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(as of March 14, 2008)

The following are revisions that have been made to the Connecticut Department of
Transportation's Bridge Inspection Manual Version 2.1 since issued in September 2001.

CHAPTER |PAGES REVISED [ REVISION DATE |ICOMMENTS
3 3-3, 3-4 06/17/2005 Inspection & Review Time Window
3 3-4,3-5 03/14/2008 Increased Inspection Interval (Removed)
8 8-1, 8-2, 8-3, 8-4 11/24/2004 Posting Committee Revised
9 9-4, 9-5, 9-6, 9-7 09/29/2003 Priority Maintenance Items
11 11-4 04/03/2003 Railroad Flagman Codes
APPENDIX |A6.12-5, A6.12-6, 11/29/2004 Stream Cross Section and Sounding Grid

A6.12

A6.12-7

Measurements Added




NOTICE:

This manual has been prepared using a dual system of measurements. At the present
time, all bridge inspection work and load rating analyses being done for the Bridge
Safety and Evaluation Section shall be completed using the English System of
measurement unless specifically directed otherwise. This is being done to be
consistent with the majority of the available information in the current inventory. The
vast majority of the bridges in the current inventory were constructed using the
English System of measurement and available plans are typically in English. Also, all
vertical clearance and load capacity postings are currently done in the English System.

Addendum: June 19, 2005 H:\INSPECTION MANUAL REVISED 061605\NOTICE.DOC



PREFACE

The Connecticut Department of Transportation's Bridge Inspection Manual has been
developed to provide a uniform standard for performing and reporting structure
inspections in the state of Connecticut. The material presented here was as complete as
possible at the time of publication, but the Manual is a "fluid" document that will be
continuously changing to remain up to date with evolving standards, policies and
technologies. While every effort has been made to present procedures for the most
commonly encountered situations, no document can anticipate and give complete
guidance on every possible situation that may be encountered in the field. The success of
Connecticut's bridge inspection program will always rely on the diligence and discretion
of the Bridge Safety Inspectors performing their jobs with all due respect for the safety of
the traveling public.

The Bridge Inspection Manual was prepared by Lichtenstein Consulting Engineers, Inc.,
Watertown, CT, for the Connecticut Department of Transportation - Bridge Safety and
Evaluation Section, Mr. James P. Loersch, P.E., Manager. Comments and suggestions
for improvements to this manual are welcomed and should be forwarded to the Manager
of Bridge Safety & Evaluation.

The authors wish to thank the following contributors, members of the Manual
Committee, and all those individuals who contributed their time and suggestions to make
this Manual possible:

James P. Loersch, P.E. (Manager, ConnDOT Bridge Safety & Evaluation)
Roger L. Kane (ConnDOT Bridge Safety & Evaluation - Retired)

Ralph A. Phillips (ConnDOT Bridge Safety & Evaluation)

Joseph C. Kozlowski, P.E. (ConnDOT Bridge Safety & Evaluation)
Ahmad A. Sarshory, P.E. (ConnDOT Bridge Safety & Evaluation)
Richard C. Van Allen, P.E. (ConnDOT Bridge Safety & Evaluation)
Theodore D. Lapierre, P.E. (ConnDOT Bridge Safety & Evaluation)
Ronald P. Annino (ConnDOT Bridge Safety & Evaluation)

Evan C. Lowell, P.E. (Lichtenstein Consulting Engineers)

William P. Saffian (Lichtenstein Consulting Engineers)

Christopher M. Donohue - Graphics (Lichtenstein Consulting Engineers)
Karen V. Donohue (Lichtenstein Consulting Engineers)

Thanks to Mr. Joseph E. Chilstrom, FHWA, for his patience in "fathering" this Manual.

Principal Authors: J. Brian McGovern, P.E. E. Allen Randall, P.E.
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CHAPTER 1

OVERVIEW OF ConnDOT BRIDGE INSPECTION PROGRAM

PURPOSE

The purpose of this Manual is to define the procedures and practices of the Connecticut
Department of Transportation (ConnDOT) for determining the physical condition, load
capacity, and maintenance needs of highway bridges in the State of Connecticut.

The provisions of this Manual are intended to:

Establish policy for ConnDOT bridge inspection, evaluation and load rating
program.

Serve as a standard and provide uniformity in the execution of the program.

Define program responsibilities for operating units within ConnDOT and for
liaison with outside agencies.

Provide bridge inspection, evaluation, load rating, and reporting procedures.

Set guidelines for interpretation and implementation of AASHTO and FHWA codes
and standards.

Establish formal quality control and quality assurance procedures.

Assist in training personnel to perform the various tasks required under the program.

PROGRAM OBJECTIVES

The objectives of ConnDOT's bridge inspection, evaluation, and load rating program are:

To fulfill the requirements of the National Bridge Inspection Standards (NBIS).

To ensure prompt discovery of any deterioration, defect, or structural deficiency that
could be hazardous to the traveling public.

To maintain an up-to-date inventory that records the condition and load capacity of
all qualifying structures on certified public roads in Connecticut.
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. To establish and maintain the information required by the Bridge Management
System.

. To determine the extent of minor deterioration and initiate routine maintenance and
repair work.

. To determine the extent of major deterioration and select rehabilitation or

replacement candidates.

BACKGROUND

The general requirements for the inspection, evaluation, and load rating of the nation's
bridges are defined in the National Bridge Inspection Standards (NBIS) in the Code of
Federal Regulations, 23 CFR 650C. Each State is required to conduct biennial bridge
inspections of its state and local bridges, and to record structure inventory and appraisal
information in a specified format. The Federal Highway Administration (FHWA), U.S.
Department of Transportation, is assigned the responsibility for collecting and storing the
data reported by the states, and for administering the National Bridge Inventory.

The NBIS stipulates that each state highway department perform inspections, prepare
reports, and determine load ratings in accordance with the provisions of the AASHTO
"Manual for Condition Evaluation of Bridges" and the FHWA "Recording and Coding Guide
for the Structure Inventory and Appraisal of the Nation's Bridges." In addition, other FHWA
Manuals and Technical Advisories and AASHTO Specifications, Codes, and Guidelines
serve as source material for state highway departments to conduct operations in compliance
with the NBIS.

ConnDOT has established a program to meet the requirements of the NBIS. Certain
procedures were contained in the ConnDOT Bridge Inspection Manual, 1984, and other
practices have been established by ConnDQOT policy, written and unwritten, or by historic

practices. This Manual has been developed to set down the formal ConnDOT policy for
complying with NBIS requirements, and to define the organizational structure and assign
responsibilities to carry out the stated policy. In addition, this Manual is intended to compile
available information to produce state-of-the-art guidance on inspection, condition
evaluation, and load rating of bridges in Connecticut and replaces the existing ConnDOT
Bridge Inspection Manual.

DEFINITIONS

AASHTO. American Association of State Highway and Transportation Officials, 444 North
Capitol Street, N.W., Suite 225, Washington, DC 20001.

BRIDGE. (NBIS) 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

1-2
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the roadway of greater than or equal to 20’ (6 m) 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 (from the NBIS Transportation glossary).

QUALIFYING STRUCTURES. All bridges, as defined above, on certified public
roadways, all bridges (other than pipes) 6 ft (2 m) or greater on State routes, all pedestrian
bridges over State routes, all railroad bridges over State routes and other railroad bridges as
identified in the appendix, all single pipes on State routes 10 ft. (3 m) or greater (inside
diameter) except for water supply, combined sewer pipes, and pressure conduits.

NBIS (National Bridge Inspection Standards). Federal regulations establishing requirements
for inspection procedures, frequency of inspections, qualifications of personnel, inspection
reports, and preparation and maintenance of bridge inventory records. The NBIS apply to all
structures defined as bridges located on or over all public roads.

ConnDOT. Connecticut Department of Transportation.

DEPARTMENT. Connecticut Department of Transportation.

EFHWA.. Federal Highway Administration, U.S. Department of Transportation.

MUTCD. The Manual of Uniform Traffic Control Devices.

NICET. National Institute for Certification in Engineering Technologies.

BMS (Bridge Management System). A system designed to optimize the use of available

resources for the inspection, maintenance, rehabilitation, and replacement of bridges.
(PONTIS is an example of a BMS)

STANDARD REFERENCES AND GUIDES

The primary references for use in conjunction with this Manual are the most current edition
of the following Manuals along with any interims:

AASHTO, "Manual for Condition Evaluation of Bridges."
FHWA, "Bridge Inspectors Training Manual.” ("BITM 90")
FHWA "Bridge Inspectors Manual for Movable Bridges"

FHWA, "Recording and Coding Guide for the Structure Inventory
and Appraisal of the Nation's Bridges." ("FHWA Coding Guide")
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This Manual provides interpretive and supplemental information to assist the user in
performing bridge inspections, evaluations, load ratings, and reporting findings in
accordance with the above mentioned references and the NBIS.

Numerous other references provided by AASHTO and FHWA, including Technical
Advisories, are part of the reference body of documents needed to conduct the work in
accordance with FHWA guidelines and procedures. These documents include:

AASHTO, Standard Specifications for Highway Bridges with annual
interim updated specifications.

AASHTO, Guide Specifications for Strength Evaluation of Existing
Steel and Concrete Bridges.

AASHTO, Guide Specifications for Fatigue Evaluation of Existing
Steel Bridges.

AASHTO, Standard Specifications for Movable Highway Bridges.
AITC, Timber Construction Manual.

FHWA, Inspection of Fracture Critical Bridge Members.

FHWA, Culvert Inspection Manual.

FHWA, Nondestructive Testing Methods for Steel Bridges.

FHWA, HEC 18 Evaluating Scour at Bridges, Pub. #FHWA-IP-90-
017, April 1993.

FHWA, HEC 20 Stream Stability at Highway Structures, Pub.
#FHWA-IP-90-014, Feb. 1991.

FHWA, Underwater Inspection of Bridges.

CONDITION EVALUATION

The condition evaluation establishes the physical and functional condition of the bridge
components including the extent of deterioration and other defects. The evaluation forms the
basis for load rating of the bridge, maintenance actions, and repair/rehabilitation programs.
The biennial inspection cycle provides a continuous record of bridge condition and rate of
deterioration (See Section 5.2 of this manual for inspection types).

The bridge inspector's primary responsibility is public safety. If defects are discovered that
present a hazard to safe passage across the structure, or endanger the bridge's normal
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performance, the Department's emergency response procedures, as described in Section 3.2.7
of this Manual, must be initiated immediately.

The condition of each bridge member is to be evaluated in accordance with the 0-9 numeric
coding system described in the "FHWA Coding Guide." ConnDOT guidelines for
interpreting defects and deterioration and assigning a numeric rating to the structural element
are contained in Chapter 10 in this Manual.

LOAD RATING

Load ratings are computed and updated as required as part of the Department's Bridge
Inspection Program. Load rating is the determination of live load carrying capacity of an
existing bridge using existing bridge plans supplemented by information gathered during the
field inspection. Engineering judgement is required to incorporate the effect of defects and
deterioration in the load rating analysis.

The AASHTO Condition Evaluation Manual recognizes load ratings at two levels, Inventory
and Operating. The Inventory rating generally corresponds to the design level of stress, and
results in a live load that can safely use the bridge for an indefinite period of time. The
Operating rating describes the maximum permissible live load that should never be exceeded
on the bridge.

The AASHTO Condition Evaluation Manual provides general guidance and direction for
load rating procedures. ConnDOT's practices and procedures for conducting load rating
analyses are contained in Chapter 7 of this Manual.

QUALITY CONTROL AND QUALITY ASSURANCE

In order to maintain the accuracy and consistency of inspections and load ratings, ConnDOT
iIs committed to a defined quality control, quality assurance program. Quality Control
procedures are designed to maintain the caliber of bridge inspection and load rating at or
above a specified standard. Quality Assurance measures are instituted to monitor the level of
the overall program.

ConnDOT's Quality Control and Quality Assurance procedures and responsibilities are
contained in Chapter 4 of this Manual.
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CHAPTER 2

ORGANIZATION OF BRIDGE SAFETY AND EVALUATION

ORGANIZATION

The Bridge Safety and Evaluation Section of the Connecticut Department of Transportation
is positioned within the Engineering Design Services of the Bureau of Engineering and
Highway Operations. Charts detailing the organization of the Department of Transportation
in general and the Bridge Safety and Evaluation Section in specific can be found in
Appendix A of this manual.

JOB DESCRIPTION, QUALIFICATIONS, AND RESPONSIBILITIES

The National Bridge Inspection Standards establish minimum qualifications for the
individual in charge of the unit responsible for bridge inspection, reporting, and inventory
and for individuals in charge of inspection teams. The Department has developed more
detailed qualifications for these positions, as well as other positions required to complete the
bridge safety program. Additionally, qualifications for consultant inspection programs have
been defined.

2.2.1 Manager of Bridge Safety and Evaluation

2.2.1.1 Description - Supervises the staff of the Bridge Safety and Evaluation
Section including bridge engineers, inspectors and other staff members as assigned.

2.2.1.2 Qualifications - In addition to those qualifications listed in the NBIS, the
Department requires a minimum of two (2) years supervisory experience in bridge
and structural design, bridge construction or bridge repair projects, or hydraulic
design of highway structures. The Department requires that the Manager of Bridge
Safety and Evaluation maintain a Connecticut Professional Engineers license.

2.2.1.3 Responsibilities - Supervises the staff of the Bridge Safety and Evaluation
Section; schedules, assigns, oversees and reviews the work of staff; provides staff
training and assistance; conducts performance evaluations; determines priorities and
plans Section work; establishes and maintains Section procedures; develops or makes
recommendations on the development of policies and standards; acts as liaison with
other operating units, agencies and outside officials regarding Section policies and
procedures; prepares reports and correspondence; administers and coordinates an
effective Bridge Safety Inspection Program for all bridges on State highways
including both Federal-Aid Systems and State System; acts as specialized consultant
in all matters pertaining to design, construction and maintenance of bridges and
structures; supervises and coordinates work of the inspection crews; oversees
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maintenance of bridge inventories and inspection records; supervises and conducts
training programs for bridge inspectors and reviews performance; prepares detailed
manuals on inspection procedures for staff and district personnel; oversees review
and appraisal of inspection reports; assists in determining which bridge repairs can
be undertaken by State personnel and which require an outside contract; evaluates
field reports of programs for bridge structure replacement or major repairs; provides
information to Bridge Design for contract repairs; interprets Federal and State policy
and briefs staff; represents State on Federal/State committees and panels; makes
recommendations directly to the Chief Engineer on unsafe bridges and structures;
performs related duties as required.

Transportation Supervising Engineer

2.2.2.1 Description - Directs Transportation Engineer 111, 11, and I, Lead Inspectors,
and Bridge Inspectors in the performance of the bridge inspection process.

2.2.2.2 Qualifications - A minimum of eight (8) years experience in the field of
civil engineering (a bachelors degree may be substituted for four (4) of the eight (8)
years experience). Two (2) years as an engineer with individual or supervisory
responsibility in bridge engineering projects, and a minimum of one (1) year
employment as a Transportation Engineer Il in Bridge Design if a ConnDOT
employee.

2.2.2.3 Responsibilities - Directs Engineers 11, 11, and I, Lead Inspectors, and
Bridge Inspectors in the performance of bridge inspections; performs administrative
duties utilizing communication skills, interpersonal skills, and problem solving;
advises the Manager of Bridge Safety and Evaluation on bridge and structure related
topics; acts as liaison with consultants for inspection and special projects as assigned.

Transportation Engineer 111 (Senior Engineer)

2.2.3.1 Description - A Transportation Engineer 11l acts as a working lead who
assists a Supervising Engineer by supervising an inspection team, numerous
inspection teams, or other section employees or consultants in their daily activities.

2.2.3.2 Qualifications - Seven (7) years of experience in civil engineering including
one (1) year of supervisory experience are required for this position. A Bachelors
degree in civil or structural engineering can be substituted for four (4) years of
experience.

2.2.3.3 Responsibilities - Determines schedules for inspection of bridges in their
assigned area and assists in in-depth inspections of complex bridges, to research and
investigate problems encountered during the inspection process, to review the reports
prepared by the inspection teams, prepare maintenance memorandums, and other
tasks required for the inspection program.
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Transportation Engineer Il and Transportation Engineer |

2.2.4.1 Description - Transportation Engineer Il and | have the same duties as
described in section 2.2.3.1 above on tasks with less complexity.

2.2.4.2 Qualifications - Six (6) years experience for Transportation Engineer Il and
five (5) years experience for Transportation Engineer I in civil engineering with up
to four (4) years experience substituted by a Bachelors degree in engineering.

2.2.4.3 Responsibilities - Similar to those assigned to the Transportation Engineer
111 and other tasks as determined by the Manager of the Bridge Safety and Evaluation
Section.

Lead Inspector (Team Leader)

2.2.5.1 Description - Acts as Lead Inspector of a field inspection team responsible
for technical inspection of bridges and related structures based on National Bridge
Inspection Standards.

2.2.5.2 Qualifications - Five (5) years of experience in bridge inspection in a
responsible technical capacity. College training in civil engineering may be
substituted on the basis of fifteen (15) semester hours equaling one-half (1/2) year of
experience to a maximum of two (2) years for an Associate's degree.

Has completed a comprehensive training course based on the BITM 90.

2.2.5.3 Responsibilities - Plans work flow and determines priorities; schedules,
assigns, oversees, and reviews work; establishes and maintains procedures; assists in
conducting performance evaluations; acts as liaison with operating units, agencies,
and outside officials regarding policies and procedures; inspects bridges in
accordance with this and all other applicable manuals mentioned in Section 1.5.;
prepares inspection notes and sketches covering all bridge defects noted; operates
bridge inspection equipment as required; evaluates seriousness of bridge defects and
makes on-the-spot decisions as required; prepares accurate reports of all bridge
inspections; ensures on-site traffic protection; performs semi-final bridge
construction inspections; performs related duties as required.

Bridge Safety Inspector

2.2.6.1 Description - Independently performs a full range of tasks as a member of
an inspection team assisting a Lead Inspector in the inspection of bridges and related
structures in accordance with National Bridge Inspection Standards.

2.2.6.2 Qualifications - Four (4) years of experience in field construction
inspection, field engineering survey work, or bridge maintenance work. College
training in civil engineering may be substituted on the basis of fifteen (15) semester
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hours equaling one-half (1/2) year of experience to a maximum of two (2) years for
an Associate's degree. For State employees, one (1) year of experience in bridge
maintenance work at or above the level of Department of Transportation Maintainer
3 may be substituted. Will complete a comprehensive training course based on the
BITM 90 at the earliest possible date.

2.2.6.3 Responsibilities - Reviews bridge plans and previous inspection reports.;
coordinates traffic control and equipment at inspection site; assists in the inspection
of bridges; assists in the preparation of reports of all bridge inspections, including
notes and sketches; operates bridge inspection equipment; performs related duties as
required.

2.2.7 Consultant Inspection Teams

Any consultants utilized for the inspection of bridges for the Department shall
maintain a staff of competent field and office personnel that have qualifications
meeting the requirements of NBIS and as outlined above with other stipulations as
detailed in the individual scopes of work.

LIAISON WITH OTHER DEPARTMENT SECTIONS

Should a need arise that requires assistance from other Department sections such as Design,
Maintenance, Rail Systems, and the Testing Lab, arrangements will be made by contacting
the Supervising Engineer in charge of the inspection area.

CONSULTANT COORDINATION

The Bridge Safety and Evaluation Section will assign the task of coordination of consultant
inspection contracts to a Supervising Engineer. This person will be responsible for tracking
the consultant's work, schedule, and billing. The Supervising Engineer will assign the day-
to-day responsibilities of the coordination to a Transportation Engineer (liaison engineer)
and other employees as necessary.

Consultants are responsible for notifying the Bridge Safety and Evaluation Section of their
proposed schedule and any changes to that schedule in a timely manner.

COORDINATION WITH OUTSIDE AGENCIES

The Bridge Safety and Evaluation Section will arrange for railroad flagging protection on an
as-needed basis. Flagging shall be arranged by the Engineer 111 and a request forwarded to
the Supervising Engineer or to the support section in charge so that a purchase requisition
can be prepared. This process will insure consistency in record keeping and tracking of flag
usage. Consultant requests for flagging will be submitted to their liaison engineer at least
two (2) weeks prior to need.
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Coordination with other agencies, such as outside testing laboratories, local and state police,
etc., should be discussed with the Supervising Engineer in charge of each inspection area.
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CHAPTER 3

POLICIES

3.1 PERSONNEL

3.11

3.1.2

Work Rules

All personnel should be familiar with the Department's "Employee Handbook.™ All
supervisors shall also be familiar with the "Personnel Handbook for Supervisors at
All Levels." This handbook is available to assist all supervisors to become more
aware of their role, function, and authority, and to assist them in dealing with
common types of employee problems.

Safety

It is the responsibility of each person involved in the inspection process to be
familiar with the Department's handbook entitled "Guidelines for Safe Practice™ and
all applicable Administrative Memorandums.

Bridge Safety Inspectors should pay special attention to the following sections:
l. Accidents
Ill.  General Safety for All Employees
IV.  Clothing and Protective Wearing Apparel
V. Trucks and Passenger Cars
VI.  Power Equipment

42 Rented Equipment and Trucks

43 Operators Qualifications

44 Condition of Equipment

45 Operation of Equipment

46 Gasoline Filling

47 Breakdown of Equipment

VII.  Plants and Plant Operation
74 Movable Bridges and Electrical Repairs
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IX. Use of Small Tools
93 General
94 Sharp Edge Tools
95 Tool Storage
98 Crowbars
910 Cold Chisels
102  Hand Hammers
103  Hand Shovels
105 Ladders
111 Wrenches

X. Job Protective Devices

Xl.  Operations - Field and Plant
120  Bridge Operation
121 Water Operations
125  Engineering Inspection and Survey
145  Traffic Status and Road Inventory
151  Bucket Truck Operations

Additionally, the OSHA publication "Construction Industry OSHA Safety and Health
Standards" will be followed for those areas where it pertains to inspection work. A
copy of the current OSHA Manual can be found in the office of the Manager of
Bridge Safety and Evaluation. The sections pertaining to this type of work include
(but are not limited to) the following:

1926.100 Head Protection
101 Hearing Protection
102 Eye and Face Protection
103 Respiratory Protection
104 Safety Belts, Lifelines, and Lanyards
106 Working Over or Near Water
107 Definitions Applicable to this Section

1926.300 General Requirements Hand and Power Tools
301 Hand Tools
302 Power Operated Hand Tools
303 Abrasive Wheels and Tools

1926.451 Scaffolding
452 Guardrails, Handrails, and Covers

1926.556 Aerial Lifts

1926.950 Power Transmission and Distribution
1926.1053 Ladders
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The above listing is not all inclusive. OSHA regulations are comprehensive and
many sections may apply in part. As the regulations are constantly revised, refer to
the most recent OSHA manual for any updates and/or revisions.

Media/Public Relations

The Department maintains an Office of Communications, which has the
responsibility of dealing with the media and other interested public agencies and/or
parties. The field forces should respond to the public/media in a courteous manner.
Any questions that arise during the course of an inspection should be referred to the
Manager of Bridge Safety and Evaluation. It will be his responsibility to deal with
the question or to refer the question to the Office of Communications.

3.2 INSPECTION

3.2.1

3.2.2

Intensity of Inspection

The intensity of the inspection will vary depending on the extent of available access
to the structural elements and the type of inspection required (in-depth, routine,
underwater, etc.). The intensity should be as described in the AASHTO "Manual for
Condition Evaluation of Bridges" and as described elsewhere in this manual.

Inspection Freqguency

Each qualifying structure will be inspected in accordance with ConnDOT procedures
by qualified bridge inspectors at regular intervals of 24 months, unless they meet the
increased or decreased inspection interval requirements explained below. The
frequency of all inspections shall be reviewed after each inspection and adjusted as
appropriate. All inspections and inspection reports shall meet the appropriate
requirements of Title 23 part 650 subpart C of the Code of Federal Regulations.

3.2.2.1 Inspection and Review Time Windows

Inspections should be started on or before the inspection due date, but must be
completed no later than 90 days after the inspection due date.

Inspection reports should be submitted within 21 days of the inspection completion
date.

Inspection reports should be reviewed within 45 days of its submittal by an
individual that meets the qualifications of a Transportation Engineer 3 or greater.

REVISED 06/17/05



Version 2.1: September 27, 2001

Definitions for Section 3.2.2.1:

Completed Inspection: The overall completion of the field inspection of the
structure. During the inspection, all components shall be observed from within the
distances specified in this manual. This may require the use of the following
equipment and/or personnel: underbridge inspection vehicle, railroad flagman, boat,
manlift, and lane closures as necessary.

Completed Inspection Report: The completion of a paper report based on the
completed inspection that meets all the requirements of this manual. This report
must be signed by at least two qualifying bridge inspectors.

Completed Review: Signing the reviewed inspection report package, forwarding
the BRI-19, and completing all correspondence to take care of the structure.

Inspection Due Date: The last inspection date plus the inspection frequency.

REVISED 06/17/05

3.2.2.2 Increased Inspection Interval

This Section removed 3/14/08.

REMOVED 03/14/08
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3.2.2.3 Decreased Inspection Interval

Certain bridges may require inspection (full or partial) more frequently than at a two
(2) year interval when known deficiencies or questionable conditions exist. The
following are some examples of structures that would be candidates for more
frequent inspections: - Bridges subjected to frequent overloads
- Bridges identified as vulnerable to sudden failure because of
fracture, scour, overload or collision
- Other bridges with unique or unusual details, conditions or
weaknesses

Generally, the decision to conduct inspections at less than a two (2) year interval, and
the intended intensity of the inspection, will be proposed by the Engineer 3 in charge
of the structure, approved by the Supervising Engineer, and submitted to the
Manager of Bridge Safety and Evaluation for final approval. All requests shall
consider the age, strength, design, conditions, traffic volume, loading, and other
appropriate factors. Form BRI-8 "Inspection Frequency Change Request™ must be
completed for all change requests.

3.2.2.4 Diving Inspections

Diving inspections will normally be scheduled every two (2) years, one (1) month
prior to the above water inspection. Diving inspection frequency can be increased or
decreased to match the routine inspection frequency, up to a maximum of four (4)
years. Generally, changes to the diving inspection frequency shall be proposed by
the Transportation Engineer 3 in charge of the structure, approved by the Supervising
Engineer, and submitted to the Manager of Bridge Safety and Evaluation for final
approval. The proposal shall discuss the underwater condition of the bridge and its
susceptibility to scour. Form BRI-8 "Inspection Frequency Change Request™ must
be completed for all change requests.

3.2.2.5 Overhead Sign Support (OHSS) Inspections

The interval for routine inspections of OHSS is four (4) years. These structures are
not eligible for an increased inspection interval. The inspection and review time
requirements for OHSS should generally match the requirements of Section 3.2.2.1.
The inspection interval for OHSS can be decreased, as appropriate, following the
guidelines in Section 3.2.2.3 “Decreased Inspection Interval”.

Inspection Team

The Inspection Team shall, at a minimum, consist of a Lead Inspector and a Bridge
Inspector. The makeup of the team can vary depending on the complexity of the
bridge and the difficulty of the proposed inspection. The following is a listing of the
Inspection Team makeup for various bridge classes:
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For Class I and Class Il bridges requiring routine inspection, the team shall consist of
the Lead Inspector and a Bridge Inspector. A Transportation Engineer 111 may
participate in these inspections based on conditions, weight restrictions, or complex
details at his/her discretion. The responsibility for preparation of the report lies with
the Lead Inspector and Bridge Inspector.

Class Il bridges requiring a routine inspection are to be inspected by a team
consisting of a Lead Inspector and a minimum of one Bridge Inspector. If
complexities and conditions warrant, an Engineer 11l and/or additional Bridge
Inspectors may be added to the team. The responsibilities of the Engineer 111 will
typically include, but not be limited to, fracture critical members, fatigue sensitive
details, major deterioration, bridge hit along with damage, etc.

For Class | in-depth inspections, the team shall consist of a Lead Inspector and
Bridge Inspector as a minimum. Additional personnel may be added as required.

For Class Il in-depth inspections, the team will consist of a Lead Inspector and
Bridge Inspector supplemented by an Engineer 11l for a minimum of 25% of the
inspection. The Engineer I11=s inspection shall concentrate on the more critical parts
of the structure and shall sign the report noting those details inspected. Consultants
assigned Class Il in-depth inspections shall inspect the bridge with an inspection
team that meets or exceeds the requirements as stated above.

Class 11 bridges requiring an in-depth inspection are to be inspected by a team
consisting of an Engineer I11, Lead Inspector, and Bridge Inspector for the duration
of the inspection. The Engineer 111 will participate in the inspection and have the
overall responsibility for final report preparation and signing. The Lead Inspector
will also sign the report. The report will be reviewed by a Supervising Engineer or
an Engineer 111 not involved with the inspection. Consultant Teams assigned Class
I11 bridges for in-depth inspection will provide a team that meets NBIS
qualifications.

Interim, damage, and complaint inspections will be performed by an Engineer I11 or
Lead Inspector. Reports will be generated and signed by the person conducting these
inspections.

Underwater inspections will be performed by a Team consisting of a Lead Inspector
qualified under NBIS requirements and a certified diver. The team shall be
supplemented with additional bridge inspectors and divers as required by the
complexity of the structure.
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3.2.4 Available ConnDOT Equipment

3.2.5

The Bridge Safety and Evaluation Section has access to a large inventory of
equipment for its use in inspecting the State's bridges. The inspection teams have
access to:

. Vehicle Mounted Telescopic Lifts

. 60' (18 m) reach Paxton Mitchell Snooper Underbridge Inspection Unit
o 56' (17 m) reach MOOG Underbridge Inspection Unit (as needed)

. Floating work platforms

Scheduling of the underbridge inspection units (“"snoopers") is to be coordinated
through a designated office staff member assigned to this task by the Manager of
Bridge Safety and Evaluation. It should be noted that there is a Department policy
requiring the use of a truck mounted impact attenuator vehicle whenever State
snoopers are used. Teams may request approval to rent other access equipment as
necessary.

Testing equipment available to the Inspection Team includes:

"D" Meters for determining metal thickness

. Pachometer (concrete reinforcement locator)
. Half Cell Testing Kit
o Magnetic Particle Testing Kit

. Dye Penetrant Testing Kit

o Fiber Optic Inspection Lens (20' (6 m) length)
. Air Quality Meter

J Swiss Hammer

Other equipment is available from the Department's Testing Labs on an as-needed
basis. Arrangements for this equipment should be made through the Supervising
Engineer.

Maintenance and Protection of Traffic

During the course of the inspection it may be necessary to close lanes of highways to
gain access to important parts of the bridge. The signing patterns utilized for this
work shall be in conformance with the Department's Traffic Control Patterns for
Highway Maintenance Operations (as revised) and the current edition of the Manual
for Uniform Traffic Control Devices (MUTCD). The latest editions of these
publications are available from the Bridge Safety office.

There will be instances when due to on/off ramp locations or intersections, the
standard traffic control plans will not fit the actual field conditions. In such cases,
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additional signs, cones, etc. may be required. Consultant Teams shall coordinate
complex signing patterns with the Consultant's Project Engineer.

An impact attenuator truck shall be used to protect each workzone on all limited
access highways.

For the Department's inspection teams, Maintenance forces will provide the signing
pattern on an as-needed basis. Arrangements for patterns shall be coordinated
through the Transportation Engineer Il in charge of that inspection area. For
Consultant Teams, the signing pattern shall be installed by the Consultant, or an
agent of the Consultant, based on the above noted standards.

Procedure for obtaining lane closures:

1. Fill out the lane closure form (available from the Bridge Safety
Office) for the following week's inspections. A line must be included
for all closures, including shoulder closures on State Routes.

2. Submit the form to the Supervising Engineer for review.

3. The form is then submitted to Bridge Safety's designated Lane
Closure Coordinator. The form should be submitted by mid-day on
Wednesday for closures the following week.

4. Forms are reviewed, compiled and forwarded to the Highway
Operations Unit on Thursday for the following week.

5. Daily closures should be confirmed each morning by the Supervising
Engineers and a notice of confirmation or cancellation should be
forwarded to the Lane Closure Coordinator by 8:30 AM for that days
work.

Consultants shall provide a detailed two-week schedule of planned activities
involving maintenance and protection of traffic to the following:

1. Manager of Bridge Safety and Evaluation (designated project
representative)

2. First Elected Official of a town or city for local bridges
3. Other parties as identified by the Department

Generally, daytime lane closures are only permitted between the hours of 9:00 AM
and 3:00 PM. The Department's Structure Inspection Daytime Lane Closure Guide
shall be used as a guideline when scheduling lane closures. All lane closures will be
terminated if extensive traffic backups occur, as ordered by the Maintenance
Superintendent, or as ordered by the State Police. Additionally, the inspection team
is responsible for monitoring traffic backups and having the traffic control signing
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patterns removed should the backups become excessive. Lane closures are not
permitted to exceed two miles in length.

Inspection teams are responsible for informing the highway operations center in the
area whenever they close a lane on a State highway. For work in District 3, the
Bridgeport Operations Center shall be notified at (203) 696-2690. For work in
Districts 1, 2 & 4, the Highway Operations Center in Newington shall be notified at
(860)-594-3447. Notification shall be given prior to the start of any lane closure,
after the completion of the lane closure, and whenever it is necessary to change from
one lane to another.

Entry on Private Property

Entry onto private property for the purpose of inspecting bridges and structures
should not, for the most part, be required. Inspectors should, however, understand
the rights of property owners and the restrictions on entering private property. The
procedures for obtaining permission, should it be necessary, can be obtained by
contacting the Bridge Safety office. An example entry letter is attached in
"Appendix B" of this manual.

Critical Deficiency Reporting/Emergency Response - Flagging Procedures

When a critical defect affecting the safety of the bridge structure or the safety of the
traveling public is found during an inspection, it is imperative that the Manager of
the Bridge Safety and Evaluation Section be informed of the situation immediately.
Some examples of critical defects include:

. Distress in primary members where the members may not be capable of
safely carrying the imposed loads, and partial or total failure of the bridge is
a possibility.

. Scour at or under a substructure unit is extensive enough that significant
movement of the substructure unit is possible, which could cause the bridge
to collapse.

. Substructure movement or distress that is so excessive that the substructure
unit may not be capable of supporting the superstructure and partial or
complete failure is a possibility.

J Suspected cracks in fracture critical members.

o Any situation where the structural integrity of the bridge is such that its
safety is in question.
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. Any situation that poses an immediate hazard to traffic on or under the bridge
due to loose or broken components, severe deterioration of the bridge riding
surface or materials that can drop to occupied areas below the bridge.

The following information should be noted for reporting critical defects:

Structure Number

Town

Route Number/Road Name

Features Crossed

Type of Bridge (i.e.: Thru Truss, 2 Girder, etc.)
Type of Defect Encountered

Location of Defect

a. Span

b. Girder/Floorbeam/Stringer No.

8. Other Pertinent Information

Noo,rwhE

The above noted information is to be transmitted by the inspection team by telephone
to a Senior Engineer (or above) who will in turn inform the Supervising Engineer for
that inspection area. A written report accompanied by field sketches and
photographs (if available) shall be forwarded to the Supervising Engineer within 24
hours of the initial report.

Consultant Teams that find critical defects shall immediately contact the Consultant's
Project Engineer who will have the responsibility of assessing the problem and
notifying the Bridge Safety and Evaluation Section.

Critical deficiencies identified outside of normal working hours, when the Bridge
Safety office is not staffed, shall be reported to the Highway Operations Center in
Newington at (860)-594-3447.

If it is deemed necessary, repair sketches and/or procedures may be required.
Coordination with Bridge Maintenance will be performed by the Supervising
Engineer.

LOAD RATING - QUALIFICATIONS & RESPONSIBILITIES

Load ratings shall be performed in accordance with the AASHTO Manual for Condition
Evaluation of Bridges and the procedures outlined in Chapter 7 of this manual.

The individual in the Bridge Safety and Evaluation Section charged with overall
responsibility for load rating bridges will be a Supervising Engineer. The qualifications for
the position may include a current Connecticut professional engineer's license and a
minimum of five years bridge design and inspection experience. The distribution and
assignment of bridges for load rating shall be the responsibility of the Supervising Engineer.
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Final, checked, load rating reports shall be reviewed by the Supervising Engineer or a person
designated by the Supervising Engineer.

Rating calculations shall be performed by engineers with varying levels of experience,
familiar with the principles of structural analysis and load rating. The engineering
knowledge and skill needed to properly evaluate bridges varies depending on the complexity
of the bridge. Specialized knowledge of other engineers or experts may be required in
certain instances.

The determination of the actual load rating assigned to the bridge requires the judgement of
an experienced engineer. Accordingly, the results of each analysis shall be reviewed by a
qualified engineer. The engineer's judgement is needed to recognize special situations where
routine, simplified analysis procedures are inadequate and a more sophisticated approach is
required. Inaddition, the reviewing engineer shall be required to evaluate the bridge rater's
decisions about the strength of materials, effects of deterioration and defects, stability, etc.
The reviewing engineer may also recommend additional inspection and/or testing.
Authorization by the Supervising Engineer in charge of load ratings is required prior to
performing additional testing.

POSTING AND PERMITS

See Chapter 8 of this manual for the latest posting and permit requirements.

MAINTENANCE

The inspection report reviewer, with input from the inspection team, will prepare a list of
possible maintenance items that should be performed to extend the useful life of the structure
and to ensure its continued safety. These items shall be presented in a memo to Bridge
Maintenance and prioritized as indicated below:

Priority A-  Ciritical - IMMEDIATE response by Bridge Maintenance utilizing Bridge
Safety and Evaluation's traffic pattern still in place, where one is being used.

Priority B-  Urgent, but not critical - Response within 1 WEEK.

Priority C-  Important, but not urgent - Response within 2 MONTHS.

Priority D -  Of lesser importance, but needing attention - Response within 6 MONTHS.

Priority E-  Routine repairs - scheduled by Bridge Maintenance to coincide with other
commitments of the same type or within the same general area. - Response

within 2 YEARS.

For details and procedures regarding Maintenance Memorandums see Chapter 9.
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When reviewing a bridge maintenance memorandum, sign support maintenance
memorandum and/or a railroad maintenance memorandum, it is important that the repairs be
meaningful to prolong the life of the structure (not cosmetic) and are cost effective when
considering the life cycle costs of the structure.

BRIDGE FILES

The Bridge Safety and Evaluation Section will maintain a file for each bridge in its inventory
in accordance with the NBIS and the AASHTO Manual for Condition Evaluation of Bridges.

The files are to be organized into three sections as follows:

1. Inspection Reports (in reverse chronological order)
2. Correspondence (in reverse chronological order)
3. Computations and Plans

(for smaller bridge files, 1 & 2 may be mixed in chronological order)

3.6.1 Inspection Reports

The reports, including all pertinent forms, field notes, photographs, and
miscellaneous notes, are to be bound using a suitable, removable clip or binding.
This will facilitate removal of portions of the report for reproduction.

3.6.2 Correspondence

This section shall include pertinent letters such as maintenance memos, letters to
towns, letters to utility companies, permit information, etc. These documents should
be arranged so that the order of documents is maintained. The correspondence shall
be placed in reverse chronological order. For correspondence referring to multiple
bridges, a reference sheet with the location of the complete document may suffice.

3.6.3 Computations and Plans

This portion of the file should contain the rating evaluation computations, special
computations for deteriorated members, scour computations, etc. The first sheet of
this package should contain a Rating Summary sheet with the results and dates of the
latest rating or re-rating.

Plan sheets, preferably the as-built drawings, should be included in the file folder or
the location of these plans referenced for easy retrieval.
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3.6.4 Use of the Files

Since it is extremely important that the information contained in the inspection files
be available in an emergency situation, the removal of the file from its assigned
location or removal of portions of the individual file must be discouraged or
monitored carefully.

To monitor the files the following policy shall apply:

1.

No original file or portion thereof may be removed from the Bridge Safety
and Evaluation Office without special approval from the Manager of Bridge
Safety and Evaluation. Bridge files shall be reviewed in the Bridge Safety
and Evaluation Office with the file reviewer making copies of information
they wish to keep.

Files shall be kept in chronological order with all contents facing forward.

If it is necessary to separate or unbind any part of the file for making copies,
you are expected to return this material to its original form and order.

When a folder is removed from a file, a reference card shall be filled out and
inserted in place of the file. (Information on these cards shall include Name,
Unit or Firm, Telephone Number, Date Taken, and Bridge No.)

Please do not re-file the folders. This will be done by designated staff
members.

File folders in poor condition shall be given to the designated staff member
for repair or replacement.

A form that includes the above noted instructions along with signature blocks and
other pertinent information must be signed and submitted to the designated staff
member prior to access to any files (See appendix for a copy of this form).
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CHAPTER 4

QUALITY CONTROL/QUALITY ASSURANCE

GENERAL

The Connecticut Department of Transportation has instituted a bridge inspection program to
meet NBIS requirements. Bridge inspectors collect inventory and condition information on
each bridge for inclusion in the Department's database. The accuracy and consistency of the
inspection and documentation are vital to public safety, and also impact programming and
funding appropriations. In recognition of the importance of this information, ConnDOT has
established quality control and quality assurance procedures.

To be effective, quality control/quality assurance procedures must be followed by all
personnel and the procedures should be evaluated and updated regularly. This Manual
defines Bridge Safety and Evaluation's (B.S.&E.'s) basic quality control/quality assurance
program. The program shall be flexible and shall be updated routinely by memos and
directives from the Manager of B.S.&E.

DEFINITIONS

The terms quality control and quality assurance are not interchangeable. The following
definitions describe the distinction between the terms as they are used in this Manual.

QUALITY CONTROL (QC) is the enforcement of procedures that are intended to
maintain the caliber of bridge inspection, load rating, and documentation at or above the
NBIS standard. Quality control is the responsibility of every person involved in the daily
activities of B.S.&E.'s bridge inspection program. Certain personnel shall be designated
with specific responsibilities within the overall quality control procedures.

QUALITY ASSURANCE (QA) is a measurement of the level and consistency of the
overall program. Quality assurance will be performed by a separate designated group within
B.S.&E. or by an outside consultant. The QA group will perform an annual review in order
to measure the quality and uniformity of the inspection and documentation, and to identify
specific items or procedures in the program where clarification, revision, or additional
training is needed.
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43 QUALITY CONTROL PLAN

43.1

4.3.2

Supervisory Responsibility & Duties

Primary responsibility within the Bridge Safety and Evaluation Section for Quality
Control shall be assigned to the Supervising Engineers in charge of each area. The
Senior Engineer in charge of each inspection team is designated as the QC Engineer
to carry out the quality control functions.

Consultants performing inspections shall designate a Project Engineer to have

primary responsibility for quality control and a QC Engineer to carry out the

program. The duties of the Consultant's QC Engineer shall be similar to the State's

QC Engineer.

The B.S.&E. Supervising Engineer and the Consultant's Project Engineer are charged

with the responsibility of implementing the Quality Control Plan by performing the

following duties:

1. Oversee quality control of field operations and reports.

2. Coordinate and implement basic training programs for bridge inspectors and
specialized instruction on aspects of the work requiring special attention, e.g.
fatigue and/or fracture critical details, scour evaluation, etc.

3. Provide bridge inspectors with access to latest applicable standards and
training in proper use of inspection tools.

4. Review the QC Engineer's field review reports for repeated problems, and
meet with appropriate staff to remedy.

5. Coordinate the QC Plan with other supervising engineers.
6. Review a representative number of final inspection reports.

Quality Control of Field Inspection Operations

4.3.2.1 Inspection Procedures - The QC duties of the Inspection Team Leader
during the field inspection shall include:

1. Assure that the inspection vehicle includes all required inspection tools and
equipment, and applicable manuals and references.

2. Observance of proper safety and traffic control procedures in accordance
with the requirements of this Manual and references.
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3. Proper recording of field conditions with clear, clean and complete field
notes.

4. Photographing deficient areas in accordance with this manual.

5. Where photography is not adequate, develop sketches or marked-up drawings

in sufficient detail to describe the conditions.

