across the interface with no interruption
caused by rotation may indicate seizure. Single pins in moment release joints may undergo
sufficient motion under live load to disclose the absence of seizure. Dual pins in hanger links
usually rotate gradually due to temperature changes and do not show perceptible motion under
live load, so seizure is difficult to assess.

3.6.1.4 Pin Inspections

If pins are judged satisfactory, based on the criteria herein, no additional testing is needed. If
anomalies or non-conforming pins are found, the District/Area or Agency Program Manager
shall arrange for a SPI to provide additional UT evaluation by District, Central Office or outside
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agency personnel qualified to at least the standards recommended for an ASNT UT Level Il.
Based on the results of the SPI, recommendations can be made for replacement or subsequent
inspection criteria for suspect pins. If the PPI indicates the actual (or potential) failure of one or
more pins, the District/Area or Agency Program Manager, and the State Program Manager shall
be notified immediately and lane reductions, traffic restrictions or complete structure closure
may be required until further inspections, pin replacement or supplementary supports can be
implemented.

An actual or suspected pin failure is a Critical Finding. Once steps have been taken to assure
safety of the public, a “Critical Finding Report” must be submitted to the Bureau of Bridges &
Structures as specified in Section 3.3.12.

3.6.1.4.1 Preliminary Pin Inspections

The objective of the Preliminary Pin Inspection (PPI) is to verify the absence or detect the
presence of significant defects or discontinuities within the length of a pin. To perform a PPI,
the following materials and equipment are required:

e Ultrasonic Test Machine (horizontal and vertical axes can be calibrated)

o 2.25MHz and 3.5 MHz, %" diameter straight beam transducers

o IDOT Test Specimen (See Diagram “A” - Figure 3.6-1)

e Couplant and clean-up material

e Scrapers and other tools to prepare surface

e Documentation on existing pin geometry, material and previous inspection results
o Record keeping material

A method for a Preliminary Pin Inspection is as follows:

e Either transducer may be used. If problems arise in evaluating the far end of long and/or
small diameter pins, the 3.5 MHz transducer may be more accurate with its smaller
beam spread. The greater beam spread of the 2.25 MHz transducer may be preferred
for pins with cotter pin holes near the contact end, and to access areas behind threads
or step-down diameter reductions at ends.

e Calibrate the equipment just before beginning work, using the transducer and IDOT test
specimen. For pins up to 10” (250 mm) long, adjust the display so horizontal screen
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increments represent 17 (25mm). For longer pins, adjust screen increments to represent
convenient units (for example: 1 74”, 1 %2”, 2” or 30 mm, 40 mm, 50 mm), while keeping
the pin’s far end back signal on the screen.

e At the first pin to be tested, verify that no unexpected reflectors (not including threads,
cotter pin holes, etc.) are present between the transducer and far end. If any appear, go
to another pin until a satisfactory pin is found. Then adjust the gain so the back
reflection of the pin’s far-end is 50% of the screen height (use this value as the reference
level on IDOT Form 2760, “Preliminary Pin and Link Inspection Journal”), and record the
transducer and dB reading on the inspection form. For inspection scanning of that pin
and all similar pins, increase that gain by 10 dB.

o Distance calibration should be periodically verified by checking the IDOT specimen after
each two hours of work, at each new work location (“work location” usually entails all the
pins at one deck joint), for significant changes in pin lengths or condition, or if the pin’s
temperature rises or falls more than about 30°F (20°C), possibly affecting couplant
behavior. The IDOT specimen should be at approximately the same temperature as the
tested pins.

e Scan one end of each pin, using a circular motion and positioning the transducer so that
near-end threads do not degrade the image while evaluating the far end of the pin.
Compare results to the pin geometry, so that diameter changes, cotter pin holes or far-
end threads are not mistaken for defects. If the “shelf’ or “shoulder” (change in diameter
of the pin) is more than ¥ inch, scanning should be done from both ends.

o Any “other reflectors”, especially in bearing contact areas, producing an image more
than 20% screen height at reference level (50% of screen height at end of pin) require
also scanning the pin from the opposite end. The results shall be recorded for future
reference, indicating the location (distance from each end), gain, signal height and
transducer position to maximize the signal for each reflector. The transducer’s positions
when the defect initially appears and finally disappears (or is minimized) on the screen
shall also be noted. “Transducer position” shall be described by its circumferential
location, based on a theoretical clock face with 12 at the top of the pin, and radial
distance from the center of the pin. For consistency, pins requiring additional
inspections shall have the 12 o’clock position center punch marked on both ends near
the periphery, and “clockwise” shall be considered independently for each end.

e Scanning from both ends may provide sufficient data to characterize the type, size,
orientation and criticality of defects. If any such reflector produces a signal more than
50% of screen height at reference level, or if a pin’s far end response is completely lost
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while scanning from either end, the results for both ends shall be immediately reported
to the District/Area or Agency Program Manager and the State Program Manager.
Large internal discontinuities may prevent most of the pulse from reaching the far end or
redirect the reflected signal, resulting in loss of far end back reflection.
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FIGURE 1: IDOT UT Pin Test Calibration Block

Based on pins inspected and material available, select a, b & ¢ as follows:

a (height): nearest 42" from 3" to 6”

b (length): nearest whole inch from 6" to 12"

c (thickness): nearest 4" from %" to 14"
Accurately determine all dimensions (+ 0.01") and place label on specimen.
Reference Holes (RH) #1, #2 and #3 are 1/16” (0.0625") diameter, through-thickness of test block, and
perpendicular to face within + 0.5 degrees.
Material for test block must be ultrasonically “clean”, and either low alloy, carbon steel or stainless steel
may be used. All surfaces are milled and polished, and all corners are perpendicular (within 0. 5°).

d

Example: 6.0”* long with ends cut @ 90 degrees ** ===

Example Identification Label
IDOT UT Pin Test Specimen: Length: 6.02”

Material: ASTM A709 Gr. 50. Made: 09/16/03 1.0” bar

Fiqure 2: IDOT Preliminary Test Specimen t_

1.0” dia. or 1.0” sq. x 6.0" long, cold rolled steel bar, ultrasonically clean, Eﬂ::’ﬂ;ﬁ:ﬁ:i’:m\
ends square cut** and ground to 32 micro in., sides sanded smooth. After ;wical cachiend) i
finishing, bar is coated with clear lacquer to avoid corrosion and labeled. &

Notes: *Test specimen length of 6" is arbitrary. Convenient lengths representative of typical pin lengths
may be used. Even inch increments (7", 8", 9", 10”) are recommended for ease of calibration.
** Ends of specimen cut square to within 0. 5 degrees, length tolerance + 1/8"

Figure 3.6-1 — Diagram “A”— IDOT Test Block & Specimen
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3.6.1.4.2 Supplemental Pin Inspections
The equipment and procedures used to conduct a Supplemental Pin Inspection (SPI) are the
same as used for performing the PPl. The SPI is, however, performed by personnel with

greater experience and a higher level of training in the use of UT (ASNT Level Il or IlI).

3.6.1.5 Inspection Records

Permanent inspection records shall be maintained for pins and links. Forms for documenting
the condition of pins and links during PPI's and SPI's are provided by IDOT Form BBS 2760,
“Preliminary Pin and Link Inspection Journal” and IDOT Form BBS 2780, “Supplemental Pin /
Link Inspection Journal”’. Pins and links with no structurally significant anomalies detected by
the PPI only require stating “No Defects Noted”, along with the item’s location, the pin end(s)
scanned, and any pertinent remarks to assist future inspections. Note that “location” for pins
and links includes span and girder/beam number, distance to nearest identified support, pin
location (upper or lower) and link position, such as “east side”. Other comments regarding field
conditions (paint condition, possible seizure, excessive rust staining, etc.) or recommended
maintenance actions must be reported to the District/Area or Agency Program Manager.

A copy of the permanent inspection records for each pin and/or link with reportable anomalies,
indicating all pertinent field observations and recommendations for additional investigations,
shall accompany the preliminary inspection report submitted to the District/Area or Agency
Program Manager. The permanent record documents the initiation and subsequent growth of
defects, and will be maintained until the item is replaced. If reported indications are proven to
be non-significant or “spurious” (caused by technique or other causes, but not actual internal
defects), the record should include possible explanations and verification testing results.

Pins requiring additional investigation (due to a reflector exceeding 20% of screen height during
the PPI) shall have the location of all reflectors exceeding 20% of screen height at the reference
level documented, as described in item 6 of the “Preliminary Pin Inspection Method” in Section
3.6.1.4.1.

Additional investigation required for links to quantify potential structural problems noted during

the PPl may employ UT, MT, PT, DM or radiographic testing (RT), as directed by the
District/Area or Agency Program Manager. The additional test results shall be recorded on a

June 2017 HARD COPIES UNCONTROLLED  Page3-73



Structural Services Manual Section 3 - Bridge Inspection

separate form for each link, and the form shall be attached to the link’s permanent inspection
record for future reference, even if the indications prove to be non-significant or “spurious”
(caused by technique or other cases, but not actual internal defects). The record should include
possible explanations and verification testing results. Additional information, test reports,
photos or other pertinent information shall be attached to the permanent record and stored in
the Bridge File.

If paint, rust and/or other foreign material is removed from links, nuts and non-stainless steel
pins for VT, MT, UT or PT, bare steel should be protected after the inspection is complete. UT
couplant, PT residue and moisture should be removed and then a zinc-rich primer or other
owner-approved coating may be spray-applied. For pins that will continue to be inspected on a
regular cycle, the exposed ends may be coated with grease.

Copies of each structure’s overall evaluation, together with copies of the permanent records for
each pin and/or link and additional testing recommended to evaluate anomalies, shall be signed
by the Team Leader and forwarded to the District/Area or Agency Program Manager,
immediately after the inspection. Reports, including summaries, photos and additional
investigations of PPIl-revealed deficiencies, along with inspection personnel’s suggestions or
comments applicable to the particular location and similar installations, should be compiled by
the Team Leader and submitted to the District/Area or Agency Program Manager.

Inspector suggestions and comments may include initial and follow-up investigation methods,
preventative maintenance actions, inspection documentation, employee safety considerations,
and methods to improve inspection efficiency.

3.6.2 Inspection of Cantilever Truss Suspended Span Pins & Hanger Members

3.6.2.1 General

Large, continuous, cantilever trusses typically have suspended simple span trusses in the main
span, supported by large steel pins and hanger members. The pins vary in size and diameter,
but can reach 30 inches long and 12 inches in diameter. Hangers are typically either built-up
members or rolled sections with additional reinforcement plates at the pin locations. The pins
and hangers in suspended truss spans are typically considered Fracture Critical Members. See
Section 3.3.5 and Section 3.3.6.3 for Fracture Critical Member Inspection requirements.
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3.6.2.2 Pin Inspections

In general, although they are much larger and more complex, suspended truss pins and
hangers are to be inspected by the same criteria as beam/girder pins and links. A Preliminary
Pin Inspection shall be completed at each location. A detailed access and pin preparation plan
may be required. Suspended truss pins may have center bore holes with steel threaded rods
and end cap plates that must be removed before a PPI can be completed. Consult previous
inspection records and procedures or discuss potential limitations of cap or retention plate
removal before commencing an inspection. In some instances, test pins, fabricated to the same
specifications as the existing pins, may be available for calibration of UT equipment.

As with pin and link inspections, the PPI is a general investigation to verify the absence or
detect the presence of significant defects or discontinuities within the length of the pin. If any
anomalies or potential defects are detected, they should be immediately reported to the
Program Manager and a Supplemental Pin Inspection (SPI) should be scheduled.

Any potential major defect or suspected fracture is considered a Critical Finding and should be
reported immediately to the District/Area or Agency Program Manager and the State Program
Manager, after taking all necessary procedures to safeguard public safety. IDOT Form BBS CF
1, “Critical Finding Report” must be completed and submitted to the Bureau of Bridges &
Structures as soon as possible as specified in Section 3.3.12.