6. Cleaning of delaminated steel sections and measurement of remaining section
to determine losses.

7. Sounding of concrete structures to locate delaminations.

8. Proper reporting of safety and structural flag conditions.

9. "Hands-on" inspection of nonredundant members, FCM's, and fatigue prone
details.

10. Documentation of access required for inspection.

11. Updating of plans and inventory data based upon observed inspection
conditions.

12. Documentation of section losses for load rating updates.

13.  Documentation for further investigations and/or design services, if necessary,
to identify and resolve observed deficiencies.

4.3.2.2 Field Review of Inspection Teams - It will be ConnDOT policy that each
State employee bridge inspection team and each Consulting Engineer bridge
inspection team working for ConnDOT be field reviewed by the ConnDOT QC
Engineer at least twice yearly. In some situations, more frequent review may be
needed to appropriately address areas of special concern.

The field review shall be conducted in sufficient detail and duration to enable the QC
Engineer to determine whether the field inspections are being conducted and
documented in full accordance with ConnDOT policies and procedures. See
"Appendix B" of this manual for a sample form of the Field Review Checklist. It
shall be completed by QC Engineer in the field review effort. The checklist is meant
to assist the Quality Control Engineer in the field review, but is not all-inclusive.
The QC engineers shall also check other aspects of the inspection not specifically
itemized on the checklist.

A Quality Control report shall be prepared by the QC Engineer to summarize each

field review. The QC report shall specify the time, date, bridge number, and location
of each field review effort. The report shall state the name and titles of all team
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members at the inspection site and list all major equipment used for the inspection.
A completed "Field Review Checklist" with additional supplementary review
documentation shall be attached to each QC report. Any deviations from standard
inspection policies or practices shall be clearly stated in a "Findings" section of the
QC report. Positive attributes of the reviewed inspection shall also be documented.
Copies of all field review reports shall be sent to the Supervising Engineer, the
reviewed Inspection Team Leader, and Consultant Project Manager (when
appropriate).

Reports documenting field reviews are to be issued within 30 days from the date of
the field review.

Soon after issuance of the report, the QC Engineer and the Supervising Engineer
shall meet with the appropriate Inspection Team personnel and discuss the review.
Any problem areas shall be discussed at this meeting and brought to an appropriate
resolution.

The Supervising Engineer shall maintain a separate file of all QC review reports. A
record of the follow-up meeting shall be documented in the files along with the
Review Report.

Quality Control of Documentation

The QC Engineer shall conduct office review of documents submitted by the field
inspection team for conformance with ConnDOT reporting requirements. The
review shall address coding and documentation completeness and technical
correctness, and shall accomplish the following general objectives:

1. Consistency between inspection data, photographs, sketches, notes, and if
required, load rating data.

2. Correct and consistent interpretation of inspection items and inspection
ratings in conformance with ConnDOT Standards.

3. Adequate inspection documentation of items rated "5" or lower, major
defects, repairs, and all unusual features.

4. Completeness of scour documentation.
5. Completeness of Fracture Critical Member documentation. (Refer to the
requirements for Fracture Critical and Fatigue Sensitive Member Inspection

in Section 5.2.3 of this manual.)

6. Proper cross-referencing of photographs to the inspection report.
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7. Compliance with this manual in terms of required photographs, notes, and
sketches.

4.3.4 Quality Control of Reports

4.3.4.1 Report Review - The QC Engineer shall review each inspection report for
completeness and conformity to the Department's requirements. Special attention
should be paid to load ratings, load or height postings, dates, clearances, fatigue
details, fracture criticality, etc. Before making changes to any report, the QC
Engineer may confer with the lead inspector responsible for preparation of the report.
After a bridge file has passed the QC Engineer's check, and after all necessary
corrections have been made, the QC Engineer shall sign and date the review, on the
cover of the report or appropriate location on the BRI 19, as "Reviewed By."

4.3.4.2 Review Summary - The QC Engineer shall read through the summary
and/or maintenance recommendations to assess the overall condition of the bridge.
Any major defects should be highlighted in the summary and the approximate repair
quantity noted. For major structural defects, a flagging memo should be included in
the report. (Ref. Critical Deficiency Reporting, See Section 3.2.7). A review of the
previous defects summary should also be made at this time.

4.3.4.3 Review BRI1-18 and Field Notes - The QC Engineer shall read through the
BRI-18 to get an overall view of the condition of the bridge. Each item on the BRI-
18 shall be compared to the previous report for consistency (it is unlikely that the
bridge has "healed" since the last inspection unless repairs have been made). Special
attention shall be given to items rated "5" or less - the referenced field notes shall be
reviewed. The QC Review shall check clearance diagrams, bearing measurements,
pin and hanger measurements (if applicable), and parapet joint measurements, and
compare the measurements to the previous report. The QC Engineer shall provide
the Supervising Engineer a completed inspection report that can be used for the
assessment of the bridges condition.

4.3.4.4 Review Photos, Additional Notes, Etc. - The QC Engineer shall check that
the photographs and additional notes are referenced from the BRI-18. A
representative photo should be present for each item of the BRI-18 that has a rating
of "5" or below.

4.3.4.5 Review BRI-19 & 25 - The QC Engineer's review is not limited to the items
that have changed from that printed on the form. Special attention should be given to
those items that cause the bridge to be classified as structurally deficient or
functionally obsolete. The coding of each item should be consistent.

4.3.4.6 Review Maintenance Memo - This QC review is to ensure that the proper
items are included in the memo as referenced to the defects and deficiencies
summary, and to suggested maintenance recommendations as submitted by the
inspectors and that the appropriate priority code is called out.
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Previous maintenance memos should be reviewed to determine if the items are
recurring, and to determine if repairs have been made.

4.3.4.7 Check Evaluation (If Required) - The QC Engineer shall review the rating
summary sheet for completeness. If ratings have been calculated to account for
deterioration of bridge members, the QC Engineer should review the calculations to
see if the deteriorations taken in the calculations are representative of the actual field
conditions.

4.3.4.8 Form Completeness - The completeness of documents shall be reviewed as
part of the report review procedure. The forms to be reviewed include:

BRI-18

BRI-19

BRI-25

Maintenance Memorandum

Deficiencies and Recommendations Listing
Clearance Diagrams

Pin and Hanger Measurements

Parapet Joint Measurements

Bridge Hit Data Sheet

PONTIS Element Condition State

It should be noted that this list is based primarily on highway bridge reports and not
all of the above forms will be included in every report. Railroad bridge reports and
overhead sign reports may contain more, less or different information.

Procedures for completing these forms can be found in Chapters 5 & 6 of this
Manual.

4.3.4.9 Supervisory Review - The Supervising Engineer responsible for quality
control shall review a number of the final reports. The sampling goal is to review
10% of the reports.

Quality Control of Bridge Load Ratings

The QC Engineer shall perform a review of the load rating calculations for
completeness and conformance to ConnDOT Standards, and to ensure that the
calculations reflect the conditions as called out on the BRI 18, and to make sure that
the rating loads have been accurately transferred to the BRI 19. In general, the QC
review shall address the following areas:

1. Review adequacy of inspection data, sketches, plans, and other information
used as the basis for the rating calculations.
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2. Review analysis procedures for conformance with ConnDOT Standards and
appropriate design specifications. A detailed checking of calculations is not
required by the QC Engineer.

3. Review whether age, condition, and quality of materials have been accurately
addressed in the determination of material strengths. Review the treatment of
section losses or member deficiencies in the rating calculations.
Assumptions should be clearly stated.

4. Determine that the controlling member in the rating has been properly
identified.
5. Determine that the method of analysis used produces a satisfactory result.

Evaluate whether more sophisticated or more detailed analysis (e.g.: finite
method analysis) would improve the load rating.

6. Determine if investigations into fatigue, scour, or other specialty areas are
needed.
7. Evaluate whether additional measurements, materials testing, load testing, or

other investigations are needed to refine the load rating.

The QC engineer shall confer with the load rating engineer responsible for
preparation of the calculations to resolve any comments on the load rating
procedures. After the load rating file has passed the QC Engineer's review, and after
all necessary corrections have been made, the QC Engineer shall sign and date the
review on the cover of the load rating, as "Reviewed By."

44  QUALITY ASSURANCE

441 Responsibility and Duties

The Manager of the Bridge Safety and Evaluation Section, has primary responsibility
for quality assurance, and shall oversee the QA initiative. QA shall be an
independent function prepared by a QA group designated by the Manager.

The Manager shall assign a Supervising Engineer to be responsible for QA
operations, a QA Engineer, and a QA inspection team. It is desirable that the
assignees not routinely work together as a team. This QA group shall be selected on
an annual rotating basis. The QA group's function is to monitor the inspection
program by independently inspecting a representative sample of bridges previously
inspected by ConnDOT teams or Consultant teams, and preparing a report comparing
findings for consistency and accuracy.

The report shall be presented to the Manager of the Bridge Safety and Evaluation
Section for overall evaluation of the program.
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4.4.2 Quality Assurance Procedures

4.4.2.1 QA of Field Inspection, Documentation, and Reports - The general
guidelines and procedures for administering the QA program shall include:

The Manager and Supervising Engineer will select specific inspection areas or
procedures to be stressed in the annual QA program. The emphasis may change
from year to year depending on general inspection results, observed problems or
inconsistencies in reporting, or the desire to monitor new or critical evaluation items.

The Manager and Supervising Engineer will select a statistical sample of bridges to
be checked under the upcoming annual QA program.

The QA team conducts an inspection of the designated bridges within 45 days of the
actual inspection, and performs the following tasks:

e Verifies inventory data

e Verifies section loss measurements

e Verifies signage and posting

e Performs independent condition rating of specified members
e Lists and prioritizes maintenance needs

The QA group then compares findings with the actual inspection reports and
identifies and explains deviations.

The Quality Assurance group prepares a report summarizing deviations in the
selected items for evaluation by the Manager of B.S.&E. The Manager and
Supervising Engineer meet to discuss findings.

The Manager may make recommendations to improve the overall inspection
program. This may include special training on specific items, issuance of clarifying
memorandums or directives, or informal meetings with staff and/or consultant
inspection teams.

4.4.2.2 QA of Load Ratings - The Manager of B.S.&E. and the QA Supervising
Engineer will select a statistical sample of bridge load ratings to be reviewed under
the upcoming annual QA program. The bridges selected may be a random cross-
section of structures or may emphasize a particular type of structure or a combination
of both.

The QA Supervising Engineer shall direct an independent load rating of the selected
structures. The original load rating documents and calculations shall not be reviewed
prior to the independent rating nor consulted during the load rating process. The
independent load rating shall be based on the same bridge inspection findings used in
the original rating.
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Upon the completion of the independent ratings, the QA Supervising Engineer shall
compare the findings of the original and independent ratings to identify and explain
the differences. The QA Supervising Engineer shall prepare a QA Report
summarizing the findings for evaluation by the Manager of B.S.&E.

The Manager may then make recommendations for modification in the load rating
program by issuance of memorandums of policy or procedures or meetings with staff
and/or consultant representatives.
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CHAPTER 5

GENERAL INSPECTION PROCEDURES

The procedures outlined in this chapter are guidelines. Bridges vary too much for inspection
procedures to be followed as you would a recipe in a cookbook. Defined procedures help prevent
overlooking the inspection of any item, but they do not replace good judgement and a healthy
curiosity. Inspect the bridges as though someone’s life depends on you. It does!

5.1 PLANNING AND SCHEDULING

Proper planning and scheduling of bridge inspection activities promotes the effective and
efficient completion of this monumental task. Without the proper preparation, it would be
impossible to complete the thousands of bridge inspections that must be performed every
year. Limited manpower and budgetary constraints make the efficient use of these resources
paramount to the success of this program.

5.1.1 Document Review

The first step in preparing for a bridge inspection is to review the available
information contained in the bridge file, such as:

"As-Built" bridge plans and shop drawings, where available
Any rehabilitation plans

Previous inspection reports, including any special or interim reports (like
underwater or "Bridge Hit" reports)

Bridge maintenance memos

Correspondence pertinent to any required work or work completed

Bridge Plans

The bridge plans contain information that shows what the bridge is constructed of
and how it was put together. Member types and sizes, connection details, intended
bearing details or deck joint configurations and the presence (or absence) of piles in
the substructure are all bits of information, useful to the inspector, which should be
available on the plans. The inspector should be able to recognize and question
details in the field that do not agree with what is shown on the plans.
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Previous Inspection Reports

Previous inspection reports should make the inspector aware of any areas of concern
on the bridge that might warrant special attention. They also provide a standard with
which to gage the progress of previously noted deterioration. Special equipment or
access requirements necessary to complete the inspection should be noted in previous
reports. A thorough review of the last inspection report not only gives the inspector
a "feel" for the bridge, but helps to ensure completeness in the inspection and
consistency in the evaluation ratings.

Maintenance and Repair Records/Correspondence

Maintenance and repair records make the inspector aware of repairs requested or
performed. The bridge inspection should confirm the completion and evaluate the
quality of repair work that was previously requested.

Additional Data

Correspondence from towns, citizens reporting unusual noises, etc. may indicate
problems to be reviewed or resolved. Accident reports or flood data may give
information useful in understanding conditions found during the inspection.
Construction memos may give information regarding past, present or future work
being done on the bridge or in the vicinity of the structure.

Pre-Inspection

Pre-inspection visits to the bridge site, if appropriate, are useful for determining
access requirements (or impediments to normal access), establishing the need for and
type of any maintenance and protection of traffic required and observing the overall
condition of the bridge to gage time requirements. These visits may be as simple as
driving by a smaller bridge, to see that there is no construction activity in the area
that might interfere with access or maintenance and protection of traffic patterns. On
anew bridge, it may require more investigation such as determining what size bucket
truck or ladder are required, or finding out what key is necessary to open a box beam
hatch. Areas that may require cleaning for proper inspection viewing or trees that
need to be cut back to permit snooper access, are items that should be defined during
a pre-inspection. The pre-inspections themselves can be effectively scheduled by
performing them when the crew is in the vicinity of the bridge doing other work or
by doing several pre-inspections in one geographic area at the same time. Another
advantage of pre-inspection visits is that they may make the inspection team aware of
more than one structure in a close proximity that could be inspected together using a
single traffic control pattern or more than one bridge in a particular area that may
require similar special access equipment.
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Coordination of Access and Equipment Needs

The document review process and pre-inspection are intended to familiarize the
inspector with the bridge prior to actually arriving at the bridge site to perform the
inspection. During these reviews, the equipment and access requirements necessary
for the inspector to properly perform the inspection are identified.

. Will traffic control be required?

o The type of traffic pattern necessary should be relayed to the Bridge Safety
and Evaluation Section a minimum of 2 weeks prior to the anticipated
inspection date. Indicate if a flagman or police assistance will be required,
and if an impact attenuator vehicle should be used in the traffic pattern.

. Will access to any locked or gated areas be required?

. Hatches on box beams, fenced in areas, machinery pit areas on movable
bridges, are all areas where a key may be required to gain access to the
structural elements to be inspected.

. Will a bucket truck or snooper be required?

. The need for a larger bucket truck; 40' or 60’ snooper, should be coordinated
with the Bridge Safety and Evaluation office at least 2 weeks prior to the
anticipated inspection date.

. Will special equipment be required?

Scaffolding, rigging, boats, rafts or other special equipment needs should be
discussed with the Bridge Safety and Evaluation office well in advance of the

anticipated inspection date.

Weather Considerations

Considering the possible weather conditions when scheduling inspections can permit
a more thorough and comfortable inspection. Large, open structures over water are
most uncomfortable to inspect in the middle of the winter. Severe cold also impacts
inspections involving climbing and snow/ice conditions preclude traffic control
operations. Conversely, the inspection of box beam members should not be
scheduled during summer months when the temperatures inside closed members can
reach unhealthy highs.

Structures over water should be scheduled during periods of low water or
coordinated at times of low tide to permit complete inspection of the substructure by
wading, where possible.
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TYPES OF INSPECTION

General

Each inspection must be conducted systematically so that all items are inspected with a
minimum of duplication or lost motion.

Some bridges have areas to be inspected that are extremely difficult to reach and may be
inaccessible by snooper or bucket truck. These areas may be viewed with binoculars on
inspections that are not in-depth. Note on the report that normal access was not possible and
record the distance from which the area was viewed. On in-depth inspections, or if any
defects are found or suspected, closer access should be gained by using rigging, scaffolding,
specialized equipment or free-climbing. ( See chapter 6 for additional guidance on inspection
distance requirements. )

Any area that cannot be inspected because of an accumulation of pigeon waste or other
debris, and areas covered by poison ivy or heavy brush, should be reported to the Bridge
Safety and Evaluation Section so a request for cleaning can be made to Maintenance.
Following the cleaning, the area must be re-inspected.

5.2.1 Routine Inspections

Routine bridge safety inspections are conducted every two years on all qualifying
structures defined by the Bridge Safety & Evaluation Section. Typically, these are
structures that have been assigned a bridge number and have spans of 20°. (6 m) or
greater. The Bridge Safety and Evaluation Section provides each inspection team
with a computer listing of the bridges in the team's assigned area to be inspected
during the upcoming period (contract period for Consultants). The team leader then
schedules the individual inspections to comply with the appropriate inspection cycle.

The primary purpose of routine inspections is to identify any critical problems or
deficiencies so corrections can be made before these items present a hazard to the
public. Non-critical deficiencies will also be noted and these deficiencies will be
called to the attention of the Bridge Maintenance Section for their attention.

While some variation in the inspection sequence may be necessary or desirable for
particular bridges, the following sequence is suggested for most bridges:

Inspect the deck from the top.
Inspect the bridge approaches.
Inspect the underside of the deck.
Inspect the bearings.

Inspect the beams/superstructure.
Inspect the abutments and wings.
Inspect the piers.

Nog,rwnhE
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8. Inspect the waterway. The requirements are the same as listed in Section
5.2.2.

Specific requirements for various types of bridges and bridge components are
contained in Chapter 6 of this manual.

In-depth Inspections

In compliance with current Department practice, an in-depth inspection should be
conducted on all qualifying structures every 10 years. The biennial routine
inspection is not normally conducted in the year that the in-depth inspection is made.
An in-depth inspection consists of a "hands-on" examination of all exposed parts of
a bridge to assess and record the physical condition of the bridge, to ascertain that the
bridge is functioning as shown on the original plans and to ensure that the bridge is
adequate to safely carry the intended loads.

A Senior Engineer, knowledgeable in bridge design and inspection, should be present
to assist the normal 2-person bridge inspection team during in-depth field inspections
in accordance with the provisions of Section 3.2.3 of this manual.

For bridges with piers or abutments in water, underwater inspection is mandatory.
Where the waterway is shallow enough to be waded safely, this work will be
performed by the inspection team and will consist of probing the base of all
substructure units in the waterway to locate any scour. In slow moving, clear water,
where the bottom is clearly visible, the inspection team should attempt to perform the
necessary probing and soundings using a raft. If any signs of scour or settlement,
etc. are noted in water that is too deep to wade, then divers should be requested. A
stream cross section is to be provided showing water depths along the upstream
bridge fascia and along each substructure unit located within the waterway. The
intervals between measurement points should not exceed approximately 20” (6 m).
Bridges over waterways that are too large or deep to be safely waded will have the
underwater portion inspected by the underwater inspection team. Requirements for
underwater diving inspections are included in Section 5.2.4.

Bridges over roadways or railroads shall have a new clearance diagram prepared for
each span over a roadway or rail line and for any fixed obstructions above the
inventory route. Specific directions for completing clearance diagrams are contained
in Chapter 6.

A prepared set of drawings, representative of the entire bridge, or photocopies of the
original construction plans should be used to delineate any and all deficiencies on the
bridge. These drawings or photocopies will become part of the inspection report, and
should include dimensions, descriptions and sizes of both the structure and the
deficiencies. A blank copy of these drawings or photocopies should be kept in the
bridge file to be used for future in-depth inspections or to have on hand as needed.
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Prior to the inspection, parts of the bridge may require cleaning by means of hand
tools, water blasting or other methods. Access to structural members may be gained
by climbing the structure or by using ladders, rigging, scaffolding or mobile
equipment, such as bucket trucks and snoopers.

A visual examination may identify signs of distress, distortions, latent defects, loss of
section or deterioration. If these signs are found, further detailed examinations may
be necessary. Such examinations include using non-destructive testing such as dye
penetrant, ultrasonic, radiographic (x-ray) and magnetic particle tests; using a "D"
meter to check the thickness of metal remaining; taking cores or drilling for
laboratory testing and/or dismantling assemblies. This work should only be
performed under the supervision of an experienced bridge engineer.

Every component and member of the structure must be physically inspected during
an in-depth inspection. The use of binoculars to observe areas that are difficult to get
to is not permitted. Only in extenuating circumstances and with the prior approval of
the Supervising Engineer shall these procedures be excused. If any pre-approved
areas do not receive "hands-on" inspection, they shall be so noted in the inspection
report.

A complete photographic record of the bridge shall be taken at each in-depth
inspection. In addition to the bridge identification photo, a sufficient number of
clear, color photographs shall be taken to illustrate the following:
a) Appearance of bridge from both approaches.
b) Appearance of both approaches from the bridge (omit these if the
bridge is short enough for the bridge approaches to be viewed when
looking through the bridge structure in "a" above)

C) Appearance of bridge in each elevation (several photos may be
required to show bridges that cross a number of features).

d) Appearance of upstream and downstream channels on water
crossings.

e) Typical condition and configuration of major superstructure and
substructure types.

f) Typical utility installations.

Q) Identification and description of any significant problem areas as
described in Chapter 6.
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5.2.3 Interim and Miscellaneous Inspections

5.2.3.1 Interim Inspections

Interim inspections may be required to monitor a particular known or
suspected deficiency such as: scour, settlement, deteriorated member
condition, usage of a load posted bridge, bearing or parapet joint
measurements, pin and hanger measurements, etc.

5.2.3.2 Damage Inspections

Damage inspections are normally conducted immediately following any
incident that may have an effect on the structural integrity of a bridge. The
inspection is conducted by various personnel assigned by the Manager of
Bridge Safety and Evaluation depending on the seriousness of the incident.

Bridge Hit:

1. Assess the damage. This may require getting traffic control to allow
access to the damaged area.

. Inspect the damaged members to determine the extent and
seriousness of the damage. Determine if the bridge is safe to
carry traffic, if emergency repairs are needed or if the bridge
should be closed.

. Notify the Supervising Engineer if there is a safety problem.
. Document the damage with diagrams and photographs.

2. Prepare a Bridge Hit Report (Use Alncident Report= form in
Appendix E).

. Check and record if the bridge is posted for less than legal
weight limits, for a vertical clearance restriction or for a
reduced speed. Also check to see that posting signs are in
place and legible.

. Record the date and time (if available) that the bridge was hit.
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D' Numbers and "'B"* Numbers

Whenever a state-owned bridge is involved in an accident, ConnDOT personnel are
required to inspect the bridge for damage. Special numbers are created to charge
time and material costs to. The charge numbers are as follows:

"D™ numbers are created by the appropriate District Maintenance office
when maintenance work is required to repair damage to a bridge.
Both Maintenance and Bridge Safety personnel charge to this

number.

"B numbers originate in the Bridge Safety and Evaluation office and are
used when only bridge inspection is required and damage is not
significant enough to warrant repairs by Maintenance.

After inspection or repair work is performed by the Department personnel, a
Maint.-014 form is filled-out by the office staff. This form is sent to Accounts
Receivable. The Department's Accounts Receivable section is charged with billing

the responsible party(s) to reimburse the State for costs incurred.

Record the name of the owner and the type of vehicle that
damaged the bridge. Note the length, height, estimated
weight and number of axles of the vehicle. Attempt to
determine if an overheight/overweight vehicle was involved
and if it was a vehicle requiring a permit, that the permits
were obtained and current.

Check and record the direction the vehicle was traveling at
the time of the accident. Request a copy of the police report
or accident report. It may be necessary to check the accident
report to determine the direction the vehicle was traveling.

Describe and document the damage with field sketches
(including a plan view and details), verbal description and
photographs.

Document any actions, such as closing the bridge or
restricting speeds, which were taken. Describe your
recommendations for additional action to be taken by others.

Record the date that repairs are completed by maintenance
forces. Repairs will likely not be completed while you are
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inspecting the damage, and it may require a follow-up visit to
the bridge to answer this question.

o Record any additional remarks concerning the damage.

. Attach a copy of the accident report, if possible.

. Submit the Bridge Hit Report immediately after the initial
inspection. Submit a supplemental report (a photocopy of the
original) when repairs have been made. A clearance diagram

should also be submitted for an overhead type collision.

5.2.3.3 Flood Surveys

Flood surveys are usually conducted by the Hydraulics and Drainage Section
and information collected kept in their files.

5.2.3.4 Deck Surveys

Deck surveys for concrete decks are taken to more accurately determine the
overall condition of the deck than is done by normal visual inspection. Deck
surveys may be performed to determine if a deck can be effectively repaired
or if replacement is required. These surveys may also be used to outline
areas that will be repaired as part of a project.

The survey includes a compilation of visual examination, hammer tapping to
locate delaminations on bare decks and additional testing as deemed
necessary. The most common testing procedures include electric potential
("Half Cell") tests to determine if reinforcing steel is in a passive or active
corrosion state, and chloride ion analysis where concrete powder samples are
removed from the deck for laboratory analysis to determine if the chloride
ion content is high enough to create an environment that is conducive to
corrosion of the steel. Electric potential tests are performed on bare deck
surfaces, while chloride ion test samples can be taken even when the deck is
overlayed.

The procedure for performing a deck survey is as follows:
1. Coordinate:

a) The necessary traffic control.

b) Materials testing personnel if chloride ion tests will be done.

C) Obtain drilling and testing equipment required to perform
electric potential tests and to collect chloride samples if
necessary.
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The weather should be good enough to permit traffic control
operations and the deck relatively dry to obtain reasonable test
results.

Prepare sketches (to scale) of the topside of the deck for each span.
Layouta 10’ x 10 max. (3 m x 3 m) grid on the top of deck sketch to
be used for taking the electric potential readings and locating areas of
deck deterioration. Start the grid 1' - 2' (0.5 m(+)) off each curb line.

Once traffic control has been placed, layout and mark the grid on the
bridge deck to match what is on the prepared sketch. Work in stages
using available lane closure area.

If electric potential readings are to be taken:

o Locate a reinforcing bar in the deck that can be used for the
electrical connection for the test. Anexposed bar in a spalled
or bituminous patched area is best, if this is not available, use
a pachometer to locate an encased bar. Locating a bar near
the center of the span will minimize the length of wire
required.

o Drill a hole to the bar or otherwise expose it to allow
connection of the half-cell lead wire. The bar should be
cleaned or slightly gouged to permit connection to clean steel.

. Take and record electrical readings at each grid point.

o Repair drill holes with approved patching material upon
completion of testing.

Check for deterioration.
. Chain drag or hammer tap bare decks to locate delaminations.

. Visually check the deck surface for cracking, spalling,
scaling, etc. and plot these deteriorations on the prepared to
scale sketches noting sizes and using the marked grid for
reference. Estimate the percentage of the area previously
repaired. For overlayed decks, inspect the condition of the
overlay noting any past maintenance repairs to the overlay or
deck itself. Cracks and patches may indicate that there is
deterioration of the deck surface beneath the overlay. Patches
that do not hold and must be continuously redone are a sign
of deterioration of the deck surface. Look for signs of
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discoloration or cement paste on the overlay around cracks
and patches. This may indicate that the deck surface is
deteriorating and the cement is pumping up through the
overlay.

Visually inspect the underside of the bridge deck locating
areas of deterioration and noting their size on the prepared
underside sketch. The coincidence of bad areas on the bottom
with those found on the top should be noted.

If hatched or shaded areas or abbreviations are used on the
sketches, a legend that explains their meaning should be
included.

If the deck has no noticeable deterioration, it should be noted
as such on the sketches.

Inspect the condition of the deck joints as described in Chapter 6.
Note the type and quantity of deterioration. Attempt to determine if
the joint is waterproof and functioning as intended.

Take pictures:

Show typical condition areas: General views and close-up of
both the topside and underside.

Show areas with significant deterioration.
Show areas of major repairs.

Record joint conditions.

Upon completion of the deck survey, ensure that the deck surface is
clear of any debris from the testing operations and that traffic control
is removed.

5.2.3.5 Fracture Critical and Fatigue Sensitive Member Inspections

For the most part, the fracture critical and fatigue sensitive member
inspection will be performed with the biennial inspection as noted in the
specific sections of Chapter 6. The following is a general list of what shall

be inspected:

All exposed surfaces of metal load path nonredundant superstructure
elements shall receive a 100% close-up, "hands-on" visual inspection
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during each inspection. Areas to receive this "hands-on" inspection
include areas subject to tension stress and stress reversal. Members
may consist of riveted, bolted, or welded construction. For bridge
inspection purposes, superstructures consisting of two girders
(including box girders) or trusses are considered load path
nonredundant. [Refer to the FHWA manual "Inspection of Fracture
Critical Bridge Members"].

All exposed surfaces of metal load path nonredundant pier caps (cap
girders) shall receive a 100% close-up, "hands-on" visual inspection
during each inspection. This includes areas subject to tension stress
and stress reversal.

For bridges with redundant load path superstructures, all AASHTO
fatigue category D, E, or E' details [Refer to BITM '90 Section
18.5.3 and FHWA manual "Inspection of Fracture Critical Bridge
Members", Chapter 3] shall receive a 100% close-up, "hands-on"
visual inspection as part of each inspection for bridges carrying
interstate or limited access highways. For bridges not carrying
interstate or other limited access highway, a rotating 25% of these
details shall receive "hands-on™ inspection at each routine inspection.

All exposed surfaces of all pin and hanger details and all exposed
primary member surfaces within 3 ft (1 m) of pin and hanger details
shall receive a 100% close-up, "hands-on" visual inspection during
each inspection. This shall be done regardless of redundancy. See
Chapter 6 for additional information and documentation requirements
for pin and hanger inspections.

Tension and stress reversal zones of metal members shall be
examined for the presence of tack welds, remaining original welded
erection aids, remaining original groove weld back-up bars, plug
welded holes, and other existing weld details, situations, or
conditions not part of the original design. If any of these situations
exist, they shall receive a 100% close-up, "hands-on" visual
inspection during each inspection. This shall be done regardless of
redundancy.

All fracture critical zones, all load path nonredundant members,
fatigue prone weld details and all other areas identified as requiring a
100% close-up, "hands-on™ inspection shall be clearly delineated in a
specially prepared "Fracture Critical Data Sheet" for each appropriate
bridge inspection report. Whenever an inspection report has a
"Fracture Critical Data Sheet" (See Appendix C) to highlight special
items of inspection concern, the section shall be preceded by a title
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cover sheet boldly stating, "Details or Situations Requiring Special
Attention During Inspection.”

7. In general, all connections welded to a primary member shall be
considered part of the primary member.

8. When a bridge element receives a 100% close-up, "hands-on" visual
inspection under these provisions, a note shall be placed under
Additional Notes on inspection form BRI-18 stating that the required
100% "hands-on" inspection was performed. This note shall
specifically list those elements of the bridge that received the
required 100% "hands-on" inspection.

9. Other details, situations, or conditions of special concern may be
highlighted for special inspection emphasis even if the specific
situation is not itemized in this list of elements to be inspected.

5.2.4 Underwater Inspections

An underwater inspection shall generally be performed on any qualifying structure
where the water depth around any of the substructure units is greater than 30 inches,
and inspection using hip boots and/or a raft is impossible or impractical because of
poor underwater visibility, swift current, soft bottom conditions, accumulated debris
or low headroom.

Underwater inspections involve visually and tactually inspecting all the exposed
underwater components of the structure. This includes, but is not limited to,
abutments, piers, footings, piles, and fender systems. Also, soundings of the channel
are taken to identify scour problems. This work shall be performed in conformance
with all Federal and State regulations including Title 29 OSHA regulations Part 1910
Subpart T "Commercial Diving Operations"” of the Code of Federal Regulations,
Chapter 17 of the BITM '90, and the FHWA’s manual Underwater Inspection of
Bridges (UIB).

Routine Underwater Inspections are performed along with the above-water
inspections. (See Section 3.2.2.4.) These inspections will generally be 80% Level |
and 20% Level Il as defined in the UIB. If deterioration is found or suspected, an
inspection of the deteriorated areas shall proceed to higher levels depending on the
seriousness of the deficiency and criticality of the component being inspected. In
some cases, the underwater inspection team will be required to perform a Full
Inspection, which involves inspecting the entire structure. (See Section 5.2.1.)

Interim Underwater Inspections are routine underwater inspections performed more
frequently than every two years.

Special Underwater Inspections are performed in order to monitor known or
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suspected deficiencies such as scour, pile deterioration or foundation undermining,
and to determine the impacts of flood conditions. This inspection will generally be
focused only on a specific area or member. The inspection report should give an
update of the condition that precipitated the special inspection. This type of report
should contain Report Content Item Nos. 1, 3, and parts of 4 through 8.

Report Content

1. Cover Sheet: A cover sheet with the bridge number, feature carried, feature
crossed, type and frequency of inspection performed (Routine Full, Routine
Underwater or Interim), name of company performing the inspection, and date of
inspection. The Project Manager, or an Engineer above the level of Project Manager,
shall sign, date and affix his/her P.E. stamp to the cover. At the bottom of the cover
sheet, a signature line shall be provided for the signature of the Bridge Safety staff
member performing the in-house review.

2. Table of Contents

3. Executive Summary: This section shall list all recommended corrective
actions and an estimate of repair quantities for significant or enumerated defects.

This section shall also summarize the scour history at the bridge including any
maintenance work performed. The portions of the structure that are constructed on
pile foundations or ledge shall be indicated. A statement shall be made of the
susceptibility of the stream and/or the streambed to change, including past or
potential horizontal stream migration and vertical stream degradation or aggradation.
Information on all scour countermeasures present at the bridge, such as rip rap, spur
dikes, protective walls, etc., shall be provided along with general construction
dimensions and descriptions of current condition.

4. BRI-59: The Standard Bridge Inspection Form BRI-59 is the General
Information Form. This form will be used to inventory the location of the structure
and the site conditions.

5. BRI-58: The Standard Bridge Inspection Report Form BRI-58 is the
Condition Rating Form. The ratings shall reflect the directions given in Chapter 6 of
the BIM and the FHWA "Coding Guide", as revised. Additionally, a narrative
description shall be provided for each applicable item rated "7" or less.

6. Drawings: All drawings should be prepared/updated using the Department's
current digital CADD file format. In order to maintain historical data, new
measurements and deficiencies should be plotted using existing sounding grids,
cross sections, and plan and elevation views, when prior CADD files are
available. If existing drawings (grids) are not available, or there are major errors in
the layout of the drawing (grid), a proposed drawing (grid) format, using the
guidelines below, should be submitted to the Manager of Bridge Safety for approval.
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The maximum size of the drawings should be 11 inches x 17 inches. The orientation
of all substructure units should be referenced as previously established in prior
inspection reports. Note that all dimensions shall be in English units.

A. Stream Plan Views

The plan views shall show the elevations of the stream bottom from a reference
datum. Whenever possible, from the original plans or survey data, the reference
datum shall be tied to a National Geodetic Vertical Datum (NGVD) or other
established elevation datum. Elevations of the stream bottom shall be
determined by sounding, fathometers, or other Department approved means. The
datum from the previous report and the soundings from that datum shall be
shown in English units in parentheses on the drawing so that comparisons can
easily be made to the previous inspection cycle.

For structures with a span length of less than or equal to 50 feet, soundings
shall be taken on a 10 foot by 10 foot grid around and between all substructure
units beginning with the vertical face of the substructure unit. The grid should
extend 50 feet up stream and 50 feet downstream from the ends of the
substructure units to show changes in the adjacent stream bottom. See Figure
5.2.4a. No grid is required through a box culvert unless there is debris or
sediment buildup. However, a grid of the stream is required upstream and
downstream of the box culvert.

For structures with span lengths greater than 50 feet, the grid shall consist of
four parallel rows of soundings at 1 foot, 10 feet, 25 feet and 50 feet from the
longitudinal face of the substructure units. Beyond this point, the grid intervals
are 50 feet. Under the structure, the grid (starting at each end of the substructure
unit) shall be 3 spaces at 10 feet then continue at 15-foot intervals. The spacing
of the rows of the soundings upstream and downstream of the structure shall be
at 1 foot, 10 feet, 25 feet, 50 feet, and 100 feet from the ends of the substructure
units. See Figure 5.2.4b. Additional soundings should also be taken at the
upstream and downstream centerline of the piers. Soundings shall be taken at
each point where the grid intersects.

Additional soundings shall be taken if a non-linear surface profile greater than 1
foot / 10 feet is identified. Furthermore, if the top of the footing is exposed, an
additional row of soundings shall be taken at the face of the footing.

Bathymetric surveys are also performed on selected bridges in place of the above
soundings. If this is required for a particular structure, a completed survey shall
be included in the report. The contour interval shall not exceed 2 feet. The
survey shall extend 175 feet upstream and downstream from the ends of the pier
or abutment footings. The prior datum should always be maintained.
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No grid is required through box culverts unless there is debris or sediment build up.
However, the grid is required upstream and downstream of the box culvert.

Figure 5.2.4a — Sounding Grid for Bridges with Span Lengths < 50Feet
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stem for future soundings.

2. Additional soundings shall be taken if the surface profile is greater than 10% slope to show irreqularity
and the results shall be shown in the drawings.

Figure 5.2.4b — Sounding Grid for Bridges with Span Lengths over 50 Feet
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B. Stream Cross Sections

The cross section should be taken 1 foot from the upstream face of the
substructure units looking downstream. The limits of the cross section shall be
the apparent high water mark.

The cross section shall contain the most recent stream cross section as well as all
past stream cross sections in order to show a historical representation of the
movement of the stream bottom over the life of the structure. (See Figure A-12-3
in Appendix 6.12.)

Where information is available from original construction plans or other
investigations, the foundation type shall be given including the type, size and
length of the piles or note if founded on bedrock. When an undermining
condition exists, cross sections of the undermined portion of the substructure
must be provided with dimensions of the undermined area.

C. Substructure Plan and Elevation Views

The report shall contain plan and elevation views of each substructure unit
inspected. All deficiencies found during the inspection shall be plotted on the
drawings and described by their size (i.e. length, width, depth) and location.
Approximate bottom of footing lines, below the mudline, should be shown as
dashed, "hidden" lines, on the substructure elevation views.

7. Photographs: Photographs of upstream and downstream approaches,
elevations of the bridge and typical substructure units, and any deterioration causing
a rating of "5" or less shall be provided. Underwater photographs are generally not
required but may be submitted if underwater visibility permits and the subject is of
particular importance. All photographs shall be taken using digital cameras.

8. Field Notes: All field notes, field forms and other sketches actually prepared
in the field at the time of the inspection shall be submitted with the report.

Semi-Final Construction Inspections

Semi-final bridge construction inspections are conducted as bridge construction
operations near completion while the Contractor is still available to make
corrections. The purpose of the Semi-final inspection is to prepare a "punch list" of
items that need completion or correction. An in-depth inspection of the newly
completed construction is performed to complete the "punch list" and to provide a
condition and dimensional "bench mark" that will be referenced on future
inspections. On new structures the entire bridge will receive the in-depth inspection.
This will include preparing all the required Structure Inventory and Appraisal
information. On rehabilitation projects, only the repair areas require an in-depth
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level of inspection. Ideally, the entire bridge should receive its normally scheduled
biennial inspection at the same time as the Semi-final construction inspection.
Bridge safety inspectors should realize when preparing the "punch list" that the
Contractor cannot be required to perform any work outside the scope defined in the
construction contract, plans and specifications. This should not prevent the inspector
from preparing a second, separate list of items on the bridge that might require
attention. If it is deemed necessary, some repairs might be added as extra work to be
completed by the Contractor on site.

Semi-final construction inspections require close attention to detail. The bridge is
not only being inspected for safety, but also for consistency with the construction
contract documents and for quality in the completed product.

It is imperative that the inspectors have access to the construction plans and
specifications prior to performing the Semi-final inspection and that they make
themselves thoroughly familiar with the work done.

The Bridge Safety Inspector must coordinate the timing of the semi-final
construction inspection with the Construction Inspector on the project. The
Contractor should be aware of the Bridge Safety Inspector's presence on the job site.
Inspection access may be provided by the Contractor after arrangement with the
project Construction Inspector.

RECORD KEEPING AND DOCUMENTATION

A good bridge inspection reporting system is essential in order to protect the lives of the
public and to protect the public's investment in bridge structures. It is necessary to employ a
uniform bridge inspection reporting system because of the requirements that must be
fulfilled for the National Bridge Inspection Standards (NBIS). A uniform reporting system
is essential in evaluating, correctly and efficiently, the condition of a structure. Furthermore,
it is a valuable aid in establishing maintenance priorities and replacement priorities, and in
determining structure capacities and the cost of maintaining the nation's bridges. The
information necessary to make these determinations must come largely from the bridge
inspection reporting system. Consequently, the importance of clear and complete inspection
reports cannot be overemphasized.
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5.3.1 Bridge Inspection Report Format

The bridge inspection report is a complete record of the bridge inspection. It
contains the field notes and sketches completed during the inspection, completed
standard inspection forms, supporting photographs, an executive summary, and
possibly a Bridge Maintenance Memo, if required. Inspection reports may contain
bridge plans if they were not previously on file or rehabilitation plans if work has
been done on the bridge. Load rating calculations may be submitted under separate
cover if there has been deterioration, modifications or a change in the dead loads on
the bridge since the last inspection.

ConnDOQOT bridge inspection forms BRI-18, BRI-19, and BRI-25 (See Appendix C)
form the core of a highway bridge inspection report. Form BRI-18 is a complete
description of the condition of each component of the bridge. Field notes, sketches,
and photographs that are used to more clearly describe or supplement the information
recorded on form BRI-18 should be referenced on this form. Form BRI-19 gives all
the Inventory data relative to the bridge, and form BRI-25 provides Inventory data on
any state numbered routes that pass under the structure.

In general, the format of the completed bridge inspection report will be:
1. Cover page with bridge identification.
2. Table of Contents (BRI-27).
3. Executive Summary.

4. Form BRI-18 with any attached sheets, such as mechanical or electrical
reports, as necessary, to clarify items on the BRI-18.

5. Field Notes/Sketches. Clearance diagrams, which are used for the BRI-
19, 25 or 39 forms, are placed first. The remainder of the field notes are
put in the same order as the items they support on the BRI-18 (deck,
superstructure, substructure, waterway, approaches).

6. Photographs.

7. Calculations - Repair Quantities or Deterioration Percentages.
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Additional forms/information that is submitted with the inspection report, but not
bound together with the above material:

1. Inventory Coding Forms BRI-19 (or BRI-39 for railroad structures) and
BRI-25 (if required). These forms are submitted with, but not bound into
the inspection report so that they can be separated for computer data
entry

2. Maintenance Memorandum (if required). See Chapter 9. The Bridge or
Rail Maintenance Memorandum is not bound into the inspection report
so that it can be forwarded to the Bridge Maintenance Department.

3. Form BRI-11, Seismic Screening Data Sheet, or Form BRI-12, Fracture
Critical Inspection Data Sheet, only if these are not already on file in the
bridge record. New forms may be required, however, if the bridge has
been rehabilitated or modified.

4. PONTIS element data collection form/report.

5. Bridge Plans or Rehabilitation Plans. These are submitted only if they
are not already on file in the bridge record.

5.3.2 Executive Summary

An Executive Summary is required to be submitted with the inspection report on
all Class 3 inspections (routine and in-depth) and all Class 2 in-depth inspections.
The Executive Summary, located in the beginning of the inspection report,
should provide a general description of the structure and give the overall
condition of the main components. Specific, serious deficiencies may also be
highlighted in the summary to call attention to their presence.

The following information should appear in the first paragraph of the summary to
describe a bridge: Bridge number, feature carried, feature crossed, town, number of
spans, type of construction, overall length of structure, width of roadway carried,
date of construction, dates of any major rehabilitations, the current load capacity of
the structure.