3.6.2.3 Hanger Member Inspections

Suspended truss hangers are typically large vertical members consisting of steel box sections,
built-up riveted or bolted plates, angles, or channels, or large rolled beam sections. The area
immediately adjacent to the pins is typically reinforced with additional welded or bolted plates or
other steel shapes. The entire hanger, also a Fracture Critical Member, must be completely
inspected visually. Any suspected cracks, distortions, or other potential defects must be
recorded on the appropriate inspection form. Further investigation may require specialized NDT
methods by a trained inspector.
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3.6.3 Inspection of Pins and Eyebars in Eyebar Trusses

3.6.3.1 General

Eyebar trusses, although no longer used in modern bridge construction, remain in the lllinois
bridge inventory and are usually located on low traffic volume rural roadways. Eyebar trusses
are typically light, relatively short, simple-span trusses but can reach major bridge lengths and
span major waterways.

3.6.3.2 Pin Inspections

Eyebar truss pins and eyebars are to be inspected by the same criteria as beam/girder pins and
links. A PPI shall be performed on each pin and the results recorded on the appropriate
inspection forms. Eyebar truss pins are considered Fracture Critical Members and must be
inspected during each scheduled FCM Inspection. See the recording and reporting
requirements in the previous section.

In many instances, excessive pack rust between eyebars at pin locations may have totally
seized any movement of the pins. Excessive pack rust should be carefully removed, if possible,
without causing any damage to the eyebars. In addition, the inspector should verify that there is
sufficient pin length beyond the outside eyebars or that the end caps, retainer nuts, or cotter
pins are functioning properly. Excessive pack rust can exert enough force to push eyebars off
of their pins in extreme cases.

3.6.3.3 Eyebar Inspections

Eyebars are typically cast, forged, or cut from rolled steel plate material. Most eyebars are
rectangular in cross-section that transition to a wider section with an opening to receive a steel
pin. The “eyes” in round eyebars are generally flattened by forging. The “eye” can also be
formed by creating a loop that is then forged or welded to close the loop. Eyebar members are
considered Fracture Critical Members and must be inspected during each scheduled FCM
Inspection.

As with links and hangers, the entire length of the eyebar should be visually inspected for any
cracks, gouges, section loss, or distortions. Particular attention should be paid to the forged or
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formed “eye” areas. Any anomalies or potential defects should be reported immediately to the
District/Area or Agency Program Manager. Any major flaws or suspected fractures should be
immediately reported to the District/Area or Agency Program Manager and the State Program
Manager after taking all necessary procedures to safeguard public safety. IDOT Form BBS CF
1, “Critical Finding Report” must be completed and submitted to the Bureau of Bridges &
Structures as soon as possible as specified in Section 3.3.12.

3.7 Bridge Scour and Plans of Action

3.7.1 General

Scour is the leading cause of bridge failures. In 1988, FHWA initiated the National Scour
Evaluation Program. The National Bridge Inspection Standards (NBIS) specifies that all bridges
over waterways must be evaluated to assess susceptibility to scour and to determine if
protection in the form of countermeasures is required to ensure the stability of the structure.
NBIS further specifies that the responsible agencies for all bridges determined to be scour
critical must prepare and implement a Plan of Action (POA) to monitor known and potential
deficiencies in accordance with the POA and to address Critical Findings as specified in Section
3.3.12.

The following definitions are provided within the NBIS:

Scour: Erosion of streambed or bank material due to flowing water; often considered as
being localized around piers and abutments of bridges.

Scour Critical Bridge: A bridge with a foundation element that has been determined to

be unstable for the observed or evaluated scour conditions.

lllinois has completed this program and all waterway structures in the inventory have been
assigned a “Scour Critical Evaluation” (ISIS Item 113) rating. A POA has been developed for all
bridges determined to be scour critical. A copy of the POA is maintained in each Bridge File.
See Section 3.7.6 for monitoring scour critical and scour susceptible bridges.

The National Highway Institute (NHI) offers several training courses related to the evaluation of
scour at bridges. See Appendix A-2 for web addresses and reference documents.
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3.7.2 New and Rehabilitated Bridges over Waterways

A Scour Evaluation Study, determination of estimated scour depths, and a recommended
“Scour Critical Evaluation” (ISIS Item 113) rating are required to be completed during the
preliminary planning phase for all new bridges over waterways and all rehabilitation projects that
alter existing substructure units in the waterway. For all State bridges, the Bureau of Bridges &
Structures must review and approve all Scour Evaluation Studies and must enter the Scour
Critical Evaluation Rating into ISIS. For all Local Bridges, the designer must provide the Scour
Evaluation Study, estimated scour depths, and “Scour Critical Evaluation” (ISIS Item 113) rating
when submitting IDOT Form BLR 10210, “Preliminary Bridge Design and Hydraulics Report”.
See the IDOT Bridge Manual for design guidance.

3.7.3 Scour Plan of Action (POA)

For every structure identified as a Scour Critical bridge, and for selected structures described as
“scour susceptible” in Section 3.7.4.2, a Plan of Action (POA) must be developed.

An outline for a POA and instructions for utilizing the outline are available in IDOT Form BBS
2680, “Scour Critical Bridge Plan of Action (POA)” for structures with a Scour Critical Evaluation
Rating of “7” or “4” or less. This outline is applicable to POA preparation for most structures.
However, Major River Bridges or other unique structures may require POA documentation
beyond that contained in the outline provided.

The scour POA must provide, at a minimum:

e Instructions regarding the type and frequency of inspections required to ensure
adequate monitoring of conditions at the bridge site.

o Identification of fixed scour monitoring devices or reference points that have been
installed at the site and are to be routinely referenced by inspection personnel.

o Reference data for use by inspection personnel for assessing existing site conditions
and evaluating the effect of current conditions on structure stability.

e Guidance to inspection personnel for reporting site deficiencies.

o Guidance to inspection personnel for initiating or recommending bridge closures. The
following are examples of when the bridge / roadway shall be closed; other site specific
items will be included in the POA.
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e Bridges experiencing pressure flow (water touching the superstructure).

o Bridge approach roadways being overtopped.

e Guidance provided to inspection personnel to reopen the roadway.

e Information relative to the type of countermeasure in-place or scheduled for placement
at the site to mitigate existing or potential scour problems.

The POA must be maintained with the Bridge File. A copy of the POA must also be available
for use during field inspections and updated if necessary based on the conditions observed
during each inspection.