The overall condition rating of the structure should then be given followed by the
condition of each main structure component; Deck, Superstructure, Substructure,
Channel, Culvert, Approach. A statement that reflects the overall condition of each
main component should include minor deteriorations that do not require repair.

e.g.. "Superstructure The superstructure is in satisfactory condition
(Overall Rating = 6) with areas of light rust along the bottom flanges."

Following the overall condition description for each component, should be a list of
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deficiencies that require repair or items that should be monitored on future
inspections. Items that require repair should include an estimated quantity for the
required repairs.

e.g.. 1) There is an area of heavy rusting on the fascia of beam 1 at the
south abutment. Clean and spot paint 4 SF.

2.) The bearing anchor bolts are missing at beam 3 at the west
abutment. Weld bearing keeper angles at this bearing.

Field Notes and Field Forms

Field notes and field forms, including sketches, are completed at the bridge site to
record conditions observed during the inspection. Field notes and sketches allow the
inspector to describe the type, size, and location of defects observed more completely
than the limited space on form BRI-18 allows. For this reason, it is important to
cross reference the detailed statements contained in the field notes to the more
general descriptions contained on the BRI-18.

All field notes should be neatly prepared and every effort should be taken during the
inspection to keep sheets presentable during the course of the inspection. All field
notes are part of the "historic record” of the inspection and must be submitted with
the inspection report. Sheets that are neat do not need to be recopied. As a
minimum, all field note sheets must be identified with the bridge number, date the
sheet was worked on in the field, and the inspection crew names.

Introduction to Condition Rating Coding System

The condition of an element, member, or component is an evaluation of its current
physical state compared to the as-built (new) condition.

The inspector should evaluate each element of a given component and assign to it a
broad descriptive condition rating of "good," "fair,” or "poor,” based on the
deficiencies found on the individual element. The following guidelines should be
used in establishing an element's condition rating:

3 Good - element is limited to only minor problems.

3 Fair - structural capacity of element is not affected by minor deterioration,
section loss, spalling, cracking, or other deficiency.

3 Poor - structural capacity of element is affected or jeopardized by advanced
deterioration, section loss, spalling, cracking, or other deficiency.
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To ensure a comprehensive inspection and as a part of the requirements of record
keeping and documentation, an inspector should record the type, size, quantity, and
severity of deterioration and deficiencies for each element in a given component.

The FHWA "Recording and Coding Guide for the Structure Inventory and Appraisal
of the Nation's Bridges™ uses a numerical condition rating system to evaluate the
condition of various bridge components. These rating guidelines can be applied to
the various items on ConnDOT Structure Appraisal Form BRI-18.
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Description
NOT APPLICABLE

EXCELLENT CONDITION
VERY GOOD CONDITION - no problems noted.

GOOD CONDITION - some minor problems.

SATISFACTORY CONDITION - structural elements
show some minor deterioration.

FAIR CONDITION - all primary structural elements are
sound but may have minor section loss, cracking, spalling,
or scour.

POOR CONDITION - advanced section loss,
deterioration, spalling, or scour.

SERIOUS CONDITION - loss of section, deterioration,
spalling, or scour have seriously affected primary
structural components. Local failures are possible.
Fatigue cracks in steel or shear cracks in concrete may be
present.

CRITICAL CONDITION - advanced deterioration of
primary elements. Fatigue cracks in steel or shear cracks
in concrete may be present or scour may have removed
substructure support. Unless closely monitored it may be
necessary to close the bridge until corrective action is
taken.

"IMMINENT" FAILURE CONDITION - major
deterioration or section loss present in critical structural
components, or obvious vertical or horizontal movement
affecting structure stability. Bridge is closed to traffic,
but corrective action may put bridge back in light service.

FAILED CONDITION - out of service; beyond corrective
action.

The numerical condition ratings should characterize the general condition of the
entire component being rated. They should not attempt to describe localized or
nominally occurring instances of deterioration or disrepair. Correct assignment of a
condition rating must, therefore, consider both the severity of the deterioration or
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disrepair and the extent that it is widespread throughout the component being rated.
However, in some cases, a deficiency will occur on a single element or in a single
location. If that one deficiency reduces the load carrying capacity or serviceability of
the component, then the element can be considered a "weak link" in the structure,
and the rating of the component should be reduced accordingly.

Structure Inventory and Appraisal Forms

Structure Inventory and Appraisal (SI&A) forms are a graphic representation of the
data elements collected for each bridge (qualifying structure) to comprise the
National Bridge Inventory (NBI) database. The pertinent data needed to describe the
type, size, location, condition, etc. of each bridge is collected and coded on these
forms in accordance with the FHWA "Recording and Coding Guide for the Structure
Inventory and Appraisal of the Nation's Bridges."

It is important to note that the SI&A sheet is not an inspection form. Rather, itis a
summary sheet of bridge data required by the FHWA to effectively monitor and
manage the National Bridge Inspection Program and the Highway Bridge
Rehabilitation and Replacement Program.

ConnDOT Forms BRI-19 and BRI-25 (See Appendix C) are used to code and record
the necessary NBI data as described in the FHWA "Coding Guide." Form BRI-19
contains the inventory data for the road on the bridge plus the bridge structure itself.
Form BRI-25 is used to code inventory information for routes that pass under the
bridge, generally State numbered highways. While every structure has one (1) BRI-
19 form associated with it, there may be no BRI-25 form (as for structures over
water) or several BRI-25 forms for large structures in interchange areas.

The information contained on the forms is a compilation of both office data and field
inspection results. Measurements and dimensions are normally taken from the
original plans and verified in the field. Once a bridge has been inventoried, the
majority of the SI&A items will remain unchanged. Only specific items, which are
identified on the BRI-19 and 25 forms, need to be coded or verified on every
inspection.

Inspectors should carefully explain changes in coded items when there is no obvious
reason (like a rehabilitation project) to explain why certain dimensions or coded
values ought to change. For example, a paving project or restripping of a roadway
under a bridge might cause under clearance dimensions to change. Unless explained,
it might not be obvious why these values are being changed on the form.
Furthermore, coded dimensions may not coincide with original design plans because
field measurements proved that a particular item has been repaired, replaced or not
built according to plan. Office personnel should not adjust coded values based on
plan information without confirming that field conditions match the plans.
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Photographs

The old saying "A picture is worth a thousand words" is certainly applicable to
bridge inspection reporting. Sometimes, no amount of written description can
convey the same information like a simple photograph can. For this reason,
photographs form an important part of every bridge inspection report and all bridge
inspectors should be familiar with basic camera operation and photographic
techniques. Reading the operation manual that came with the camera you are using
will normally provide enough basic information and guidelines to allow you to take
the commonly required photographs.

All inspection photographs shall be taken using digital cameras. Digital cameras
shall have a minimum photo quality of 756 x 506 pixels with 24-bit color. A video
camera, available from the main office, may be used where specially required.

It is important to keep track of photos taken. For this reason, it is necessary to keep a
photo log of the pictures taken at each structure (See Figure 5.3.6a). The structure
identifier, date, and description of what is in the photo (including exact location of
detail shots) should appear next to the number of the photo. Photographs in the
inspection report should be printed two to a page with both photos viewable from the
same direction and individually labeled. Labels must be legible while viewing the
mounted print.

Bridge No. Date
Town Inspectors
Carried Crossing
Photo # | Image Description
1 Bridge ID
2 East Elevation
3 Bridge from South Approach
4 Typical Underside (Span 4)
5 Span 3, Beam 4 Bearing Pedestal Spalled at Pier 3

Figure 5.3.6a - Sample Photo Log
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Photographing the bridge:

Upon arrival at a bridge site, before shooting bridge images, take a picture of
the bridge number located on the bridge. If the number is known, but cannot
be found or is not legible, photograph the number after writing it on a sheet
of white paper. Use large text and a dark, thick tipped marker when writing
numbers and letters to be photographed. This insures legibility, even if the
photo is slightly out of focus.

After taking the ID photo, the following general descriptive photos should be
taken:

1) An elevation (side view) of the bridge.

2) A picture of the bridge from the approach showing the roadway on
the bridge (preferably from the On-Traffic side so that signs are
readable and railing transitions are visible).

3) A typical underside photo showing the main superstructure.

These photos may be omitted if the existing photos available in the file (See section
5.1.1) are adequate to show the general configuration and description of the bridge.

There are other photos required for in-depth inspections that are discussed in Section
522

Documentation photographs for an inspection should include photos of significant
defects and photos necessary to describe deterioration conditions. As a minimum
this should include photos of items rated "5" or less and items that will require
maintenance repairs. Conditions found during the inspection that might cause you to
change a previously coded condition rating (up or down) may be desirable to
photograph to show changes in condition that justify your coding. Keep in mind,
that it is easier to photograph something when you are there than to have to go back.
This is especially true when special access equipment or traffic control is involved.

Hint Inthe course of photographing some details (like steel or concrete cracking)
there may be an inclination to get a close-up of a small detail. Sometimes
this is necessary or desirable, but frequently it is more helpful to back-up
enough to show the overall picture such that the significance of the defect
can be related to its location on the bridge. For example, a close-up picture
of a crack in a piece of steel may not give any scale and may look like any
other crack. However, an overall picture that shows the whole connection
detail, with the crack, gives the crack some graphic description of its size and
the criticality that it presents to the total connection. When itisn't possible to
do this successfully, it may be desirable to take both the detailed photo and
the overall picture.
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Be aware that while photos are important and can be a great help in clarifying
conditions, they are not a replacement for good notes and sketches. The photograph
will not give you the amount of steel section loss shown or otherwise quantify
deteriorations being illustrated. One way to partially accomplish this is to include
some type of ruler or measuring device in the photo to lend scale to the image.
Another helpful technique to use when taking detail pictures is to label the detail
being photographed. Draw an arrow to the defect, using keil or a marker, and label
the exact location right on the member to be photographed.

Documentation For Items Rated ''5" Or Less

All items with a condition rating of "5" or less should be documented with sketches
in sufficient detail to allow for as-inspected rating calculations to be performed, and
such that future inspections can determine if the condition has deteriorated. This
documentation should include sketches and/or photographs of the deteriorated areas.

All sketches should be prepared in accordance with Section 5.3.2 Field Notes and
Field Forms. Sketches should be drawn to scale as much as possible. Sketches
should contain a North arrow, or other means of providing proper orientation (i.e.
stream flow direction, geographic features, etc.). All members should be labeled
using the nomenclature from the design plans (if it is known) or another
nomenclature defined on the sketch (i.e. “Stringers numbered from North to South”).
Documentation of deteriorated areas should include the size of the deterioration (i.e.
height, width, length, depth, etc.) and location along the member (i.e. distance from
nearest support, etc.). All dimensions should be labeled as either field measured (i.e.
using ruler, calipers, etc.) or estimated.

All photographs should be taken in accordance with Section 5.3.5 Photographs.
Sufficient photographs should be taken to show the full extent of the deteriorated
area (i.e. close up views), and its location along the member receiving the condition
rating (i.e. panoramic views). The location of each photograph should be noted in
the field notes.
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CHAPTER 6

CONDITION EVALUATION PROCEDURES

GENERAL

STRUCTURE IDENTIFIER REQUIREMENTS AND PROCEDURE

l. Structure Identifier Requirements

Structures that meet identifying requirements are given a unique structure identifier. The
federal and state regulations are listed below.

| a. Federal Requirements

The National Bridge Inventory (NBI) has the following requirements:

e Structure numbers must be unique.

e An official structure number must be recorded for all highway bridges twenty
feet or greater in length (6.08 meters).

e Structures with Closed Medians should be considered one structure.

I b. State Requirements

e Anofficial, unique structure number is recorded for all inspectable structures that
impact the traveling public, as follows:

1)

2)

3)

Structures meeting NBI requirements (greater than twenty feet and carrying
public highway traffic) are given a number. These structures are part of the
NBI and are reported to the FHWA.

Note: Span Length is measured parallel to and along the centerline of
roadway, as directed in the FHWA Recording and Coding Guide.

Structures less than twenty feet in length (6.08 m) and greater than 6 feet in
length (1.83 m) will be inventoried by the State. Steel culverts and concrete
pipe structures with spans of less than ten feet in length (3.05 m) will not be
inventoried or inspected.

Structures carrying rail traffic within State owned Rights of Way, and with

spans greater than five feet (1.32 m) in length will be inventoried by the
State.
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4) Overhead Sign Support Structures — All State owned or maintained sign
structures over highways, including sign bridge structures, cantilever
structures, and structure mounted signs.

Procedure For Assigning Structure Numbers

The State of Connecticut assigns a structure number (usually a five or six character number,
sometimes with an alpha character suffix) to structures that meet the identifier requirements.
These requirements are listed above under State Requirements.

In addition, the structure identifier field (Item 8) in the National Bridge Inventory (NBI)
allows a fifteen digit number. When reporting the NBI number to the federal government,
the fifteen digit format will consist of a leading blank space, the agency structure number
and then remaining blank spaces will be used to fill in the remaining digits.

The structures that meet numbering requirements, as defined, are assigned in blocks as
follows:

State and NBI Local Structures 00001 - 06299
06500 — 07999
DEP Structures 06300 — 06499
Overhead Sign Support Structures 20000 - 21999
Locally Owned Town Structures 001-001 to
- Less than 20 feet (6.08 m) 169 - 999

- First three digits - Town number
- Next three digits - Bridge number in that town

Railroad Structures *nnnnnR — nnnnnR
& 08000R — 09999R
*Note: Some RR structures were numbered using existing bridge numbers and
adding an R suffix.

A new structure number will only be assigned to new structures in new locations or newly
discovered structures. Bridge structures that are removed and completely replaced in the
same location will retain the same structure number. Bridge structure numbers will be
assigned to a structure in a location and the number will be kept for that location even if the
alignment has changed provided that the structure is performing the same function. The
Supervising Engineer in charge of that area will be responsible for archiving all information
relating to the old structure in that location.

The Bridge Design Unit can request bridge numbers for planned structures at project
initiation. These bridge numbers will be allotted on a project-by-project basis. Bridge
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numbers that are then assigned to bridges on that project should be reported to Bridge Safety
with a brief description of the bridge for inventory purposes.

Structures without any common substructure elements will be given separate
structure numbers. Structures with any common substructure elements and an open
median will be numbered using suffixes (i.e. A, B etc.). The bridge with traffic in
the log direction is designated with the suffix "A" and the bridge in the reverse
direction with the suffix "B".

Structures with any common substructure elements and closed medians will be given
one structure number. Closed medians may have either mountable or non-mountable
curbs or barriers.
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BRIDGE COMPONENT LABELING SYSTEMS FOR INSPECTION REPORTING

Reference: BITM 90 Section 5.3.2

The proper labeling of bridge components is necessary to be able to record and describe the
locations of deficiencies. Normally, the labeling system used on the original construction
plans should be used. If, however, the labeling system on the plans involves duplication of
component numbers that would be confusing in the field, a new labeling system should be
adopted after consultation with the Supervising Engineer for the bridge. Examples of
labeling systems that should be avoided are those that start near the middle of a structure and
move outward toward the abutments or those that start with Span "Al1" and continue with
Spans "P1, P2, ...".

When the above situations arise or when plans for the bridge are not available, bridge
components should be numbered as shown in Figure 6.0a. This labeling system is based on
the logged direction of the route carried by the bridge. Labeling advances from the
beginning to the end of the bridge progressing in the log direction. Beams are numbered
from left to right facing in the log direction.

On town roads, where a log direction may not be established, log should be taken as either
from South to North or from West to East depending on bridge orientation. Abutments
should be referenced by compass direction, in addition to number, to allow someone in the
field to easily orient the labeling system (e.g.: South Abutment (#1) and North Abutment
(#2)). When establishing the bridge orientation, the original construction plans or a compass
should be referenced for a North direction. Bridge orientation should be taken as either West
to East or South to North (Do not use designations such as Southwest Abutment). Note that
it is possible (and common) to have a West to East bridge on a roadway logged North or a
South to North bridge on a roadway logged East. Bridges carrying Interstate 95 in
Connecticut are a good example of structures that frequently have West (#1) and East (#2)
abutments carrying a South to North roadway. Remember that compass direction is
independent of which way the roadway is logged.

Once a bridge labeling system is determined, a key plan should be prepared that shows the
labeling for all the bridge components. This key plan should remain a part of the permanent
file and be referenced for all subsequent inspections. Changes to the key plan should not be
made without the approval of the Supervising Engineer.

Some special features on bridges may have specific identification numbers associated with
them such as light poles, motorist aid call boxes, fire department stand pipes, etc. When
reporting problems with one of these facilities, try to include the specific identification
number on the unit, in addition to the bridge labeling system reference (e.g.: Light Pole #3
West Parapet (CL&P #5374)). This will make it easier for the maintaining agency to locate
the problem and make repairs.
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MEASURING CLEARANCES AND PREPARING CLEARANCE DIAGRAMS

Reference:  The Department's Policy on Posting Vertical Clearances

Clearance diagrams must be on file for all bridges over roadways or railroad. These
diagrams give the necessary horizontal and vertical clearance information needed to
complete the coding items required by the FHWA Recording and Coding Guide for the
Structure Inventory and Appraisal of the Nation's Bridges (Ref. FHWA Coding Guide Items
10, 47, 50, 51, 53, 54, 55, 56). These measurements provide important information on
maximum size vehicles that can pass under or through the bridge structure. Where these
measurements are less than legal minimums, they are used for establishing posted limits on
the bridge.

Clearance diagrams should be drawn as a plan view of the bridge showing all lane markings
and curblines on the roadway, or the position of all train tracks. Roadside or trackside
obstacles including guide rail, substructure elements, top or toe of slopes steeper than 3:1,
etc., should also be shown. Minimum dimensions that are to be coded for the FHWA Items
above, should be labeled on the clearance diagram. See the example in Figure 6.0b.

For multi span bridges, it may be necessary to provide a sketch for each roadway crossing to
adequately record the necessary clearance measurements. For through type structures, (like
a truss) or if the bridge is located in a multi level interchange with roadways overhead, a
clearance diagram for overbridge clearances will be required in addition to an underbridge
clearance diagram.

A new clearance diagram shall be completed on each in-depth inspection. This will permit
complete access to measurement locations by using the traffic control patterns in place for
the bridge inspection. A new clearance diagram will also be required if there is not one
currently on file or any time a change to the roadways at the bridge cause measurements to
change. These changes could include the roadway being overlaid or milled, lane positions
being relocated/adjusted, the addition or relocation of guide rail or traffic barriers, the
addition of a new sign bridge over the structure, etc.

On routine inspections, a copy of the clearance diagram from the last in-depth inspection
shall be included in the inspection report. All minimum clearances shall be verified in each
span of the bridge and enough additional measurements shall be checked to verify that
changes to the roadway (i.e.: lane relocation, overlaying, etc.) have not taken place. The
controlling vertical and horizontal clearances in each span shall be verified on every
inspection. When verifying measurements, dimensions should not normally change unless
there has been some work done to change the measurement. The minimum clearance
dimensions are what is desired. Do not change previously coded clearance measurements
without documentation as to why they have changed.
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Vertical Measurements

For spans over railroads, take vertical clearances at each rail of each track and at both fascias
of each span that crosses tracks. For spans over roadways, vertical clearances should be
taken at each painted line marking (one at the center of double lines), each curbline, at the
edge of pavement, and at all visible breaks in grade where the cross slope on the road
changes direction. These measurements are duplicated at both fascias in each span that
crosses a roadway. When there are no pavement markings on a roadway, clearances should
be taken at the edges of where each lane of traffic is expected to travel, but as a minimum at
each curbline (or edge of roadway) and at the center of the road. Measurements for
overbridge clearances are taken to the underside of the above structure or all sign structures
over the roadway, but not light standards, trees, or overhead wires.

It is important to remember that the objective of these measurements is to locate a minimum
clearance. As such, it may be necessary to take different or additional measurements when
minimum clearances are not at the usual edge of lane or fascia locations.

Example:

The roadway beneath the bridge may have a cross slope with a crown
that is not located right on a lane line. Take the clearance at the
crown of the road.

- If the roadway beneath the bridge has a rise beneath the bridge or is
on a vertical crest curve that peaks beneath the bridge, the minimum
vertical clearance may be located near the middle of the bridge rather
than at the fascias. Be aware of this possibility particularly on very
wide bridges.

- If the road beneath the bridge dips significantly at the bridge, it may
be possible for long vehicles to get stuck under the structure due to
"bridging™ of the truck chassis. If it is suspected that this potential
exists, additional investigation should be requested. Surveying may
be necessary to determine the effective vertical clearance.

- If the roadway beneath the bridge is on a grade, the vertical clearance
to one side of a fascia beam may be less than the other. Check the
fascia edge and interior edge. This will be more prominent on wide
beams like box beams.

- If a bridge beam has a bolted splice or other attachment to the
underside that protrudes from the bottom of the structure, the vertical
clearance at this location should be checked.

- Always check and record the vertical clearances at locations of
impact damage on the bridge.
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Item #10 in the FHWA coding guide is intended to identify the largest (tallest) vehicle that
can move beneath the structure within a 10’ (3.05 m) lane width. If the lane widths where
measurements were taken are greater than the typical 12' (3.66 m), then additional
measurements should be taken to code Item #10. Locate the maximum vertical clearance at
the largest (tallest) lane opening under the bridge. Take an additional vertical clearance
measurement 10' (3.05 m) to either side of this maximum clearance.

When measuring vertical clearances, only a direct reading vertical measuring rod should be
used (bridges with clearances in excess of the normal 25' (8 m) measuring rod are an
exception). Survey leveling rods are not appropriate for this work. The rod must be held
vertical to get the proper measurement. This should be checked using a bubble level on the
rod or by having another inspection team member sight the rod to insure it is plumb. The rod
may be swept back and forth to ensure that the minimum clearance is obtained. Vertical
measurements should be taken to the nearest inch with fractional inches truncated (i.e.: 14'-5
3/4" is recorded as 14'-5").

Currently, vertical clearances of less than 14'-3" (4.34 m) require the structure to be posted
for the low clearance. All clearances less than the posting limit should be carefully verified.
Current policy is to post structures for 3" less than the minimum measured clearance to
account for snowfall, vehicle bounce, etc.

Horizontal Clearance Measurements

Lateral clearances must be measured in accordance with the FHWA coding guide items 47,
51, 55 and 56. All lane widths, shoulder widths, distances to guide rails, fences, and
substructure units or toe/top of slope (greater than 3:1) should be measured and shown.
Lateral clearance measurements from the edge of travel way to a roadside obstruction or
substructure unit should be taken at each fascia of the bridge to locate the minimum in case
the roadway is skewed to the bridge or curved. When measuring clearances at railroad
tracks, measure from the nearest trackside obstruction to the closest rail as well as distance
between rails and distance to adjacent tracks. Caution: Do not lay metallic measuring tapes
across railroad tracks, as they can affect rail signal systems.

When measuring lane widths, note that standard highway designs and normal paving
equipment produce standard size lane widths such as the 12' (3.66 m) lane. Minor deviations
in lane stripping should not be used to show atypical lane configuration if plans are available
to indicate that standard sizes were intended. In general, indicate the typical lane widths if
actual measurements are within +3" (+ 0.08 m). Likewise, paved shoulder widths are
normally intended to be in multiples of 6" (0.15 m). Lateral clearance measurements from
the edge of the traveled way (not the shoulder) to the nearest roadside or trackside obstacle
should be recorded exactly as measured.
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BRIDGE NO. 00723 DATE: 05/10/94
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Figure 6.0b — Example Clearance Diagram
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6.1 DECKINSPECTION

6.1.1 TIMBER DECKS

Reference: BITM 90 Sections 4.2, 7.2, 15.2, 16.2

Inspection Requirements

Routine Inspections:

Inspect the deck in accordance with BITM 90 Section 7.2.

Inspect the top of deck visually observing the condition of the top surface or
overlay. The entire top surface should be observed within a distance of
approximately 12 feet (3 m).

Inspect the entire underside of deck checking for signs of decay, weathering,
and damage. Normally, observation of the decking during the course of the
superstructure inspection will provide an adequate inspection distance.

On the exposed surfaces of the timber decking, discolored areas and areas of
suspected decay or parasite damage should be tapped with a hammer or
probed with an ice pick in an effort to determine the presence of internal
decay or voids. Be careful of frozen timber that may have internal
deterioration but sounds solid due to water frozen in internal cavities.

On laminated timber decks, the laminated surfaces should be examined for
separation. Fasteners connecting the decking to the floor system should be
examined for loosening.

Documentation for Routine Inspections:

Note the type and depth of any overlay on the bridge. Measure the overlay
depth at the edge of deck or at a spalled location if possible. Measure the
height of the curb reveal at several locations along each curb. This may be
used to estimate the overlay thickness if a direct measurement is not possible.
Do not attempt to drive a chisel, spike, etc., through the overlay to determine
its thickness. Doing so may damage any waterproof membrane that might be
in place.

Deck notes should be organized in a span by span manner. Top of deck
deterioration should be located with sufficient detail to correlate to the
underside of deck.

For the top surface and underside of decking, note the size and location of
splits, fungus decay and parasite damage. Also note the location of loose
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attachments to the floor system and the cause of this condition (wood
shrinkage, decay, crushing). Where these cannot be simply described, a
sketch shall be made showing the size and location of the deficiency.

For decks with bituminous overlays, note the size and location of bituminous
patches and spalls. Where these cannot be simply described, a sketch shall
be made showing the size and location of the deficiency.

Typical conditions and deteriorations causing a condition rating of less than
or equal to "5" shall be photographed as outlined in Chapter 5.

In-Depth Inspections:

In addition to the requirements of routine inspections, "hands-on™ access
shall be provided to the entire underside of the deck.

Approximately 20% of all exposed surfaces of the timber decking shall be
tapped with a hammer or probed with an ice pick to determine the presence
of internal decay. Special attention should be given to areas that are wet or
show obvious signs of deterioration.

All exposed surfaces of the timber decking showing surface decay shall be
probed with an ice pick to determine the depth of the decay.

Timber decks with bituminous overlays shall be inspected and locations of
cracking or deteriorated overlay located.

Documentation for In-Depth Inspections:

Sketches of both the top and underside of the deck on a span by span basis
will be required. Top of deck deficiencies should be located with sufficient
detail to make correlation with underside of deck notes possible.

The thickness of the timber decking should be measured and recorded. Give
the actual, not nominal dimension.

A good quality photograph of both the top and underside of the decking, that
documents its overall condition and supports the condition rating, should be
included.
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Report Review

o Review the inspection findings in accordance with established Quality
Control and Quality Assurance procedures.

o The inspection report reviewer should determine if the pattern, quantity and
severity of the deteriorations found support the numerical condition rating
given. The reviewer should compare the present inspection report to past
reports.

Maintenance Concerns

. Proper drainage should be maintained by removing any accumulations of
sand or debris that might trap or hold water on the deck and promote decay.

. Any inspection bore holes created should be plugged.

. Loose or damaged planks should be repaired or replaced where possible.
Also, loose or protruding hardware should be tightened, repaired or replaced.

Figure 6.1.1a — Deterioration of Timber Plank Deck Surface
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6.1.2 CONCRETE DECKS

Reference:

BITM 90 Sections 4.3, 7.1, 7.3, 15.3, 16.3

Inspection Requirements

Routine Inspections:

Inspect the deck in accordance with BITM 90 Section 7.3.

Walk the top of deck visually inspecting its condition. The entire top of deck
should be observed (all spans, both directions) within a distance of
approximately 12 feet (3 m). Normally this can be done safely from the
shoulders without the need for traffic control operations. However, if the
roadway is narrow or traffic speed or volume considerations make it unsafe
to walk the deck without protection, lane closures should be scheduled.

The underside of deck should be viewed from a distance and with sufficient
lighting to detect cracks 1/32" (0.5 mm) wide and larger. Normally,
observation of the deck during the course of the superstructure inspection
will provide an adequate inspection distance.

On the underside of deck, all areas of suspected delamination and at least
10% of those areas showing cracking, scaling, wetness or staining shall be
tapped with a hammer to determine soundness.

For precast deck slabs, in addition to the normal concrete deck inspection, the
deck panel anchorages and connections should be inspected (if possible).

Inspection of bridges with stay in place forms should follow the procedures
for concrete decks, except rusting will be the primary visible deterioration on
the underside. For bridges with severely rusted forms, spot locations may
have the forms removed and the concrete inspected.

Documentation for Routine Inspections:

Note the type and depth of any overlay on the bridge. Measure the overlay
depth at the edge of deck or at a spalled location if possible. Measure the
height of the curb reveal at several locations along each curb. This may be
used to estimate the overlay thickness if a direct measurement is not possible.
Do not attempt to drive a chisel, spike, etc., through the overlay to determine
its thickness. Doing so may damage any waterproof membrane that might be
in place.
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. For decks with bituminous overlays note the size and location of bituminous
patches, spalls and any concrete staining. Where these cannot be simply
described, a sketch shall be made showing the size and location of the
deficiency.

. For bare concrete decks and the underside of all decks, note the size and
location of cracks, spalls, delaminations, etc., along with any signs of
efflorescence, rusting, leakage, etc. Where these cannot be simply described,
a sketch shall be made showing the size and location of the deficiency.

. Deck notes should be organized in a span by span manner. Top of deck
deficiencies should be located with sufficient detail to make correlation with
underside of deck notes possible. Size/areas of deficiencies shall be
quantified in sufficient detail to estimate repair quantities and to determine
the percentage of deck deterioration. The "Concrete Deterioration
Worksheet", shown in Figure 6.1.2a on the next page, shall be completed for
all bridges with concrete decks.

. Typical conditions and deteriorations causing a condition rating of less than
or equal to "5" shall be photographed as outlined in Chapter 5.

In-Depth Inspections:

. In addition to the requirements for routine inspections, "hands-on" access
shall be provided to the entire underside of deck and to all portions of bare
concrete on the top of deck. Scheduling of traffic control operations will be
required.

. An in-depth inspection of the deck surface should be performed whenever the
overlay or wearing surface is removed for rehabilitation or replacement

. A ADeck Survey= shall be conducted on all bare concrete decks in
accordance with the procedure described in Chapter 5 of this manual.

. Decks with a bituminous overlay shall be inspected and locations of
cracking, or deteriorated overlay located.

. On the underside of deck, all areas of cracking, scaling, wetness or staining
shall be sounded with a hammer. A random sampling of at least 25% of the
areas showing no apparent signs of deterioration shall also be sounded using
a frequency adequate to detect delaminations.
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Date: Prepared By:

Checked By:

CONCRETE DETERIORATION WORKSHEET

Form BRI-10, Rev. 9/01

Deterioration By Span - In Square Feet

Span Number

Deterioration Type 5 6 10 Total
Top: Top: Top: Top: Top: Top: Top: Top: Top: Top: Top:
Bot: Bot: Bot: Bot: Bot: Bot: Bot: Bot: Bot: Bot: Bot:
Spalled and
Delaminated Areas
Top: Top: Top: Top: Top: Top: Top: Top: Top: Top: Top:
Bot: Bot: Bot: Bot: Bot: Bot: Bot: Bot: Bot: Bot: Bot:
Scale (Moderate to
Severe Only)
Cracks: Bot: Bot: Bot: Bot: Bot: Bot: Bot: Bot: Bot: Bot: Bot:
w/Efflorescence
(use 6 in. width
x length)
Bot: Bot: Bot: Bot: Bot: Bot: Bot: Bot: Bot: Bot: Bot:
w/o Efflo.
(use 3 in. width
x length)
Bot: Bot: Bot: Bot: Bot: Bot: Bot: Bot: Bot: Bot: Bot:
Map Cracking:
w/Efflorescence
(use full area)
Bot: Bot: Bot: Bot: Bot: Bot: Bot: Bot: Bot: Bot: Bot:
w/o Efflo.
(use 50% of area)
Bot: Bot: Bot: Bot: Bot: Bot: Bot: Bot: Bot: Bot: Bot:
Honeycombed Areas
(only areas more
than 1 1/2 in. deep)
Total Span Area
(Square Feet)
% Spalled and
Delaminated on Top
% Deterioration
on Bottom

Figure 6.1.2a - Concrete Deterioration Worksheet
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. For decks with metal stay in place forms, spot locations of heavily rusted
forms may need to be removed to inspect the underlying concrete. It is not
necessary to remove forms that show only minor deterioration.

Documentation for In-Depth Inspections:

. Sketches of both the top and underside of deck, on a span by span basis, are
required with sizes and types of deteriorations noted.

. A good quality photograph of both the top and underside of deck, which
documents its overall condition and supports the condition rating, should be
included.

Report Review

. Review the inspection findings in accordance with established Quality
Control and Quality Assurance procedures.

. The inspection report reviewer should determine if the pattern, quantity and
severity of the deteriorations found support the numerical condition ratings
given. The reviewer should compare the present inspection report to past
reports.

. Low condition ratings that are caused by extensive widespread deterioration
should be reason to request supplemental testing to better determine the
condition of the deck slab and whether rehabilitation or replacement is
warranted. The true condition of an overlay bridge deck may not be apparent
until removal of the overlay for rehabilitation.

Maintenance Concerns

. Repair of spalled areas on the underside of deck is not normally necessary.
At most locations, any loose or hollow concrete should be removed and the
spalled area cleaned and coated with an appropriate material that will protect
any exposed reinforcing steel and prevent further deterioration. Spalls that
extend up past the bottom mat of reinforcing steel should be patched to cover
the reinforcing.

. Beam haunches have shown a susceptibility to spalling. Loose haunch
concrete, or any loose concrete, warrants immediate removal if it is located
over areas of vehicular, navigation or pedestrian traffic.

. Preventing intrusion of water and de-icing salts into the concrete deck has
proven to be effective at preventing or slowing deterioration. The current
preferred method of accomplishing this is to install a waterproofing
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membrane and a bituminous concrete overlay. Before application of an
overlay, it is important to repair all deteriorated concrete on the top of the
deck. The structure should also be analyzed to determine the effect of the
additional dead load.

. Spalls and hollow areas on top of a deck should be patched with an approved
cementitious repair material. Bituminous cold patch is suitable for a
temporary repair to the riding surface, but should not be considered a
permanent repair.

Figure 6.1.2b - Top of Bare Concrete Deck with Patched, Spalled
and Hollow Areas.
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Figure 6.1.2c - Typical Underside of Concrete Deck. Note Cracking with Efflorescence and
Formwork Remaining from Full Depth Patching.
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6.1.3 METAL DECKS

Reference: BITM90 Sections 4.3, 4.4, 7.4

Types of metal bridge decks include:

Grid Decks - Can be open, filled with concrete, half-filled or exodermic.
Orthotropic - Steel plate

Isotropic - Aluminum panel

Corrugated Deck Pan

Buckle Plate (not common - found on older bridges)

Examples of some of these metal deck types are shown in Figures 6.1.3a-c.

Inspection Requirements

Routine Inspections:

Inspect the deck in accordance with BITM90 Section 7.4.

Inspect the top of the deck visually observing the condition. The entire top
surface should be examined (all spans, both directions) within a distance of
approximately 12 feet (3 m).

All areas suspected of deterioration or damage and all areas where water can
be trapped should be observed "hands-on."

At least 10% of the bearing areas and connections should be observed
"hands-on." If this inspection reveals significant deteriorations, then
additional "hands-on" inspection is required.

Inspectors need to be aware of the difference between Stay-In-Place (SIP)
forms, used to construct some concrete decks, and corrugated steel flooring
("deck pans"). SIP forms support the uncured concrete deck when it is
originally placed. After approximately 28 days, the reinforced concrete deck
hardens and becomes the structural deck system that carries the traffic loads
on the bridge. On the other hand, corrugated steel flooring is only filled with
bituminous concrete to form a wearing surface. In this case, the steel
flooring is the structural deck that carries the traffic loads on the bridge. For
this reason, rusting of corrugated steel flooring should be considered a more
serious structural deterioration whereas rusting of SIP forms is not
structurally significant in and of itself. Rusting of SIP forms may indicate
leakage through the concrete deck with possible deterioration of the concrete
above. In the case of SIP forms, sections of form can be removed to inspect
the condition of the concrete deck above.
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Figure 6.1.3a — Underside of Asphalt Filled
Metal Deck Pans.

Orthotropic decks have a large number of smaller members connected
together to form the deck system. The connections are normally made by
welding that results in a large number of intersecting welds. These
intersecting welds, or copes in members to avoid intersecting welds, should
be checked for fatigue cracking that may originate at these locations.

Open grid decks are prone to rusting because water, salt, sand and debris can
pass through the deck and collect on top of the supporting members and hold
moisture that accelerates deterioration in these areas. Inspectors should be
alert for the possibility of main bearing bar deterioration where debris
accumulates against these bars on top of the supporting members. This
condition will generally be most common at the "on-traffic" ends of the
bridge where vehicles carry this sand, etc., onto the bridge from the
approaches.
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. Aluminum isotropic decks are made-up of individual extrusions welded
together into panels in the shop. These panels are then bolted together in the
field to form the deck. Welds between extruded sections should be inspected
for fatigue cracking and the bolted splices between panels should be
inspected for proper connection. The connection of the panels to the
supporting beams should also be observed where possible.

Documentation for Routine Inspections:

. Note the type and depth of any overlay on the bridge. Measure the overlay
depth at the edge of deck or at a spalled location if possible. Measure the
height of the curb reveal at several locations along each curb. This may be
used to estimate the overlay thickness if a direct measurement is not possible.

Do not attempt to drive a chisel, spike, etc., through the overlay to determine
its thickness. Doing so may damage any waterproof membrane that might be
in place.

. For decks with bituminous overlays, note the size and location of bituminous
patches, spalls and any concrete staining. Where these cannot be simply
described, a sketch shall be made showing the site and location of the
deficiency.

. For filled grid decks with a bare top surface, note the condition of the top
surface of the concrete. Note areas of heavy scale and soft concrete. Where
these cannot be simply described, a sketch shall be made showing the size
and location of the deficiency.

. Deck notes should be organized in a span by span manner. Top of deck
deficiencies should be located with sufficient detail to make correlation with
underside of deck notes possible.

. Typical conditions and deteriorations causing a condition rating of less than
or equal to "5" shall be photographed as outlined in Chapter 5.

In-Depth Inspections:

. In addition to the requirements for routine inspections, "hands-on" access
shall be provided to all deck bearing areas and connections.

. An in-depth inspection of the deck surface should be performed whenever the
overlay or wearing surface is removed for rehabilitation or replacement
. Decks with a bituminous overlay shall be inspected and locations of cracking

or deteriorated overlay noted.
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Documentation for In-Depth Inspections:
o Sketches of both the top and underside of the deck will be required.

. A good quality photograph of both the top and underside that documents its
overall condition and supports the condition rating should be included.

Figure 6.1.3b — Underside of Orthotropic Steel Plate Deck
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Review the inspection findings in accordance with established Quality
Control and Quality Assurance procedures.

The inspection report reviewer shall determine if the pattern, quantity, and
severity of the deteriorations found support the numerical condition given.

If areas of severe rusting are noted that result in steel section loss, a structural
evaluation may be warranted.

Maintenance Concerns

Itis desirable to clean out all areas of open steel grids that may be filled with
sand or debris. This can usually be accomplished with compressed air or
high pressure water blasting and should be done prior to the inspection to
allow inspection of these areas.

Missing connections or broken attachments between the deck and the support
system can permit deck "bouncing” under traffic and accelerate deterioration
of the deck. Shimming, reattachment or other maintenance should be
recommended. However, no welding to support beams should be undertaken
without discussion with a qualified engineer.

Fatigue cracks should be repaired to prevent crack propagation.

Rusted out areas of steel grid should have repair plates installed or be
considered for replacement.
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6.1.4 OVERLAYS
Reference: BITM 90, Sections 7.2.2, 7.3.2, 7.4.2 and 15.3

The overlay is the top most layer of material applied to the deck. It is intended to provide a
smooth riding surface, in addition to protecting the structural deck from the effects of
weathering and traffic wear. Overlays may be constructed from a number of materials
including: bituminous concrete, epoxy concrete, timber running boards or latex modified
concrete (LMC). Because it is porous, bituminous concrete is usually placed with membrane
waterproofing between the overlay and the deck. Inspectors should be aware of this
ConnDOT standard detail and check plans for its presence. During inspections, the presence
of a waterproof membrane may be indicated by 1 1/2" diameter PVC weep pipes on the
underside of the deck. These pipes serve to remove water that gets through the bituminous
concrete overlay and is trapped on top of the membrane.

For Timber Wearing Surfaces:

. Inspect the timber wearing surface for excessive wear, cracking, splitting,
splintering, weathering, decay (especially in areas exposed to drainage),
impact damage (snow plows), parasite infestation, areas of ponding, debris
build-up, loose or missing fasteners, crushing and other defects.

. Evaluate the condition of the overlay and its effectiveness in protecting the
deck and providing a smooth travel surface.

. Observe the performance of the wearing surface under live load to determine
if crushing is noted. This may be a sign of internal decay.

. Areas that exhibit deflection (crushing) or deterioration shall be inspected
closely to determine the extent of deterioration or reason for deflection and
whether or not the problem extends into the structural deck.

For Concrete Overlays:

. Unless contract plans, previous inspection reports or other forms of
documentation explicitly indicate that a bridge has a concrete overlay, the
concrete riding surface shall be assumed to be an integral part of the
structural deck and shall be inspected in accordance with Section 6.1.2 of this
manual on "Concrete Decks."

. Inspect the concrete overlay for cracking, scaling, spalling, exposed
reinforcement with or without corrosion, delamination, full or partial depth
failures, excessive wear, impact damage or other defects. Spalls over 2" (50
mm) in depth and any spall that exposes reinforcement should be considered
structural in nature and be accounted for in the overall condition rating of the
deck.

. Inspect the overlay for flexure cracks in areas of negative bending.
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. Evaluate the effectiveness of the overlay to direct water to the drainage
system and whether or not ponding occurs. Inspect areas near drainage inlets
for general deterioration.

. Evaluate the skid resistance of the concrete overlay. Note in the report if the
surface has been "polished" smooth by traffic wear, such that it could be
excessively slippery when wet.

o Inspect all cold joints for cracking, spalling or other defects.

. Examine repaired areas to determine if repair materials are in place and
functioning as designed. Hammer tap patched areas to determine if the patch
is sound and adhering to the base material.

o Areas of suspected deterioration should be inspected using physical
inspection methods, such as hammer tapping or chain drag, to determine the
limits of deterioration. (Note that traffic control may be required to
implement these methods.)

. Areas of excessive deterioration should be inspected closely to determine the
extent of the deterioration and whether or not the problem extends into the
structural deck.

For Bituminous Concrete Overlays:

. Inspect bituminous concrete overlays for cracking, rutting, excessive wear,
impact damage, deflections under live load, spalling and other defects.

. Inspect areas near drainage inlets for general deterioration.
. Inspect the overlay for flexure cracks in areas of negative bending.
o Evaluate the effectiveness of the overlay to direct water to the drainage

system and whether or not ponding occurs.

. Measure the curb reveal at spot locations to verify the thickness of the
bituminous concrete overlay. If the field calculated thickness of the
bituminous concrete layer, based on the curb reveal, is greater than plans or
maintenance records indicate, additional testing may be desirable to
determine the actual overlay thickness for dead load analysis and the need for
a new load rating should be evaluated.

o Areas of excessive wear or deterioration should be inspected closely to
determine the extent of the deterioration and whether or not the problem
extends into the structural deck.
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Inspection Requirements
Routine Inspections:

. Inspect the bridge overlay and wearing surface in accordance with BITM 90,
Sections 7.2.2, 7.3.2 and 7.4.2.

. The entire overlay should be inspected from a distance of not greater than 24
ft. (8 m) to detect deficiencies and deteriorations as outlined below. Special
exceptions to this requirement should be discussed in advance with the
Supervising Engineer.

Documentation Required for Routine Inspections:

. Describe deterioration such as cracking, spalling, rutting, excessive wear,
impact damage, deflection under live load, exposed reinforcing bars, scaling,
decay, pest infiltration, weathering, debris build-up, etc. Generally,
deterioration noted should include surface area dimensions, depth of loss, and
the relative location on the deck.

. Describe repairs and evaluate the condition of the repair and whether or not
the repair material is adhering to the base material.

. Describe all ponding on wearing surface due to depressions, spalls or pot
holes and whether or not debris build-up prevents adequate drainage.