Stream cross-sections shall be taken along the upstream and downstream fascia after each
major storm event as defined by the “alert” level in BridgeWatch as specified in Section 3.7.6, at
a minimum, for structures with a “Scour Critical Evaluation” (1SIS Item 113) rating of “7” or “4” or
less, and for all structures with Scour Critical Evaluation rating of “5” that require an Underwater
Inspection. Additional cross-sections may be required in the POA.

3.7.4 Scour Evaluation and Stability Assessment of Existing Bridges

Although the theoretical Scour Evaluation process identified Scour Critical bridges in the
inventory, any bridge over a waterway has the potential for severe scour. Storm events that
produce record flows beyond design levels, large debris piles against one or more substructure
units, pressure flow, or other factors that lead to actual scour may occur at any structure.
“Scour Critical Evaluation” (ISIS Iltem 113) rating, assigned to all structures over waterways, are
defined by the allowable scour limits. However, once actual scour progresses beyond those
limits, the stability of the structure may be threatened.

Any structure that incurs scour at or beyond the limits identified in Section 3.7.4.1, Section
3.7.4.2, or Section 3.7.4.3 may require a new Scour Evaluation Study and a structural stability
analysis. The District/Area or Agency Program Manager must contact the Bureau of Bridges &
Structures immediately so that a determination can be made. If the Bureau of Bridges &
Structures finds that further analysis must be made before the stability of the structure can be
determined, precautionary measures may need to be implemented. The District/Area or Agency
Program Manager and the State Program Manager will determine the need for precautionary
measures on a case-by-case basis. See Section 3.7.5 for conducting a Scour Evaluation Study
on existing bridges.
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3.7.4.1 Reporting Actual Scour at Scour Critical Bridges

A scour critical bridge is one with abutments and/or pier foundations rated as unstable due to
scour potential as determined from a Scour Evaluation Study. The bridge has “Scour Critical
Evaluation” (I1SIS Item 113) coded “3” or less.

If newly discovered scour damage on any bridge rated Scour Critical meets one of the criteria
below, the inspector shall, as soon as possible, notify the District/Area or Agency Program
Manager and the Bridge Management Unit (BMU) in the Bureau of Bridges & Structures for
further direction. “Scour Critical Evaluation” (ISIS Item 113) should be coded “A” as soon as
practical:

e Scour equaling 25% or greater of the as-built overburden above the top of footing occurs
during a flood event

e Scour exposing the top of footing or greater than six (6) feet of scour has occurred at a
pile bent substructure.

The Bureau of Bridges & Structures tracks scour critical bridges in ISIS using the codes entered
for “Scour Critical Evaluation” (ISIS Item 113). When “Scour Critical Evaluation” (I1SIS Item 113)
is changed to “A”, the Bridge Management Unit must be contacted. See “Scour Evaluation

Study for Existing Bridges” in Section 3.7.5.

3.7.4.2 Reporting Actual Scour at Scour Susceptible Bridges

Some structures with “Scour Critical Evaluation” (ISIS Item 113) rated greater than “3” may have
scour related concerns that require monitoring, even though they are not considered scour
critical bridges. Structures with “Scour Critical Evaluation” (ISIS Item 113) coded “4”, “6”, or “7”
are considered to be scour susceptible bridges, and they require the establishment of a POA as
well. See Section 3.7.6 for monitoring requirements.

If newly discovered scour damage on any bridge rated Scour Susceptible meet one of the
criteria below, the inspector shall, as soon as possible, notify the District/Area or Agency
Program Manager and the Bridge Management Unit (BMU) in the Bureau of Bridges &
Structures for further direction. “Scour Critical Evaluation” (ISIS Item 113) should be changed to
“A” as soon as practical:
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e Scour equaling 50% or greater of the as built overburden above the top of footing occurs
during a flood event

e Scour exposing the top of footing or greater than six (6) feet of scour has occurred at a
pile bent substructure

e The scour countermeasure has been damaged during a flood event

The Bureau of Bridges & Structures tracks scour susceptible bridges in ISIS using the codes
entered for “Scour Critical Evaluation” (ISIS Item 113). When “Scour Critical Evaluation® (ISIS
Iltem 113) is changed to “A”, the Bridge Management Unit must be contacted. See “Scour

Evaluation Study for Existing Bridges” in Section 3.7.5.

3.7.4.3 Reporting Actual Scour at Non-Scour Critical/Susceptible Bridges

Structures with “Scour Critical Evaluation” (ISIS Item 113) rated “5”, “8”, or “9” may incur scour
during a major storm event, even though they are not considered Scour Critical or Scour
Susceptible bridges. These bridges can still pose a risk as explained in Section 3.7.6 under
“Scour Critical Evaluation Rating coded “8”. Since these bridges were determined to not be
Scour Critical or Scour Susceptible, there is no requirement for establishment of a POA.

If newly discovered scour damage on any non-scour critical or non-scour susceptible bridge
meets one of the criteria identified in Section 3.7.4.2 the inspector shall, as soon as possible,
notify the District/Area or Agency Program Manager and the Bridge Management Unit (BMU) in
the Bureau of Bridges & Structures for further direction. “Scour Critical Evaluation” (ISIS Item
113) should be changed to “A” as soon as practical. The Bureau of Bridges & Structures tracks
non-scour critical and non-scour susceptible bridges in ISIS using the codes entered for “Scour
Critical Evaluation” (ISIS Item 113). When “Scour Critical Evaluation” (ISIS Item 113) is
changed to “A”, the Bridge Management Unit shall be contacted. See “Scour Evaluation Study

for Existing Bridges” below.

3.7.5 Scour Evaluation Study for Existing Bridges

A Scour Evaluation Study (SES) considers the hydraulic, geotechnical and structural
characteristics of the bridge and the site where it is located. When scour has occurred that

exceeds estimated or calculated depths, a new Scour Evaluation Study must re-examine those
characteristics. The study must determine if additional scour could occur with subsequent
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events before mitigation measures are implemented. The study must also determine if the
structure is stable for the scour which has occurred as well as for scour from additional storm
events. A Scour Evaluation Study is also required for any existing bridge identified as not
previously being evaluated for scour.

In order to conduct the new Scour Evaluation Study, the following data is required:

Information relative to the current event and historic site conditions regarding streambed

and channel stability including past observed scour.

e Soil borings or other data indicating the type and properties of the material present at
and below the elevation of the streambed.

e Hydraulic data providing information regarding discharge, flow velocities, and
backwaters from the current and historic flood events.

e Structural information relative to the type and location of the structure’s substructure

units.

Coordination between the Bureau of Bridges & Structures and the District / Agency will
determine if the study and stability analysis are required and if they will be conducted by the
Bureau of Bridges & Structures, District or Agency personnel, or qualified consultants. The
completed study and stability analysis must be submitted to the Bureau of Bridges & Structures
for review and approval. The Bureau of Bridges & Structures will make the final determination
for a new Scour Critical Evaluation Rating and have it entered in ISIS.

If the study determines that the structure is not stable for the depth of scour incurred or potential
future scour, the bridge shall be closed, or remain closed until mitigation can be implemented. If
the study determines that the structure is still stable for the existing or future scour, the Bureau
of Bridges & Structures will determine the required Scour Critical Evaluation Rating and
monitoring requirements and have it entered in ISIS.

3.7.6 Bridge Scour Monitoring System
IDOT has established a contract to provide a Bridge Scour Monitoring System, “BridgeWatch”,
to notify specific State and Local users when threshold rainfall events occur. This system

monitors the National Oceanic and Atmospheric Administration (NOAA), National Weather
Service (NWS), NEXRAD rainfall accumulation products, and the United States Geological
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Survey (USGS) network of stream flow gages to determine when warning and/or alert
messages should be sent. A link to the Illinois Department of Transportation BridgeWatch web
site is provided in Appendix A-2.

When a warning and/or alert threshold is exceeded, notification is sent via e-mail or text
message to cell phone numbers provided by the users. Upon natification, an inspector will
assess the current condition of the structure to determine what, if any action should be taken to
assure the safety of the traveling public. The inspector will then document the conditions at the
site (date, time, water level, bridge condition, debris buildup, approach roadway condition, take
pictures, etc.), and enter this information into the BridgeWatch System and/or contact the
District/Area or Local Program Manager so they can enter the data. Each District/Area or
Agency Program Manager is responsible for determining how their respective inspectors will be
notified when a “Warning” and/or “Alert” occurs.

The District/Area or Agency Program Managers are responsible for maintaining their respective
users’ and inspectors’ contact information on an ongoing basis in BridgeWatch and
Communication Centers or other offices of contact for local public agencies. The District/Area
Program Managers will be able to update the contact information directly in BridgeWatch. The
Agency Program Managers will need to contact the Bridge Management Unit in the Bureau of
Bridges & Structures to add, modify, and delete their contact information.

If changes to the warning and/or alert levels in BridgeWatch are proposed, the State Program
Manager must review and approve the proposed modifications.

The user manual for BridgeWatch is included in Appendix A-9 for reference. Utilizing the
individual POA prepared for each scour critical or scour susceptible bridge, inspection personnel
must monitor the site during each Routine Inspection, Underwater Inspection if applicable, and
subsequent to major storm events as follows:
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Storm Event
Scour Rating 10 Year 25 Year 50 Year 100 Year
4 or Less Warning Alert
5 Warning Alert
6 Warning Alert
7o0r8 Warning Alert

Table 3.7-1 — Scour Monitoring Schedule

Scour Critical Evaluation coded “4”: Structures that have “Scour Critical Evaluation”

(ISIS Item 113) coded as “4” should be considered scour susceptible, and require a POA
that states it will be monitored when a 25 year storm event has occurred.

Scour Critical Evaluation coded “5”: Structures that have “Scour Critical Evaluation”

(ISIS Item 113) coded as “5” are not considered scour susceptible, however, some of
these State structures will be included in the Scour Monitoring System in order to obtain
statewide coverage of rainfall events.

Scour Critical Evaluation coded “6”: All existing bridges over waterways in the inventory

have been screened and assigned a Scour Critical Evaluation Rating in ISIS. For all
new and replacement structures over waterways, a temporary Scour Critical Evaluation
Rating of “6”, indicating that a Scour Evaluation Study has not yet been completed, will
automatically be assigned upon establishment of a new Structure Record in ISIS. The
Bureau of Bridges & Structures will update “Scour Critical Evaluation” (ISIS Item 113)
after review and approval of the Scour Critical Evaluation Study.

Scour Critical Evaluation coded “7”: Structures that have “Scour Critical Evaluation”

(ISIS Item 113) coded as “7” are considered scour susceptible and require a POA that
states it will be monitored when a 100-year storm event has occurred. Once the
adequacy of the installed, properly designed countermeasures has been established by
passing two design storm events with little or no damage as documented in the scour
monitoring system, the rating for “Scour Critical Evaluation” (ISIS Item 113) can be
revised to an “8” and monitoring can be discontinued upon the approval of the State
Program Manager in the Bureau of Bridges & Structures.

Scour Critical Evaluation coded “8”: A number of bridges previously had a “Scour

Critical Evaluation” (ISIS Item 113) of “3”. A mitigation repair was completed and the
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“Scour Critical Evaluation” (ISIS Item 113) was changed to “7”. After a period of time,
the “Scour Critical Evaluation” (ISIS Item 113) was allowed to be changed to “8”.
However, the scour mitigation repair may not have been designed to current standards
or the calculations for those repairs have not been found. These structures, although
having a “Scour Critical Evaluation” (ISIS Item 113) of “8”, have been included in the
Scour Monitoring System. The bridge may be removed from the Scour Monitoring
System once the adequacy of the existing countermeasures has been determined by the
Bureau of Bridges & Structures.

Due to the range of conditions that can cause a structure to have a “Scour Critical Evaluation”
(ISIS Item 113) of “4” or “5”, the storm event triggering an alert or warning can be modified for
site specific conditions upon approval of the State Program Manager.

If a given structure experiences several storm events without producing any scour concerns, the
specified storm event triggering a warning/alert can be modified with approval of the State
Program Manager.

If users determine BridgeWatch has not adequately estimated the predicted storm event for a
given rainfall, the State Program Manager should be contacted to assist in calibrating the
system.