. Particular care shall be given to documenting any increased quantity or size
of deterioration that have changed since the last inspection. If the condition
rating has changed since the last inspection, a photograph and explanation of
why the rating has changed shall accompany the inspection report.

. Notes should be made describing the current condition of all previously
recorded problems so that a rate of deterioration can be established for
monitoring purposes.

. Typical conditions and conditions causing a condition rating of less than or
equal to "5" shall be photographed as outlined in Chapter 5.

. A plan view of the deck area should be provided showing the locations of all
structurally significant problems or problems that cannot be adequately
documented with words. Detailed sketches of specific findings shall be
provided as required. The plan sketch may also include notes for the
sidewalks, curbs, railings, median, parapets, lighting standards and drainage
system as applicable.
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In-Depth Inspections:

o The entire overlay shall be inspected from a distance of not greater than 18
feet (5 m).
. All areas of cracking, scaling and spalling shall be sounded with a hammer to

locate delaminations and determine the limits and extent of deterioration.

o At least 50% of the overall surface area (100% of accessible surface) of all
concrete overlays showing no apparent signs of deterioration shall be initially
inspected using physical inspection methods such as hammer tapping or
chain drag survey to determine the need for more extensive investigation.

. "Half-Cell" tests shall be conducted on most exposed concrete deck surfaces
in accordance with the procedures in Chapter 5. Discussion with the
Supervising Engineer is required to determine those structures that will not
have "half-cell" tests performed. Normally, decks with cathodic protection
systems, latex modified or epoxy concrete overlays will not be tested due to
the potential damage to the protective system caused by exposing reinforcing
steel for making the electrical connections.

Documentation for In-Depth Inspections:

. A plan view of the deck area shall be provided showing locations of
deteriorations and repairs. Detailed sketches of specific findings shall be
provided as required. This plan sketch may also include notes for the
sidewalk, curb, railing, median, parapets, lighting standards and drainage
system as applicable.

o Documentation as a whole should clearly describe the overlay condition and
serve as an accurate benchmark to which future inspections can be compared.

. A good quality photograph of the wearing surface or overlay that documents
the overall condition, as well as detail photographs that support the condition
rating ,shall be provided.

Report Review

. Review the inspection findings in accordance with established Quality
Control and Quality Assurance procedures.

. Cross reference the inspection report, inspection field notes and photographs
to ensure they are mutually supportive of their documentation.

. The inspection reviewer should determine if patterns of deterioration or
progressive deterioration are taking place. Progression will be determined by
comparing past and present inspection reports.
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. Review all field notes to determine if further Non-Destructive Testing (NDT)
and/or Destructive Testing (DT) is warranted. All recommendations for
further testing shall be forwarded to the Supervising Engineer and
implemented only on approval from the Supervising Engineer.

Maintenance Concerns

. Overlays are designed to provide a smooth riding surface for motorists,
absorb the wear and tear of the passing vehicular and/or pedestrian traffic and
protect the structural deck below. Deterioration of the overlay, and
subsequently the deck (i.e. potholes and rough surfaces), increases localized
impact stresses, accelerates deterioration of the overlay and deck, and can
present safety hazards to the traveling public. Therefore, all attempts should
be made to arrest and repair deteriorations in the overlay in the early stages to
avoid costly rehabilitation projects in the future.

. Debris build-up, potholes and rough surfaces in the deck overlay can cause
ponding of water during rainstorms, snow melt, etc. These ponds may
promote accelerated decay or other deterioration and may also produce
hazards from hydroplaning, icing, skidding, and reduced visibility from water
spray. Routine maintenance should be scheduled to clear debris, unclog
drains, etc., to reduce the hazard to public safety and reduce accelerated
deterioration of the deck caused by ponding.



6.1.5 CURBS

Printed: June 19, 2005

Reference: BITM 90, Section 7.7

Inspection Requirements

Routine Inspections:

Inspect the curbs in accordance the BITM 90, Section 7.7.

All curb components should be inspected from a distance of not greater than
24 ft (8 m).

Inspect the curbs for deterioration such as:

Stone Masonry

Crushed, spalled, weathered, chemically damaged,
displaced, or cracked stones, lost joint mortar.

Concrete - Cracked, scaled, spalled, delaminated, displaced, or
crushed concrete.

Steel - Rust, section loss, cracks and loose, bent or displaced
members.

Timber - Fungus growth, parasite infestation, fire damage,

weathering, warping splitting, checking, crushed or
displaced members and chemical damage. Check for
adequate attachment to the deck.

Inspect curbs for impact damage or elements that stick up presenting tripping
hazards to pedestrians or snagging hazards to passing traffic.

Inspect the curb/overlay interface for cracks or openings through which water
may pass to the deck.

Make spot measurements of the curb reveal to determine if it is constant over
the length of the bridge and consistent with the as-built value. If the curb is
designed to be non-mountable, compare the inspected reveal value with
current ConnDOT standards to ensure compliance.

Inspect curbs at expansion joints for exposed blunt ends that could present a
hazard to passing vehicles. If plates, covers, or other devices are in place to
provide continuity between the two curbs, check for adequate anchorage.

Evaluate the ability of the curb to direct water runoff to the drainage system
and whether or not leakage occurs through the curb or curb/deck interface.

If accumulated snow, ice or sand obscure a significant portion of the curb
(more than approximately 30% of its length), then this should be noted along
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with the condition of that portion that is visible. A supplement to the
inspection report, describing the condition of the covered areas, will be
required when the snow/ice has melted or the sand has been removed.

Documentation for Routine Inspections:

. Document any deterioration or deficiency found on the curbs. These notes
may be incorporated into the field notes for the deck. Documentation should
include the size and relative location on the bridge for the noted deficiency
and deterioration.

. Note the curb reveal value and whether or not it complies with current
ConnDOQOT standards for mountable or non-mountable curbs.

. Note the condition of curb expansion devices and whether or not the joint
opening seems reasonable for to the ambient temperature.

. Document the current condition of previously noted problems.

. Typical conditions as well as deteriorations causing a condition rating of less
than or equal to "5" should be photographed as outlined in Chapter 5. This
may be incorporated into the typical top of deck condition photo.

In-Depth Inspections:

. In addition to the requirements for a routine inspection, a close inspection
(within 6 feet) of the entire curb shall be made.

Documentation for In-Depth Inspections:

o The same documentation required for routine inspections is required for in-
depth inspections.

Report Review

. Review the inspection findings in accordance with established Quality
Control and Quality Assurance procedures.

. Cross reference the inspection report, inspection field notes, and photographs
to ensure they are mutually supportive of their documentation.

. Review the inspection findings to determine if any deficiencies or
deteriorations exist that present a safety hazard to the traveling public
(vehicular or pedestrian).

. Verify whether or not the field measured curb reveal meets or exceeds
current ConnDOT standards if the curbs are designed to be non-mountable.
Check current measurements against the last inspection to verify if the deck
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has been overlay. If the deck has been overlay, the need for a new load
rating should be evaluated.

Maintenance Concerns

. Non-mountable curbs are designed to deflect errant vehicles and keep them
within the travel lane boundaries of the bridge. Therefore, any condition
such as spalled or cracked stone or concrete, decayed, infested or split
timber, rusted steel or other deterioration or deficiencies that negates the
ability of the curb to achieve this should be repaired. All repairs shall utilize
approved design procedures and materials.

. Components of curbs that are deteriorated to the point where they are
breaking up or displaced into traffic can present possible accident causing
hazards to both vehicles and pedestrians. These areas should be repaired as
soon as possible.

. Curbs on bridges with large movements due to thermal expansion may have
sliding plates attached to the curbs that provide continuity between the curb
ends on either side of the joint. If these plates are not positioned correctly for
the ambient temperature they may bind causing increased stress and possible
failure of these plates. General deterioration or impact damage may also
cause failure of these plates. If failure occurs, these plates can become
snagging hazards to passing vehicles as can the exposed curb ends.
Therefore, loose, displaced, or missing slide plates should be repaired or
replaced using approved methods and materials as soon as possible.
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6.1.5.1 MOUNTABLE CURBS

Ref: AASHTO "A Policy on Geometric Design of Highways and Streets, 1990"
(Pages 344-349)

Mountable curbs are designed so that vehicles can cross them readily when required. Barrier curbs
are relatively high and steep-faced, designed to inhibit or at least discourage vehicles from leaving
the roadway.

In general, mountable curbs will conform to all of the following:

Less than or equal to 6" (1500 mm) high.
- Front face sloped to some degree.
- Top corner well rounded.

Typical bituminous concrete lip curbing is considered mountable.

The following curb types, typically used in Connecticut, should be considered barrier curbs (non-
mountable):

- Granite curbs - faces typically vertical, no radius on top corner.

- Typical concrete curbs greater than 4" (100 mm) high that have vertical or close to
vertical face.

- Jersey type barriers.
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Figure 6.1.5a — Typical Highway
AASHTO “A Policy on Geometric Design of Highway and Streets, 1990”
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Figure 6.1.5¢c — Typical Concrete Curb with Safety Walk



6.1.6 MEDIANS
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Reference: BITM, Section 7.7.5

Inspection Requirements

Inspect the median system in accordance with the Inspection Requirements,
Report Review and Maintenance Concerns guidelines as outlined below:

- Median Curbs : Use Section 6.1.5 Curbs

- Median Barriers: Use Section 6.1.8 Parapets or Section 6.1.9 Railings
- Asphalt Raised Median: Use Section 6.1.4 Overlays

- Concrete Raised Median: Use Section 6.1.7 Sidewalks

- Steel Grid Median: Use Section 6.1.3 Metal Decks

Deterioration on the underside of a median is typically part of the structural
deck system and should be evaluated as part of that inspection.
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6.1.7 SIDEWALKS

Reference: BITM 90 Section 7.1 thru 7.6
Inspection Requirements

Routine Inspection:

. Inspect sidewalk components in accordance with BITM 90 Section 7.1 thru
7.6.
o Inspect the sidewalk visually by walking the full length of the sidewalk. If

there is more than one sidewalk on the bridge, each sidewalk should be
walked for its full length. All areas of suspected deterioration should be
inspected closely to determine the limits and extent of deterioration.

. Inspect sidewalks with bituminous concrete overlays in accordance with
section 6.1.4 Overlays.

. Inspect the underside of the sidewalk in accordance with Sections 6.1.1. thru
6.1.3. If the sidewalk is supported by the bridge deck, then deterioration
below the sidewalk should be documented as part of the deck inspection. If
the sidewalk is cantilevered off the bridge or supported independent of the
roadway, then the condition of the supporting elements should be
documented here.

. Inspect sidewalks for cracks, scaling, delamination, spalling, exposed
reinforcing, excessive wear, parasite infestation, weathering, splitting,
checking, signs of overstress, rust, section loss, broken connections or other
deterioration.

o Inspect the sidewalk in the vicinity of the railing posts, light standards, utility
access covers, signs and signal posts or other mechanical devices for cracks,
delamination, spalling or other deterioration that adversely affects the ability
of the sidewalk or deck to provide adequate anchorage to the device.

. Inspect all repaired areas to determine if repair materials are in-place and
functioning as designed. Hammer tap repaired areas to determine if they are
sound and adhering to the base material.

. Evaluate the ability of the sidewalk to direct water runoff to the drainage
system and whether or not ponding or leakage occurs on or through the
sidewalk.

. Make note of debris build-up. If accumulated snow, ice or sand obscure a

significant portion of the sidewalk (more than approximately 30% of its
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length), this should be noted along with the condition of that portion that is
visible. A supplement to the inspection report, describing the condition of
the covered areas, will be required when the snow/ice has melted or the sand
has been removed.

Inspect joints for cracking, spalling or other deterioration.

Locate all uneven areas or obstructions that constitute a pedestrian tripping
hazard (obstructions over 1" in height).

Documentation for Routine Inspections:

Document deteriorations and deficiencies found in the sidewalks. These
notes may be recorded directly on the BRI-18 or be incorporated into any
sketches prepared as part of the top of deck inspection. Deficiencies and
deterioration should be located with sufficient detail so that correlation can
be made between the top and underside areas. Sizes, depths, areas, etc., of
deficiencies and deteriorations shall be quantified in sufficient detail to
estimate repair quantities and to determine the percentage of sidewalk
deterioration. When sketches are not made, a field estimate of total
spalled/hollow area and the percentage of sidewalk deterioration shall be
made.

Detail sketches shall be provided as necessary to adequately describe the
deterioration or deficiencies noted.

Document the current condition of all previously noted problems.

Typical conditions, as well as deteriorations causing a condition rating of less
than or equal to "5", should be photographed as outlined in Chapter 5. If
typical conditions are documented in the top of deck photo, this will be
considered adequate for this purpose.

In-Depth Inspections:

In addition to the requirements for routine inspections, close access shall be
provided to the entire sidewalk.

Bare concrete sidewalks should be sounded or chain dragged at an interval
sufficient to detect delaminations greater than 1 foot (300 mm) in diameter.

Timber sidewalks should be sounded, or probed with an ice pick to locate
interior deteriorations.

Documentation for In-Depth Inspections:
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. All documentation required for routine inspections shall be required for in-
depth inspections. Sketches of the top and underside condition of the
sidewalks shall be included with the deck sketches.

. A good quality photograph of the sidewalk that documents the overall
condition and supports the condition rating shall be provided.

Report Review

. Review the inspection findings in accordance with established Quality
Control and Quality Assurance procedures.

. Cross reference the inspection report, inspection field notes, and photographs
to ensure they are mutually supportive of their documentation.

. Review the inspection findings to determine if any deficiencies or
deteriorations exist that present a safety hazard to pedestrians.

. Review the report for indications of widespread or extensive deterioration
that may indicate the need for additional testing to accurately determine the
current condition of the sidewalk.

Maintenance Concerns

. Sidewalk deteriorations that present a safety hazard to pedestrian traffic
should be recommended for repair in the near future.

. Debris should be removed from the sidewalk as required to help prevent
standing water on the sidewalk and possible subsequent deterioration.

. For concrete sidewalks, repair of small spalled areas on the underside of the
deck is normally not necessary. At most locations, the loose or hollow
concrete is removed and the spalled area is cleaned and coated with an
appropriate material that will protect any exposed reinforcement to prevent
further deterioration. Spalls that extend above the bottom mat of reinforcing
steel should be patched to cover the reinforcing. All repair materials and
details shall conform to current ConnDOT standards. All loose concrete
found over areas where people or vehicles are likely to pass should be
removed as soon as possible.

o Spalls and hollow areas on the top of concrete sidewalks should be patched
with concrete. Bituminous concrete cold patch is suitable for a temporary
repair to the travel surface in areas not in the vicinity of railing, utility,
signal, sign, or other post attachments. However, this shall be considered to
be a temporary repair. All temporary repairs and all repairs in the vicinity of
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post attachments shall be made utilizing approved materials and methods that
conform to current ConnDOT standards.

Figure 6.1.7a - Concrete Sidewalk with
Pedestrian Fence and Traffic
Divider.
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6.1.8 PARAPETS
Reference: BITM 90, Section 7.7
Inspection Requirements

Parapets are defined as any solid and substantial wall located along the curb or fascia that is
designed to function as either a traffic or pedestrian barrier. Parapets are normally
constructed of concrete but some solid steel parapets, composed of stacked structural shapes
do exist. Concrete jersey type median barriers, which separate traffic lanes, will be
inspected as part of the AMedian= item.

Routine Inspection:
. Inspect all parapet components in accordance with BITM 90, Section 7.7.

. Parapets should be inspected from a distance of not greater than 24 feet (8
m). All problem areas should be inspected "hands-on."

. The parapet system should be inspected for cracking, scaling, delamination,
spalling, exposed reinforcement, or other deterioration, such as rusting on
steel parapets.

. Inspect all parapet components for impact damage, and displacements that
present exposed, blunt ends or snagging hazards to passing vehicles.

. Inspect all parapet expansion joint devices for integrity and proper function.
Note if expansion joint elements are missing, exposing the blunt ends of the
parapets on either side of the joint.

o Note if the parapets do not appear to be in compliance with current
ConnDOT standards for traffic barrier or pedestrian barrier.

o Look for openings at joints that may be large enough to constitute a
pedestrian hazard (especially for children). Openings greater than 6" ( 150
mm) will be considered a hazard in parapets that form part of a pedestrian
barrier along sidewalks or in areas where there is significant pedestrian
traffic.

. If accumulated snow, ice or sand obscure a significant portion of the parapet
(more than approximately 30% of its length), this should be noted along with
the condition of that portion that is visible. A supplement to the inspection
report, describing the condition of the covered areas, will be required when
the snow/ice has melted or the sand has been removed.
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Documentation for Routine Inspections:

o Document deterioration or deficiencies found on the parapets. These notes
may be recorded directly on the BRI-18 form or be incorporated into the
sketches made as part of the top of deck inspection. Documentation should
include the size and relative location along the bridge of noted deficiencies or
deteriorations.

. Document the condition of the parapet expansion joint devices and whether
or not the joint opening appears reasonable for the ambient temperature.

. Sketches should be provided as required to adequately describe the
deterioration or deficiency noted.

. Document the current condition of all previously noted problems.

. Typical conditions, as well as deteriorations causing a condition rating of less
than or equal to "5", should be photographed as outlined in Chapter 5. If
typical conditions are documented in the top of deck photo, this will be
adequate for this purpose.

In-Depth Inspections:

. In addition to the requirements for a routine inspection, "hands-on"
inspection shall be provided to all parapet elements.

. A random sampling of approximately 30% of the parapet face should be
hammer tapped to locate delaminated areas on concrete parapets. If
delaminations are found, additional sampling should be done.

Documentation for In-Depth Inspections:

. The same documentation required for routine inspections is required for in-
depth Inspections.

. A good quality photograph of the parapet(s) that documents the overall
condition and supports the condition rating shall be provided.

Report Review:

. Review the inspection findings in accordance with established Quality
Control and Quality Assurance procedures.

. Cross reference the inspection report, inspection field notes, and photographs
to ensure they are mutually supportive of their documentation.
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. Review the inspection findings to determine if any deficiencies or
deteriorations exist that present a safety hazard to the traveling public
(vehicular and/or pedestrian).

. Review the parapet configuration for compliance with current ConnDOT
standards for traffic and/or pedestrian barriers depending on bridge site
usage. Recommendations for upgrading substandard parapets should be
made.

Figure 6.1.8a — Concrete Parapet with Older Style 2-Pipe Rail. Note
Spalling with Exposed, Shallow Rebar.
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Maintenance Concerns

o Deterioration, spalls, impact damage, impact displacement or any deficiency
that diminishes the ability of the parapet to perform its design function of
redirecting errant vehicles should be repaired or replaced immediately.

. Parapets designed as pedestrian barriers that have significant deterioration,
impact damage or displacement that affect the ability of the parapet to protect
pedestrians should be repaired as soon as possible.

. Components of parapets that are deteriorated to the point where they are
breaking up or displaced into traffic can present possible accident causing
hazards to both vehicles and pedestrians. All deterioration of this nature,
which can not be removed immediately by the inspection team, should be
repaired as soon as possible.

. Parapets on bridges with large movements due to thermal expansion can have
sliding plates attached to the parapets that provide continuity between the
parapet ends on either side of the joint. If these plates are not positioned
correctly for the ambient temperature, they may bind, causing increased
stress and possible failure of these plates. General deterioration or impact
may also cause failure of these plates. If failure occurs, these plates can
become snagging hazards to passing vehicles as can the parapet ends once
exposed. Therefore, loose, displaced, or missing slide plates should be
repaired or replaced as soon as possible.
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6.1.9 BRIDGE RAILINGS

Reference: BITM 90 Section 7.7
Inspection Requirements

Railings will be defined as any barrier along the curb or along the fascia, constructed of
timber, steel, aluminum or other metal, that is designed to function as either a traffic barrier
or pedestrian barrier. Many concrete parapets have metal railing systems mounted on top of
them. Concrete balustrades that are not solid but are constructed with a top rail and spindles
will be considered a railing.

Routine Inspection:
. Inspect all railings in accordance with BITM 90, Section 7.7.

. All rail components should be inspected from a distance of not greater than
24 feet (8 m). All problem areas shall be inspected "hands-on."

. Inspect components of the railing system for cracks, scaling, spalls, rust,
section loss, loose or broken fasteners, cracked welds, parasite infestation,
weathering, splitting, checking, impact damage or other deterioration.

. Inspect railing components for impact damage, missing components or
displacement that present exposed, blunt ends or snagging hazards to passing
vehicles and/or pedestrians.

o Look for openings at joints that may be large enough to constitute a
pedestrian hazard (especially for children). Openings greater than 6” (150
mm) in the bottom 27" (685 mm) of the railing, or openings greater than 8"
(200 mm) in the top portion of the railing, will be considered a hazard in
railings that form part of a pedestrian barrier along sidewalks, or in areas
where there is significant pedestrian traffic.

. Observe rail post anchorages to determine if the railing is securely fastened
to the deck or parapet.

o Inspect railing expansion joint devices or end treatments to see if they are in
place and functioning properly. Note whether or not expansion joint or end
treatment components are missing, exposing the blunt ends of the railing on
either side of the joint.

. Note if the railings do not appear to be in compliance with current ConnDOT
standards for traffic barrier or pedestrian barrier.
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. If accumulated snow, ice or sand obscure a significant portion of the railing
or rail anchorage (more than approximately 30% of its length), this should be
noted along with the condition of the visible portion. A supplement to the
inspection report, describing the condition of the covered areas, will be
required when the snow/ice has melted or the sand has been removed.

Documentation for Routine Inspections:

. Document deterioration or deficiencies found on the railings. These notes
may be recorded directly on the BRI-18 form or be incorporated into the
sketches made as part of the top of deck inspection. Documentation should
include the size and relative location along the bridge of noted deficiencies.

. Document the condition of railing expansion joint devices and end
treatments, and whether or not the joint opening appears appropriate for the
ambient temperature.

. Detailed sketches may be provided, as required, to adequately describe the
deterioration or deficiency noted.

. Document the current condition of all previously noted problems.

. Typical conditions, as well as deteriorations causing a condition rating of less
than or equal to "5", should be photographed as outlined in Chapter 5. If
typical conditions are documented in the top of deck photo, this will be
adequate for this purpose.

In-Depth Inspections:

. In addition to the requirements for a routine inspection, "hands-on"
inspection should be provided to all railing elements.

. A random sampling of approximately 50% of rail post anchor bolts should be
hammer tapped to determine if they are sound.

Documentation for In-Depth Inspection:

. All documentation required for routine inspection will be required for in-
depth inspection.

Report Review

. Review the inspection findings in accordance with established Quality
Control and Quality Assurance procedures.
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o Cross reference the inspection report, inspection field notes and photographs
to ensure they are mutually supportive in their documentation.

o Review the inspection findings to determine if any deficiencies or
deteriorations exist that present a safety hazard to the traveling public
(vehicular and pedestrian).

. Review the structural and geometric characteristics of the railing system and
indicate if the railing appears to comply with current design standards. If
necessary, recommend upgrading alternatives.

Figure 6.1.9a — Steel 2-Pipe Rail with Deterioration Frequently Found
at Rail Posts.
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Maintenance Concerns

. Railings that are designed to deflect errant vehicles and keep them within the
travel lane boundaries of the bridge rely on their position, integrity and firm
attachment to the deck or sidewalk. Therefore, areas of severe deterioration,
impact damage or impact displacement that diminish or negate the ability of
the railing to achieve its design function should be repaired or replaced
immediately.

. Touching-up of protective coatings should be scheduled as required to
prevent deterioration of the base material.

Figure 6.1.9b — Pedestrian Fence atop Concrete Parapet.
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6.1.10 DRAINAGE SYSTEMS

Reference: BITM 90, Section 7.6

The drainage system is designed to remove water runoff and hazards associated with water
from the structure. The purpose of inspecting this component of the bridge is twofold: 1.) to
evaluate the structural integrity of the system and 2.) to evaluate the hydraulic adequacy of
the system to handle the volume of water runoff. It is therefore most advantageous to inspect
this component of the bridge during periods of rain or snow melt. This will give the inspector
the best overview as to the adequacy of the drainage system and the presence of hazards to
the public associated with a poor drainage system. In lieu of inspection during inclement
weather, the inspector should look for signs that the drainage system is not operating
correctly such as deterioration of the structural components around the drainage system,
water staining, debris buildup and other signs as described in this section.

Note that in Connecticut, it is common to install PVC weepholes in concrete decks with
waterproof membranes to remove water from on top of the membrane that has seeped
through the overlay. These pipes are not intended to carry surface runoff. PVC weep-pipes
are typically not connected to the drainage collection system and they need not extend more
than approximately 3 in. (80 mm) below the bottom of the deck unless an extension is
necessary to prevent the pipe from discharging onto parts of the superstructure or
substructure below.

Inspection Requirements
Routine Inspections:
. Inspect the drainage system in accordance the BITM 90, Section 7.6.

. The effective drainage of water runoff through the drainage system is of vital
importance to the structure itself. Ineffective drainage can accelerate
deterioration of the various bridge components, particularly components of
deck joints, and superstructure and substructure elements in the vicinity of
outlet pipes and downspouts. Troughs can quickly fill with dirt and other
debris, particularly during the winter when sand is used to aid traffic traction.

If not maintained regularly and effectively, this problem can cause
significant damage to the structure that requires major rehabilitation efforts.

. Ponding of water on the deck of the structure can cause significant safety
hazards to both pedestrian and vehicular traffic. Sudden slowing or evasive
actions by drivers trying to avoid standing water may cause accidents. Other
hazards associated with water buildup are splashing, hydroplaning,
breakdowns (i.e. engine flooding), and freezing. Often, ponds of water
remain on the bridge long after the rain has stopped and long after driver
attention to such hazards has diminished.
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All drainage system components shall be inspected from a distance of not
greater than 16 feet (5 m) using adequate lighting to detect corrosion,
impacted rust, section loss, cracks, dings, gouges, impact damage, missing
components and other defects. Any problem areas found shall be inspected
"hands-on." Under normal conditions, inspection of the drainage system in
conjunction with the superstructure, substructure and deck inspections is
sufficient.

Evaluate the ability of the drainage system to effectively channel runoff
water away from superstructure and substructure members and to adequately
handle the volume of runoff from the deck.

Inspect the deck drains for partial or total clogging with debris, ponding, or
signs of sediment build-up on the deck around the deck drain due to ponding.
Note any vegetation growth in the drain.

Inspect the structural integrity of the deck drain grating and evaluate its
ability to safely support live load. Note any safety hazards associated with
grating bars parallel to the direction of traffic flow in areas with high bicycle
usage.

Inspect the outlet pipes, used on bridges that do not pass over roadways, for
adequate ability to lead water away from the deck drains. If the outlet pipe
extends only a few feet below the deck, inspect other bridge components for
signs that drainage water is being wind-blown and causing deterioration.

Inspect the downspouts, typically used for bridges that pass over other
roadways, for their ability to transfer the drainage water from the deck drain
to the ground or storm sewer system.

Inspect open joint drainage troughs thoroughly for debris buildup, section
loss, perforations, and other deterioration, and evaluate the overall
effectiveness at directing water runoff to the pipe outlets. Water staining and
rusting of surrounding superstructure elements gives indication of
ineffectiveness.

Drainage troughs under deck joints are to be inspected and rated under this
item.

Documentation for Routine Inspections:

Note any deterioration or deficiencies discovered during the inspection such
as advanced section loss on the drainage system components, missing
components, clogged drains, vegetation growth, or other defects.
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. Evaluate the drainage system as a whole for draining the water away from the
deck superstructure and substructure. If the drainage system is in a
deteriorated state, note the adverse effects this is causing to the bridge
components such as section loss, delamination, scaling, spalling, etc.

. If possible, note whether ponding occurs on the deck and any adverse effects
this is having on the traffic flow (i.e., reduced visibility due to splashing,
reduced speeds, traffic backup, etc.).

. Typical conditions and deteriorations causing a condition rating of less than
or equal to "5" shall be photographed as outlined in Chapter 5.

In-Depth Inspections:

. In addition to the requirements of the routine inspection, "hands-on" access
shall be provided to the entire superstructure.

Documentation for In-Depth Inspections:

. All documentation required for the routine inspection shall be included in the
in-depth documentation.

. Documentation, as a whole, shall clearly describe the structural condition and
adequacy of the drainage system. It shall serve as an accurate bench mark to
which future inspections can be compared.

Report Review

. Review the inspection findings in accordance with established Quality
Control and Quality Assurance procedures.

. Cross reference the inspection report, inspection field notes, and photographs
to ensure they are mutually supportive of their documentation.

. The inspection reviewer should determine if hazards exist to traffic both on
the structure (due to ponding, etc.) and below the structure (due to falling
water, etc.). Recommendations to correct these deficiencies should be
included in the Bridge Maintenance Memo.

Maintenance Concerns
. Water leaking through faulty drainage systems as well as water splashing
over parapet walls or railings can cause damage or injury to vehicles and

pedestrians passing below the structure and should be considered during
maintenance operations.
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Properly designed drainage systems that experience problems with clogging
should be scheduled for routine cleaning.

Outdated or inadequate drainage systems that have problems with clogging
should be recommended for redesign and replacement.

Figure 6.1.10a — Downspout Pipe Disconnected at
Scupper Connection.
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6.1.11 LIGHTING AND UTILITIES

Reference: BITM 90, Section 7.8.2

Inspection Requirements

Routine Inspection:

Lighting:

Inspect lighting devices including highway lighting, pedestrian lighting,
traffic control lighting, aerial obstruction lighting, navigation lighting and
sign lighting in accordance with BITM 90 Section 7.8.2. In most cases,
inspection of lighting devices may be conducted concurrently with the deck,
superstructure and substructure inspections.

Verify that lighting devices are operating properly and are in compliance
with current ConnDOT standards and applicable U.S. Coastguard, Federal
Aviation Administration (FAA) and U.S. Army Corps of Engineers
guidelines and regulations. All lights should be clearly visible.

Traffic control lights, aerial obstruction lights or navigation lights that are not
operational should be immediately reported in accordance with the Critical
Deficiency Reporting/Emergency Response procedures outlined in Section
3.2.7.

Inspect all lighting support components such as brackets, connections, poles,
base plates, etc., for rust, cracks, impact damage, loose or missing fasteners,
rot, animal or insect infestation, splitting, weathering, crushing or other
deterioration or deficiency that may affect the stability of the device or
present a safety hazard to traffic.

Inspect all lighting devices for exposed wires and electrical shock danger.

Utilities:

All utilities and utility support devices such as pipes, ducts, conduits, wires,
junction boxes, utility expansion devices, valves, vents, insulation, hangers,
rollers and braces, shall be inspected. In most situations, inspection of
utilities may be conducted concurrently with the superstructure inspection.

Inspect the utilities for cracks, breaks, sags, rust, deteriorated insulation and
other deterioration or deficiency.
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. Inspect the support systems for cracks, loose or missing fasteners, frozen
rollers or other expansion devices, rust, broken or ineffective support
devices, cracked welds, impact damage or other deterioration.

. If pier or abutment displacement or settlement has occurred, look for adverse
effects on the utility and utility support devices (i.e. breaks, expansion joint
problems, bowing or sagging of the pipes, etc. ).

. Note if the utilities reduce the vertical clearance or free board of the bridge.

. Inspect all utilities for any evidence of leakage. Where gas lines are carried
on a bridge, the smell of gas should be considered evidence of leakage and a
potential hazard. If an odor of gas is present, the inspector should
immediately notify the Bridge Safety and Evaluation Office in accordance
with the Critical Deficiency Reporting/Emergency Response procedure
outlined in Section 3.2.7.

. Inspect all electrical utilities for loose wires or poor insulation that might
present a shock hazard.

. Inspect the valves and drains of all pressurized utilities for cracks, leaks or
other deterioration.

. Inspect junction boxes. Note whether or not covers are in place and secure.

o Evaluate the utilities for excessive vibration. If excessive vibration is noted,
inspect the utilities and support connections for fatigue damage.

. Inspect the utilities for damage caused by lack of thermal expansion and
contraction due to malfunctioning expansion devices.

Documentation for Routine Inspection:
. Document the location of all inoperable lighting devices.

. Describe deteriorations and/or deficiencies noted on utilities, lighting devices
and/or support device components.

. Note if the condition of the lighting systems appear to be in compliance with
current ConnDOT, FAA, USCG and USACOE specifications, standards and
regulations as applicable.

. Document all utility leakage as well as any adverse affects on the deck,
superstructure, substructure or other utilities.
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. Document any adverse effects on utilities, utility support devices or bridge
structural components due to lack of proper expansion and contraction.

. Document any loss in vertical clearance or freeboard due to installation of
utilities.

In-Depth Inspections:

o In addition to the requirements for routine inspections, a closer inspection
shall be performed in accordance with the distance requirements for the
superstructure type being inspected.

Documentation for In-Depth Inspections:

. All documentation required for Routine inspections shall be included in the
in-depth inspection documentation.

. A good quality photograph that documents the overall condition and supports
the condition rating of the lighting or utility systems shall be provided.

Report Review

. Review the inspection findings in accordance with established Quality
Control and Quality Assurance procedures.

. Cross reference the inspection report, inspection field notes and photographs
to ensure they are mutually supportive in their documentation.

. Review the inspection report and field notes for documentation of lighting
devices that are inoperable or present hazardous conditions (deteriorations,
limited visibility, shock hazard etc.) to traffic. Ensure that the procedures for
"Critical Deficiency Reporting™ have been followed, if applicable.

. Review the field notes for evidence that lighting systems are in compliance
with current ConnDOT standards, Federal guidelines and/or USCG, FAA and
USACOE regulations. Devices or systems that do not comply with
applicable regulations should be documented as to the specific causes for
noncompliance.

. Review the inspection findings for evidence of utility leakage or unsafe
conditions. If leakage or serious deteriorations are noted, ensure that the
responsible utility company or department is notified. If unsafe conditions
were found, ensure that the procedures for "Critical Deficiency Reporting"
have been followed.
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o Review the inspection findings for changes in vertical clearance or freeboard
due to utilities. If any changes are noted, verify whether or not the field
measured vertical clearance is still within the limits of the current posting (if
posted) or still meets the ConnDOT standards for exemption from posting (if
not posted). If either of these conditions are not met, recommendations for
height posting of the bridge should be made.

. Review the inspection field notes for evidence the utility expansion joint
devices are not functioning as designed and whether or not adverse effects
are present on the utilities, support devices or bridge structural components.
If adverse conditions are noted on the expansion joint devices, the utility
owner should be notified.

Figure 6.1.11a — Typical Under-Bridge Utility Installation
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Maintenance Concerns

. It is important for the safety of pedestrian, highway, air and waterway traffic
that damaged, deteriorated or inoperable lighting devices are repaired or
replaced and obstructed lights be moved or cleared of obstructions so
adequate visibility is maintained.

. Lighting systems that do not comply with current standards, guidelines or
regulations should be upgraded as required. Maintenance will be responsible
for evaluating lighting systems.

. Utility owners should be made aware of deficiencies to correct unsafe
conditions, prevent unnecessary bridge deterioration and to avoid utility
service outages.
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6.1.12 DECK JOINTS

Reference: BITM 90 Section 7.5

Deck joints are very important to the successful operation of a structure as a whole unit.
They serve two primary functions. One is to fill the gap between the deck sections, or
between the deck and the abutment or approach roadway. The second more important
function, is to allow the spans to expand or contract with temperature variations (expansion
joint). Expansion joints may be located at abutments, piers or at pin and hanger connections.
Deck joints also serve as a smooth transition from the approach roadway to the bridge deck.

Joints, both fixed and expansion, may be either opened or closed. Open joints allow water
and other debris to pass through the joint. Formed joints, which may either be armored or
non-armored, and finger joints are common types of open joints. Open joints require a
supplemental drainage system to carry any water away from structural components around
and below the joint once the water passes through the joint.

Closed joints are designed so that water and debris can not pass through the joint. Ata fixed
joint, this is achieved by placing a material in the joint to fill the gap. At an expansion joint,
the material must be flexible/compressible to accommodate the expansion and contraction of
the joint while remaining water tight. These types of joints serve to divert the water away
from the joint to the primary drainage system on the structure.

There are a number of expansion joint types in use in Connecticut as generalized below (see
examples in Appendix 6.6):

Span Span Limits Type of Joint
Short Under 100’ Asphaltic Plug

Poured sealant
Compression seal
Gland

Segmental

Medium 100" - 150 Asphaltic Plug
Gland
Segmental

Long Over 150' Segmental
Modular
Finger joint
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Expansion Joint Devices:

Gland-type expansion joint devices vary by manufacturer, but generally consist of
continuous, flexible sealing glands held in place by steel or aluminum extrusions. The
extrusions are anchored to either structural steel supports or directly to the concrete deck.
The extrusions should be firmly anchored. The sealing gland must be positively secured to
the extrusion and be intact to prevent water leakage through the joint. Examples of the
various gland-type joints are shown in Appendix 6.6, Figures A-6-2, (a) through (e).

Modular expansion joint devices (see Appendix 6.6, Figure A-6-1) may be comprised of a
series of continuous cells or glands secured to retainers. The intermediate retainers are
supported by support bars, which in turn are supported by the major joint elements
embedded in the concrete on each side of the expansion joint. The spaces between the
retainers (as shown by dimension "W" on Appendix 6.6, Figure A-6-1) should be equal and
each space should be the same width throughout the entire length of the joint.

The segmental type of expansion joint device is fabricated of steel and elastomeric material
in short sections. Leakage between abutting sections and at curb areas is a common
problem. Two examples of segmental-type expansion joints are given in Appendix 6.6,
Figure A-6-4 and Figure A-6-5.

A typical finger joint with drainage trough is shown in Appendix 6.6, Figure A-6-3. The
space between the fingers is designed to be kept open to allow for expansion and contraction.
A trough is required beneath this type of joint to carry water away from the bearings, pins
and hangers, windlocks, and main load carrying members beneath the joint.

Inspection Requirements
Routine Inspections:
o Inspect all joints in accordance with BITM 90, Section 7.5.

. All joint components should be inspected on top of the deck from a distance
not greater than 24' (8 m) and on the underside of the deck from a distance
not greater than 9' (3 m). Any problem areas found should be inspected up-
close.

. Check all joints and supporting elements for deterioration due to corrosion,
impacted rust, cracks, excessive vibration, loose or missing fasteners, etc.
Remove sand and debris as required to properly inspect the joint and
supporting elements

. Check joints for loose, damaged or broken components. These may present
hazards to the traveling public in the form of protrusions that may puncture
tires or become snagging hazards, or may become loose debris that can be
kicked up at other vehicles or pedestrians.
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Check for loose fasteners.

Check for cracked welds.

Check joint above deck for impact damage from snowplows.

Check to see if the joint is paved over and the condition of the pavement.

Check to see if any portion of the deck joint presents a snagging hazard to
passing vehicles.

Check the joint for vertical displacement across the two halves of the joint in
the direction of traffic.

Check to see if open joints are clogged with debris that may effect the ability
of the joint to open and close with expansion and contraction of the bridge or
to pass water to the drainage system below. Drainage troughs under deck
joints are to be inspected and rated under the deck "Drainage Systems" item.

Check to see if joint sealant is in place and operating as designed or if there
are signs of leakage through the joint (closed joint) or any other damage or
deterioration. Also observe if water backs up around the joint on the deck
due to the inadequacy or blockage of the primary drainage system.

Check for ruptured or torn seals, glands and segmental components.
Inspect for any concrete deterioration adjacent to the joint supports or faces.
Listen for any unusually loud noises when traffic passes over the joint.

Observe the joint when traffic passes over for excessive movement and
deflection.

Check to see if the joint gap is what you would expect for the current ambient
temperature (i.e. hot weather, smaller gap; cold weather, larger gap). An
excessively open or closed joint for the ambient temperature condition may
indicate possible problems with the expansion bearings, movement of the
substructure, or improper installation of the joint. The existence of this
problem warrants further investigation.
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Documentation for Routine Inspections:

. Joint devices that are excessively loose or broken, such that they move under
traffic and/or have the potential to break free, should be reported to the
Manager of Bridge Safety and Evaluation in accordance with the Critical
Deficiency Reporting/Emergency Response procedures outlined in Section
3.2.7.

. Note any deterioration or deficiencies discovered during the inspection.
Particularly note deterioration due to the infiltration of water through closed
joints and any loud or unusual noises or vibration during vehicle impact.

o Measure the joint parapet opening at each fascia and note the temperature at
which the measurement was taken. (See Section on Joint Measurements, for
instructions for measuring joint openings.)

. Document all steel losses by noting the area and depth of the loss as well as
it's relative location along the length of the joint measured from a fixed point.

. Document locations of all loose bolts/rivets found.

. Document locations and lengths of all cracks found. Mark these locations on
the joint with permanent marker or keel. Note the date found and the extent
of the crack in such a manner that subsequent inspections may determine the
extent of crack propagation.

. Particular care will be given to documenting any increased quantity or size of
deteriorations that have changed since the last inspection. If the condition
rating has changed from the last inspection, a photograph and explanation of
why the rating has changed shall be included in the inspection report.

. Notes should be made describing the current condition of all previously
noted problems so a rate of deterioration can be established for monitoring
purposes.

. Typical conditions and deteriorations causing a condition rating of less than

or equal to "5" shall be photographed as outlined in Chapter 5.

. The presence of fatigue cracks, should be called out with suggestions for any
recommended repairs.
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In-Depth Inspections:

. In addition to those requirements for a routine inspection, "hands on" access
should be provided to the underside of all joint elements. Top sides should
be inspected from within 12 feet (3 m).

. Clean all debris from the joint in order to facilitate the inspection.

o Check for any signs that the deck joint may not be tightly anchored to the
superstructure (loose fasteners or cracked welds) or deck (deteriorated
concrete or exposed anchor studs).

Documentation for In-Depth Inspections:

o All documentation required for a routine inspection will be included in the
in-depth documentation except as noted in this section.

. Documentation, as a whole, should clearly describe the structural condition
and serve as an accurate benchmark to which future inspections can be
compared.

. A good quality photograph of the deck joint, that documents the overall
condition as well as detail photographs of any deteriorations, shall be
provided.

Report Review

. Review the inspection findings in accordance with established Quality
Control and Quality Assurance procedures.

. Cross reference the inspection report, inspection field notes and photographs
to ensure they are mutually supportive of their documentation.

. The inspection reviewer should determine if patterns of deterioration or
progressive deterioration are taking place. Progression will be determined by
comparing present to past inspection reports.

. The sudden appearance or continued propagation of fatigue cracks should be
a flag to the reviewer, and brought to the attention of the bridge owner. If
fatigue problems are evident, they should be monitored closely. Corrective
actions (immediate, short term, and long term) should be addressed as soon
as possible.
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Maintenance Concerns

o Although the condition of the joints is not directly incorporated into the
condition rating of the deck, superstructure and substructure, their condition
and ability to perform their designed function can influence those ratings.
Leaking or improperly draining joints can lead to excessive corrosion of the
superstructure and bearings, or deterioration of the substructure below.
Therefore, routine maintenance should be requested as necessary, to address
deck joint problems, and prevent the need for major rehabilitation in the
future.

. Improperly functioning joints over pin and hanger details can lead to
deterioration of these details, much of which is not visible from the outside of
the assembly. This deterioration could lead to the unexpected brittle fracture
of elements in these details. Therefore, inspectors and maintenance
personnel should approach deck joints over pin and hangers with a
heightened sense of awareness of the adverse effects on the superstructure
due to improperly functioning joints. All problems noted should be
addressed immediately in order to reduce the possibility of failure in one of
these superstructure details.

. Loose joint devices can produce increased localized impact stresses in the
joint, that can accelerate localized deterioration of the concrete deck or,
deformation of steel superstructure elements to which it is connected.
Unchecked, these stresses can cause failure of the joint over time and create
possible safety hazards to the traveling public. Therefore, loose joint
elements (usually accompanied by loud banging noises upon impact) should
be tightened or repaired as soon as possible.

. Routine maintenance should be requested as necessary clear deck joints of
debris, repair or patch waterproofing seals, replace or tighten fasteners and
repair deteriorated concrete.