Per the schedule from Table 3.7-1 above, Warnings and Alerts will be generated by
BridgeWatch, and notification will be sent via e-mail or text messages to cell phone numbers
provided by the users. Appropriate personnel will then be notified for a given structure or
structures experiencing the storm event. A “Warning” is provided as advance notification of the
potential alert, and no immediate action is required. An “Alert” is a notification to users that a
scour critical or scour susceptible bridge has passed the specified storm event, and the
structure needs to be inspected to determine if the structure has been adversely impacted by
the storm event in accordance with the POA.

3.7.7 Updating the Scour Critical Rating
The Bridge Management Unit in the Bureau of Bridges & Structures is responsible for updating

the Scour Critical Evaluation Rating (ISIS Item 113), based on reported field data and
observations from District and local public agency inspectors.
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To raise the Scour Critical Evaluation Rating from a “4” or less will require completion of a new
Scour Evaluation Study for review and approval by the Bridge Management Unit in the Bureau
of Bridges & Structures.

To raise the Scour Critical Evaluation Rating to “7” to reflect the installation of scour
countermeasures, the Bureau of Bridges & Structures must review and approve the
countermeasure design and installation.

To raise the Scour Critical Evaluation Rating from a “7” to “8” requires that the installed
countermeasure has performed adequately through two design storm events with little to no
damage. The Bureau of Bridges & Structures must concur.

When actual scour is observed during any inspection that meets or exceeds the criteria in
Section 3.7.3, the District/Area or Agency Program Manager must contact the Bridge
Management Unit in the Bureau of Bridges & Structures. “Scour Critical Evaluation” (ISIS Item
113) should be changed to “A”.

3.7.8 Countermeasures
FHWA Bridge Scour and Stream Instability Countermeasures (HEC 23 (Vol 1 / Vol 2)) is a
recommended source of information for the selection and design of countermeasures to control

scour. This publication provides the following definition:

Countermeasures: Measures incorporated into a highway-stream crossing system to

monitor, control, inhibit, change, delay, or minimize stream instability and bridge scour
problems.

Since monitoring is included within the definition of countermeasures, a properly developed and
implemented POA may be considered a countermeasure.

When considering countermeasures and their relevance to the rating assigned for “Scour
Critical Evaluation” (ISIS Item 113), consideration must be given to the methods used to select,
design or develop the countermeasures. Only countermeasures that were implemented at the
site based on established engineering principles that considered site specific conditions can be
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considered effective when evaluating scour susceptibility and rating “Scour Critical Evaluation”
(ISIS Item 113).

3.8 Inspection Safety

Safety of the inspection team and traveling public is of paramount importance during bridge
inspections. All members of the inspection team must be familiar with the safety policies and
guidelines set forth by OSHA, the bridge owner, and their employees. The FHWA Bridge
Inspector’s Reference Manual (BIRM) is a good resource for recommended bridge inspection
safety precautions.

IDOT safety policies and rules are included in Departmental Order 5-1: Employee Safety Code.
Special attention should be given to Part Il, Chapter 8. If traffic control is required, Part II,
Chapter 1 should be consulted.

3.8.1 General

It is incumbent on each IDOT, local public agency, consultant, and other state agency employee
conducting bridge inspections to take every precaution and to follow all standard procedures
designed to minimize or avoid placing themselves in undue danger.

IDOT employees are required to read and follow Departmental Order 5-1, “Employee Safety
Code”.

Hard copies of the Employee Safety Code are available by contacting the Bureau of Personnel
Management, Occupational, Safety and Health Unit.

In general, the Employee Safety Code prescribes the requirements for safety procedures for
many typical work place and field operation situations. The manual is not all-inclusive but
provides basic safety requirements and directs employees to specific additional resources and
training opportunities.
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3.8.2 Bridge Inspection Safety
Each employee engaged in Bridge Inspection activities shall have read and be familiar with the
Employee Safety Code and have received all required and necessary safety training for their job

requirements.

3.8.2.1 Personal Safety

Each employee should be equipped with personal protection equipment including, but not
limited to, the following:

o Vest
e Hard Hat
e Bump Cap

o Eye protection

e Ear protection

e Steel-toed footwear

o Personal Floatation Device

3.8.2.2 Worksite Protection and Flagging

The person responsible for traffic control operations must follow the requirements in the IDOT
Supplement to the Work Site Protection Manual. All IDOT bridge inspectors should be familiar
with this manual and be aware of the hazards of working along-side traffic.

3.8.2.3 Fall Protection

Each employee engaged in bridge inspection shall be familiar with all policies, requirements,
and equipment as stated in the “Employee Safety Code: Fall Protection Plan for Field Activities”.

3.8.2.4 Confined Space Entry

Certain types of bridges in lllinois require access to confined spaces while conducting NBIS
inspections, examples include steel box girders, steel box pier caps, concrete box girders, steel
tie girders and arch ribs in tied arch bridges, vaulted abutments, and some buried structures. All
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State employees engaged in Confined Space Entry procedures shall be adequately trained in
their functional duties prior to any confined space entry.

Each employee engaged in bridge inspection shall be familiar with all policies, requirements,
and equipment as stated in the Employee Safety Code: Confined Space Entry Policy.

3.8.3 Non-State Employee Bridge Inspection Personnel

Local public agency employees, other State Agency employees, and consultant personnel
engaged in bridge inspections should, in general, be familiar with and follow all OSHA,
Department of Labor, or any Federal, State, or Local laws pertinent to bridge inspection
activities. Each inspector should consult their agency or company safety policies before
conducting any bridge inspection activities.

3.9 Quality Control and Quality Assurance

3.9.1 General

IDOT recognizes that established and documented Quality Control and Quality Assurance
(QC/QA) procedures are essential for ensuring that bridge inspections are performed in an
appropriate, consistent, and uniform manner by all inspection Program Managers and Team
Leaders employed by various agencies having bridge inspection responsibilities throughout the
state. Through the application of QC/QA procedures, agencies enhance their ability to obtain
accurate inspection information required for determining load capacity and bridge maintenance,
repair, rehabilitation and replacement needs. Of utmost importance is the role QC/QA plays for
ensuring bridge inspection staff are adequately trained and experienced to readily identify
conditions that adversely affect public safety.