Figure 6.1.12d — Underside of Modular Joint.
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SUPERSTRUCTURE INSPECTION

BEARINGS
Reference: BITM90 Chapter 11

Expansion Bearings

Bridges are continually moving due to thermal expansion and contraction, deflections under
loads, unanticipated substructure movements and other forces. These movements are
accommodated by bearings. Expansion bearings must be free to move as designed if the
bridge is to function properly. Movement may be absorbed within the structure if the span
length is short. However, frozen bearings on longer bridges will impart thermal forces into
the bridge members and force the movement to occur at points where movement was not
anticipated. One or more spans may move together, exerting forces on abutments, piers or
connections for which they were not designed. Nearly all types of bearings are susceptible
to freezing. Freezing, as applied to bridge bearings, means that movement has been
prevented by corrosion, mechanical binding, intrusion of dirt or other interference to the
point that the bearing does not operate properly or is held in a rigid condition. Normally, a
frozen bearing will exhibit no signs of movement. Movement can usually be detected by the
presence of polished surfaces on the visible sliding surfaces, broken paint between the fixed
and moveable part of the bearing, crushed material under a rocker bearing, etc. The only
true method to determine if a bearing is frozen, however, is to compare bearing
measurements taken at different temperatures (i.e.. measurements taken during warm
weather should be different from those taken during cold weather.)

The most common types of expansion bearings found in Connecticut are self-lubricating
bronze sliding bearings, steel rocker bearings, elastomeric bearings and pot bearings.
Another special type of bearing seen on a number of structures is the pin and hanger bearing.
Most bridges that contain pin and hanger systems have been retrofitted to provide
redundancy or otherwise reduce the potential for failure in the pins and hangers (See Section
6.2.1.1). Examples of the typical bearings are shown in Figures 6.2.1a - 6.2.1e and Figures
11-7 to 11-12 in the BITM90.

Inspection Requirements

Routine Inspections:
. Inspect all the bearings in accordance with BITM90 Section 11.3.

. "Hands-on" inspection of all bearings will be required to adequately determine if
expansion bearings are behaving as they were designed.
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Sole plate

Guide bar

Stainless steel

PTFE ¢ )

("Teflon’s )
Piston @

Brass sealing rings

Elastomer E 23

Base pot AN
PTFE V\§§j
("Teflon'y )

Figure 6.2.1a — Typical Guided Pot Bearing Components
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Beam
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Sole plate /
Rocker
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Figure 6.2.1c — Typical Rocker Bearing

Neoprene or Natural Rubber

Internal steel plates

Figure 6.2.1d — Typical Steel Reinforced Elastomeric Bearing
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Cover rubber

Dowel holes

Steel load plates

x — 1 Steel reinforcing plates

Internal rubber layers

Lead core

Figure 6.2.1e — Dynamic Isolation Bearing for Seismic Protection

. Bearing areas must be cleaned, as necessary, or referred to Maintenance for cleaning
to permit an adequate inspection of the bearings.

. A random sampling (approximately 25%) of the bearing anchor bolts should be
tapped with a hammer to determine if they are intact and solidly anchored to the
substructure. The frequency of sampling should be increased if defective bolts are
found.

Documentation for Routine Inspections:
o The condition of fixed bearings and elastomeric bearings may be described

narratively on the inspection forms or on framing plans if included. Special or
unusual problems should be sketched.
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BRIDGE NO. DATE:

FIELD NOTES

CREW; SHEET

SLIDING BEARING MEASUREMENTS

Form BRI-14, Rev. 9/01

Span No. =
Beam Sole Plate aubtstructure
nit =
Sliding Plate ]
- . Masonry Plate Temperature = °F
L o ’ Comment On: — Presence of keepers or work
—— Lateral ~=— Measure done on ,bequ. )
Misalignment " and R” — Undermining of bearing.
Attach sketch with dimensions.
FRONT VIEW SIDE VIEW — Cracking of plates or welds.
— Condition of anchor bolts.
Movement Condition
Beam Mode | Lateral [Bearing| Normal | Rust ? Comments

"L "R™ | Exp. or

Contr. |Misalign.| Frozen? | Mov't? H/M/L

Figure — 6.2.1f — Sliding Bearing Measurement Form
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BRIDGE NO. DATE:

FIELD NOTES

CREW; SHEET

ROCKER BEARING MEASUREMENTS

Form BRI-15, Rev. 9/97

Span No. =
Beam
Substructure
Unit =
R =
Temperature = ‘T e "Front” of ih kS
e front” of the — = p” | .
_ bearing is the side } B
6 = Sin" (F-B)/W facing the fixed bearing. | {
_ * [ LN *
Y =RTAN 6 P A I Z\
—— Y
. Masonry
NOTE: Plate
F" & "B" should be meagsured at the left side
corners of the rocker or on the side closest to W o=
to the front face of the substructure on skewed bridges.
P - Cont.
Beam F B Y E% Comments

Figure 6.2.1g — Rocker Bearing Measurement Form
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BRIDGE NO.

DATE:

FIELD NOTES

CREW:

SHEET

POT BEARING MEASUREMENTS

Form BRI-16, Rev. 9/97

Note: Guided expansion bearing shown, non—quided
expansion bearings do not have keeper bars.

(see notes below)

Beam

Leveling Plate

Sole Plate T

‘ Front of Bearing
is the Side

|
. Keeper Bar
Piston ——fﬁ
‘ Base Pot ‘

ﬂ Towards Fixity.

<

N < e v vq ~ <
( Left D e Right @ rront
Side Measurements Side
base.
FRONT VIEW

(1) -Left & Right are determined when facing the Front of the Bearing.

v
v

of keeper to front of

SIDE VIEW

—For non—gquided bearings, measure from side of sole plate to side of piston @ center line of piston.

@ —For non—quided bearings, measure expansion from front of sole plate to front of piston @ center line of bearing.

base. —m=|
Negative if keeper passes front of

< Y }

Expansion
measurement
@ left side &
right side
Take at Front
of Bearing.

Span No. & Substructure Unit = Temperature = T
Expansion Lateral
Beam | Exp. Measurement |Side of Brg. Lot Right Comments
L R (N,S,EW)

Figure 6.2.1h — Pot Bearing Measurement Form
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. The bearing conditions may be described directly on the BRI-18 form unless the
bearings have a condition rating of "5" or less. When the bearings are rated "5" or
less, and the span length is greater than 50' (15 m), the measurements shown in
Figures 6.2.1f - 6.2.1h shall be taken at the fascia beam bearings and at least one
additional bearing near the center of the bridge. Also, any bearing that appears
"frozen" should be measured. The appropriate measurement sheets should be
completed to show the necessary measurements.

. Representative photographs of bearings that appear to be frozen, are rated "5" or less,
or exhibit major deficiencies should be included.

In-Depth Inspections:

. In addition to the requirements for routine inspections, measurements of steel
expansion bearings will be required to complete the forms shown in Figures 6.2.1f-
6.2.1h. Typically, the fascia beam bearings and one beam near the center of the
bridge should be measured in each span. Measurements will not be required for
spans under 50' (15 m). All bearing anchor bolts will be tapped with a hammer to
determine if they are firmly anchored to the substructure.

Documentation for In-Depth Inspections:

. In addition to the documentation required for routine inspections, bearing
measurement sheets will be completed for steel expansion bearings.

Report Review

o The condition of the bearings should be compared to that noted in the last inspection
reports.
. Expansion bearing measurements should be compared to those in the last inspection

report to determine if there is a reasonable change in measurement based on the
difference in temperatures at the time the bearings were measured.

. Comparison of bearing measurements should determine if there is lack of movement
or a progressive movement taking place.

Maintenance Concerns
o Bearings must be relatively clean to function properly. Accumulated debris on a

bridge seat, that tends to interfere with a bearing's movement and hold moisture
around the bearing, should be removed.
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o Normally, frozen bearings will develop irregularities, along their movement surfaces,
that cause mechanical binding and prevent normal movement. Simply cleaning these
bearings does not usually remove or correct the irregularities that cause the binding
and, therefore, is not normally effective unless the deterioration is minor.

. On bridge spans under 100’ (30 m), the amount of thermal movement is less than on
longer spans and may be accommodated in the superstructure. If there are no signs
of distress, the replacement of frozen bearings may not be justified.

. On bridges over 100” (30 m) or where a large number of bearings appear to be
frozen, replacement of the bearings with elastomeric pads or other suitable type
bearings should be requested.

vy
s ek '

Figure 6.2.1i — Over Extended Rocker Bearing.
Note: Front of Rocker in Contact with Underside of Sole Plate.
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=L .
=

Figure 6.2.1j — Bronze Sliding Plate Bearing with a Gap Between
the Sole Plate and the Sliding Plate.

T

Figure 6.21k — Retrofit Detail. Elastomeric Bearing Installed to
Replace Bronze Sliding Plate Bearing.
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Figure 6.2.1m — Elastomeric Bearing. Note the Uneven Bearing
Surfaces Causing Bulging and Cracking at the Rear
of the Elastomeric Bearing Pad.
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1.

Figure 6.2.10 — Center Guided Pot Bearing
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6.2.1.1 PIN AND HANGER ASSEMBLIES

Reference:

BITM 90 Section 10.4.2,11.2.4 and 11.3.1

Inspection Requirements

Routine Inspections:

Inspect the pin and hanger assemblies in accordance with BITM 90, Sections
10.4.2 and 11.3.1.

All pin and hanger assemblies should be treated as fracture critical,
regardless of whether or not the girders they support are redundant. All pin
and hangers will be inspected in accordance with the guidelines established
in this section and in Chapter 5 for Fracture Critical Member Inspection.

Special Note:

e Pinand hanger assemblies are put in bridges to permit thermal expansion and rotation of
the bridge superstructure. If only rotation of the joint is desired, one pin is used to form a
hinge in the beam. Where longitudinal expansion is also required, a system consisting of
two pins with a hanger between them is used.

e Hangers are typically designed for pure tension forces. However, hangers may actually
see both tension and bending. Bending may result from corrosion binding the hanger and
preventing rotation. Out-of-plane bending (perpendicular to the wide face) in the hanger
bar may result from misalignment or skewed geometry due to transverse forces imparted
by impacted rust, improper erection, etc.

e Pins are normally designed for shear and bearing on the full thickness of the hanger. In
pins that have "shoulders™ (changes in pin diameter at the threads), the pin can be
subjected to excessive bearing stress if the hanger shifts off the pin shoulder and onto the
threaded area. Pins can also see very high torsional forces if corrosion inhibits or
prevents their ability to rotate freely.

Pin and hanger assemblies shall be inspected "hands-on" using adequate
lighting to detect corrosion, impacted rust, section loss, hairline cracks
(external), impact or collision damage, or other deterioration. This should be
done in conjunction with the inspection of the superstructure elements.

Measurements are required for all pin and hanger assemblies to complete the
inspection forms shown in Figures 6.2.1.1a & 6.2.1.1b.
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PIN & HANGER DATA SHEET Form BRI-29, Rev. 6/99 Measurements Taken By: Date:
Bridge No.: Town:
Hanger Location: Effective span for Movement: (f) Page: of
g Out
é to Secondary Nut 2
g \Y J Tr Br Tl Bl Out System | Gap® | Restraint [ @ Comments
@ (in) (in) (in) (in) (in) (in) (in) Type (Y/IN) System
1
2
3
4
5
6
7
8
9
10
Notes:
1) For Pin & Hanger assemblies with a redundant support system, Pin T & By Out to Out T
indicate if there is a gap between the redundant system (bearing) Hanger J
and the bottom flange of the suspended girder. . Web, o Support
2) All measurements are taken in reference to log direction. eom e l E— J Span
V : Vertical misalignment of girders @ left edge of girder's |7 LA | & 1 Out to Out Hung =
bottom flange. T B Span o JJ i
J : Joint opening between webs, measured just above the - - !
bottom flange fillet, on the left face of the girder's web. . . Hanger 5 b v
Out to Out : The out-to-out of hangers taken at the leading edge, _LOG DIRECTION g

based on log direction.
3) Use a permanent marker to indicate locations of field measurements.

Figure 6.2.1.1a — Expansion Hanger Measurement Form
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HINGE DATA SHEET Form BRI-30, Rev. 9/97 Measurements Taken By: Date:
Bridge No.: Town: Date:
Hinge Located: Effective span for Movement: (ft) Page:  of
% Secondary Nut
3 \V/ J R L System (_?,ap1 Restraint Comments
@ (in) (in) (in) (in) Type (Y/N) System
1
2
3
4
5
6
7
8
9
10
Notes:

1) For Hinge assemblies with a redundant support system,
indicate if there is a gap between the redundant system (bearing)
and the bottom flange of the suspended girder.

2) All measurements are taken in reference to log direction.

V : Vertical misalignment of girders @ left edge of girder's

bottom flange.

J : Joint opening between webs, measured just above the

bottom flange fillet, on the left face of the girder's web.

3) Use a permanent marker to indicate locations of field measurements.

LOG DIRECTION

Figure 6.2.1.1b — Hinge (Fixed Hanger) Measurement Form

6-79



Printed: June 19, 2005

Inspect the webs and flanges of the connected beams at all pin and hanger
assemblies for proper alignment. This may be checked with a straight edge
or plumb bob. Misalignment may indicate lateral movement caused by
impacted rust.

Inspect pin and hanger components for evidence that deck drainage is
entering the assembly.

Inspect the backside of hangers to the extent possible utilizing lights and
inspection mirrors for impacted rust. It may be helpful to probe with a wire
or slender steel ruler.

Visually inspect the pin to the extent that it is visible and tap the pin with a
hammer to check for gross looseness of the pin, nut and/or retainer cap.
Measure the amount of any negative thread noted on each pin nut (the
amount that the pin is recessed into the nut). Check the retainer cap to see if
it is bent or deformed in any way. Verify that the face of the cap is flat with
a straight edge. Verify that the nuts that hold retainer caps in place are tight
and that a cotter pin or tack weld between the pin and nut are present and not
bent or broken.

Inspect components for signs of rotation that may be evidenced by cracked
and/or worn paint between the hanger and web plates of the connected
members. Differential movement between the hanger and web plates may
also be noted during live load passage.

When defects or deteriorations are found in a particular location on a pin and
hanger assembly, all other pin and hanger assemblies shall be inspected for
the presence of similar defects.

Special Note:

e If differential movement around the pin and hangers is excessive or if there is significant
vertical movement with live load passage, the pins or pin holes may be excessively worn.

Inspect all rotating components for signs of movement and wear at the
interface with other components. This may be evidenced by the presence of
red or orange abrasion dust ("bleeding" rust).

Inspect the hangers closely for signs of fatigue cracking. The critical areas
most likely to develop cracks are outlined below and shown in Figure
6.2.1.1c:

- atwelds used to connect hanger plates.
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- at welds used to connect web doubler plates.
- in the base metal at the ends of hangers adjacent to pin holes.
- in the base metal at the juncture between heads and shanks of eyebars.

Areas

Critical i
Areas

N %6%%/

7
Single Pin Double Pin Double Pin
Plate Plate with Web Fyebar
Doubler Plate

Figure 6.2.1.1c — Fatigue Cracks in Pin and Hanger Assemblies

All suspected cracks shall undergo Nondestructive Testing (NDT) to attempt
to confirm the existence and extent of the crack. All confirmed fatigue
cracks shall immediately be reported in accordance with the Critical
Deficiency Reporting/Emergency Response procedures outlined in Section
3.2.7.

Inspect retrofit systems, such as supplemental hangers, saddles or "catcher's
mitts”, for missing components, corrosion, section loss, cracks and other
deterioration. These "back-up" systems are normally designed to catch and
support the beam in the event of a hanger failure. Measure the gap between
the beams and the retrofit detail. Note if the gap appears too large (excessive
impact loads would be applied at failure) or too small (joint movement is
restrained). Compare measured gap values with design values. If a neoprene
bearing pad is included in the assembly to lessen impact, evaluate the
condition and integrity of the pad. Evaluate the ability of the retrofit to
function in its design capacity.
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Special Note:

Disassembly of Pin and Hanger assemblies for inspection:

No portion of any pin and hanger assembly should ever be disassembled by bridge inspection personnel.
Partial or total disassembly of a pin and hanger joint shall be undertaken only by approved personnel after
proper engineering design is performed with auxiliary support supplied.

Removal of the retainer nuts or caps should not be attempted unless an alternate means of retaining the
hanger on the pin is in place.

Hangers and pins are generally difficult to remove even after the retaining assemblies are taken off. This is
not always true, however, and a pin that is subjected to high torsional stresses due to impacted rust can
rotate or fail suddenly if the nut is loosened. Hangers that are subjected to bending stress due to impacted
rust may slip off the "shoulder™ or pin itself once the nut is loosened.

Partial or full disassembly of pin and hanger assemblies shall never be undertaken until all live load is
removed from the structure. Live load shall remain off the structure until reassembly is complete.

Nondestructive Testing:

Ultrasonic testing is currently the best means available for checking pins in place for internal flaws.
However, the presence of "dead spaces" within the pin (locations where sound waves can not reach due to
the geometry of the pin surface relative to the transducer) may skew test results.

Only trained, certified technicians, knowledgeable in the theory and limitations of ultrasonic testing should
perform and evaluate the test results.

. Inspect seated beam assemblies and spliced beam type retrofit details using
the inspection guidelines established in Sections 6.2.1 Bearings, 6.2.7 Steel
Multi-Girders or 6.2.8 Steel Girder and Floorbeam Systems.

Documentation for Routine Inspections:

. The pin and hanger measurement forms shown in Figures 6.2.1.1a & 6.2.1.1b
shall be completed for all hangers and hinges.

. Document the presence of all loose, missing or cracked components or
cracked welds on the pin and hanger assemblies. Mark these locations on the
bridge in the vicinity of the assembly with a permanent marker or lumber
crayon in such a manner that subsequent inspections may find the locations
easily.

. Document all steel losses by noting the area and depth of the loss as well as
its relative location on the pin and hanger assembly. Whenever possible,
calipers or other measuring devices shall be used to measure the remaining
section where deteriorations are noted instead of estimating loss. See
Appendix 6.2 for typical examples of documenting steel deterioration.
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. Document whether or not rotation within the pin and hanger assembly was
observed.
. Document the location and amount of any impacted rust found and whether

or not rotation of the hanger assembly is affected.

. Particular care will be given to documenting the current condition of all
previously noted deteriorations so the rate of deterioration can be established.
If increased quantity or size of deteriorations causes the condition rating to
change from the last inspection, a photograph and explanation of why the
rating has changed shall be included in the inspection report.

o Note the existence of all leakage or drainage onto the pin and hangers.

. Typical conditions and deteriorations causing a condition rating of less than
or equal to "5" shall be photographed as outlined in Chapter 5.

In-Depth Inspections:

. In addition to the requirements for routine inspections, ultrasonic testing shall
be performed on all pin and hanger assemblies if either of the following
conditions exist:

1) The superstructure containing the pin and hanger details is load path non-
redundant (superstructure composed of 2 or 3 girders).

2) The pin and hanger assemblies are not retrofit with redundant support
assemblies, as defined above and shown in Figures 6.2.1.1d & e.

o All ultrasonic testing must be pre-approved by the Supervising Engineer in
charge of the structure.

o Bridge Maintenance personnel or a contractor may be required to provide
temporary restraint for hanger bars or to temporarily support beams where
pin caps must be removed to perform the ultrasonic testing.

Special Note:

e The condition of the pin assemblies, based on visual inspection and engineering
judgement, as well as the service history, may increase or reduce the need for this NDT
requirement. However, changes to this requirement shall only be by approval of the
Supervising Engineer.
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Figure 6.2.1.1d — Expansion Hanger with Sling
Backup System Installed.

Documentation for In-Depth Inspections:

. All documentation required for routine inspections shall be included in the
in-depth documentation plus the results of all ultrasonic testing performed.

. Documentation as a whole should clearly describe the structural condition
and serve as an accurate benchmark to which future inspections can be
compared.

. A good quality photograph, that documents the overall condition of the pin

and hanger assemblies as well as detail photographs that support the
condition rating, shall be provided. All fatigue cracks noted shall be
photographed.
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Figure 6.2.1.1e — New Stainless Steel Hanger
with “Catchers Mitt” Support Beam Installed.

Review the inspection findings in accordance with established Quality
Control and Quality Assurance procedures.

Cross reference the inspection report, inspection field notes and photographs
to ensure they are mutually supportive of their documentation.

The inspection reviewer shall determine if fatigue problems have been noted
on the pin and hanger assemblies and whether or not patterns of deterioration
or progressive deterioration are taking place. If fatigue cracks are noted, the
reviewer shall insure that the procedures for "Critical Deficiency Reporting"
have been initiated. Progression shall be determined by comparing past and
present inspection reports.
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Maintenance Concerns

. Remove debris and impacted rust to the extent possible without disassembly.
Paint or spot paint the pin and hanger assemblies as required to cover
exposed steel.

. Ensure that retainer cap nuts are tight and that anti-loosening devices such as
cotter pin, tack welds, double nuts, etc., are in place and functioning as
designed.

. Perform maintenance on the drainage system as outlined in Section 6.1.10

Drainage Systems, to prevent leakage onto the pin and hanger assemblies.

. If load has been transferred to the backup system, the performance of the
backup system should be reviewed and returning the load to the primary
system should be considered.
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6.2.1.2 JOINT MEASUREMENTS

Measuring the joint opening in bridge parapets at superstructure joints, and comparing the
measurement to others taken at the same location at different temperatures, provides a quick
and easy method of determining whether the superstructure bearings are responding (as
intended or otherwise) to changes in temperature and allowing movement of the
superstructure. Measurements that show a predictable change based on a known temperature
difference, give confidence that bearing devices are functioning to permit superstructure
expansion/contraction.

Parapet joint opening measurements will be taken at every biennial inspection and the
temperatures at the time of the measurements recorded. At structures where the operation of
the bearing devices is in question, additional measurements at a more frequent interval may
be requested at different extremes in temperature. All measurements will be taken to the
nearest 1/16" and recorded using the form shown in Figure 6.2.1.1a.

The parapet joint opening to be recorded will be the perpendicular opening at the joint,
measured at a point approximately 3" (75 mm) down from the top. The location where the
measurement is taken should be marked with a chisel and a small spot of orange paint.
Figure 6.2.1.2b shows how to take the measurement at various parapet configurations. In
some locations there may not be an approach or wingwall parapet that eliminates the parapet
joint at the abutment. In these instances, an alternate measurement should be taken, and the
location of the measurement marked and noted on the measurement form. Alternate locations
might include measuring from the end of the superstructure beam to the face of the backwall
at the fascias or the curb joint opening if there is a definite joint and the approach curb is a
substantial, rigid element (not bituminous concrete lip curb or other curbing that is subject to
approach settlement). The important concept to remember is that you want to measure
between something on the superstructure that is moving and something on the substructure
or approach that is fixed. Alternate measurements should be taken at a location that is easy
to locate and easy to duplicate.
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JOINT MEASUREMENT

Form BRI-17, Rev 6/99

Bridge #: Location: Town Of:
Difference between
Deck Deck Effect Winter Measurement Summer Measurement Differential Movements Actual & Calc.
Joint Joint Span TEMP Date.. TEMP Date.. Actual by Comment Movements
Location Type (ft.) deg Left (in) | Right(in) deg Left (in) [ Right (in) Left Right | Formula Left (in) | Right(in)
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
*Note: Place the higher temperature measurements to the right side of the table.

A negative differential movement indicates possible abnormal movement.
The "Effective Span" is the length contributing to expansion at the joint. This should be 0 at fixed joints.

Figure — 6.2.1.2a — Parapet Joint Measurement Form
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Expansion joint
opening

MEASURING PARAPET JOINT OPENING

L

—=1 r=— Opening —=1 r=— Opening L Opening J L Opening

[ [] | .
[] [] ‘
[] [] -
—— End'o‘f bridge curb J | End of beam
to rigid approach to backwall
curb. i
\ L

ALTERNATE MEASUREMENT LOCATIONS

Figure 6.2.1.2b — Joint Measurements

6-89



Printed: June 19, 2005

6.2.2 REINFORCED CONCRETE SLABS

Reference: BITM 90 Sections 4.3, 9.2.1, 15.3, 16.3

This section describes the inspection requirements for reinforced concrete slab
superstructures. The requirements for concrete decks are discussed in Section 6.1.2. A
concrete slab superstructure is a slab that is supported directly on the substructure. This type
of superstructure is also known as an "Integral Deck" superstructure because the
superstructure is also the riding surface or "deck.” Refer to Section 10.1 for instructions on
determining condition ratings for integral deck superstructures.

Inspection Requirements

Routine Inspections:

. Inspect the slab in accordance with BITM 90 Section 9.2.1.

. The underside of the slab should be viewed from a distance not greater than
15’ (5 m) using adequate lighting to detect cracks 1/32” (0.5 mm) wide and
larger.

. All areas of suspected delamination and at least 25% of those areas on the

bottom of the slab showing cracking, scaling, wetness or staining shall be
tapped with a hammer to determine soundness.

. The ends of cracks that are 1/8” (3 mm) wide or larger and any cracks that
appear to be tension or shear cracks shall have their ends marked with a
permanent marker or chisel mark and spot of paint so that extension may be
monitored on subsequent inspections.

Documentation for Routine Inspections:

. The size and location of cracks, spalls, delaminations, etc., shall be noted.
Where these cannot be simply described, a sketch of the slab underside shall
be made that shows the size, location and orientation of deficiencies found.
Cracks with rust staining should be documented as such since they may be
indicative of leakage through the slab and deterioration of the reinforcing
steel. Spalls that expose reinforcing steel should be specifically noted and
any deterioration or section loss on the exposed steel documented.
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. Particular care shall be paid to document increased quantity or size of
deteriorations that have changed since the last inspection. If the condition
rating has changed from the last inspection (up or down), a photograph or
explanation of why the rating has changed should be included.

. Notes should be made describing the current condition of any previously
discovered item that was being monitored.

. Typical conditions and deteriorations causing a condition rating of less than
or equal to "5" shall be photographed as outlined in Chapter 5.

In-Depth Inspections:

. In addition to the requirements for routine inspections, "hands-on" access
shall be provided to the entire slab underside.

. All areas of cracking, scaling, wetness or staining shall be sounded with a
hammer and a random sampling of at least 50% of the areas showing no
apparent signs of deterioration shall be sounded using a frequency adequate
to detect deficiencies.

Documentation for In-Depth Inspections:

. A sketch of the underside or a copy of the plans is required to show all
deteriorations found..

. A good quality photograph of the underside of the slab, that documents its
overall condition and supports the condition rating, shall be included.

Report Review

. Review the inspection findings in accordance with established Quality
Control and Quality Assurance procedures.

. The inspection report reviewer should determine if patterns of deterioration
or progressive deterioration is taking place. Progression will be determined
by comparing present to past inspection reports.

o The sudden or progressive appearance of flexure or shear cracks may indicate
the need for a new structural evaluation and/or posting of the bridge structure
for a weight restriction.
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o Low condition ratings, which are caused by extensive widespread
deterioration, should be reason to request supplemental testing to better
determine the condition of the slab and whether rehabilitation or replacement
IS warranted.

Maintenance Concerns

. Due to the difficulty inherent with overhead concrete patching and the non-
structural nature of the bottom surface concrete in typical simple span slabs,
repair of spalled areas on the undersides of slabs is not normally necessary,
except in slab bearing areas. At most locations, loose or hollow concrete
should be removed and the spalled area cleaned and coated with an
appropriate material that will protect exposed reinforcing steel and prevent
further deterioration.

. Waterproofing methods can be the best way to prevent or slow the
deterioration of reinforced concrete members. Care must be taken in the
application of waterproofing systems to ensure that they are not applied in
such a way as to prevent existing moisture in the slab from exiting.

Figure 6.2.2a — Typical Concrete Slab Bridge.
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6.2.3 REINFORCED CONCRETE T-BEAMS

Reference: BITM 90 Sections 9.2.1, 9.2.2, 15.3, 16.3

This type of superstructure is also known as an "Integral Deck" superstructure because the
superstructure is also the riding surface or "deck.” Refer to Section 10.1 for instructions on
determining condition ratings for integral deck superstructures.

Inspection Requirements

Routine Inspections:

. Inspect the superstructure in accordance with BITM 90, sections 9.2.1 and
9.2.2.
. The stem and flanges of the T-beams should be inspected from a distance of

not greater than 15° (5 m) using adequate lighting to detect cracks 1/32” (0.5
mm) wide or larger.

. All areas of suspected delamination and at least 25% of those areas showing
cracking, scaling, wetness, staining or other deterioration shall be tapped
with a hammer to determine soundness and/or extent of deterioration.

. All areas of exposed reinforcing bars will be inspected for any section loss
from a distance of less than 3’ (1 m).

. Examine the bearing areas for spalling and crushing due to friction from
thermal movement and high bearing pressure.

. Investigate the area near the supports for the presence of diagonal (shear)
cracks. These will occur on the side of the stem and project up from the
supports toward midspan (See Appendix 6.4 for typical locations).

. Inspect tension zones for deteriorating concrete (delaminations, spalls, and
cracks with efflorescence, etc), which could cause debonding of the tension
reinforcement.

. The tension areas should be examined for flexure cracks. Look for flexure
cracks on the bottom of the beam stem near mid-span and, for continuous
spans, in the top of the beam stem near the intermediate supports (See
Appendix 6.4 for typical locations).

. Examine cracks for rust stains. This indicates possible rusting of the steel
reinforcement.
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. Check areas exposed to drainage for concrete spalling and scaling. This may
be particularly evident along the curbline, at scuppers or other thru-deck
drains, and at the ends of beams where drainage seeps through deck joints.

. Investigate areas that have been damaged, due to collision, for concrete
damage (compression zone) and rebar damage (tension zone).

. Examine repaired areas to determine if repair materials are in place and
functioning as designed. Hammer tap patched areas to determine if the patch
is sound and adhering to the base material.

Documentation for Routine Inspections:

. A simple framing plan shall be provided showing locations of deteriorations
and other noted problems. Elevations, cross sections and other detail
sketches shall be drawn as required to clearly show the locations and extent
of noted deterioration.

o Describe cracks, spalls, scaling, delaminations, dampness, leakage, etc., by
noting the size, length, width, surface area and orientation or direction, as
applicable, as well as the relative location along the member from a fixed
point. Cracks should include a length and width description, as defined in
Appendix 6.4, and indicate whether efflorescence and/or rust staining is
present. Spalls and scaling should include the depth of loss and the surface
area covered. All exposed rebar locations shall be noted along with all
section loss of the steel.

. Notes should be made describing the current condition of all previously
noted problems so a rate of deterioration can be established for monitoring
purposes. If the condition rating has changed from the previous inspection
due to increased quantity or size of deterioration, photographs,
documentation, and an explanation of why the rating has changed should be
included in the inspection report.

. Cracks 1/8” (3 mm) or wider, should have their ends marked on the bridge
with a permanent marker, or chisel and paint mark, along with the date they
were found. This will allow subsequent inspections to determine extent and
rate of crack propagation.

. Typical conditions, and deteriorations causing a condition rating of less than
or equal to "5", shall be photographed as outlined in Chapter 5.
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In-Depth Inspections:

. In addition to the requirements for a routine inspection, "hands on" access
shall be provided to the entire superstructure.

. All primary members will be inspected "in depth” regardless of extent of
damage or deterioration, from a distance of less than 3’ (1 m).

o All areas of cracking scaling, wetness, or staining shall be sounded with a
hammer to determine extent and limits of deterioration.

o At least 50% of the areas showing no apparent signs of deterioration shall be
initially inspected using physical inspection methods such as hammer
sounding or chain drag survey to determine the need for a more extensive
investigation.

. Areas that are suspected of needing additional investigation shall be
documented and discussed with the Field Senior to determine the possible
courses of action and appropriate NDT methods to be employed.

Documentation for In-Depth Inspections:

. All documentation required for a routine inspection shall be included in the
in-depth documentation except as noted in this section.

. Documentation as a whole should clearly describe the structural condition
and serve as an accurate benchmark to which future inspections can be
compared.

. A good quality photograph of the superstructure, that documents the overall
condition as well as detail photographs that support the condition rating, shall
be provided.

Report Review

. Low condition ratings that are caused by extensive or widespread
deterioration should be reasons to request supplemental testing to better
determine the condition of the T-beams and whether rehabilitation or
replacement is warranted.

. Review the inspection findings in accordance with established Quality
Control and Quality Assurance procedures.
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o Cross reference the inspection report, inspection field notes and photographs
to ensure they are mutually supportive of their documentation.

o The inspection reviewer should determine if patterns of deterioration or
progressive deterioration are taking place. Progression will be determined by
comparing present to past inspection reports.

. The sudden or progressive appearance of flexure or shear cracks may indicate
the need for a new load analysis and/or weight restriction of the bridge
structure.

Figure 6.23a — Concrete T-Beams with Large Spalls Exposing the
Bottom Layer of Reinforcing Steel.
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Maintenance Concerns

. Due to the difficulty inherent with overhead concrete patching, and the non-
structural nature of bottom surface concrete in typical simple span T-beams,
repair of minor spalled areas on the bottom of the T-beam stem is normally
not necessary. At most locations, loose or hollow concrete, which does not
extend beyond the depth of the bottom layer of reinforcement, should be
removed and the spalled areas cleaned and coated with an approved material
that will protect any exposed reinforcing steel and prevent further
deterioration. However, if the spall is deeper than the bottom layer of
reinforcing steel, patching operations should be conducted.

. Certain structural cracks may be repaired using chemical repair techniques.
Engineering judgement and discussion with the Supervising Engineer are
required for specific applications.

. Waterproofing methods can be the best way to prevent or slow the
deterioration of reinforced concrete members. However, care must be taken
in the application of waterproofing systems to insure they are not applied in
such a way as to prevent existing moisture in the T-beams from exiting.
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6.24 CONCRETE RIGID FRAMES AND CLOSED SPANDREL ARCHES

Reference: BITM 90 Sections 9.1, 9.2.6,9.2.7

This type of superstructure is also known as an "Integral Deck" superstructure because the
superstructure may also be the riding surface or "deck.” Refer to Section 10.1 for instructions on
determining condition ratings for integral deck superstructures. See Appendix 6.9 for sketches and

nomenclature.

Inspection Requirements

Routine Inspections:

Inspect the concrete rigid frame or closed spandrel arch in accordance with
BITM 90 Sections 9.1, 9.2.6, and 9.2.7.

The entire superstructure shall be inspected from a distance of not greater
than 15 ft. (5 m) using adequate lighting to detect cracking, scaling, spalling,
exposed reinforcing (with or without corrosion loss), delamination, impact
damage or other defects.

Suspect areas should be inspected "hands-on™ to determine the type and
extent of deterioration or deficiency.

Inspect the area of the arch ring/skew back interface for deterioration. (See
Appendix 6.9, Figure A-9-10.)

Inspect the arch or frame intrados for longitudinal cracks that may indicate
differential vertical movement across the transverse section. Look for
transverse tension cracks near the crown that may indicate an
overload/overstress condition.

Inspect the arch ring/spandrel wall interface for cracks and spalls that may
indicate deflection of the wall or differential movement of the arch ring.

Inspect the spandrel walls for bulging, tilting, or other signs of deterioration
and signs of fill material exfiltration.

Inspect the top of the roadway for signs of cracking parallel to the centerline
of the arch or for depressed pavement. Depressions or signs that the
pavement has been patched may indicate loss of fill material or rotation of
the spandrel walls.
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Special Note:

In closed spandrel arch structures that are earth filled, the spandrel walls are primary
members. They act as retaining walls and serve to resist the lateral earth pressures that
develop in the fill material during transfer of dead and live loads to the arch ring. Cracks and
spalls, which are large enough to allow exfiltration of fill material, reduce the effective
transfer of load and can cause voids to develop below the roadway pavement. They should be
sealed to prevent further exfiltration and monitored for recurrence.

Because asphalt pavements and/or fill material are porous, water can easily penetrate to
the inside surfaces of arch rings, spandrel walls and frame legs. 1f weepholes are ineffective
and water is retained, deterioration may take place on the inside face long before water
seepage, staining, or other signs of deterioration are noticeable on the outside face. Once
cracks or spalls penetrate to the outside surface, water can accelerate exfiltration of fill
material.

Check all areas exposed to drainage for concrete spalling and scaling. This
may be particularly evident below the roadway curbline, and around scuppers
and weepholes.

Check that scuppers are not clogged and that surface water drains away
properly so that it does not saturate the fill material and/or penetrate to the
structural concrete.

Check weepholes to see if they appear clear to permit proper drainage of the
backfill.

Check for shear cracks that initiate at the intersection of the frame leg and
intrados and propagate upward into the frame slab toward midspan or
downward into the leg. (See Appendix 6.9, Figure A-9-11 for typical
locations.)

Check the tension zones in frames for flexure cracks, cracks with rust stains
or efflorescence, exposed or corroded tensile reinforcement, or deteriorated
concrete that could cause debonding of the tension reinforcement. (See
Appendix 6.9, Figure A-9-12 for typical locations.)

Check the frame legs for horizontal cracks that could indicate excessive
backfill pressure, and for loss of section due to spalling or scaling that would
increase the compressive stresses. Check for exposed reinforcement.

Investigate areas that have been damaged due to impact for concrete damage
(compression zones) and reinforcement damage (tensile zones).
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Inspect repaired areas to determine if repair materials are in place and
functioning as designed. Hammer tap patched areas to determine if the patch
is sound and adhering to the base material.

Look for spalling, scaling or delaminated concrete that is located above
roadway travel lanes and could cause problems if it were to become loose
and drop to the roadway below.

Documentation for Routine Inspections:

Document deficiencies and deteriorations observed. Dimensions should
include the length, width, height, depth of loss, orientation and location
relative to a fixed point.

Elevation and plan drawings may be provided to show the layout of the arch
ring, frame, spandrel walls and foundation, along with all noted
deteriorations. If required, additional sectional views and detail drawings
shall be provided as necessary to adequately describe the extent of
deficiencies noted. Sketches should always be provided if significant
deterioration is found.

Notes shall be made describing the current condition of all previously noted
problems so that a rate of deterioration can be established for monitoring
purposes. If a condition rating has changed from the previous inspection due
to increased quantity or size of deterioration, or if the deterioration has been
repaired, photographs, documentation and an explanation of why the
condition rating has changed shall accompany the report.

All shear cracks in the spandrel walls, frame slab or frame legs and any
transverse cracks in the arch ring or frame legs that are greater than 1/8” (3
mm) in width shall have their ends marked on the structure with a permanent
marker or chisel and paint mark along with the date they were found. This
will allow subsequent inspections to determine the extent and rate of crack
propagation.

Typical conditions and deteriorations causing a condition rating of less than
or equal to "5" shall be photographed as outlined in Chapter 5.

In-Depth Inspections:

In addition to the requirements of the routine inspection, "hands-on" access
shall be provided to the entire superstructure.
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. Elevation and plan drawings shall be provided to show the layout of the arch
ring, frame, spandrel walls and foundation along with all deteriorations
noted. Section views and detail drawings shall be provided as required to
adequately describe the extent of deficiencies noted.

. All areas of cracking, scaling, spalling, wetness, or staining on the spandrel
walls shall be sounded with a hammer to determine the extent and limits of
deterioration.

o At least 50% of the areas of the arch or frame intrados, spandrel walls, and
frame legs showing no apparent signs of deterioration shall be initially
inspected using physical inspection methods such as hammer sounding or
chain drag survey to locate delaminated areas. If delaminations are found,
additional areas shall be sounded.

Documentation for In-Depth Inspections:

. All documentation required for the routine inspection shall be included in the
in-depth documentation except as noted in this section.

. Documentation, as a whole, shall clearly describe the structural condition and
serve as a benchmark to which all future inspections can be compared.

. A good quality photograph of the superstructure, that documents the overall
condition as well as detail photographs that support the condition rating, shall
be provided.

Report Review

. Review the inspection findings in accordance with established Quality
Control and Quality Assurance procedures.

. Check to ensure the inspection report, inspection field notes, and photographs
are cross referenced and mutually supportive of their documentation.

. The inspection reviewer should determine if patterns of deterioration or
progressive deterioration is taking place. Progression will be determined by
comparing present and past inspection reports.

. Transverse cracking in the arch ring may indicate possible differential
deflection of the arch ring and can seriously effect the ability of the arch ring
to carry load. If these cracks are noted, further investigation as to the cause
and effects should be considered.
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o Rigid frames rely on the integrity of the moment connection between the slab
and leg to transfer dead and live load moments to the footings. Cracking,
spalling, exposed rebar or other deterioration noted in this area, particularly
in the tension area, should be monitored closely and further investigation as
to the cause and effects should be considered.

Maintenance Concerns

. Spalls noted during the inspection should be patched utilizing approved
materials and details. If exposed reinforcing bars are present, they should be
cleaned of all rust and coated with an approved protective coating prior to
patching operations. Consideration should be given to replacing severely
corroded sections of reinforcing bars and/or utilizing wire mesh to reinforce

the patch.

. Weepholes and scuppers should be cleaned as needed to insure proper
drainage.

. Debris buildup on the roadway should be removed as needed to allow water

runoff to drain effectively.

. Potholes and/or spalls in the roadway surface should be patched utilizing
approved materials and procedures to prevent increased impact stresses and
further deterioration.

Figure 6.2.4a — A Closed Spandrel Reinforced Concrete Arch Bridge.
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6.2.5 OPEN SPANDREL CONCRETE ARCHES

Reference: BITM 90 Sections 9.1, 9.2.5

NOTE:The inspection criteria described in this section conservatively assumes that

transverse floorbeams act integrally with the spandrel columns to form a rigid
frame system. Also, it is assumed that any spandrel beams spanning
longitudinally between the spandrel columns create a rigid frame
configuration and should be inspected as such. Floorbeams supported on top
of the longitudinal spandrel beams should be inspected as a continuous beam
with cantilevered ends.

Inspection Requirements

Routine Inspections:

Inspect the open spandrel concrete arches in accordance with BITM 90
Sections 9.1 and 9.2.5.

All superstructure elements shall be inspected on all sides from a distance
not greater than 15 ft. (5 m) using adequate lighting to detect cracking,
scaling, spalling, exposed reinforcing (with or without corrosion loss),
delamination, impact damage or other defects.

All suspect areas shall be inspected "hands-on" to determine the type and
extent of deterioration or deficiency.

Inspect the arch rib/spandrel column interface for horizontal cracks that may
indicate excessive bending in the column due to overloads or differential arch
rib deflection. (See Appendix 6.9, Figure A-9-2.)

Inspect the spandrel column/floorbeam interface for diagonal cracks that
begin at the interface corner and propagate upward over the column. These
may indicate differential arch rib deflection. (See Appendix 6.9, Figure A-9-
2.)

Inspect the tension zones of floorbeams and spandrel beams for deteriorated
concrete that could cause debonding of the tensile reinforcement.

Inspect the area near the floorbeam and spandrel beam supports for the
presence of shear cracks. These cracks will appear on the sides of the beams
and project upward toward the beam=s midspan. (See Appendix 6.4 for
typical locations).
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Tension areas of floorbeams and spandrel beams shall be inspected for the
presence of flexure cracks. These cracks will appear at the bottom of the
beam near midspan. In the case of continuous spandrel beams or
cantilevered floorbeams, these cracks may also appear at the top of the beams
at the supports.

When arch ribs are connected with struts, check the arches near the strut
connection for diagonal cracks due to torsional shear caused by differential
arch rib deflections.

Inspect the arch ribs for cracks. Longitudinal cracks along the centerline of
the rib or transverse cracks may indicate an overstress condition.

Inspect the arch ribs for any section loss due to spalling that will increase the
compressive stresses at the area of loss. Maximum compressive stresses in
the arch ribs occur at the connection to the substructure.

Inspect the spandrel columns for buckling due to eccentric loading. (See
Appendix 6.9, Figure A-9-4 for further description.) If a column is
discovered to be buckled, the arch rib adjacent to the column should be
inspected for torsional distortion.

Examine all floorbeams and spandrel beams at bearing areas for spalling or
crushing due to high bearing pressure.

Examine all cracks for rust stains. This indicates possible rusting of the steel
reinforcement.

Check areas exposed to water drainage for concrete spalling and scaling. This
may be particularly evident along the curblines, at scuppers, and at deck
joints.

Investigate areas that have been damaged due to collision for concrete
damage (compressive zones) and reinforcement damage (tension zones).

Inspect repaired areas to determine if repair materials are in place and
functioning as designed. Hammer tap patched areas to determine if the patch
is sound and adhering to the base material.

Inspect the arch superstructure elements above the floorbeams/bent caps
using the procedures outlined in other sections of this manual as applicable.
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Documentation for Routine Inspections:

. Document deficiencies and deteriorations observed. Dimensions should
include the length, width, height, depth of loss, orientation and location
relative to a fixed point.

. A framing plan of the deck system and an elevation of the arch rib should be
provided to show the layout of the superstructure. All notable deteriorations
should be located on these sheets. Section views and detail drawings shall be
provided as necessary to adequately describe the extent of deficiencies noted.
Also note that very detailed descriptions and locations of deteriorations are
required to avoid confusion as to the exact location. (See Appendix 6.9,
Figures A-9-1 and A-9-5 thru A-9-9 for typical arch nomenclature, labeling
system and field note examples.)

. Notes shall be made describing the current condition of all previously noted
problems so that a rate of deterioration can be established for monitoring
purposes. If a condition rating has changed from the previous inspection due
to increased quantity or size of deterioration, or if the deterioration has been
repaired, photographs, documentation and an explanation of why the
condition rating has changed shall accompany the report.

. All structural cracks that are greater than 1/8” (3 mm) in width shall have
their ends marked on the structure with a permanent marker or chisel and
paint mark along with the date they were found. This will allow subsequent
inspections to determine the extent and rate of crack propagation.

. Typical conditions and deteriorations causing a condition rating of less than
or equal to "5" shall be photographed as outlined in Chapter 5.

In-Depth Inspections:

. In addition to the requirements of the routine inspection, "hands-on" access
shall be provided to the entire superstructure.

o All areas of cracking, scaling, spalling, wetness, or staining on the arch ribs,

spandrel columns, spandrel beams and floor system shall be sounded with a
hammer to determine the extent and limits of deterioration.
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. At least 25% of the areas of the arch ribs, spandrel columns, spandrel beams,
and floor system showing no apparent signs of deterioration shall be
inspected using physical inspection methods such as hammer sounding to
locate delaminations. If delaminated areas are found, additional areas shall
be sounded.

Documentation for In-Depth Inspections:

. All documentation required for the routine inspection shall be included in the
in-depth documentation except as noted in this section.

. Documentation, as a whole, shall clearly describe the structural condition and
serve as a benchmark to which all future inspections can be compared.

. A good quality photograph of the superstructure, that documents the overall
condition as well as detail photographs that support the condition rating, shall
be provided.

Report Review

. Review the inspection findings in accordance with established Quality
Control and Quality Assurance procedures.

. Check to ensure the inspection report, inspection field notes, and photographs
are cross referenced and mutually supportive of their documentation.

. The inspection report reviewer should determine if patterns of deterioration
or progressive deterioration is taking place. Progression will be determined
by comparing present and past inspection reports.

. The sudden or progressive appearance of cracks in the tension zones of any
arch superstructure members or at any of the interfaces described in this
section may indicate the need for a new load analysis and/or weight
restriction on the structure.

. Because of the nature of open spandrel arches, with multiple elevation views
of individual arch ribs, columns, spandrel beams and floorbeams, it is easy to
inadequately document the location of defects. Therefore, the inspection
report reviewer should review the field notes to ensure that correct
nomenclature is used and that section and detail sketches are correctly drawn
and adequately described.
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It is very unlikely the spandrel columns and arch ribs of the arch
superstructure will act in pure compression (as theory would describe) due to
eccentric loading of the spandrel columns. Therefore, tensile stresses may
develop in the columns and torsional stresses may develop in the arch rib
below the column. The reviewer should review the inspection report and
field notes for documentation of columns (particularly long columns), that
appear to have flexure cracks, and ribs that have torsional cracks. If these
cracks are noted, additional investigation as to the cause and effect is
warranted.

Review the inspection report and field notes for evidence of cracking caused
by differential deflection of the arch ribs. These cracks are most common at
the column/arch rib interface, the column/floorbeam/spandrel beam
connection and arch strut/arch rib interface. Signs of arch rib differential
deflection shall be closely monitored and may warrant further investigation
as to the long term effects on the structure.

Section loss due to spalls in compression members will cause higher
compressive stresses in the member at the location of loss. Review the
inspection report and field notes for locations of excessive section loss that
may warrant further investigation.

Figure 6.2.5a — Open Spandrel Concrete Arch Bridge.
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Maintenance Concerns

. Spalls noted during the inspection should be patched utilizing approved
materials and details. If exposed reinforcing bars are present, they should be
cleaned of all rust and coated with an approved protective coating prior to
patching operations. Consideration should be given to replacing severely
corroded sections of reinforcing bars and/or utilizing wire mesh to reinforce

the patch.

. Scuppers and deck joints should be cleaned as needed to insure proper
drainage.

. Debris buildup on the roadway should be removed as needed to allow runoff

to drain effectively.

. Potholes and/or spalls in the roadway surface should be patched utilizing
approved materials and procedures to prevent increased impact stresses and
further deterioration.

. Certain structural cracks may be repaired using chemical repair technigues.

Engineering judgement and discussion with the Supervising Engineer are
required for specific applications.
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6.2.6 PRESTRESSED AND POST TENSIONED CONCRETE SUPERSTRUCTURES

Reference: BITM 90 Sections 4.3, 9.3,21.4

Inspection Requirements

Routine Inspections:

Inspect the superstructure in accordance with BITM 90 Sections 9.3 and
21.4.

Some of the larger post tensioned bridges in the state, such as the Baldwin
Bridge in Old Saybrook, have custom inspection procedure manuals that
were created by the bridge's designer. The procedures described in these
manuals shall be referenced and followed when inspecting these structures.

Bearing areas, and anchorages should be viewed from a distance not greater
than 3' (1 m) using adequate lighting to detect hairline cracks. The remainder
of the superstructure should be viewed from as close as practical, using
binoculars, where appropriate, with adequate lighting to detect cracks 1/32”
(0.5 mm) and larger.

All areas of suspected delamination, scale, cracks with efflorescence,
wetness, rust staining, and cracks 1/32” (0.5 mm) and larger, shall be tapped
with a hammer to determine soundness. Cracks less than 1/32” (0.5 mm)
shall be tapped with a hammer at sufficient intervals to detect patterns of
delamination.

The ends of cracks greater than 1/32” (0.5 mm) shall have their ends marked
with a chisel or permanent marker so that extension may be monitored on
subsequent inspections. Cracks, that were found and marked on previous
inspections, shall be checked for extension beyond the previous end mark. If
extension is noted, the new end of the crack should be marked and the
amount of extension noted in the inspection report.

The interiors of box beams/girders should be inspected whenever possible.
Documentation/monitoring of deterioration/cracking will be done primarily
from the interior of the boxes. Inspection of the interiors of box beams
requires additional safety precautions. Refer to the section on inspection of
steel box girders for comments on safety.
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Documentation for Routine Inspections:

. The size and location of cracks, spalls, delaminations, etc., shall be noted.
Where these cannot be simply described, a sketch of the superstructure
element shall be made that shows the size, location, and orientation of
deficiencies found.

. Flexure and shear cracks larger than 1/32” (0.5 mm) shall be measured and
accurately located. Smaller, nonstructural cracks need not be measured, but
their general size, length, direction, location, and quantity should be noted in
the inspection report. Where cracking is extensive, the amount of
documentation required should be discussed with the Supervising Engineer.

. Particular care shall be paid to documenting increased quantity or size of
deteriorations that have changed since the last inspection. If the condition
rating has changed from the last inspection (up or down), a photograph and
explanation of why the rating has changed should be included.

. Notes should be made describing the current condition of any item previously
discovered and noted for monitoring.

. Typical conditions and deteriorations causing a condition rating of less than
or equal to "5" shall be photographed as outlined in Chapter 5.

In-Depth Inspections:

. In addition to the requirements for routine inspections, "hands-on" access
shall be provided to the entire superstructure.

. All areas of suspected delamination, scale, cracking, and a random sampling
of at least 25% of the areas showing no apparent signs of deterioration shall
be sounded to locate delaminations using a frequency adequate to detect
deficiencies.

Documentation for In-Depth Inspections:

. A simple framing plan shall be drawn or a copy of the plans made and all
deficiencies referenced to that framing plan. All deterioration shall be
sketched noting the size, length, direction, depth, etc., of deterioration. If the
deterioration is limited, placing the information on the framing plan will
usually be sufficient, however, in most cases sketches of individual members
that show all exposed faces will be required.
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. In some cases the quantity of cracks will preclude measurement and
documentation of all cracks within a reasonable length of time. In this case,
it is important that the significant cracks and deterioration are fully
documented, and that the pattern and quantity of other deterioration is noted.

. The notes as a whole should clearly describe the structural condition and
serve as an accurate benchmark to which future inspections can be compared.

. A good quality photograph of the superstructure that documents its overall
condition and supports the condition rating shall be included.

Report Review

. Review the inspection findings in accordance with established Quality
Control and Quality Assurance procedures.

. The inspection reviewer should determine if patterns of deterioration or
progressive deterioration is taking place. Progression will be determined by
comparing present to past inspection reports.

. The sudden or progressive appearance of flexure or shear cracks may indicate
the need for a new load rating analysis and/or posting of the bridge structure
for a weight restriction.

Maintenance Concerns

. Repairs to prestressed concrete members will generally be structural in nature
and may have an effect on the load carrying capacity. Repairs should be
detailed and performed under the direction of an engineer. Only very loose
concrete that is in danger of falling onto traffic should be removed with a
light (less than 15 pound) jackhammer prior to consultation with the
engineer. At no time should drilling or the use of powder actuated fasteners
be permitted on prestressed members.

. Certain structural cracks may be repaired using chemical repair techniques.

Engineering judgement and discussion with the Supervising Engineer are
required for specific applications.
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Figure 6.2.6a — Prestressed Concrete Deck Units Figure 6.2.6b — Post Tensioned Segmental Box
with Severe Deterioration due to Leakage Between Girder Bridges with Special Inspection Access
the Beams. Built-In to the Bridge Structure.
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6.2.7 STEEL MULTI-GIRDERS

Reference: BITM 90 Sections 4.4, 10.1,10.2, 10.3 and 15.4

Inspection Requirements

Routine Inspections:

Inspect the superstructure in accordance with BITM 90, Sections 10.1, 10.2,
10.3 and 15.4.

The entire superstructure will be inspected from a distance of not greater than
15' (5 m) using adequate lighting to detect corrosion, impacted rust, section
loss, cracks, dings, gouges, impact damage and other defects. Particular
emphasis will be placed on areas of maximum moment (midspan for simple
span beams and the area over the piers for continuous beams), ends of cover
plates (or other locations of abrupt change in member cross section), bearing
areas and diaphragm connections.

Suspect areas shall be inspected Ahands onx to determine the extent of
deterioration or deficiency.

Avreas of heavy rusting shall be inspected "hands-on" to establish the depth of
any section loss. Rust scale or "laminated rust” shall be removed with
chipping hammers, scrapers or wire brushes, as necessary, in order to
measure the minimum remaining thickness of steel or maximum depth of
section loss. This will be most critical on beam flanges in high moment areas
and beam webs in the vicinity of supports. Refer to the procedures in
Appendix 6.2 for documenting steel section losses..

Impact damaged areas should be inspected "hands-on" for the presence of
tears or cracks.

Sight along the flanges of beams for evidence of compression flange
buckling or dead load deflection ("negative camber").

Girder/beam webs should be checked for signs of web crippling (out-of-plane

bending) or beam tipping at all support locations. A plumb bob may be used
for this purpose.
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On bridges carrying limited access highways, the ends of all partial length
welded cover plates should be inspected "hands on" for fatigue cracks or
other defects. For all other bridges, 25% of all the cover plate ends should be
inspected "hands on™ during each routine inspection. It should be clearly
indicated in the inspection report, which beam cover plates were inspected
"hands on." A different 25% shall be inspected on each subsequent
inspection. This provides for a "hands on" inspection of all the cover plate
ends after four routine inspections.

Welded repairs, diaphragm or utility connections, and any miscellaneous
welds in the tension zones of beams that can be accessed without special
equipment should be inspected closely for fatigue cracks or other defects
(See Appendix 6.1 for typical details.). If defects are found, arrangements
should be made to permit a "hands-on" inspection of all similar details on the
structure.

All suspected cracks should undergo Nondestructive Testing (NDT) to
confirm their existence and determine the extent of crack. All confirmed
fatigue cracks shall be immediately reported in accordance with the Critical
Deficiency Reporting/Emergency Response procedures outlined in Section
3.2.7.

Bolts and rivets should be visually checked for tightness and section loss.
Broken paint or bleeding rust around a bolt or rivet may indicate a loose or
broken fastener. Suspect fasteners should be tapped with a hammer to
confirm their integrity.

Check the girder webs at approximately 25% of the welded diaphragm
connection plates for fatigue cracks due to out-of-plane bending. See
Appendix 6.1 for typical locations of fatigue cracks.

Twenty-five percent (25%) of all welded girder web to lateral bracing gusset
plate connections in the area of maximum bending moment, shall be
inspected "hands-on™ for fatigue cracks due to out-of-plane bending in the
girder web. See Appendix 6.1 for typical locations of fatigue cracks.

All pin and hanger details shall be inspected in accordance with Section
6.2.1.1.

When defects are found in a particular detail or location on a member, all
other similar details or member locations will be inspected "hands on" for
similar defects.
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Some Pointers to Remember
About Weld Inspection

o Visual inspection tells most. However, locations of ends of cracks may be erroneous as sub-
surface crack propagation may be more extensive than surface propagation.

o Radiographic inspection permits looking into the weld for defects that fall within the
sensitivity range of the process. It provides a permanent record of the results.

o Magnetic-particle inspection is outstanding for detecting surface cracks and is used to
advantage on heavy weldments and assemblies.

o Dye-penetrant is easy to use in detecting surface cracks. Its indicators are readily
interpreted.
o Ultrasonic inspection is excellent for detecting subsurface discontinuities, but requires expert

interpretation.

Documentation for Routine Inspection:

o Note the extent and severity of all rusting. Significant loss, whether from
past or current rusting, should be noted in sufficient detail for a load rating
analysis to be performed. Engineering judgement is required in the field to
determine the significance of areas with loss, but as a guideline specific notes
are required when:

a) Greater than 15% (typically 1/8” (3 mm)) of the flange thickness is
lost in areas of high moment.

b) Greater than 30% (typically 1/8” (3 mm)) of the web thickness is lost
in areas of high shear.

Less significant losses (typically <1/8” (3 mm)) should be noted, but exact
measurements are not required.

o Document steel losses by noting the area and depth of the loss as well as its
relative location along the length of the beam measured from a fixed point
(e.g. 12” (300 mm) H x 12” (300 mm) W x 1/8” (3 mm) deep loss on girder
web at the bottom flange, beginning 3’ (1 m) from the west bearing on girder
G1). Whenever possible, where deterioration is noted, calipers or other
measuring devices shall be used to measure the remaining section instead of
estimating the loss. Notes should clearly indicate whether an "estimated
loss™ or measured remaining thickness is being given. See Appendix 6.2 for
typical examples of documenting steel section loss.
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Note locations and condition of all welded repairs or connections and other
miscellaneous welds in the tension zones of the beams if they were not
detailed on the construction plans or noted in the last in-depth inspection.

Note the location and condition of all significant (deeper than a paint scrape)
impact damage.

Document in the field notes, the locations of all loose bolts/rivets, and also
mark locations on the bridge with a permanent marker or lumber crayon
along with the date they were found.

Document locations and lengths of all cracks found. Mark these locations on
the bridge with permanent marker or lumber crayon. Note the date found and
the limit of crack propagation in such a manner that subsequent inspections
may determine additional crack propagation. The method of inspection
should also be noted as the crack may have propagated farther than may
show visually. If any retrofit has been made to an old crack or holes drilled
to arrest existing cracks, evaluate the effectiveness of the retrofit and note
whether or not the crack has propagated past the arresting hole.

Particular care shall be given to documenting any increased quantity or size
of deteriorations that have changed since the last inspection. If the condition
rating has changed from the last inspection, a photograph and explanation of
why the rating has changed shall be included in the inspection report.

Notes should be made describing the current condition of all previously
noted problems so a rate of deterioration can be established for monitoring
purposes.

A simple framing plan should be provided showing locations of
deteriorations and other noted problems. Member elevations and cross
sections should be provided as required to adequately describe deterioration
found.

Typical conditions and deteriorations causing a condition rating of less than
or equal to "5" shall be photographed as outlined in Chapter 5.
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In-Depth Inspections:

. In addition to the requirements for a routine inspection, "hands-on" access
shall be provided to the entire superstructure.

o All primary and secondary members should be inspected "hands-on"
regardless of extent of damage or deterioration.

Documentation for In-Depth Inspections:

. All documentation required for a routine inspection will be included in the
in-depth documentation except as noted in this section.

. A simple framing plan, and elevations (as required), of all primary members
should be provided. All deterioration or deficiencies found should be noted
on these sheets to include size, length, direction, depth, etc. Sections and
other detail sketches should be drawn as required to clearly show the
locations and extent of deterioration or deficiencies noted.

. Documentation as a whole should clearly describe the structural condition
and serve as an accurate benchmark to which future inspections can be
compared.

. A good quality photograph of the superstructure, that documents the overall
condition as well as detail photographs that support the condition rating, shall
be provided.

Report Review

. Review the inspection findings in accordance with established Quality
Control and Quality Assurance procedures.

. Cross reference the inspection report, inspection field notes and photographs
to ensure they are mutually supportive of their documentation.

. The inspection reviewer should determine if patterns of deterioration or
progressive deterioration are taking place. Progression will be determined by
comparing present to past inspection reports.

o The reviewer should verify that the current structural evaluation on file for
the bridge is valid based on conditions found during the inspection.
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. The appearance of new or sudden propagation of existing fatigue cracks may
warrant a new load rating or fatigue analysis, and/or posting of the bridge
structure for a weight restriction. The reviewer should insure that all new
fatigue cracks found were reported in accordance with the established
procedures for "Critical Deficiency Reporting."

Maintenance Concerns

. Most repairs to steel members will be structural in nature and may have an
effect on the load carrying capacity of the structure. Repairs should be
detailed and performed under the direction of a qualified engineer.

. Fatigue cracks, that show little or no crack propagation for extended periods,
can suddenly resume propagation, possibly resulting in member failure.
Therefore, all cracks found shall be immediately reported and corrective
action should be taken as soon as possible to ensure the integrity of the
structure and safety of the public.

. Avreas of section loss, gouges, dings, and impacted rust are all stress risers in
steel members and should be monitored closely or repaired.

. Areas of severe rusting should be cleaned and coated to prevent further
deterioration.

Figure 6.2.7a — Typical Rolled Multi-Stringer Superstructure with Ends
of Partial Length Welded Cover Plates Visible.
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6.2.7.1 STEPS TO FOLLOW WHEN FATIGUE CRACKS ARE OBSERVED

Fatigue cracks are most detrimental to the safety and performance of a structure or
component when they are orientated in a direction perpendicular to the applied stress. If a
crack is detected, the following steps are recommended:

For the Inspector:

1.

Report the fatigue crack immediately in accordance with the Critical Deficiency
Reporting/Emergency Response procedures outlined in Section 3.2.7. A sketch and
photographs shall be prepared so that the crack location, size and orientation can be
evaluated.

Determine the locations of the ends of the crack visually. The crack tip will, in
general, extend beyond the crack in the paint film and beyond any oxide indication.

Examine any other identical details on the bridge. Additional fatigue cracks are
likely to occur at any time in similar details at the same relative location within the
detail. Those details attached to members located under the most heavily traveled
truck lanes should be examined first in multiple girder bridges.

When examining other similar details, look carefully for breaks in the paint and the
formation of oxide dust at the location where the first crack originated.

If a suspect area is located in a detail found in many areas throughout the bridge, a
more detailed examination of all such details should be carried out, such as having
the paint removed in the area and applying dye penetrant or a visual examination
with a 10X power magnifier.

For the Bridge Engineer:

1.

Evaluate the significance of the crack on the load-carrying capacity of the bridge,
considering the crack size, known material characteristics, and temperature. Steel is
much more brittle during periods of extreme low temperature, and brittle fracture is
more likely to occur in cold weather than during warm weather.

If the crack is moving perpendicular to the stress field in the member, it is desirable
to arrange to have holes drilled, at the crack ends, immediately. The holes should be
3/4” (20 mm) to 1” (25 mm) in diameter. The edge of the holes should be placed at
the presumed end of the crack. After holes are drilled, it is desirable to check the
hole to insure that the crack tip has been removed and does not pass through the hole
(see Appendix 6.3 for typical example). This is generally a temporary retrofit
pending development of a permanent repair.

Determine if special nondestructive tests are desirable at other locations (i.e. dye
penetrant, mag-particle, ultrasonic testing or a more thorough visual examination).
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Review results of examination of other locations on the bridge. Determine if a
pattern develops related to truck traffic lanes and geometry of the structure.

Determine if the crack or cracks have developed from normal fabrication conditions
or as a result of an unusual flaw.

Develop a repair and retrofit scheme for the fatigue damaged area(s).
Determine whether or not other structures exist with similar details and conditions.

Those structures located on the more heavily traveled roads with the highest average
daily truck traffic should receive the highest priority for any subsequent inspection.

Figure 6.2.7.1a— Fatigue Cracks in the Web of a Floorbeam at the Top
Flange Cope. Stopper Holes Have Been Drilled and
Bolts Installed in the Holes.
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Figure 6.2.7.1b — Fatigue Crack in a Diaphragm

Connection Angle on a Girder.
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Figure 6.2.7.1c — Fatigue Crack Through the
Bottom Flange of a Rolled Stringer at the End of a
Partial Length Welded Cover Plate. A Stop Hole
Has Been Drilled in the Web and Splice Plates
Have Been Bolted to the Bottom Flange



Printed: June 19, 2005

6.2.8 STEEL GIRDER AND FLOORBEAM SYSTEMS

Reference:

BITM 90 Sections 10.4, 10.5 & 15.4

Inspection Requirements

Routine Inspections:

Inspect the superstructure in accordance with BITM 90, Sections 10.4 and
10.5.

Depending on the number of steel girders that make up the superstructure and
the spacing of the floorbeams, the girders and floorbeams may be Fracture
Critical. A detailed study of the structure shall be conducted prior to
initiation of the inspection to confirm the existence and locations of Fracture
Critical Members (FCM's), as well as identifiable Fatigue Sensitive Details.
All FCM's shall be inspected in accordance with the guidelines established in
this section and Chapter 5, Fracture Critical Member Inspection.

The entire superstructure will be inspected from a distance of not greater than
10 ft. (3 m) using adequate lighting to detect corrosion, impacted rust, section
loss, cracks, dings, gouges, impact damage and other defects. Particular
emphasis will be placed on areas of maximum moment (midspan for simple
span girders and the areas over the piers for continuous girders), ends of
cover plates (or other locations of abrupt change in member cross section),
bearing areas and floorbeam connections.

Suspect areas shall be inspected "hands-on" to determine the type and extent
of deterioration or deficiency.

Compression flanges shall be inspected for flange buckling due to overloads.

Section loss, gouges, dings, and impacted rust are all stress risers in steel
members and shall be monitored closely.

Girder webs shall be checked for signs of web crippling (out-of-plane
bending) at all support locations. Where visual observation indicates the
possibility of distortion in the web, the web should be checked with a plumb
bob.
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. All welded repairs, connections, cover plates, utility connections and any
other miscellaneous welds in the tension zone of the girders and floorbeams
shall be inspected "hands-on" for fatigue cracks or other defects. See
Appendix 6.1 for typical details.

. All suspected cracks should undergo Nondestructive Testing (NDT) to
confirm their existence and determine the extent of the crack. All suspected
fatigue cracks, that are not definitively dismissed after NDT, shall be
immediately reported in accordance with the Critical Deficiency
Reporting/Emergency Response procedures outlined in Section 3.2.7.

. Bolts and rivets shall be visually checked for tightness and section loss.
Broken paint or bleeding rust around the bolt or rivet may indicate a loose or
broken fastener. Suspect fasteners shall be tapped with a hammer to confirm
their integrity.

o Check the top and bottom of the girder webs at the floorbeam connections for
fatigue cracks due to out-of-plane bending. See Appendix 6.1 for typical
locations.

. Welded girder web to lateral bracing gusset plate connections shall be

inspected for fatigue cracks due to out-of-plane bending in the girder web.
This is more prevalent where the gusset plate is welded to the girder web but
not to the floorbeam.

. When defects are found in a particular detail or location on a member, all
other similar details or member locations will be inspected "hands-on" for the
presence of similar defects.

Documentation for Routine Inspection:

. A simple framing plan shall be provided showing locations of deteriorations
and other problems noted. Member elevations and cross sections shall be
provided, as required, to adequately describe deterioration found.

o Note the extent and severity of all rusting. Significant loss, whether from
past or current rusting, should be noted in sufficient detail for a load rating
analysis to be performed. Engineering judgement is required in the field to
determine the significance of areas with loss, but as a guideline, specific
notes are required when:

a) Greater than 15% (typically 1/8” (3 mm)) of the flange thickness is
lost in areas of high moment.

6-123



Printed: June 19, 2005

b) Greater than 30% (typically 1/8” (3 mm)) of the web thickness is lost
in areas of high shear.

Less significant losses (typically <1/8” (3 mm)) should be noted, but exact
measurements are not normally required.

Document steel losses by noting the area and depth of the loss as well as its
relative location along the length of the girder, floorbeam or stringer,
measured from a fixed point (e.g. 12” (300 mm) H x 12" (300 mm) W x 1/8”
(3 mm) deep loss on girder web at the bottom flange, beginning 3’ (1 m)
from the west bearing on the north face of girder G1.) Whenever possible,
where deterioration is noted, calipers or other measuring devices shall be
used to measure the remaining section instead of estimating the loss. Notes
should clearly indicate whether an “estimated loss" or measured remaining
thickness is being given. See Appendix 6.2 for typical examples of
documenting deterioration.

Note locations and condition of welded repairs, connections, cover plates,
utility connections and other miscellaneous welds in the tension zones of the
girders, floorbeams and stringers.

Determine the approximate percentage of bolts/rivets with section losses in
the head/bolt and document extent of loss (e.g. 20% of rivets exhibit 10%
head loss or all rivets at deck joints exhibit 50% head loss).

Document, in the field notes, locations of loose bolts/rivets found and mark
locations on the bridge with a permanent marker or lumber crayon along with
the date found.

Document locations and lengths of all cracks found. Mark these locations on
the bridge with permanent marker or lumber crayon. Note the date found and
the extent of the crack in such a manner that subsequent inspections may
determine additional crack propagation. The method of inspection shall also
be noted as the crack may have propagated farther than may show visually.
If any retrofit has been made to an old crack or holes drilled to arrest existing
cracks, evaluate the effectiveness of the retrofit and note whether or not the
crack has propagated past the arresting hole.

Particular care should be given to documenting the current condition of all
previously noted problems so a rate of deterioration can be established for
monitoring purposes. If increased quantity or size of deteriorations causes
the condition rating to change from the last inspection, a photograph and
explanation of why the rating has changed shall be included in the inspection
report.
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. Typical conditions and deteriorations causing a condition rating of less than
or equal to "5" shall be photographed as outlined in Chapter 5.

In-Depth Inspections:

. In addition to the requirements for a routine inspection, "hands-on" access
shall be provided to all primary and secondary superstructure elements.

o All welded connections shall receive a close visual inspection.

. The following details shall be inspected using ultrasonic non-destructive
testing procedures:

1. All transverse, full penetration groove welds found in the tensile
zones of fracture critical members.

2. All pin and hanger assemblies that are not retrofitted with redundant
backup systems.

3. If any welded detail on the bridge has experienced fatigue cracking in
the past, all similar details shall be considered for testing. The need
for additional NDT shall be determined by the Supervising Engineer.

Documentation for In-Depth Inspections:

o All documentation required for a routine inspection shall be included in the
in-depth documentation except as noted in this section.

. A simple framing plan shall be provided showing locations of deteriorations
and other problems noted. Member elevations and sections of all Fracture
Critical Members shall be provided showing all deteriorations found as well
as the location and classifications of all Fatigue Sensitive Details as defined
by AASHTO. Member elevations and cross sections of other members shall
be provided as required to adequately describe deteriorations found.

o Documentation, as a whole, shall clearly describe the structural condition and
serve as an accurate benchmark to which future inspections can be compared.

. A good quality photograph of the superstructure, that documents the overall

condition as well as detail photographs that support the condition rating, shall
be provided.
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Report Review

. Review the inspection findings in accordance with established Quality
Control and Quality Assurance procedures.

. Cross reference the inspection report, inspection field notes and photographs
to ensure they are mutually supportive of their documentation.

o The inspection reviewer shall determine if fatigue problems have been noted
and whether or not patterns of deterioration or progressive deterioration are
taking place. If fatigue cracks are noted, the reviewer shall ensure that
procedures for reporting critical deficiencies have been initiated. Rate of
deterioration progression will be determined by comparing present to past
inspection reports.

o The appearance of new, or the sudden propagation of existing, fatigue cracks
may warrant a new load or fatigue analysis and/or load posting of the bridge
structure. A note should be placed in the file stating that fatigue problems
are evident and that they should be monitored closely.

Maintenance Concerns

. Most repairs to steel members will be structural in nature and may have an
effect on the load carrying capacity of the structure. Repairs should be
detailed and performed under the direction of a qualified engineer.

. Fatigue cracks, that show little or no crack propagation for extended periods,
can suddenly resume propagation possibly resulting in member failure.
Therefore, all cracks found shall be immediately reported and corrective
action should be taken as soon as possible to ensure the integrity of the
structure and safety of the public.

. Avreas of section loss, gouges, dings, and impacted rust are all stress risers in
steel members and should be monitored closely or repaired.

. Areas of severe rusting should be cleaned and coated to prevent further
deterioration.
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Figure 6.2.8b — Typical Framing on a Girder-Floorbeam-Stringer
Superstructure.
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6.2.9 STEEL BOX GIRDERS

Reference:

BITM 90 Sections 4.4, 10.6

Inspection Requirements

Safety Precautions: Inspection of the interiors of box beams requires additional

safety precautions:

Adequate lighting is required along with backup flashlights for emergency
use.

Air quality should be checked before entering the box girder in conformance
with the Department's Confined Space Policy.

It is important that at least one (1) crew member remain outside of the box to
be able to obtain emergency help if necessary. This person should monitor
the inspection progress from the hatch entrance, and should not enter the box
until help is sent for, and then only if it is safe to do so.

Many boxes contain dust and pigeon debris. Dust masks should be worn if
this material is present during the inspection. If the amount of debris is too
great for safe inspection, or obscures your vision of the areas to be inspected,
then arrangements should be made for Maintenance to clean the box before
continuing with the inspection.

Routine Inspections:

Inspect the steel box girder in accordance with BITM 90 Section 10.6.

A one or two box beam bridge is fracture critical and shall be inspected
100% "hands-on." Particular attention should be made to all connections,
both internal and external to the box beam.

For a bridge with three or more boxes, fatigue sensitive details and
connections to primary load carrying members need to be checked "hands-
on." The interiors of the box beams shall be inspected full length, with
sufficient light to detect hairline cracks greater than 5 mm (1/4") in length in
any portion of the box. Listed below are areas requiring "hands-on"
inspection. Areas not listed shall be inspected from a distance not to exceed
5m (16".
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a) For straight box beams the areas requiring "hands-on" inspection
include: webs and stiffeners in bearing areas, welded transitions in
tension zones, bolted web and flange splices, internal diaphragms and
internal bracing.

b) For curved box beams the areas requiring "hands-on™ inspection
include: all areas for straight box beams plus all external diaphragms.

All drain holes in the box beam shall be checked to make sure they are clear.
All drain pipes that pass through the box girder shall be checked to ensure
that they are not leaking into the box girder.

Documentation for Routine Inspections:

Note any deficiencies or deterioration found. These may be described in
narrative form, however, where defects cannot be simply described sketches
should be prepared. Significant deficiencies, such as impact damage, section
loss, fatigue cracks, etc., shall be located on a framing plan, either sketched
or copied from the plans.

If cracks are detected, at least one sketch and photo shall be made of each
type found. Other similar cracks can be noted in narrative form. The ends
of cracks should be marked for monitoring. The Bridge Safety office should
be immediately notified, in accordance with the Critical Deficiency
Reporting/Emergency Response procedures outlined in Section 3.2.7., when
previously undocumented cracks are found in main members.

Note the extent and severity of any rusting. Significant loss, whether from
past or current rusting, should be noted in sufficient detail for a load rating
analysis to be performed. Engineering judgement is required in the field to
determine the significance of areas with loss, but as a guideline specific notes
are required when:

a) Greater than 15% (typically 1/8” (3 mm)) of the flange thickness is
lost in areas of high moment.

b) Greater than 30% (typically 1/8” (3 mm)) of the web thickness is lost
in areas of high shear.

Less significant losses (typically <1/8” (3 mm)) should be noted, but exact
measurements are not normally required.
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. Document steel losses by noting the area and depth of the loss as well as its
relative location along the length of the beam measured from a fixed point
(e.g. 12” (300 mm) H x 12” (300 mm) W x 1/8” (3 mm) deep loss on girder
web at the bottom flange, beginning 3’ (1 m) from the west bearing on girder
G1). Whenever possible, where deterioration is noted, calipers or other
measuring devices shall be used to measure the remaining section instead of
estimating the loss. Notes should clearly indicate whether an "estimated
loss" or measured remaining thickness is being given. See Appendix 6.2 for
typical examples of documenting steel section loss.

o Particular care shall be paid to documenting increased quantity or size of
deteriorations that have changed since the last inspection. If the condition
rating has changed since the last inspection (up or down), a photograph or
explanation of why the rating was changed should be included.

. Notes should be made describing the current condition of any item previously
discovered and noted for monitoring.

. Typical conditions and deteriorations causing a condition rating of less than
or equal to "5" shall be photographed as outlined in Chapter 5.

In-Depth Inspections:

. In addition to the requirements for a routine inspection, 100% of the super-
structure, both internal and external to the boxes, is to be inspected "hands-
On."

Documentation for In-Depth Inspections:

. All documentation required for routine inspections, will be required for in-
depths along with greater use of sketches for in-depth inspections.

. All deficiencies are to be quantified and clearly described in narrative or
sketch form. A framing plan shall be drawn (or a copy of the plans used) and
deficiencies found shall be located on that framing plan.

. A good quality photograph of the box beam, that documents its overall
condition (inside and out) and supports the condition rating, shall be
included.

Report Review

. Review the inspection findings in accordance with established Quality
Control and Quality Assurance procedures.
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. The inspection reviewer should determine if patterns of deterioration or
progressive deterioration is taking place. Progression will be determined by
comparing present to past inspection reports.

. Sudden or progressive geometric displacements, loss of greater than 15% of
the flange thickness in areas of maximum moment, or loss of greater than
30% of the web thickness in bearing areas may indicate the need for a new
load rating analysis and/or posting of the structure for a weight restriction.

Maintenance Concerns
. To prevent the intrusion of pigeons and other birds all hatches should

normally be kept closed. All openings large enough to permit the entry of
birds should be covered with wire mesh.

o Drain holes should be kept clear to prevent the buildup of water in the boxes.
The cause of any leakage into the box girders should be investigated and
corrected.

. Most repairs to steel members will be structural in nature and may have an

effect on the load carrying capacity of the structure. Repairs should be
detailed and performed under the direction of a qualified engineer.

. Fatigue cracks, that show little or no crack propagation for extended periods,
can suddenly resume propagation, possibly resulting in member failure.
Therefore, all cracks found shall be immediately reported and corrective
action should be taken as soon as possible to ensure the integrity of the
structure and safety of the public.

. Avreas of section loss, gouges, dings, and impacted rust are all stress risers in
steel members and should be monitored closely or repaired.

. Areas of severe rusting should be cleaned and coated to prevent further
deterioration.
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6.2.10 TRUSSES AND METAL ARCHES

(For Corrugated Metal Pipe Arches see Chapter 6.5 "Culverts")

Reference:

BITM 90, Sections 10.7, 10.8, 10.9, 10.10

Inspection Requirements

Routine Inspections:

General:

Inspect the trusses and metal arches in accordance with BITM 90 Section
10.7, 10.8, 10.9 and 10.10.

Before the inspection begins, a study of the structure shall be done to
determine the locations of all Fracture Critical Members (FCM's) and Fatigue
Sensitive Details (FSD's). All FCM's shall be marked for inspection in
accordance with the guidelines given in Chapter 5 for Fracture Critical
Member Inspection. Unless otherwise shown by detailed analysis, all built
up, rolled and eyebar type tension members, as well as all cable hangers,
shall be considered to be FCM=s and inspected as such. Girders, floorbeams
or stringers may be identified as FCM=s based on detailed analysis,
engineering judgment and appropriate Federal Guidelines.

All superstructure elements shall be inspected on all sides from a distance of
not greater than 15 ft. (5 m) (Fracture Critical Members will always be
inspected Ahands-on=) using adequate lighting to detect corrosion, impacted
rust, section loss, cracks, dings, gouges, impact damage and other defects.
Particular emphasis shall be placed on truss member connections, areas of
maximum moment, maximum shear, maximum axial load, locations of FSD's
as outlined in Appendix 6.1, bearing areas and floor system connections.

Suspect areas shall be inspected Ahands-on= to determine the type and extent
of deterioration or deficiency.

Bolts and rivets shall be visually checked for tightness and section loss.
Broken paint or bleeding rust around the fastener may indicate a loose or
broken fastener. Suspect fasteners shall be tapped with a hammer to confirm
their integrity.

When defects are found in a particular detail or location on a member, all

other similar details or member locations will be inspected Ahands-on= for
similar defects.

6-133



Printed: June 19, 2005

Section loss, gouges, dings, and impacted rust are all stress risers in steel
members and shall be monitored closely.

Floor System:

Pins:

Girders, floorbeams and stringers that comprise the floor system of trusses,
deck arches and through arches shall be inspected in accordance with the
guidelines outlined in Section 6.2.8 Steel Girder and Floorbeams.

Pin and hanger details shall be inspected in accordance with Section 6.2.1.1
of this manual.

Inspect all panel point pins for corrosion, impacted rust and signs of scoring
and wear (abrasion dust). Ultrasonic testing will be performed on a rotating
20% of the truss pins at each biennial inspection to detect internal flaws not
visible to the inspector. The pins to be tested will be selected and pre-
approved by the Supervising Engineer prior to performing any testing. Pins
that exhibit excessive deterioration or wear shall be considered for additional
Nondestructive Testing.

Inspect spacer plates, nuts, retaining caps, cotter pins and keys for proper
positioning, alignment and installation. Check that pin nuts are fully
threaded onto the pins.

Inspect all pins for signs of rotation. Abrasion dust around the nut or spacer
plates is an indicator that rotation occurs. Cracked paint around pin nuts may
indicate rotation or may indicate the nut is loose. If this condition is noted,
the nut should be tapped with a hammer to determine tightness.

Truss and Metal Arch Tension Members:

This section shall cover all truss tension members, as well as axially loaded
members that are in a constant state of tension in braced ribbed and spandrel
braced deck and through arches.

Members that undergo force reversal shall be inspected as tension members.
Inspect all tension members for signs of corrosion, section loss, wear,
impacted rust, fatigue induced cracks, impact damage, signs of misalignment,

debris build up, loose, missing or deteriorated fasteners , and other
deterioration.
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. Check alignment of tension members. Buckling or bowing due to causes
other than impact, may be indicative of permanent force reversal, and may be
caused by settlement, tilting or other displacement of the substructure
elements. If bowing or buckling is observed, a thorough investigation as to
the causes and effects shall be conducted.

o All welded repairs, connections, cover plates, utility connections and any
other miscellaneous welds on tension members shall be inspected "hands-on™
for fatigue cracks or other defects. See Appendix 6.1 for typical details.
Particular attention shall be placed on inspection of welds that are transverse
to the direction of applied stress.

. All suspected cracks shall undergo NDT to confirm their existence and
determine the extent of the crack. All confirmed fatigue cracks shall be
immediately reported in accordance with the Critical Deficiency
Reporting/Emergency Response procedures outlined in Section 3.2.7.

. Inspect counter members to see if they are laterally movable by hand.
Counters are designed to be stressed during live load application only.
Inability to move counters during dead load application only indicates that
unanticipated loads are being applied to the member.

. Inspect counter eyebars within a panel for contact, abrasion dust or wear
between the eyebars at the cross over.

. Inspect eyebars for corrosion and cracks along their entire length. Particular
attention shall be paid to forged joints between rolled bars and their cast eye.
See Appendix 6.1, Section 1.3.1.5.2.

o Inspect threaded rod eyebars and turnbuckles for corrosion, impacted rust,
tack welds and cracks. Inspect the threaded portion of the rod for signs that
the turnbuckle is loosening.

Truss Compression Members and Metal Arch Ribs:

. This section shall cover all truss compression members as well as axially
loaded members that are in a constant state of compression in braced ribbed
deck and through arches.

. Inspect all compression members for signs of buckling, web crippling,
corrosion, section loss, impacted rust, collision damage, wrinkles or waves in
flanges, welds, misalignment, debris buildup, loose, missing or deteriorated
fasteners or other deterioration. Buckling, warping, wrinkling, etc., may
indicate member overstress. Section loss, tears, misalignment, etc., may
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result in possible loss of load capacity. Both conditions warrant analysis to
determine the effects on the structure.

. Inspect the condition of lacing bars, stay plates and batten plates. Note that
the condition of these items will not normally be considered when assigning
a condition rating to the compression member. However, if deterioration
extends into the compression member base metal or if the alignment of
compression member components is affected (impacted rust causing bent
flanges, web plates, etc.), sound judgement shall be used to determine if and
to what extent the condition rating should be adjusted.

. Truss top chord members that are integral with the bridge deck or that
support portions of the floor system between panel points, shall be inspected
as both axially loaded and bending members.

. Inspect all splice plates for loose, missing or deteriorated fasteners, cracks
and impacted rust.

Spandrel Members:

. Inspect the spandrel columns for signs of buckling, corrosion, impacted rust
at connections, and loose, missing or deteriorated fasteners.

. Inspect the spandrel columns for fatigue cracks at floorbeam connections.

Cable Hangers:

. In addition to the inspection requirements of this section, cable hangers shall
be inspected in accordance with the guidelines given for Truss and Metal

Arch Tension Members, and in Chapter 5 for Fracture Critical Members.

. Inspect the cable hangers for corrosion, broken or misaligned wire strands,
collision damage, welded attachments and proper alignment.

o Note locations where superstructure steel, utility supports or other members
are in hard contact with the cable hangers and note the extent of any abrasion
caused by this contact.

. Inspect the cable hanger connection details to the truss and floor system or tie

girder for fatigue induced cracks, loose, missing or broken fasteners,
misalignment, debris buildup, corrosion and other deterioration.
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Metal Arch Tie Girder:

Special Note:

If the size of the tie girder is large enough to permit access, the interior should be
inspected. Precautions should be taken to check and monitor the air quality inside the girder
and to determine the need for forced air ventilation. Refer to the Department's policy on
confined space entry.

Special attention should be given to the "knuckle area" of the tie girder. This is the area
where the arch rib and tie girder join. Mirrors, boroscopes or fiberscopes might be needed to
thoroughly view this complex area.

Inspect the tie girder at the connection with the cable hangers for fatigue
induced cracks in the tie girder base metal.

Inspect the tie girder web plates at the floorbeam connections where partial
depth interior diaphragms may cause fatigue cracks in the unstiffened portion
of the web plate (see Appendix 6.1, Item 3.1).

Inspect the tie girder for fatigue cracks along the web/flange interface at
internal diaphragms. This detail is similar to that shown in Appendix 6.1,
Item 2.4.

Inspect the tie girder webs at longitudinal stiffener plates for fatigue cracks as
outline in Appendix 6.1, Item 1.3.

Inspect the tie girder web to flange interface for back up bars used to make
corner welds. If present carefully examine to see if they are continuous.
Fatigue cracks may initiate at locations where the back up bars are butt
welded together or tack welded to the base metal (see Appendix 6.1, Item
1.7).