The National Bridge Inspection Standards (NBIS) states that agencies must “assure systematic
quality control (QC) and quality assurance (QA) procedures are used to maintain a high degree
of accuracy and consistency in the inspection program”, and that these procedures shall
“include periodic field review of inspection teams, periodic bridge inspection refresher training
for Program Managers and Team Leaders, and independent review of inspection reports and
computations.” In conjunction with these statements regarding QC/QA, the NBIS provides the
following definitions:
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Quality Control: Procedures that are intended to maintain the quality of a bridge

inspection and load rating at or above a specified level.

Quality Assurance: The use of sampling and other measures to assure the adequacy of

quality control procedures in order to verify or measure the quality level of the entire
bridge inspection and load rating program.

Program Manager: The individual in charge of the program who has been assigned or

delegated the duties and responsibilities for bridge inspection, reporting, and inventory.
The Program Manager provides overall leadership and is available to inspection Team
Leaders to provide guidance.

Team Leader: Individual in charge of an inspection team responsible for planning,
preparing, performing and documenting field inspection of the bridge.

3.9.2 Personnel Qualifications

The quality of an agency’s bridge inspection program is very much dependent on the
performance of the Program Manager in charge of the agency’s inspection program, and on the
Team Leaders leading the inspection teams that perform the field inspections. These
individuals must be qualified to perform their duties. IDOT has established procedures for
reviewing, verifying and approving the acceptability of the education, training and experience of
an individual to function as a Program Manager or Team Leader. IDOT Form BBS 2610,
“Program Manager Qualifications” and IDOT Form BBS 2620, “Team Leader Qualifications”
shall be used for documenting the qualifications of Program Managers and Team Leaders.

3.9.2.1 Bridge Inspection Training

Federal regulations require all personnel, including registered (note the term is “licensed” in
lllinois) professional or structural engineers, managing bridge inspection programs or directing
inspections in the field, to have successfully completed a Federal Highway Administration
(FHWA) approved comprehensive bridge inspection training course. This requirement is fulfilled
by individuals who have successfully completed the “Safety Inspection of In-Service Bridges”
course (FHWA-NHI-130055) offered by the National Highway Institute (NHI).
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3.9.2.1.1 Training for Underwater Inspections

The NBIS requirement for comprehensive bridge inspection training also extends to divers
performing underwater inspections. The NHI Course Number FHWA-NHI-130091, “Underwater
Bridge Inspection” course provides an overview of diving operations that will be useful to IDOT
and Agency personnel responsible for managing Underwater Inspections. This course also
fulfills the NBIS bridge inspection training requirement for all divers conducting Underwater
Inspections. The NHI Course Number FHWA-NHI-130055, “Safety Inspection of In-Service
Bridges” will also meet the training requirements for divers.

3.9.2.1.2 Fracture Critical Member Inspection Training

Although the training typically provided for personnel performing Routine Inspections provides
the basic knowledge needed for performing a Fracture Critical Member (FCM) Inspection,
inspectors are highly encouraged to obtain additional training specifically related to the
inspection of Fracture Critical Members. The specialized course titled “Fracture Ciritical
Inspection Techniques for Steel Bridges” (FHWA-NHI-130078), which is periodically presented
by NHI, is highly recommended for both technical and engineering staff engaged in the
inspection and evaluation of Fracture Critical Members.

3.9.2.2 Bridge Inspection Experience

NBIS provides the following definition for bridge inspection experience:

Bridge Inspection Experience: Active participation in bridge inspections in accordance
with the NBIS, in either a field inspection, supervisory, or management role. A
combination of bridge design, bridge maintenance, bridge construction and bridge
inspection experience, with the predominate amount in bridge inspection, is acceptable.

To provide agencies with guidance and clarification of experience levels that would be adequate
to satisfy NBIS requirements, FHWA has provided the following statement in regard to the
“‘desired minimum bridge inspection experience level” for personnel engaged in bridge
inspections:

June 2017 HARD COPIES UNCONTROLLED  Page 3-97



Structural Services Manual Section 3 - Bridge Inspection

Desired Minimum Bridge Inspection Experience Level: The predominate amount, or

more than fifty percent, should come from NBIS bridge safety inspection experience.
Other experience in bridge design, bridge maintenance, or bridge construction may be
used to provide the additional required experience.

When the experience of personnel does not meet the “Desired Minimum Bridge Inspection
Experience Level”, the State Program Manager and others with delegated program manager
responsibilities must perform an in-depth evaluation of the individual’s bridge related experience
to determine acceptability, as described within Section 3.9.2.4.

3.9.2.3 Program Manager Qualifications

To satisfy IDOT and NBIS qualification requirements to function as a Program Manager in
lllinois, an individual must have successfully completed “Safety Inspection of In-Service Bridges”
course (FHWA-NHI-130055) and satisfy one of the following:

e Be licensed as a Professional Engineer or Structural Engineer
e Have ten years of Routine Inspection experience

Under the current NBIS rules, all state departments of transportation must designate an
individual to function as the State Program Manager to provide overall leadership for bridge
inspection. The State Program Manager can delegate program manager responsibilities to
qualified individuals, as needed, to ensure compliance with the NBIS rules.

Individuals who have been approved by IDOT to function as Program Managers are also
gualified to function as Team Leaders.

3.9.2.4 Team Leader Qualifications

To be accepted to function as a Team Leader, each candidate must have successfully
completed “Safety Inspection of In-Service Bridges” course (FHWA-NHI-130055). The
qualifications of potential Team Leaders are first reviewed by the District/Area or Agency
Program Manager who has oversight responsibility for the structures to be inspected. If the
District/Area or Agency Program Manager deems an individual’'s qualifications acceptable for
functioning as a Team Leader, the District/Area or Agency Program Manager must forward the
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documentation of the individual’s licensing, training, and experience to the State Program
Manager for concurrence. IDOT Form BBS 2620, “Team Leader Qualifications” shall be used
for the purpose of documenting and submitting Team Leader qualifications to the State Program
Manager for concurrence.

NBIS rules provide qualification requirements for engineers and for technical personnel for use
in evaluating an individual’'s qualifications to function as a Team Leader. See Sections 3.9.2.4.4
for bridge inspection experience requirements.