Secondary Members:

Inspect the top chord, bottom chord and floor system lateral bracing, sway
bracing and knee braces for cracks, corrosion, impacted rust, loose, missing
or deteriorated fasteners, proper alignment, debris buildup, impact damage
and other deterioration.
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Documentation for Routine Inspections:

. Document all steel losses by noting the area and depth of the loss as well as
the relative location along the length of the member measured from a fixed
point (e.g. 12” (300 mm) H x 12” (300 mm) W x 1/8” (3 mm) deep loss on
the north web plate of member U3L4, North truss, beginning 3” (1 m) from
L4). Whenever possible, where deterioration is noted, calipers or other
measuring devices shall be used to measure the remaining section instead of
estimating the loss. Notes should clearly indicate whether an "estimated
loss™ or measured remaining thickness is being given. See Appendix 6.2 for
typical examples of documenting deterioration.

. Note the locations and condition of all welded repairs, connections, cover
plate ends, utility connections and other miscellaneous welds on all truss and
metal arch tension members and in tension zones of all girders and beams.

o Determine the approximate percentage of bolts/rivets with section loss in the
head/bolt and document the extent of the loss (e.g. 20% of rivets exhibit 10%
section loss).

. Document, in the field notes, locations of all loose bolts/rivets and also mark
locations on the bridge with a permanent marker or lumber crayon along with
the date found.

. Document locations and lengths of all cracks found. Mark these locations on
the bridge with a permanent marker or lumber crayon. Note the date found
and the limit of crack propagation in such a manner that subsequent
inspections may determine additional crack propagation. The method of
inspection shall also be noted as the crack may have propagated farther than
may show visually. If any retrofit has been made to an old crack or holes
drilled to arrest existing cracks, evaluate the effectiveness of the retrofit and
note whether or not the crack has propagated past the arresting hole.

. Particular care shall be given to documenting the current condition of all
previously noted problems so a rate of deterioration can be established for
monitoring purposes. If increased quantity or size of deteriorations causes
the condition rating to change from the last inspection, a photograph and
explanation of why the rating has changed shall be included in the inspection
report.

. The results of all NDT performed shall be included in the inspection report.
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. Typical conditions and deteriorations causing a condition rating of less than
or equal to "5" shall be photographed as outlined in Chapter 5.

. A simple framing plan shall be provided showing locations of deteriorations
and other problems noted. Member elevations and cross sections shall be
provided as required to adequately describe deteriorations noted.

In-Depth Inspections:

. In addition to the requirements for a routine inspection, Ahands-on= access
shall be provided to all primary and secondary superstructure members.

. All welded connections shall receive a close visual inspection.

o The following details, with the approval of the Supervising Engineer, shall be
inspected using ultrasonic NDT procedures:

1. All transverse, full penetration groove welds, found in the tensile
zones of fracture critical members.

2. All pin and hanger assemblies.

3. If any welded detail on the bridge has experienced fatigue cracking in
the past, all similar details shall be considered for testing. The need
for additional NDT shall be determined by the Supervising Engineer.

Documentation for In-Depth Inspections:

o All documentation required for a routine inspection will be included in the
in-depth documentation except as noted in this section.

. A simple framing plan shall be provided showing locations of deteriorations
and other problems noted. Member elevations and cross sections of all
FCM-=s shall be provided showing all deteriorations found, as well as the
location and classification of all Fatigue Sensitive Details as defined by
AASHTO. Member elevations and cross sections of all other members shall
be provided as required to adequately describe deteriorations found.

. Documentation, as awhole, shall clearly describe the structural condition and
serve as an accurate benchmark to which future inspections can be compared.

. A good quality photograph of the superstructure, that documents the overall

condition as well as detail photographs that support the condition rating, shall
be provided.
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Report Review

. Review the inspection findings in accordance with established Quality
Control and Quality Assurance procedures.
. Cross reference the inspection report, inspection field notes and photographs

to ensure that they are mutually supportive of their documentation.

. The inspection reviewer shall determine if fatigue problems have been noted
and whether or not patterns of deterioration or progressive deterioration are
taking place. If fatigue cracks are noted, the reviewer shall ensure that
procedures for reporting critical deficiencies have been initiated. Rate of
deterioration progression will be determined by comparing present to past
inspection reports.

. The appearance of new, or the sudden propagation of existing, fatigue cracks
may warrant a new load or fatigue analysis and/or load posting of the bridge
structure. A note should be placed in the file stating that fatigue problems
are evident and that they should be monitored closely.

Maintenance Concerns

o Most repairs to steel members will be structural in nature and may have an
effect on the load carrying capacity of the structure. Repairs should be
detailed and performed under the direction of a qualified engineer.

. Fatigue cracks, that show little or no crack propagation for extended periods,
can suddenly resume propagation, possibly resulting in member failure.
Therefore, all cracks found shall be immediately reported and corrective
action should be taken as soon as possible to ensure the integrity of the
structure and safety of the public.

o Areas of section loss, gouges, dings, and impacted rust are all stress risers in
steel members and should be monitored closely or repaired.

o Areas of severe rusting should be cleaned and coated to prevent further
deterioration.
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P R
Figure 6.2.10a — Historic Steel Through Truss Bridge.

Figure 6.2.10b — Steel Deck Arch Bridge.
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6.2.11 MOVABLE BRIDGES

Reference:  BITM 90 Section 20, and the Current Manual for Inspection, Evaluation and
Maintenance of Movable Bridges

General:

The components of a movable bridge comprise seven distinct functional systems: support,
balance, drive, control, interlocking, navigation guidance, and traffic control.

A movable bridge is a complex machine and the diagnosis of defects in its operation is
difficult. The movable bridge inspector should understand these systems and their inspection.
The inspector should evaluate the operation of the bridge from the systems standpoint as
well as evaluate the condition and functional capacity of the individual components that
comprise the systems.

Prior to starting any movable bridge inspection, the inspector should consult with the
mechanical and electrical maintainers of the bridge, as well as with the bridge operator, to
determine if there are any known defects, operating difficulties or other problems with the
normal operation of the bridge. These people, who have daily experience with the operation
of the bridge, may notice subtle changes over time that could go unnoticed during the
relatively short duration of an inspection.

Moveable bridges present a number of hazards to the inspector due to energized electrical
equipment, moving machinery and crushing hazards when the bridge operates. Coordination
with the bridge operator and appropriate lock-out/tag-out procedures are imperative to
protect inspectors working around the machinery and to prevent unexpected movement of
the bridge.

Inspection Techniques:

In addition to the visual condition and measuring techniques available to the inspector, signs
of distress may become apparent to the inspector by:

Looking for telltale signs of wear in moving parts such as:

= QOrange abrasion dust from the rubbing together of unlubricated ferrous metals.

= Lubricant accumulations full of metal particles or grit.

= Sloppy fit evidenced by relative motion in machine parts during operation.

Assessing unusual odors that can provide useful information as follows:

= Hot brake lining odor from a thrustor or solenoid brake may indicate it is improperly

adjusted and drags.
= Wire insulation has a distinctive odor when overheated.
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= Fluids such as leaking hydraulic oil, diesel, or gasoline can be identified and/or located
by odor.

Assessing excessive vibration through bridge parts that assists the inspector to:

Trace a noise through the structure by feeling the parts with the fingertips to detect the
vibrations associated with the particular noise. The vibrations increase as the fingers move
closer to the source of noise. Locate defects that are not visible by probing with the fingers
(Not while the parts are moving).

Riding the structure can give a "seat of the pants" feel for any operational defects.
Assessing unusual sounds that can help the inspector to:

Focus on problem areas. A mild power hum from the motors is expected as the span
accelerates. Each individual bridge will have some chronic sounds that may be acceptable,
but a noise is acceptable only after the inspector identifies and assesses it. If an adjustment
can be made to make it less noisy, it should be considered. Unnecessary sounds interfere
with hearing the important noises indicating distress.

Determine the type of problem. Groaning or squealing noises during operation generally
indicate poor lubrication of moving parts. Snapping, banging, clicking or clanging noises
generally indicate stick-slip of moving parts and/or advanced wear and damage that may be a
potential hazard.

Inspection Requirements for Functional Systems:

The operation of a movable bridge can be separated into seven distinct functional systems:
support, balance, drive, control, interlocking, navigation guidance, and traffic control. Each
system may be comprised of structural, mechanical, hydraulic and/or electrical components.
Because of the varying types of components, specialty inspectors may be required to inspect
certain functional systems and their components.

Special Note:

It is important that inspectors and maintainers understand the purpose of each functional
system, and are able to evaluate the operation of each system, as well as assess the condition
of individual components. An experienced inspector should be able to identify a component
problem, evaluate the impact on the functional system, and extend the findings to determine
the impact on bridge operation. Without understanding the functional systems, it would be
difficult for an inspector observing an operational problem to diagnose the possible cause.
The ability to view a movable bridge as a series of functional systems will assist the
inspector in better understanding movable bridge operation.
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Support System:

This assemblage of substructure and superstructure components provides span support in the
open, operating, and closed positions. Instability, overstress, or other serious distress in its
components requires immediate action to determine if the condition represents a potential
hazard to the stability and/or continued support of the movable span. Typical components
include:

Piers and Abutments, trusses, girders, bearings, etc.

Rolling track girders, segmental girders, and tread plates
Main trunnions and trunnion supports, bearings and journals
Double bascule heel stops or shear locks

Lift span cables

Swing span rim bearing wheels or center bearings

Wedges and live load shoes

Inspection requirements:

Observe support system components under typical loading conditions for unusual
movement, vibration or sound. Riding the span as it moves may be necessary in
some cases to properly accomplish this task. If inspectors are to ride the movable
span, the operator must be so informed. The inspectors should carefully select tie-off
locations to be clear of moving parts at all times, and should utilize required personal
and fall protection equipment.

Evaluate smoothness of swing span motion. Span drive motor amperage draw
should be consistent with the motors operated at constant speed, in the absence of
outside forces such as wind. The span arms should not wobble up and down. On
rim-bearing swings, all rim bearing wheels should turn synchronously. One wheel
moving slower than the others, skidding, or not moving at all, means that it is not
carrying its full share of the load. Center bearing swing balance wheels should not
snap, crunch, grind or wobble in motion.

Evaluate smoothness of bascule motion. Sudden changes in span drive motor
amperage should not occur except in response to wind or other external effects. A
smooth rise or fall in motor current can be caused by the motion of the span center of
gravity through an arc during span motion. Current AASHTO standards require a
small positive toe reaction on bascules. This code requirement means that the true
span center of gravity (c.g.) must be forward of the center of rotation (c.r.). If the
c.g. is vertically located higher than the c.r., it may go over center or move
rotationally with the span upward and backward until it moves to a point above and
to the rear of the c.r. during the latter part of span motion. This type of structure
would then decrease load on the span motors as it opened until it went over center, at
which time the span should begin to accelerate slightly at constant power.
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Evaluate smoothness of lift span motion. This may vary somewhat because span
motion is strongly affected by guide track alignment and lubrication conditions.
Slight variation from perfect parallel guide track alignment or dry spots where
lubrication is absent can cause some oscillation of span drive motor power. Towers
often lean due to foundation movement, and can cause major jamming and/or power
fluctuation. If it is suspected that tracks are misaligned or out-of-plumb, a survey
should be done to check the towers for plumb and alignment.

Balance System:

This system provides stability during motion. It is composed of structural and mechanical
balancing counterweights, roller chains, and support members that prevent swing spans from
tipping, and reduce machinery loads on lift spans and bascules.

Special Note:

A poorly balanced span or bascule leaf puts excessive loads on drive system components that
are designed to work in conditions of near perfect balance. Machinery, from the drive motor
through the final drive pinion and rack, may fail unexpectedly and without warning due to
these loads. Poor balance can also cause tipping, binding and failure of structural elements.
All possible steps should be taken to correct the unbalanced span once the condition is
discovered. Many factors can cause an unbalanced condition. Wind, rain, and snow-
loading cause temporary imbalance, but are unavoidable. Other conditions, such as
accumulation of several coats of paint, removal or addition of counterweight blocks, and
trunnion shaft misalignment cause a continuing unbalanced condition to persist.

The balance system is one of the most important design features and is often overlooked or
not fully understood by inspectors. Inspectors should be aware of the function of balance in
the continued safe operation of a movable bridge.

Inspection requirements:

Inspect gear teeth to see if one side of the tooth is more worn than the other. If there
is a fairly consistent pattern of teeth wearing more on one side than the other, the
span is probably not well balanced.

Inspect gear teeth to see if the face of the teeth that make contact during the opening
cycle are more worn than the face that are in contact during the closing cycle. This
indicates the bridge is "span-heavy." If the latter faces of the gear teeth are more
worn, the leaf is counterweight heavy .

Inspect the counterweight pit for standing water that can alter span balance by
reducing the heel weight as the heel submerges.

6 - 146



Printed: June 19, 2005

Inspect asymmetric swing spans for the correct amount and placement of balance
components. Inspect symmetric swing spans for alterations that may have changed
span balance from its initially balanced condition.

Consult available design and rehabilitation plans to determine the basic design
configuration of the counterweight system and the locations of all adjustment pockets
or trays. Often loose balance adjustment blocks are placed in closed spaces
constructed into the counterweight assembly. Inspectors should determine how
many balance adjustment blocks are present and where they are grouped. A large
number of blocks or an asymmetric placement may indicate the span was difficult to
balance when it was built or balance was adjusted to correct an operating problem.
The presence, in one pocket, of multiple types of blocks may indicate balancing has
been required more than once during the life of the bridge.

Check for new overlays, paint, railings, or removal of overlay, paint or railing that
can significantly affect span weight and span balance. Span balance should be
checked during every inspection of a movable bridge by appropriate methods
presented in Appendix 12 Movable Bridges.

Observe the balance system at rest and during span motion. Focus particular
attention on localized corrosion or other defects that could cause balance blocks or
counterweights to break loose from their support. Signs of previous rebalancing
efforts should be carefully reviewed.

Inspect the interface of concrete counterweights and steel support members
embedded in the counterweight for line corrosion at the interface. Steel members,
especially the counterweight support links should be carefully inspected for
corrosion losses. A failure of one of the structural counterweight support members
could initiate collapse of the counterweight, or could create unbalance, binding,
interference, or other operational problems.

Drive System:

The drive system consists of electromechanical, hydraulic, and/or other components that
provide motion to the movable span. The support and balance systems are designed to
provide low friction and a manageable degree of span imbalance to the drive system.
Operation of the drive system is monitored, sequenced, and directed by the control and
interlock systems.

The drive system can be separated into several subsystems, as follows:

. Electric Motors
. Hydraulic Motors
o Hydraulic Pumps
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J Generators

. Auxiliary Motor/Generator sets

. Hand Drive or Manual Drive (Capstan, T-bar, etc.)
. Pneumatic (Air) Drive

Power Transmission:

o Shafts

. Couplings

o Bearings

. Wire Rope
. Chains

. Differentials

o Hydraulic Cylinders

Brakes:
. Motor Brakes (Thrustor or Solenoid Brakes are common types)
. Span Brakes
o Locking Pawls
. Lockbars
. Buffer Cylinder
. Automatic Drive Power Limiters (slow-seating provisions in control system)

Speed Reduction:

° Pinions
° Gears
. Enclosed Reducers

The drive serves to open and close the movable span. Drive systems are designed for loads
that occur when the span is nearly balanced, and is properly maintained and lubricated. A
drive system powering a bridge supported by a poorly lubricated, corroded, high-friction
support system, or that must move a significantly unbalanced span, may be severely
overloaded.

Overloaded drive systems are subject to chronic maintenance problems (such as breakers
tripping, fuses blowing, motor burnout, etc.) and in worst case conditions may lead to
potentially hazardous drive system failure accompanied by uncontrolled span motion.
Inspectors should investigate and report any observed overload condition.

Inspection requirements:

Observe drive system components under typical operating conditions and check each
component individually as described elsewhere in this Manual.
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Look for relative motion between shafts and bearings or between pinions and gears
or racks. Listen for unusual sounds, feel for unusual vibrations and smell for any out
of the ordinary odors such as overheated wire insulation or overheated brake liners.
Smells are usually precursors of trouble.

Check span balance by recording drive system amperages during opening and
closing operations. The basic concept of measuring motor amperage to determine
span balance of a bascule or lift span, and to verify that a swing span is rotating in a
horizontal plane, is that the motor effort (as represented by amperage) should be
similar during opening and closing operations for a steady motor running speed.
This can also be done with hydraulic pressure readings for hydraulic systems. As-
inspected values for amperage should be evaluated against wire size, breaker/fuse
capacity and operating specifications in the electrical drawings (if available) for all
phases of the motor circuit. If the operators console has amperage gauges, it may be
possible to determine motor amperage by turning off unnecessary electrical devices
(heaters, incinerating toilets, etc.) and operating the span while watching the
ammeter. The gauge reading with the span operating, with the only item drawing
power being the drive motor, will be the drive motor amperage. The problem is that
for some systems it is difficult to be certain that no other component is drawing
power. However, it may not matter that other items (such as motor brakes, etc.) are
drawing current if they draw the same current opening and closing.

Special Note:

It is important to note that amperage measurements can be skewed, when the electric motors
on which the measurements are taken, are of the type that can generate current flow when
being pushed by outside forces such as imbalance or wind. Thus, it is recommended that this
method of evaluating span balance only be employed when other more sophisticated
methods (such as strain gauging) are not available. For systems without ammeters, installed
portable magnetic induction ammeters, available at low cost, can be employed for testing.

Electrical testing with inductive hand held ammeters requires opening electrical panels and
should only be done by properly trained personnel and in conformance with all Federal,
State and local regulations and the National Electrical Safety Code.

Control System:

The control system governs the operation of the movable span. The control system serves as
the command interface between operator and machine, allowing the operator to direct the
bridge to open and close. Movable bridge controls should operate in conjunction with the
interlock system in a manner that is capable of producing a sequence designed to prevent the
bridge operator from inadvertently causing machinery damage, or operating the bridge in a
manner that creates a risk to public safety for vehicles, pedestrians or vessels.
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The control system may be electrical, mechanical, manual, hydraulic or a combination of
these or other types. It may be as simple as a pair of push-buttons marked "UP" and
"DOWN", or as complex as a programmable logic controller (PLC) with instrumentation to
monitor critical operating parameters and telemetry that reports monitoring results
periodically to a control maintenance management office. All control systems perform the
same basic task regardless of type or complexity.

The control system consists of the operator's panel and associated indicator boards, panels,
wiring, hydraulic control levers, programmable logic controllers, relays, switches, and/or
other operator accessible actuators that are designed to govern the operation of the movable
span.

The controls on a movable bridge may be classified as manual, semi-automatic, or automatic.
Manual controls have no system of control logic and very little interlocking to prevent
operator error. If the operator does not activate controls in the proper sequence, damage to
machinery or unsafe conditions may result. A manual bridge control system may allow the
operator to engage the span drive motors without releasing the span locks. Semi-automatic
and automatic controls have increasing degrees of logic and interlocking devices that prevent
certain types of operator error. Newer control designs are more likely to have interlocks and
control logic required by current AASHTO specifications.

Inspection requirements:

Monitor the function of the controls during a number of cycles of span operation
from different vantage points. Verify that all functions shown on the operator's
console are functional and that the span is operating in a manner consistent with
Operator Control Inputs.

Verify, by interviewing the operator, and by inspection of limit switches, wiring
diagrams, and control circuitry, that controls are interlocked as bridge files indicate.

Manually activate limit switches and/or use a magnetic induction ammeter to
measure current flows in limit switch circuitry. Verify that control logic and
interlocks are functional as designed.

Special Note:

It is not unusual for limit switches to be bypassed and interlocking to be disconnected as a
temporary measure to solve an operation fault. Inspectors should look for such bypass
wiring and any other alterations to control/interlock systems and record all findings in the
inspection and deficiency reports.

Bypasses and/or rewiring of controller interlock components or circuits, remove safeguards
against operator actions that could lead to potentially hazardous situations. The control and
interlock systems are designed specifically to provide span operations in a controlled
sequential manner. The design intent is to make it impossible for an inattentive or distracted

6 - 150



Printed: June 19, 2005

operator to open the span before stopping all traffic or to try to open a span without
disengaging the span locks.

Bypass of interlock and/or control system components changes the way the control system
can be operated. The inspector must be alert to detect changes that may require
investigation of the control system operation in greater depth, or possibly to request further
investigations by others to determine whether potentially hazardous situations may result
from such changes.

Interlock System:

The interlock system is the electromechanical and/or hydraulic components, logic devices
and circuitry that monitor bridge motion and regulate the sequence of movable span
operation in conjunction with the control systems.

The interlock system is the most subtle functional system on the structure. Its elements are
dispersed throughout the structure and all components may not be readily identifiable. The
purpose of the interlock system is to regulate when movable span components function
during the various sequences of bridge operation. Since out-of-sequence operation may be
hazardous to public safety, or might damage operating machinery and/or the structure, it is
appropriate to include devices in the design that prevent operation of the movable span inan
unsafe manner. The interlock system serves that purpose. A partial list of components
include:

Limit switches and wiring.

Detectors, sensors and wiring that indicate the position of moving parts.
Cams and other mechanical trip mechanisms.

Internal position detectors in hydraulic ram pistons.

Software in PLCs dedicated to sequence of operations control.

The interlock systems of many existing movable bridges rely on limit switches that use older
electromechanical switches. These devices are prone to failure from wear, corrosion,
intrusion of dirt and debris and numerous other environmental attacks.

The difficulty with limit switches is that they are, at present, usually low tech, highly
unreliable, but absolutely vital to safe operation in the proper sequence. The fairly common
practice of bypassing limit switches with patches in wiring when one of them fails is not
readily apparent to the untrained eye, and therefore requires knowledge and a high standard
of care by the inspector of such components.

Inspection requirements:
Determine the intended function of each limit switch (whether it is a normally open

or normally closed type). Verify that each switch functions as intended by activating
switches manually and monitoring the effects.
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Determine the cause of malfunction for each limit switch that fails to function as
designed. Clearly note which limit switches are nonfunctioning and which have been
bypassed.

Evaluate hazardous conditions caused by the presence by malfunctioning or
bypassed limit switches, other position sensing devices, wiring or other components
in the interlock system that do not function properly. Clearly report same.

Navigation Guidance System:

The navigation guidance system directs the travel path of an approaching vessel from the
open channel through the bridge opening and allows for controlled passage of vessels
through a movable bridge site.

The navigation guidance system includes numerous separate communication, lighting, vessel
guidance, navigation and channelizing devices, functioning to allow controlled passage of
vessels through a movable bridge site.

The guidance systems should be in conformance with USACOE, USCG, and CFR
requirements. This system also requires provision for efficient communication by audible
and visual signals between the bridge operator and vessels.

A partial list of the components of this system includes:

Marine Radio Communication

Lights, Whistles, Horns

Retroreflective Panels

Radar Reflectors and/or Racons (radar signal emitters)
Fog Signals

Fender systems and other substructure protection devices
White/Red Flags at Control Tower

Underclearance Gauges and Tide Gauges

Permit Drawings showing Legal Channel Width and Underclearance
NOAA Navigation Charts

Navigation Lighting

Inspection requirements:

Review the procedure for passage of vessels though the bridge opening. This
includes but is not limited to, bridge operation signals, fixed markings in the channel
and on the structure, channel alignment and control markings, radio communications,
presence, placement, adequacy and condition of pier protection devices, navigational
lighting and other aspects relating to safe passage of a vessel.

Inspect visual and audible signals required by current regulations. They should be
effective during daytime, nighttime and inclement weather conditions from the
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perspective of not only an approaching vessel, but also from other vessels in the
vicinity of the bridge. Signals should be distinct and recognizable to multiple vessels
on either side of the bridge and should clearly indicate which approaching or waiting
vessel should traverse first and when the next is to proceed.

Determine if the bridge site has an adequate holding area in which approaching
vessels may safely await the bridge opening, clear of the bridges range of motion. If
there is no holding area, evaluate the radio communication/bridge opening timing
sequence to determine if it is adequate and consistent with current navigation rules
for the structure. Determine if the vessel is properly signaled to proceed by the
bridge operator via radio, light or other signal once the bridge has completed its
opening sequence and brakes have been set.

Review and evaluate procedures for navigation restrictions, such as restricted hours
of operation, or opening only by prior notice, to determine if they meet the
requirements for the structure. Any movable bridge that has unlisted temporary or
permanent restrictions on openings such that it cannot be opened on demand may
constitute a hazard to navigation.

Review the permit drawing designating required channel width and underclearance
of the bridge in the closed and open positions. Inspect the underclearance gauges for
closed bridges for accuracy and legibility.

Inspect the navigation guidance lighting to determine if it is in coordination with the
bridge motion; i.e. red span lights should not change to green, signaling vessels to
begin passage, until the bridge has completed its motion and the brakes have been
set.

Verify that the superstructure is clear of the horizontal and vertical channel clearance
envelope in the open position. Some existing structures exhibit full open positions
that do not clear the navigation envelope. Bascules should be checked by climbing
the leaf in the open position and dropping a plumb line or by other means if climbing
is not feasible. Itisalso vital that the span be securely locked in the open position by
the brakes or other means to ensure that it cannot drift during vessel transit. Swing
bridges with inoperative brakes present a potential hazard if a wind gust causes the
span to move during vessel transit.

Determine if bascule or lift span brakes are fully operational. Holding the span open
by stalling the drive machinery against the stops is a dangerous practice and is not
acceptable for any reason except dire emergency involving other overriding threats
to public safety.

Determine whether or not the navigational guidance system adequately recognizes
when the transiting vessel as well as any other vessel in the bridge proximity are well
beyond the bridge range of motion so that the bridge may return to closed position.
If this is done through "visual observation” by the bridge operator, determine if there
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are areas that are obstructed from the operators view and large enough to hold a
vessel. If thisis the case, recommendations for additional detection methods should
be made to cover these areas.

Traffic Control System:

The traffic control system serves to manage and control the traffic flow through a movable
bridge span, and to stop and store the vehicles safely during bridge openings.

The traffic control system includes visual and audible signals, signs, and physical barriers
coordinated according to MUTCD and AASHTO regulations. All visual and audible signals
are required to be effective at all times and in any weather condition from the perspectives of
vehicular and pedestrian traffic and the bridge operator. Traffic control should be integrated,
and should work in proper sequence with the other functional systems.

A partial listing of this system includes:

Lights, Bells, Sirens

STOP signs, Warning signs
Traffic gates

Resistance gates
Retroreflective panels

Inspection requirements:

Review the overall traffic control procedures and sequencing of events for bridge
opening and closing, as well as the physical condition of the individual components.

Determine if traffic control procedures occur smoothly and sequentially. The
following sequence should be observed:

A request for opening is received.

Traffic is first warned with sirens, bells, and flashing lights. Inspectors should check
that all lights are working effectively and that backup lights are available. All
lighting defects should be documented and reported.

Traffic lights turn from green to amber to red. The traffic control system must allow
for adequate time delay on traffic signals for driver reactions. To verify that traffic
has stopped, a bridge operator is required to have good visibility of the roadway.

After the amber light has changed to red, or bells have stopped ringing and STOP
signs appear, traffic gates are activated. These traffic gates are required to extend
across the entire roadway, or separate gates must be provided for each lane, in
conformance with MUTCD.
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Once all traffic gates are down, barrier gates are activated, if present. Barrier gates
are designed to physically stop a moving vehicle well in advance of an open bridge.
Inspectors shall verify complete closure of all gates in proper sequence.

Inspect gates to insure they are effectively interlocked to function in sequence with
span movement; i.e. gates must be down before the spans are unlocked for bridge
movement. Ensure there are manual controls for gates in case of power failure.
Ensure that override controls are available to stop gate closure at any point. Ensure
that gate opening is continuous.

Inspect the traffic control interlock to ensure the bridge closure sequence is complete
and locked before gates and barriers can be raised or retracted. Also, ensure that
traffic signals do not turn off until all gates are fully raised.

For high speed roadways and curved approaches, determine the presence, placement,
adequacy and condition of advance warning lights, signs, and/or signals.

Inspect traffic signs, barricades and signalization, and structural support elements for
cracks, deterioration, loose, missing or deteriorated fasteners, unexpected movement
or other defects during operation.

Inspect barricades for impact damage and evaluate their ability to perform their
design function.

Inspection Requirements for Structural Components:

Typical structural components (such as floorbeams, trusses, stringers, etc.), which are
common to fixed and movable bridges, shall be inspected in accordance with Sections 6.1,
6.2 and 6.3 of this manual.

Inspection of unique structural components that occur primarily on movable bridges, and
special considerations of typical structural components due to the nature of movable bridge
operations, shall be covered in the following sections.

Special Note:

Lubricants and other coatings will tend to accumulate under movable bridge machinery on
structural members. These coatings interfere with the inspection of the members they coat
and should be removed to permit close inspection.

Before the inspection is commenced, a study of the structure shall be done to determine the
locations of all Fracture Critical Members (FCM's) and Fatigue Sensitive Details (FSD's).
The study shall include identification of all force reversal members due to opening and
closing operations. All FCM's shall be marked for inspection in accordance with the
guidelines given in Chapter 5 for Fracture Critical Member Inspection. Unless otherwise
shown by detailed analysis, all built up, rolled and eyebar type tension members shall be
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considered to be FCM's and inspected as such. Girders, floorbeams or stringers may be
identified as FCM's based on detailed analysis, engineering judgment and appropriate
Federal Guidelines.

Certain structural components are most heavily loaded during span opening and closing
operations. The critical design load of such members often does not include vehicle live
load. The inspection of such components should be based upon the knowledge that distress
may be present due to loads resulting from span operation, which are not necessarily
vertical loads in all cases.

Substructure:

Inspect piers for rocking or other movement when the leaf or span is opened. This is an
indicator of a serious deficiency and should be reported immediately in accordance with the
Critical Deficiency Reporting/Emergency Response procedures outlined in Section 3.2.7.

Check the braces, bearings and all housings for cracks especially where stress risers would
tend to occur.

Inspect concrete and masonry for cracks in areas where machinery bearing plates or braces
are attached. Note the tightness of bolts and the tightness of other fastening devices used.
Loose anchorages can cause movement of machinery and result in misalignment and
accelerated deterioration of the substructure elements.

Inspect the substructure elements during opening and closing operations for span or
counterweight contact. Contact between these elements is an indication of unbalance or
misalignment. Interference between substructure and bridge elements during operations can
also affect the horizontal and vertical clearances within the navigational channel limits.

Superstructure:

Inspect the live load bearings and span lock bars for proper fit, alignment and if applicable,
the amount of lift. When span locks are provided to hold the span in the open position,
check for movement under wind load.

Inspect all joints between fixed and movable portions of the structure for adequate
longitudinal clearance to provide for thermal expansion and allow for vertical movement
under heavy loads.

Decks:

Inspect open grid decks for adequate skid resistance, broken bearing bars, cracked welds,
etc. Grating without studs or notches that have worn smooth under traffic can be slippery
when wet. Check whether warning signs are present for such deck conditions. Check the
roadway surface for evenness of grade and joints for adequate thermal clearance where the
movable span meets the fixed span.
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If a solid concrete roadway is positioned over the pier areas (pivot or bascule pier), inspect
the deck for water leakage or areas through which debris can fall into the machinery space or
onto piers.

Ship Ladders, Walkways and Platforms:

Inspect ship ladders, walkways, platforms and all support connections for loose or missing
fasteners, cracked welds or fatigue cracks and other deficiencies.

Inspect stair treads and walkway surfaces for loose or missing components and adequate
connection to their supports. Check surfaces for traction deficiencies or accumulation of
lubricants or debris that may create a slipping or tripping hazard.

Inspect all railing connections for loose or missing fasteners, cracked welds, fatigue cracks
or other deterioration.

Inspect all bridge structural components that support ship ladders, walkways and/or
platforms for evidence of distress or deterioration.

Counterweights and Counterweight Pits:

Inspect counterweights to determine if they are sound and are properly affixed to the
structure. Also check temporary supports for the counterweights that are intended for use
during bridge repair and bumpers that prevent bascule leaf overtravel.

Where steel members pass through or are embedded in concrete, check for corrosion of the
steel member and for rust stains on the concrete. On multi-trunnion bascule bridges, check
the strut connecting the counterweight trunnion to the counterweight for fatigue cracks.
Cracks may develop in the webs and bottom flange near the gusset connection at the end
nearest the counterweight. This crack will be most noticeable when the span is open.

Inspect the counterweight pits for standing water. Buoyancy forces on the counterweight
can affect span balance and overload machinery and motors causing unexpected movements
of the bridge. Check sump pumps, if present, for proper function.

Fender Systems and Other Channel Protection Devices:

Inspect fender system elements and other channel protection devices, such as dolphins and
pier protective cells, for loose or missing elements and fasteners, and elements exhibiting
cracks, splits, decay, parasite infestation, impact damage, fire damage, corrosion, section
loss, spalling, cracking or exposed rebar.

Inspect the channel face of the fender system for debris that protrudes beyond the whaler

face and presents snagging hazards to passing marine traffic. Check that the whaler surface
IS straight, smooth and continuous.
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Check to see if whaler connection bolts are properly countersunk with at least 1 in. (25 mm)
of wearing surface above the head of the fastener. Check to see if countersunk holes are
filled with tar or other protective mastic material.

Inspect all fender systems and other channel protection devices for adequate lighting and
ensure that it is visible to marine traffic.

Operator Control House:
Evaluate the Operator Control House for the following:

- Unobstructed view of the navigation channel and approach roadways during all
phases of the bridge movement cycle

- Adequate protection to the bridge operator and controls from the environment,
(weatherproof, insulation, etc.), traffic, and other detrimental forces.

- Proper installation and function of smoke alarms, fire extinguishers and fire fighting
systems as required by current federal, state and local regulations.

- Adequate support and security of bridge machinery controls.
- Growth of marine life and plants on the foundation or supports.
Structural Components for Drive Mechanisms:

Supports components that make up the supports for gears, cranks, shafts, motors, brakes,
reducers, pinions, etc., are not considered mechanical parts and are frequently not included
during the inspection of machinery. However, their failure could cause severe damage to
adjacent machinery components and affect bridge operations. These supports are subject to
vibration and should be inspected for signs of fatigue or fracture. Fasteners used to connect
supporting members or used to secure the support to the substructure should be inspected for
tightness and cracks.

Inspect supports during operation of the span to determine if relative movement occurs.
Look for deflection in the support or frame. If machinery components move on the support
or the support on the pier, foundation anchor bolts or other fasteners may be loose or
cracked.

If a support deflects noticeably, it may be inadequately constructed for the loads transmitted
through it. Inspect for cracks around mounting flanges especially near bolt holes, fillets and
welds. Any area suspected of cracking should be watched carefully during operation.
Normally, a crack will open under live load making it more visible. Dye penetration,
magnetic particle or ultrasonic testing shall be used to confirm the existence of all suspected
cracks.
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Inspect supports partially imbedded in concrete or resting on concrete. These areas may be
subjected to severe corrosion at the concrete interface. If corrosion exists on the member,
the condition should be evaluated promptly to prevent substantial weakening or failure
resulting from continued corrosion.

Inspect anchor bolts that hold machinery elements and supports to the substructure elements
for deteriorated concrete and loose, corroded or missing fasteners or anchor bolts.

Control and Interlock Equipment

Inspect control and interlocking system structural components for loose or missing fasteners,
cracked welds, fatigue cracks or other deterioration.

Inspect structural components in the vicinity of the control or interlock equipment
components for members that may impede the movement of the components or otherwise
affect the function.

Inspect structural components that support control equipment components for evidence of
distress or deterioration.

Inspection Requirements for Mechanical Components:

Mechanical components discussed in this chapter are those elements of the support, balance,
drive, stand by drive, control, interlocking, navigation guidance and traffic control systems
that comprise the mechanism that creates motion.

Mechanical components are intended to provide a controlled, appropriate type of motion.
Controlled means moving only when authorized and at the correct speed. Appropriate
motion means that only the intended motion (e.g. horizontal rotation) is provided while other
types of motion (vertical rotation, horizontal translation (sliding) and vertical motion) are
prevented by the machinery.

Open Gearing:

Open gearing, in movable bridge terminology, refers to individual gears mounted upon
individual bearings or in a fabricated machinery frame instead of being contained in a sealed
housing. Typical open gearing consists of spur gears, spur racks and bevel gears. Spur gears
transmit power and regulate the speeds of parallel shafts, while bevel gears perform the same
function for shafts that are mounted at an angle to one another, usually ninety degrees.

Assembly and alignment of open gears in the field is difficult and for such installations
initial misalignment was a common problem. The misalignment condition can be
exacerbated if the support bearings were not properly secured and worked loose on the
mounting during operation. Shop assembly is more likely to achieve correct initial
alignment as well as continued integrity of the bearing mountings. In either case, field or
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shop assembly, wear of open gears is compounded by the elements and the presence of
abrasive, foreign materials that lodge in the mesh.

In order to offer some protection to the exposed teeth, sheet metal protective covers are
sometimes placed over the gearing to assist in keeping dirt and debris from entering the
mesh. These covers do not completely seal off the gears to protect them from environmental
influences, but will generally shed debris falling from above.

Special Note:

To accurately assess the presence of wear or other deterioration in gears, it is imperative
that the lubrication in the inspection areas be thoroughly removed from the gear so that
problems can be seen. If problems are noted after cleaning off a few teeth, additional
cleaning and inspection will be required.

Before the lubrication is removed, the inspector should note any patterns that have formed in
the lubricant. Areas being worn will often have the lubricant pushed out to other locations.

Gloves should be worn by inspectors while inspecting mechanical components for protection
against solvents as well as metal shavings that may be present in the lubrication.

Replace all lubricant removed during the inspection with an approved, lubricant compatible
with the existing.

Inspection Requirements:
o Inspect open gearing for proper lubrication.

. Inspect open gearing for evidence of uneven or excessive wear indicating
misalignment between drive components as follows:

More wear on one side of the tooth than the other, indicates that the span is either toe
heavy (faces of gears in contact during the opening sequence are more worn) or heel
heavy (faces of gears in contact during the closing sequence are more worn).

More wear occurs on one end of the tooth than the other:

. if excessive wear on opposite faces of the tooth occurs at opposite ends, it
indicates that the gear shafts of the gear set are not parallel in the vertical
plane and that cross bearing is occurring.

. if excessive wear on opposite faces of the tooth occurs at the same end, the

gear shafts are not parallel in the horizontal plane causing an end loading
condition.

6 - 160



Printed: June 19, 2005

A "step” worn into the tooth, indicates that the gears of the gear set are spaced too far
apart. If this condition is excessive, one pair of teeth may lose contact before the
next pair engages. The teeth will then slam into engagement and impart impact
shock loads on the teeth that are then carried throughout the drive system.

Tooth heads are rounded and tooth valleys show signs of wear, indicates that the
gears of the gear set are spaced too close together. This condition can cause rapid
wear and binding of the gear teeth as well as "wiping™” of the lubricant so that
insufficient lubricant is present.

Gears of the gear set are misaligned axially with bearing contact between the teeth
only over a portion of the length of the tooth. This condition increases the stress on
the teeth, accelerates tooth wear and may cause premature failures of the gear teeth.

Maintenance Concerns:

. Proper lubrication of all moving parts must be performed on a regular basis.
Excess lubricant should always be removed when new lubricant is added.

. The operation of each of the functional systems should be reviewed and
appropriate steps taken to correct or adjust system deficiencies.
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Figure 6.2.11a — Swing Span Truss Bridge.

Figure 6.2.11b — Bascule Bridge in the Open Position.
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6.2.12 TIMBER SUPERSTRUCTURES

Reference:

BITM 90 Section 4.2, 8, 15.2, USDA Forest Service Publication "Timber
Bridges: Design, Construction, Inspection and Maintenance™

Inspection Requirements

Routine Inspections:

Inspect the timber superstructure in accordance with BITM 90, Chapter 8,
and Sections 4.2 and 15.2.

The entire superstructure shall be inspected from a distance of not greater
than 15 ft. (5 m) using adequate lighting to detect fungus growth, parasite
infestation, fire damage, impact or collision damage, weathering or warping,
splitting, cracking, checking, signs of overstress or chemical damage.

All areas found to be deteriorated or deficient during the visual inspection
survey will be subsequently inspected "hand-on" to determine the type and
extent of deterioration or deficiency.

Check timber members for signs of crushing at bearing areas and at
stringer/floorbeam connections. Look for signs of overstress in areas of
maximum bending stress.

Check for signs of decay and parasite damage at ends of members where dirt,
debris, and moisture tend to accumulate and at the superstructure/ deck
interface. Deteriorated areas may also occur at locations of field constructed
connections where the paint or preservative system has been damaged or
disrupted. (See Appendix 6.8 for types of decay and deterioration.) Areas
that have evidence of serious deterioration, decay or infestation should be
discussed with the Bridge Engineer to determine the need for possible further
investigation by Non-Destructive Testing (NDT) and Destructive Testing
(DT) methods (such as Increment Boring).

25% of all surface areas showing no apparent deterioration shall be hammer
tapped or probed with an ice pick to determine soundness of member. If the
preservative treatment of the member is damaged by probing it should be
"touched-up" with new preservative. Be careful of frozen timber that may
have internal deterioration but sounds solid due to water frozen in the
internal cavities.
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. Note all fire damaged areas and whether or not the damage is superficial
(scorched) or if loss of effective section has occurred. Note the depth of
char.

. Check for horizontal shear cracks in solid sawn members and delamination

between laminas in glue-laminated members. Cracks and delaminations at
mid-height of the member are more critical than those nearer the top or
bottom surface. Horizontal cracks will cause the member to act as two
smaller members, independent of each other, in the vicinity of the crack or
delamination.

. Secondary members may be timber or steel members. For timber, check for
deterioration, proper fit, cracked or split members and corroded, loose or
missing fasteners. For steel members, check for section loss, loose or
missing fasteners and bowing or buckling of the member.

o Timber members are best connected with seated, bearing type connections.
Check bolted, framed, or nailed connections for member deterioration or
connection failure.

. Areas on the underside of the deck that are below repaired or deteriorated
areas of the wearing surface or overlay shall be inspected "hands-on™ to
evaluate the condition of the repair or limits of deterioration.

. Check primary members for excessive deflection, sagging and vibration as
well as for proper alignment.

. Evaluate the condition and effectiveness of the roof and siding of covered
bridges as well as the protective coating (paint or pressure treatment).

Documentation Required for Routine Inspections:

. Document all deterioration such as debris build-up, fungus growth, parasite
infestation, fire damage, impact or collision damage, weathering and
warping, splitting, cracking, checking, chemical damage and signs of
overstress. All deteriorations noted shall include the size and relative
location on the member. Where possible, measurements will be taken to
determine the remaining effective section of the member.

. Document any horizontal shear cracks, splits, or delaminations in bending
members. Note whether or not the cracks, splits, or delaminations pass
entirely or partially through the member and measure the depth of the crack,
if possible. Also dimension the height of the member halves above and
below the crack as well as the member base and the amount that the crack has
opened.

6-164



Printed: June 19, 2005

. A simple framing plan shall be provided showing locations of deteriorations
and other noted problems. Member elevations and sections shall be provided
as required to adequately document the deterioration or other problems
found.

. Particular care shall be given to documenting any increased quantity or size
of deteriorations that have changed since the last inspection. If the condition
rating has changed since the last inspection, a photograph and explanation of
why the rating has changed shall accompany the inspection report.

. Notes should be made describing the current condition of all previously
noted problems so that a rate of deterioration can be established for
monitoring purposes.

. Typical conditions and deteriorations causing a condition rating of less than
or equal to "5" shall be photographed as outlined in Chapter 5.

In-Depth Inspections:

. In addition to the requirements of the routine inspection, "hands-on" access
shall be provided to the entire superstructure.

. All primary and secondary members shall be inspected "hands-on" regardless
of extent of damage or deterioration.

. Severe internal decay may be taking place even though the surface condition
appears good. Therefore, random probing of 50% of the structural members
shall be conducted with an ice pick or awl to locate voids or areas of internal
deterioration. Emphasis shall be placed on locations of wetness or staining.
Be careful of frozen timber that may have internal deterioration but sounds
solid due to water frozen in the internal cavities.