3.9.2.4.1 Structural and Professional Engineers as Team Leaders

Individuals who are licensed in lllinois as Professional Engineers and have successfully
completed an FHWA approved comprehensive bridge inspection training course are qualified to
function as Team Leaders with approval by the State Program Manager. Licensing as a
Structural Engineer in lllinois is accepted in lieu of licensing as a Professional Engineer.

3.9.2.4.2 Engineering Personnel as Team Leaders

Engineering Personnel are individuals who have received a bachelor's degree or higher in
engineering from a program accredited by ABET but are not licensed in lllinois as Professional
Engineers. For the purpose of evaluating required experience levels for acceptance as a Team

Leader, Engineering Personnel are categorized as follows:

Type 1 - Engineering Personnel: Personnel who have passed the “Fundamental of

Engineering” exam, also known as the “Engineer in Training” (EIT) exam.

Type 2 - Engineering Personnel: Personnel who have not passed the “Fundamentals of

Engineering” exam, also known as the EIT exam.
The criteria used for the evaluation of experience is presented in Section 3.9.2.4.4,
3.9.2.4.3 Technical Personnel as Team Leaders

For the purpose of evaluating required experience levels for acceptance as a Team Leader,
Technical Personnel are categorized as follows:
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Type 1 - Technical Personnel: Personnel who have been certified as a Level Il or IV

Bridge Safety Inspector under the National Society of Professional Engineer's (NSPE)
program for National Certification in Engineering Technologies (NCET).

Type 2 - Technical Personnel: Personnel who have an associate’s degree in

engineering or engineering technology from a college or university accredited by ABET.

Type 3 - Technical Personnel: Personnel who have not received formal education or

training resulting in a bachelor’s degree in engineering, an associate’s degree related to
engineering, or a certification as a Level Il or IV Bridge Safety Inspector.

The criteria used for the evaluation of experience is presented in Section 3.9.2.4.4.

3.9.2.4.4 Review of Bridge Inspection Experience

Based on the guidelines provided by FHWA, Engineering Personnel or Technical Personnel can
function as Team Leaders after the State Program Manager has evaluated their training and
experience and determined that they are qualified based on one of the criteria provided. The
values, provided in the following table for Bridge Related Experience and Performance of NBIS
Inspections, represent the level of experience required to satisfy criteria requirements:

Bridge Performance
Related of NBIS
Experience | Inspections
Personnel Type (years) (months)
Type 1 - Engineering Personnel with EIT 2 12
Type 2 - Engineering Personnel without EIT 4 24
Type 1 - Technical Personnel - NPSE-NCET certified 0 0
Type 2 - Technical Personnel - Associates Degree 4 24
Type 3 - Technical Personnel 5 30

Table 3.9-1 — Team Leader Bridge Inspection Experience Requirements

Criteria #1: An individual having accumulated at least the shown number of years of
bridge related experience over the course of their career through the performance of
NBIS bridge inspections, bridge design, bridge maintenance, or bridge construction
activities, with more than the shown number of months of the accumulated bridge related
experience obtained through the performance of Routine Inspections, meets the
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experience requirements to qualify as a Team Leader if the Program Manager has
evaluated and approved the potential Team Leader’s overall experience as acceptable.
Technical Personnel meeting these requirements have the “Desired Minimum Bridge
Inspection Experience Level” preferred by FHWA for acceptance as a Team Leader, and
in-depth evaluation of the individual's experience by the State Program Manager to
verify qualifications is not required. However, the performance of the Team Leader is
subject to review by the State Program Manager to ensure the quality of inspections,
and that assignments are consistent with the experience of the individual.

Criteria #2: An individual having accumulated at least the shown number of years of
bridge related experience over the course of their career through the performance of
NBIS bridge inspections, bridge design, bridge maintenance, or bridge construction
activities, with more than the shown number of months of the accumulated bridge related
experience obtained through the performance of Routine Inspections and other various
bridge inspection activities, meets the experience requirements to qualify as a Team
Leader, if the Program Manager has evaluated and approved the potential Team
Leader's overall experience as acceptable. A portion of the individual's bridge
inspection experience must have been acquired through the performance of Routine
Inspections, with the remainder of the individual’s bridge inspection experience derived
from inspections associated with bridge design, bridge construction inspections, and
bridge maintenance inspections.

Criteria #3: An individual having less than the shown number of years of bridge related
experience accumulated over the course of their career through the performance of
NBIS bridge inspections, bridge design, bridge maintenance, or bridge construction
activities, with a portion of their accumulated bridge related experience obtained through
the performance of Routine Inspections, meets the experience requirements to qualify
as a Team Leaders only if both the State Program Manager and FHWA concur that the
individual’s experience is acceptable. This criterion should only apply to special
situations involving highly qualified individuals performing NBIS bridge inspections that
require specialized knowledge or training on unusual or complex bridges.

Note that in all cases, a portion of the experience accumulated by Technical Personnel must
have been derived from the performance of Routine Inspections in order to be considered

June 2017 HARD COPIES UNCONTROLLED  Page 3-95



Structural Services Manual Section 3 - Bridge Inspection

qualified to function as a Team Leader, except as noted in Table 3.9-1 for NSPE-NCET certified
inspectors.

3.9.2.5 Program Manager - Element Qualifications

To satisfy IDOT requirements to function as a Program Manager overseeing Element Level
inspections in lllinois, an individual must meet all the requirements of Section 3.9.2.3 and
successfully complete the IDOT Bridge Element Inspection Class.

3.9.2.6 Team Leader - Element Qualifications

To satisfy IDOT requirements to function as a Team Leader performing Element Level
inspections in lllinois, an individual must meet all the requirements of Section 3.9.2.4 and
successfully complete the IDOT Bridge Element Inspection Class.

3.9.3 Quality Control

The quality control (QC) procedures established by IDOT are intended to define, monitor, and
document the qualifications and performance of personnel engaged in the management of
inspection programs, the performance of field inspections, and the load rating of bridges.
Factors related to the maintenance of effective QC procedures are:

o Review of bridge inspection reports

e Inspector’s performance

e Personnel qualifications

e NBIS bridge inspection reports in the Bridge File

e NBIS data verification

e Bridge inspection refresher training

o ldentifying special skills, training or equipment

¢ Monitoring of inspector’s production rates and quality of bridg