Special Note:

All destructive testing shall have prior approval of the Senior Engineer.

Documentation for In-Depth Inspections:

. All documentation required for routine inspections shall be included in the
in-depth documentation except as noted in this section.
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. Documentation, as a whole, should clearly describe the structural condition
and serve as an accurate benchmark to which future inspections can be
compared.

. A good quality photograph of the superstructure, which documents the

overall condition as well as detail photographs that support the condition
rating, shall be provided.

Report Review

. Review the inspection findings in accordance with established Quality
Control and Quality Assurance procedures.

. Cross reference the inspection report, inspection field notes and photographs
to ensure they are mutually supportive of their documentation.

. The inspection reviewer should determine if patterns of deterioration or
progressive deterioration are taking place. Progression will be determined by
comparing past and present inspection reports.

. Review all field notes to determine if further non-destructive testing and/or
destructive testing is warranted.

Maintenance Concerns

. The most common type of preventive maintenance for wood structures is to
deny the food source to the fungus or parasite. This is done through
application of preservative treatment, paint or other protective coatings.

. Pressure treatments typically do not penetrate through the entire cross-section
of the member. Therefore, as with non-treated members, interior
deterioration due to parasite infestation may still occur despite the solid
appearance of the exterior.

. Loose connections may occur due to timber shrinkage, cracking, checking,
decay or crushing around the connector. These connectors may need to be
tightened or replaced with larger connectors over time.

° Clean debris to avoid moisture accumulation.

. Cut vegetation from around wet areas and areas prone to debris buildup to
better allow air circulation for drying action.
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Figure 6.2.12a - Timber Truss Pedestrian Bridge with Timber Bent
Substructure.
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6.2.13 STONE MASONRY ARCHES

Reference: BITM 90 Section 4.5.1, 9.2.6 and 19.3.10

Inspection Requirements

Note: Stone masonry arches may have concrete, stone or other type of construction
for the spandrel portion of the arch structure. Spandrels that are comprised of stone
masonry shall be inspected in accordance with this section. Spandrels constructed of
concrete shall be inspected according to the guidelines outlined in Section 6.2.4,
Concrete Rigid Frames and Closed Spandrel Arches.

Routine Inspections:

Inspect the superstructure in accordance with BITM 90, Section 4.5.1 and
19.3.10.

The entire stone masonry arch superstructure shall be inspected from a
distance of not greater than 15 ft. (5 m) to detect crushed, spalled,
disintegrated, weathered, chemically damaged, displaced, missing or cracked
stones, missing joint mortar, efflorescence, deformations in the arch ring or
spandrel walls or other defects. All problem areas observed shall be
subsequently inspected "hands-on™ to determine the extent of the
deterioration.

Inspect the arch stones for signs of possible failure from any of the following
failure modes:

1. Crushing of stones (See the special note below).
2. Sliding of one arch stone on another.
3. Rotation of an arch stone, or series of arch stones, about an edge of a

joint creating an opening at the joint.
(See Appendix 6.7 for a greater description of these failure modes)

Probe areas where joint mortar is missing to determine the average depth of
loss and the location of maximum loss.

Stones adjacent to joints with missing mortar shall be inspected for
displacement, tilting, cracking, heaving, spalling, and crushing due to the
freeze thaw effects of penetrating water and the effects of non-uniform
bearing pressure.
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. Check stones that have experienced cracking to determine whether or not the
pieces are still in tight contact with the adjacent stones and still providing
adequate stability to the arch.

. Where visible, inspect the footing areas for signs of displacement due to the
horizontal forces induced by the arching action in the structure.

. Where visible, inspect the extrados area to see if a waterproof membrane isin
place and functioning.

. Inspect the arch spandrel walls for distress (large shear cracks initiating from
the arch stones) or deterioration (spalls, map cracking, delamination, loss of
joint mortar, etc.)

. Check to see if the arch and spandrel walls are plumb. Visually sight along
the walls and thru the arch barrel to try to detect bulges or deformations.

. Inspect the roadway for signs of cracking parallel to the center line of the
arch as well as sagging and depressions. Also, look for signs that fill or
asphalt has been used to level the roadway. This may indicate loss of backfill
material.

Documentation Required for Routine Inspections:

. Document all deficiencies and deteriorations observed. Dimensions shall
include the length, width, height, depth of loss, orientation and location
relative to a fixed, identifiable point.

. When deficiencies can not be easily described or if the condition rating is a
"5" or less, elevation drawings as well as topside and underside plan
drawings shall be provided to show the layout of the stone masonry joints
and noted deterioration. Sectional views and detail drawings shall be
provided, as required, to adequately describe the extent of noted deficiencies.

o Note areas of water leakage (infiltration and exfiltration).

. Notes shall be made describing the current condition of all previously noted
problems so that a rate of deterioration can be established for monitoring
purposes. If the condition rating has changed from the previous inspection
due to increased quantity or size of deterioration or if the deterioration has
been repaired, photographs, documentation and an explanation of why the
condition rating has changed shall accompany the inspection report.

. Typical conditions and deteriorations causing a condition rating of less than
or equal to "5" shall be photographed as outlined in Chapter 5.
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In-Depth Inspections:

. In addition to the requirements of the routine inspection, "hands-on" access
shall be provided to the entire superstructure.

. Measure the clear waterway opening at the spring line. Also measure the
vertical dimension from the spring line to the bottom of the arch ring at the
quarter points along the spring line of each fascia (See Figure 6.2.13a). The
first time this is done on a structure, it may be necessary to drill holes or use
a "Ram-Set" to install anchors that the ends of the string line can be tied to.
If practical, permanent marks should be made on the arch ring where the
measurements are taken so that future measurements can be taken at the same
location.

Documentation for In-Depth Inspections:

. All documentation required for the routine inspection shall be included in the
in-depth documentation except as noted in this section.

SPRINGLINE

~ - /

L/4 L/4 L/4 L/4

L

Stretch a string accross the waterway from abutment to abutment
face to approximate the springline length (L) and location. Measure
the height from the springline to the Arch Ring at the quarter
points (H1, H2 & H3) as shown.

Figure 6.2.13a — Arch Measurements

6-170



Printed: June 19, 2005

. Elevation drawings, as well as topside and underside plan drawings, shall be
provided to show the layout of the stone masonry joints and noted
deterioration. Sectional views and detail drawings shall be provided as
required to adequately describe the extent of deficiencies noted.

. Documentation, as a whole, shall clearly describe the structural condition and
serve as an accurate benchmark to which future inspection can be compared.

. A good quality photograph of the superstructure, that documents the overall
condition as well as detail photographs that support the condition rating, shall
be provided.

Report Review

. Review the inspection findings in accordance with established Quality
Control and Quality Assurance procedures.

. Cross reference the inspection report, inspection field notes and photographs
to ensure they are mutually supportive of their documentation.

. Crushing or spalling of the arch ring stones may be an indication the stone is
being overstressed and is deteriorating. This may be caused by an increased
loading condition or a shifting of the neutral axis within the stone. Crushing
or spalling of any one arch ring stone approaching 1/3 of its total height
means that large localized stresses are being applied to that stone. This can
lead to a sudden total failure of the stone. Subsequent total failure of the arch
is then possible. All field notes should be reviewed closely for indications
that this condition exists. Any arch ring stone crushing warrants close
monitoring and thorough consideration of more detailed analysis to
determine any adverse effects on the integrity of the arch.

. Low condition ratings caused by extensive or widespread deterioration
should be reasons to request supplemental testing or analysis to better
determine the condition and stability of the stone masonry arch and whether
rehabilitation or replacement is warranted.

. The inspection reviewer should determine if patterns of deterioration or
progressive deterioration are taking place. Progression will be determined by
comparing present to past inspection reports.

. The sudden or progressive appearance of cracks or movements in the arch
stones may indicate the need for a new load analysis and/or weight restriction
of the bridge.

Maintenance Concerns
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Arches originally constructed without mortar between the stones ("dry laid™)
do not need to be pointed. Arches originally constructed with mortared joints
however, should normally have missing or deteriorated mortar repaired.

The object of joint mortar, when incorporated into the design, is to furnish a
cushion for adjacent stones that helps to distribute the pressure uniformly,
relieve the stone of transverse stresses and relieve stresses from concentrated
crushing pressures to which the projecting points are subjected when in
contact with other stones. Therefore, loss of joint mortar can increase the
stresses in the stone to the point where crushing or cracking may occur. Lost
joint mortar should be replaced.

Cracks in stones, cracks in joint mortar and openings in joints provide access
to water seepage that can further deteriorate the stone or joint through
freeze/thaw action or allow exfiltration of fill material. All cracks and joint
openings shall be considered for injection or other repair depending on their
location and proximity to the arch ring. Engineering judgement and
discussion with the Field Senior is required prior to conducting repair work
to determine the extent and criticality of the problem, effects on public safety
and cost/benefit ratio of the repair.

Figure 6.2.13b — Stone Masonry Arch Viaduct
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6.3 SUBSTRUCTURE INSPECTION

6.3.1 CONCRETE SUBSTRUCTURES

Reference: BITM 90 Sections 4.3, 6.2.3, Chapter 12, Chapter 13, 15.3, 16.3

Inspection Requirements

Routine Inspections:

Inspect the substructure in accordance with BITM 90 Chapter 12.

Abutments, wingwalls and piers should be carefully observed from the
ground on all sides using binoculars where appropriate (non-critical areas).

"Hands-on" access will be required for all bearing seat areas and the front
faces of abutments and piers in the vicinity of bearings.

"Hands-on" access will be required to the faces of pier caps in areas of high
tension or shear stresses (typically over columns).

Areas of cracking, scaling, wetness or staining should be tapped with a
hammer to determine if the concrete is sound.

Spalling or scaling of bearing seats that has caused (or may cause) a loss of
bearing area for a superstructure member should be measured.

The length and width of tension or shear cracks found in pier caps should be
measured.

Where movement (tipping or settlement) of an element is suspected, plumb
bob measurements and joint opening or misalignment measurements should
be taken. The location where measurements were taken should be clearly
marked (with chisel and paint spot) so that measurements can be made in a
similar manner at the same location during follow-up inspections. (See
Figure 6.3.1a)

All substructure elements in, or adjacent to, waterways shall be checked for
the presence of scour and undermining. Scour shall be checked by wading
and probing around the entire base of every element exposed to potential
scour. Areas that cannot be accessed with available equipment should be
referred for underwater inspection (See Appendix 6.12).

6-173



Printed: June 19, 2005

Measure Distance

/ Plumb Line
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Top Monitoring Point Established as Close to Top as Possible.
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Read Actual "Tip” Measurement = 1 7/8" — 1 1/8" = 3/4".
Bottom Monitoring Point Established 1" to 2" above Ground Level.

Figure 6.3.1a — Recommended Method for Measuring Substructure Tipping Using a Plumb
Line. (“Hold-Off” Method illustrated for use where face of substructure
interferes with free movement of plumb bob)

Documentation for Routine Inspections:

Note:

A narrative description of defects found will be adequate when it is possible
to fully describe them.

Sketches will be required if any of the following situations exist:

1)

2)
3)

4)

5)

The bridge is more than 3 spans and the individual substructure unit
rating would be "5" or less.

There is a loss of bearing due to spalling or scaling (or potential loss).
Scour under a footing.

The defects found cannot be simply described as to size, orientation
and location.

Structural cracks (tension or shear cracks) are found in a pier cap.
Additionally, it may be desirable to set-up a "crack inventory"” to
monitor the lengths and widths of cracks in a specific area or at a
specific element.

Whenever possible, make a good quality "original” sketch before going to the
field. Then make a photocopy of the original to record information on and
save the original sketch in the file to be copied for use on the next inspection.
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° If stream scour condition exists that could influence the substructure at some
time in the future, a reference should be made to conditions described under
Channel & Channel Protection.

. Photographs should be taken of any defect causing a condition rating of "5"
or less. Photographs and/or explanations should also be provided when
conditions warrant changing a rating number from a previous inspection
(either up or down).

. Sketches indicating measurements for monitoring purposes should be made
or copied from the previous inspection report. If a previously used sketch is
copied, a revision block should clearly show the date and crew using the
copied sketch. Do not re-use a sketch to the point where the difference
between new and old notes is no longer discernable.

Note: When working on large structures, a photocopy of the General Plan &
Elevation of the bridge can be helpful for shading in areas on the bridge that
have been inspected when it is necessary to track progress over several days.

In-Depth Inspections:

. In addition to the above requirements for routine inspections, "hands-on"
access shall be provided for all substructure elements.

. All suspected areas of deterioration (cracked, scaled, wet, or showing
efflorescence) and a random sampling over at least 20% of those areas
without apparent defects shall be tapped with a hammer using a reasonable
frequency to determine soundness. If defects are found in an area that
appeared sound, then the sampling rate and area to be hammered should be
increased.

Documentation for In-Depth Inspections:

o A sketch of each substructure element will be required. All defects found
should be documented.

. Detailed sketches of specific problem areas should be made.

. Representative photographs should be taken that document the overall
condition of the substructure and support the condition rating used.

. Similar to routine inspections, monitoring measurements, and explanations or
photographs of items that cause ratings to change, will be required.
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Report Review

o Findings should be reviewed in accordance with the established Quality
Control and Quality Assurance procedures.

o The inspection report reviewer should determine if the pattern, quantity or
severity of the deteriorations found support the numerical condition ratings.

. Verify that critical defects (evidence of movement, presence of scour,
structural cracks) have been measured for comparison with previous
measurements or that adequate monitoring points have been established.
Progression of these defects may be cause for a lower rating and/or the need
for stabilization work.

. Bridges with large or ongoing settlement/movement problems should be
referred to the Soils and Foundations section for their review.

. Scour problems, other than simple run-off erosion, should be referred to the
Hydraulics section for their review.

Maintenance Concerns

. Concrete deterioration is most commonly the result of a leaking deck joint or
defective drainage system. The cause of the deterioration (joint or drainage)
should always be repaired before, or in addition to, any recommended
concrete repairs.

. Certain structural cracks may be repaired using chemical repair techniques.
Engineering judgement and discussion with the Supervising Engineer are
required for specific applications.

. Waterproofing methods can be the best way to prevent or slow the
deterioration of reinforced concrete members. Care must be taken in the
application of waterproofing systems to insure that they are not applied in
such a way as to prevent entrapped moisture in the concrete from exiting.

. A determination by an Engineer as to what is a structural repair and what is a
"cosmetic™ or non-essential repair, may help to limit repair quantities to a
manageable level. Typically, spalls on massive concrete elements like
abutments and solid shaft piers may not need repair if structural reinforcing
steel is not exposed and aesthetics are not a concern.

. Repair of scour problems, other than simple run-off erosion, should not be
proposed without discussion with the Hydraulics section.
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Addressing movement of substructure elements is normally beyond the scope
of maintenance repairs and will require individual attention.

When removing deteriorated concrete for repair of pier columns, generally
the reinforcing steel should not be exposed for more than 6 ft. (2 m) on one
face at a time.

Figure 6.3.1b — Tall Concrete Pier with Decorative Stone
Masonry Facing.
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6.3.2 MASONRY SUBSTRUCTURES

Reference: BITM 90 Section 12

Inspection Requirements

Routine Inspections:

. Inspect the substructure in accordance with BITM 90, Section 12.

. The entire stone masonry substructure shall be inspected from a distance of
not greater than 15 ft. (5 m) for crushed, spalled, disintegrated, weathered,
chemically damaged, displaced, missing or cracked stones, missing joint
mortar, efflorescence, vegetation growth, deformations, impact damage due
to ice, debris or marine or vehicular traffic, and other deteriorations or
deficiencies. Problem areas observed should be inspected "hands-on™ to
determine the extent of the deterioration or deficiency.

o Inspect the substructure elements for tilting, settlement, rotation or other
movement. If any of the following are noted, further investigation may be
warranted:

1. Check to see if the substructure elements are plumb (Note: check to
see if the design calls for a battered or sloped face).

2. Note whether or not the horizontal mortar joints appear parallel with
the surface of the water if applicable.

3. Inspect abutment weepholes, if present, to see if they are clogged. A
build up of water behind the abutments can generate hydrostatic
pressures that can cause lateral movement.

4. Inspect abutments for signs of hydrostatic piping. This is caused
when perforated drain pipes or weepholes become clogged, forcing
water to seep through the embankment material, under the abutment
footing, and discharge through the fill in front, possibly bringing with
it sizable amounts of backfill material. Look for deep ruts in the fill
in front of the abutment with possible exposure of the footing. The
roadway or the approach slab may also show settlement.

5. Visually sight along the faces of the substructure elements to try to
detect bulges, tilting, settlement or other deformation.

6. Inspect the masonry stones for vertical cracks through several courses

of stone in the same general area.
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7. Evaluate the following items from the bearing, approach and joint
inspections that may indirectly indicate substructure movement:

o Gaps between the bearings and the pedestals.

. Positioning of the bearing elements on the pedestals, i.e.
longitudinal or transverse misalignment, lack of full contact
in the bearing area between the sole plate, bent or broken
anchor bolts.

. Vertical misalignment between the approach roadway slab
and bridge deck. However, pavement expansion and
approach fill expansion could conceivably cause vertical
movement in the approach slab.

. Gaps between the superstructure elements and abutment
backwalls that are significantly greater or less than the design
value or that expected for the ambient temperature.

. If the superstructure is in contact with the backwall, it may
indicate that the abutment is moving.

Special Note:

If movement of a substructure element occurs, the effects of that movement on bearings, joints, etc.,
may be visible at adjacent substructure elements, not at the element where the movement occurred.
For example, over rotation of rocker bearings at a pier may be caused by movement of an
adjacent abutment or pier with fixed bearings.

Probe areas where joint mortar is missing to determine the average depth of
loss and the location of maximum loss.

Stones with missing mortar below deck joints should be inspected for
displacement, tilting, cracking, heaving, spalling, and crushing due to the
freeze thaw effects of penetrating water.

Check stones that have experienced cracking to determine whether or not the
pieces are still in tight contact with the adjacent stones and still providing
adequate stability to the substructure element.

Inspect the substructure stones for signs of possible failure from crushing.
Particular attention should be paid in the vicinity of bearings.

All substructure elements, in or adjacent to waterways, shall be checked for
the presence of scour and undermining. Scour shall be checked by wading
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and probing around the entire base of every element exposed to potential
scour. Areas that cannot be accessed with available equipment should be
referred for underwater inspection (See Appendix 6.12).

Special Note:

After maximum local scour has occurred during peak flow periods, sediment may backfill the scour
hole during low flow periods giving false indication to the inspector as to the actual extent of the
scour problem. Probing through the soft surface sediment to the hard packed substrate with a
probing rod will help to a limited degree, but only by performing soil borings will the actual scour
depth be found.

Documentation Required for Routine Inspections:

. Document deficiencies and deteriorations observed. Dimensions of
deteriorations should include the length, width, height, depth of loss,
orientation and location relative to a fixed, identifiable point.

. When deficiencies cannot be easily described, or if the condition rating is a
"6" or less, elevation drawings shall be provided of the substructure elements
to show the layout of the stone masonry joints and deteriorations noted.
Sectional views and detailed drawings should be provided, if necessary, to
adequately describe the extent of noted deficiencies.

. Document areas of water staining and deterioration due to water leakage
from deck joints.

. Document all scour as well as all signs of undermining of the substructure
elements. Excessive scour conditions and any undermining condition,
regardless of extent, shall be brought to the attention of the Field Senior in
accordance with the established procedures for critical deficiency reporting.
Depths of scour holes shall be measured utilizing probing rods, survey rods,
sonic equipment or other measuring device and the presence of any
backfilled sediment should be noted.

. Document any impact damage on the substructure elements due to ice, debris
and marine or vehicular traffic.

. Document any signs of crushing of the stones in the area of bearings.

. Notes should be made describing the current condition of all previously
noted problems so that a rate of deterioration can be established for
monitoring purposes. If the condition rating has changed from the previous
inspection due to increased movement or quantity or size of deterioration or
if a deteriorated area has been repaired, photographs, documentation and an
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explanation of why the condition rating has changed shall accompany the
inspection report.

. Typical conditions and deteriorations causing a condition rating of less than
or equal to "5" shall be photographed as outlined in Chapter 5.

In-Depth Inspections:

. In addition to the requirements of the routine inspection, "hands-on" access
shall be provided to the entire substructure.

. A plumb bob should be used to check for plumbness on all substructure units.
Documentation for In-Depth Inspections:

. All documentation required for the routine inspection shall be included in the
in-depth documentation except as noted in this section.

. Elevation drawings shall be provided to show the layout of the stone masonry
joints and deterioration noted. Sectional views and detailed drawings shall
be provided if necessary to adequately describe the extent of deficiencies
noted.

. Documentation as a whole shall clearly describe the structural condition and
serve as an accurate benchmark to which future inspection can be compared.

. A good quality photograph of the substructure, that documents the overall
condition as well as detail photographs that support the condition rating, shall
be provided.

Report Review

. Review the inspection findings in accordance with established Quality
Control and Quality Assurance procedures.

. Cross reference the inspection report, inspection field notes and photographs
to ensure they are mutually supportive of their documentation.

. Review the inspection field notes for signs of tilting, settlement or rotation of
any substructure elements. The reviewer shall also check for signs of
contraction and local scour around substructure elements. If either of these
conditions are noted for the first time, or if additional movement or scour is
noted from the previous inspection, or if movement or scour is having serious
adverse effects on the stability of the substructure element, the reviewer shall
make recommendations to correct the observed deficiencies.
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. Review the inspection field notes for signs of crushing of the substructure
stones particularly in the area of bearings that may indicate the stone is being
over stressed. If crushing is noted for the first time or if additional crushing
is noted from the previous inspection, the reviewer should investigate the
need for a revised load rating or make recommendations to correct the
observed deficiencies.

. Low condition ratings that are caused by extensive or widespread
deterioration should be reasons to request supplemental testing or analysis to
better determine the condition and stability of the substructure element and
whether rehabilitation or replacement is warranted.

o The inspection reviewer should determine if patterns of deterioration or
progressive deterioration are taking place. Progression will be determined by
comparing present to past inspection reports.

. The sudden or progressive appearance of cracks or movements in the
substructure stones may indicate the need for a new load analysis and/or
weight restriction of the bridge structure.

Maintenance Concerns

. The object of joint mortar, when incorporated into the design, is to furnish a
cushion for the stones that helps to distribute the pressure uniformly across
the stone surface. It also relieves the stone of transverse stresses and
concentrated crushing pressures to which the projecting points are subjected
when in contact with other stones. Therefore, loss of joint mortar can
increase the stresses in the stone to the point where crushing or cracking may
occur. Lost joint mortar should be replaced with an approved material
utilizing approved procedures.

. Stone masonry set without mortar (dry laid) does not need to have joints
mortared as a maintenance repair. In some cases, to do so may actually be
worse. For example, by preventing water from draining through an
abutment, a build-up of hydrostatic pressure behind the abutment may cause

tipping.

. Cracks in stone, cracks in joint mortar and openings in joints provide access
to water seepage that can further deteriorate the stone or mortar joint through
freeze/thaw action. Cracks and open joints should be considered for sealing,
injection or other repair depending on their location and severity. Only
cracks that are allowing water to enter should be sealed. Cracks that are
allowing water from behind the abutment to exit should not be sealed unless
it is determined that this is causing a larger problem. Engineering judgement
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and discussion with the Field Senior is required prior to conducting repair
work in order to determine the extent and criticality of the problem, effects
on public safety and cost/benefit ratio of the repair.

Settlement or tipping of substructure elements may be caused by erosion of
the foundation material caused by scour. If the waterway at the bridge site
has a history of scour problems, consideration shall be given to the design
and construction of waterway protection devices such as rip rap, gabions,
cofferdams, check dams, etc., to reduce the adverse effects of scour.
However, if the bridge is a movable bridge or if a traffic intersection is
located at one end of the bridge, movement of the substructure elements may
occur due to the longitudinal forces induced by vehicles decelerating and
stopping for bridge openings and traffic signals.

If the substructure elements are regularly impacted by ice and debris,
consideration shall be given to the design and construction of protection
devices to divert or absorb the impact forces. This will have a secondary
benefit of moving waterway blockages and turbulence away from the
substructure elements. However, this should also require a hydraulic analysis
to be sure the hydraulic capacity of the structure is not reduced appreciably.

All substructure impact protection devices (guardrail, fender system, ice
breaker, etc.) shall be routinely checked to ensure that adequate protection is
maintained. All damaged protection devices should be repaired in a timely
manner to maintain the integrity of the system.
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6.3.3 TIMBER SUBSTRUCTURES

Reference:

BITM 90 Chapters 12, 17 and Sections 4.2, 15.2, 16.2.4, and the USDA
Forest Service Publication "Timber Bridges: Design, Construction,
Inspection and Maintenance"

Inspection Requirements

Routine Inspections:

Inspect the timber substructure elements in accordance with BITM 90,
Section 12.

The entire substructure shall be inspected from a distance of not greater than
15 ft. (5 m) using adequate lighting to detect fungus growth, parasite
infestation, fire damage, impact or collision damage, weathering or warping,
splitting, cracking, checking, signs of over stress, chemical damage or other
deterioration.

Areas found to be deteriorated or deficient during the visual inspection will
be inspected "hands-on" to determine the type and extent of deterioration or
deficiency.

Check timber members for signs of crushing at timber pile/concrete footing
interface (if exposed), pile/bent cap interface, or other bearing areas. Look
for buckling, cracking and other signs of over stress along the length of
axially loaded piles and in areas of maximum bending stress on pier bent
caps.

Check for signs of decay and parasite damage in the tidal area of timber piles
or in areas frequently exposed to wetting/drying cycles for non-tidal
waterways. Deterioration may also occur at locations of connections where
the paint or preservative system has been damaged or disrupted. (See
Appendix 6.8 for types of decay and deterioration.) Areas that have evidence
of serious deterioration, decay or infestation should be brought to the
attention of the Field Senior to determine the need for further investigation
by Non-Destructive Testing or Destructive Testing methods (such as
Increment Boring).

A representative sample of the timber surface area showing no surface
deterioration shall be hammer tapped or probed with an ice pick in an attempt
to locate internal deterioration. If deterioration is found, additional probing
shall be performed. Be careful of frozen timber that may have internal
deterioration but sounds solid due to water frozen in the internal cavities.
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Inspect the substructure elements for tilting, settlement, rotation or other
movement.

Special Note:

If movement of a substructure element occurs, the effects of that movement on bearings, joints, etc.,
may be visible at adjacent substructure elements, not at the element where the movement occurred.
For example, over rotation of rocker bearings at a pier may be caused by movement of an
adjacent abutment or pier with fixed bearings.

The area around the base of timber piles should be inspected for signs of
contraction or local scour as outlined in Appendix 6.10 & 6.12.

Suspected areas of local scour shall be probed with a probing rod to attempt
to determine the limits of scour.

Special Note:

After maximum local scour has occurred during peak flow periods, sediment may backfill the scour
hole during low flow periods giving false indication to the inspector as to the actual extent of the
scour problem. Probing through the soft surface sediment to the hard packed substrate with a
probing rod will help to a limited degree, but only by utilizing core samples or other methods will
the actual scour depth be determined.

Note all fire damaged areas and whether or not the damage is superficial
(scorched) or if loss of effective section has occurred. Note the depth of
char.

Check for shear cracks parallel to the longitudinal axis of piles and pier caps.

If there are any glue-laminated members (pier caps), look for shear cracks
between the laminas. For bending members, horizontal shear cracks will
cause the member to split and act as two smaller members, independent of
each other. Therefore, horizontal cracks and delaminations at mid-height of
the member are more critical than those nearer the top or bottom surface.

Secondary bracing members may be constructed of timber or steel members.

For timber, check for deterioration, proper fit, cracked or split members and
corroded, loose or missing fasteners. For steel members, check for section
loss, loose or missing fasteners and bowing or buckling of the member.

Timber members are best connected with seated, bearing type connections.

Check bolted, framed, or nailed connections for member deterioration or
connection failure.
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. Check bent caps for excessive deflection, sagging and vibration as well as for
proper alignment.

Documentation for Routine Inspections:

. When deficiencies can not be easily described, or if the condition rating is a
"6" or less, provide elevation drawings of substructure elements to show the
layout of the timber members and noted deteriorations. Sectional views and
detailed drawings shall be provided as required to adequately describe the
extent of noted deficiencies.

. Document deterioration such as debris build-up, fungus growth, parasite
infestation, fire damage, weathering and warping, splitting, cracking,
checking, chemical damage and signs of overstress. All deteriorations noted
shall include their size and relative location on the member. Where possible,
measurements will be taken to determine the remaining effective section on
the member.

. Document horizontal cracks, splits, or delaminations in bending members.
Note whether or not the cracks, splits, or delaminations pass entirely or
partially through the member and measure the depth of the crack, if possible.
Dimension the height of the member halves above and below the crack, the
member width and the amount the crack has opened.

. Document signs of substructure settlement, tilting or other misalignment and
whether or not adverse effects on the superstructure elements were noted.

. Document areas of water staining and deterioration due to water leakage
from deck joints.

. Document conditions of contraction and local scour. Excessive scour
conditions shall be reported immediately in accordance with the Critical
Deficiency Reporting/Emergency Response procedures outlined in Section
3.2.7. Depths of scour holes and the presence of backfilled sediment shall be
noted.

. Document impact damage on the substructure elements due to ice, debris and
marine or vehicular traffic.

. Particular care shall be given to documenting any increased quantity or size
of deteriorations that have changed since the last inspection. If the condition
rating has changed since the last inspection, a photograph and explanation of
why the rating has changed shall accompany the inspection report.
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. Notes should be made describing the current condition of all previously
noted problems so a rate of deterioration can be established for monitoring
purposes.

. Typical conditions and deteriorations causing a condition rating of less than

or equal to "5" shall be photographed as outlined in Chapter 5.
In-Depth Inspections:

. In addition to the requirements of the routine inspection, "hands-on" access
shall be provided to the entire substructure.

. All primary and secondary members shall be inspected "hands-on" regardless
of extent of damage or deterioration.

. Severe internal decay may be taking place even though the surface condition
appears good. Therefore, random probing of 50% of the structural members
shall be conducted with an ice pick or awl to locate voids or areas of internal
deterioration. Emphasis shall be placed in tidal zones, areas of wet/dry
cycles or areas of water staining.

Documentation for In-Depth Inspections:

. All documentation required for routine inspections shall be included in the
in-depth documentation except as noted in this section.

. Elevation drawings shall be provided to show the layout of the timber
members and deterioration noted. Sectional views and detailed drawings
shall be provided, as required, to adequately describe the extent of
deficiencies noted.

. Documentation, as a whole, should clearly describe the structural condition
and serve as an accurate benchmark to which future inspections can be
compared.

. A good quality photograph of the substructure, that documents the overall
condition as well as detail photographs that support the condition rating, shall
be provided.

Report Review

. Review the inspection findings in accordance with established Quality
Control and Quality Assurance procedures.
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. Cross reference the inspection report, inspection field notes and photographs
to ensure they are mutually supportive of their documentation.

. The inspection reviewer should determine if a pattern of deterioration or
progressive deterioration is taking place. Progression shall be determined by
comparing past and present inspection reports.

. Review the inspection field notes for signs of tilting, settlement or scour,
splitting, cracking or impact damage. Determine if conditions require
additional analysis or immediate repair.

. Low condition ratings that are caused by extensive or widespread
deterioration should be reasons to request supplemental non-destructive or
destructive testing or analysis to better determine the condition and stability
of the substructure element, and whether rehabilitation or replacement is
warranted.

Maintenance Concerns

. The most common type of preventive maintenance for wood structures is the
application of preservative treatment, paint or other protective coatings to
protect the timber from fungus or parasites and the elements. Preservative
treatment or paint shall be applied as required to protect the timber elements.

It should be noted that preservative treatments typically do not penetrate
through the entire cross-section of the member. Therefore, as with non-
treated or painted members, interior deterioration due to parasite infestation
may still occur despite the solid appearance of the exterior.

. Loose connections may occur due to timber shrinkage, cracking, checking,
decay or crushing around the connector or deterioration of the fastener itself.
Loose fasteners should be tightened, and broken, missing or deteriorated
fasteners (exhibiting greater than 20% section loss) should be replaced.

. Remove debris to avoid moisture accumulation.

. Cut vegetation from around wet areas and areas prone to debris buildup to
allow better air circulation for drying action.

o If the substructure elements have been properly designed and show little
deterioration, movement of substructure elements may likely be caused by
scour. If substructure elements at a particular bridge site have a history of, or
high susceptibility to the effects of contraction and local scour, consideration
shall be given to the design and construction of waterway protection devices
such as rip rap, gabions, cofferdams, check dams, etc., to reduce the adverse
effects of scour.
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. If the substructure elements are regularly impacted by ice and debris,
consideration shall be given to the design and construction of protection
devices to divert or absorb the impact forces. This will have a secondary
benefit of reducing waterway blockages and turbulence around the
substructure elements.

. Substructure impact protection devices (guardrail, fenders, dolphins, ice
breakers, etc.) shall be routinely checked to ensure adequate protection is
maintained. All damaged protection devices should be repaired to maintain
the integrity of the system.

Figure 6.3.3a — Timber Pile Bent with Freeze-Thaw Damage in the
Tidal Zone.
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WATERWAY

Reference: BITM 90, Section 13

6.41 CHANNEL AND CHANNEL PROTECTION

Inspection Requirements

Routine Inspections:

Inspect the channel and all channel protection devices in accordance with
BITM 90, Section 13.

All rip-rap, gabions, spurs, spur dikes and other types of channel and flood
plain protection devices shall be inspected for signs of joint separation,
broken or deteriorated retention cages, missing or displaced stones, cracked,
spalled or deteriorated concrete, impact damage, erosion, loss or lack of
vegetated cover, tilting, displacement and other deterioration.

If the channel is navigable, protection devices such as timber, rubber,
concrete or steel fender systems, dolphins, protective islands, etc., shall be
inspected for deteriorations, deficiencies or impact damage and evaluated as
to their effectiveness in providing adequate impact protection to the bridge
structure from marine vessels. Navigation guidance systems (signs, lights,
etc.) shall be inspected for deteriorated or broken devices, adequate visibility
to marine vessels and compliance with current Coast Guard standards.

Evaluate the overall effectiveness of the channel protection devices at
redirecting or absorbing the energy of the water flow by estimating the flow
velocity (fast or slow) and observing the flow characteristics (calm, turbulent,
swirling, above normal flow depths, etc.), upstream, downstream and through
the hydraulic opening.

Inspect all rigid protection devices in the channel such as gabions and
concrete walls, for signs of local or contraction scour as defined in Appendix
6.10. Inspect non-rigid protection devices such as riprap or earthen dikes, for
local scour of the base material (look for sloughing of the construction
material) or erosion of the construction material itself.

Probe all areas of suspected local scour to determine the limits of scour.
The problem of accurately determining maximum local scour and rate of
change of local scour over time is one of the most difficult aspects of bridge

inspection, yet it is one of the most important aspects of evaluating bridge
safety. In order to effectively evaluate the scour potential of a structure, it is

6-191



Printed: June 19, 2005

essential to develop a bridge diary dealing with scour. By referring and
updating this document with each inspection, (which should also contain
information about general and contraction scour and any lateral movement of
the waterway), a clear picture of the extent and rate of scour development can
be seen. This is essential to plan the proper maintenance efforts required to
arrest scour damage (See Appendix 6.10 & 6.12).

Special Note:

After maximum local scour has occurred during peak flow periods, sediment may backfill the scour
hole during low flow periods giving false indication to the inspector as to the actual extent of the
scour problem. Probing through the soft surface sediment to the hard packed substrate with a
probing rod will help to determine actual scour depth.

. Look for irregularities in the surface slope of the protective devices (dips,
depressions, sink holes, etc.), which can be a first indication of erosion or
scour of the base material.

. Inspect the channel for signs of general scour (degradation) and aggradation
as defined in Appendix 6.10.

. Inspect the banks of the channel for signs of erosion and sloughing of the
bank material or vegetation.

. Inspect the channel for misalignment with the bridge substructure elements.
If misalignment is observed, estimate the degree of misalignment.

. Inspect the channel for debris accumulation from ice, vegetation, etc., that
constricts the water flow through the hydraulic opening. This accumulation
may accelerate contraction or local scour, due to increased water flow
velocity and development of water vortices.

o Inspect the channel for signs of lateral movement since the last inspection.

Documentation for Routine Inspections:

. Document deficiencies and deteriorations found in the channel protection
devices. A site plan that shows the location and orientation of the channel
and channel protection devices shall be provided. A bridge plan and channel

cross section drawing will be required in accordance with Appendix 6.12.

o Estimate and record the flow characteristics of the channel, (fast, slow, high,
low, turbulent, etc.), at the time of inspection.
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. Record the direction and distribution of flow between piers and between
piers and abutments.

. Document all conditions of general, contraction and local scour as well as
any signs of undermining of the protective device elements. Excessive scour
conditions and any undermining condition, regardless of extent, shall be
reported in accordance with the Critical Deficiency Reporting/Emergency
Response procedures outlined in Section 3.2.7. Depths of all scour holes
shall be measured utilizing probing rods, survey rods or sonic equipment and
the presence of any backfilled sediment shall be noted.

. Document accumulation of any ice, debris, vegetation, etc., which constricts
or disrupts the water flow through the hydraulic opening or around the
protection devices.

. Document any recent construction activity in the area that may effect the
stream flow under the bridge (i.e., changes in drainage area, land use,
topography, etc.).

o Document the presence of sediment buildup immediately downstream of the
bridge structure that may indicate the presence of contraction scour.

In-Depth Inspections:

. In addition to the requirements for a routine inspections, the actual water
flow velocity shall be measured upstream, downstream and through the
hydraulic opening. If flow meters are not available, the velocity may be
estimated using the method outlined in Appendix 6.10 or similar approved
method.

Documentation for In-Depth Inspections:

. All documentation required for routine inspections shall be provided for in-
depth inspections.

. Record the actual water flow velocity upstream, downstream and through the
hydraulic opening.

Report Review

o Review the inspection findings in accordance with established quality control
and quality assurance procedures.

. Cross reference the inspection report, inspection field notes, and photographs
to ensure they are mutually supportive of their documentation.
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. If excessive debris build-up or degradation of the channel is noted, check to
see if any adverse effects due to scour were noted in the substructure section
of the report.

. Review the inspection report for signs that a pattern of deterioration or
progressive deterioration is occurring in the channel or with the channel
protection devices. Progression shall be determined by comparing present
and past inspection reports.

Maintenance Concerns

. Misalignment between the channel and substructure elements of the bridge
and high water flow velocities can cause serious scour problems with the
substructure elements. Channel protection devices are designed to reduce
this scour potential by redirecting the flow, improving alignment and
absorbing energy from the flow. Periodic maintenance may be required to
repair damaged or deteriorated channel protection devices or replace scoured
or eroded materials so that adequate protection for the bridge substructure
remains in place. If misalignment or water velocity contribute to local scour
of the substructure elements despite the presence and good condition of the
channel protection devices, a study may be required to determine the need for
redesigning the channel protection system (moving existing devices or
building new devices).

. Debris accumulation in the channel or at the bridge opening will constrict the
water flow around protective devices or through the hydraulic opening of the
bridge and potentially contribute to localized scour due to vortex
development.  Debris removal may be required as part of regular
maintenance of the structure.
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Figure 6.4.1b — Sand Bar and Vegetation Growth in the Channel.
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6.42 WATERWAY ADEQUACY

Inspection Requirements
Routine Inspections:

o Observe whether or not the lowest elevation of any component of the bridge
superstructure is higher than the lowest point in the approach roadway. This
gives indication that the approach roadways will be topped by flood water
before the bridge superstructure is subjected to lateral forces due to the flood
water.

. Observe whether or not waterborne debris is hung up in the bridge
superstructure or around bearings. This indicates that the maximum
hydraulic opening has been exceeded or that past flooding has come close to
exceeding the maximum hydraulic opening.

. Observe the location of any high water mark. This may be indicated by
displaced vegetation, deposited debris, water staining on the bridge elements,
etc.

. Observe whether significant aggregation or degradation has occurred that

effects the hydraulic opening of the structure.

. Observe whether or not the superstructure has moved laterally in the
direction of flow on the bearing plates or pedestals. This may indicate
displacement during past flood conditions.

Documentation for Routine Inspections:

. Document the high water mark, the presence of vegetation or debris
deposited on substructure elements or hung up on superstructure elements or
any other indication that flooding has approached or has exceeded the
maximum hydraulic opening.

. Evaluate the adequacy of the waterway, based on observed site conditions
and the history of flooding at the site.

In-Depth Inspections:

. In addition to the requirements for routine inspections, the hydraulic opening
shall be estimated using the procedure outlined in Appendix 6.10.
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Documentation for In-Depth Inspections:

o All documentation required for routine inspections shall be provided for in-
depth inspections.

o Record the hydraulic opening as outlined in Appendix 6.10.
Report Review

. Review the inspection findings in accordance with established quality control
and quality assurance procedures.

. Investigations should be considered for bridges that have experienced flow
rates exceeding their maximum design flood value or for bridges that are at
high risk for having their maximum design flood exceeded. Conclusions
drawn from such investigations may indicate the need to employ
preventative measures, as described above, or the need to rehabilitate existing
protective devices meant for use during flood conditions. If new design or
rehabilitation is warranted, detailed analysis to determine the backwater
effect caused by these devices shall be conducted. Detrimental effects
caused by diversion or back-up of water (i.e. increased flooding in
town/cities, etc.) may mitigate the implementation of the preventive
maintenance measures.

Maintenance Concerns
. High flow volumes and velocities during flood conditions can have serious
detrimental effects on bridges if the hydraulic opening is exceeded. Bridges

that have had their roadway overtopped should be inspected after flooding
recedes.
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6.5 CULVERTS

Reference: BITM 90 Section 13, 19 and FHWA Report #FHWA-1P-86-2, Culvert
Inspection Manual

Inspection Requirements
Routine Inspection:
Approach Roadway and Embankment:

. Inspect the roadway for settlement due to culvert flattening, for evidence that
the roadway has been patched or otherwise built-up, for cracks running
parallel to the culvert centerline and for signs of erosion or failure of the side
slope over the culvert. Look for signs of sink holes over the culvert that may
be due to "piping" of the fill material through joints in the culvert.

. Evaluate the approach roadway for alignment, clearances, adequate shoulder
profile, and safety features such as guide rails. These observations will not
affect the condition code of the culvert, but should be included in the
inspection report.

. Inspect the approach embankments for erosion protection such as slope
paving or vegetation. Note the overall adequacy of this protection and note
any vegetation near the culvert whose roots may damage the culvert.

Waterway:
. Note any observed changes in stream/culvert horizontal or vertical alignment
that might affect the hydraulic adequacy of the culvert or cause scour. Note

whether or not the stream bed fluctuates between high and low flow volumes.

o Note any observed changes in the ground cover or land use that might change
the volume of water the culvert must pass.

o Document any changes in the amount, type or location of any channel
erosion and streambed aggradation/degradation.

o Document any observable high water mark relative to the culvert barrel.
. Measure and document the volumetric flow rate and velocity of the water
flow upstream, downstream and through the culvert (if possible). Simple

methods for approximating water flow velocity and volumetric flow rate are
outlined in Appendix 6.10, Waterways.
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. Document any debris buildup or other obstructions in the waterway upstream
and downstream from the culvert and any effects the obstruction is having on
the hydraulic adequacy.

Culvert Barrel and End Treatments:

. Check the culvert headwall, wingwalls, cutoff walls, slope protection and
energy dissipaters for any deficiencies and deterioration®, undermining,
scour, piping, tipping settlement and slope failure.

. Check the culvert barrel for deformations, settlement (either a smooth slope
over the length of the culvert or an abrupt change at a joint), leaking or
distressed joints and other deficiencies or deteriorations’. Check for
evidence that lateral earth pressure is causing bulging, flattening, peaking,
sliding or rotation in the barrel or barrel components as outlined in Appendix
6.5 and Appendix 6.7.

. Document any debris or sediment build-up within the barrel.

. Verify the minimum required measurements of the culvert as outlined in
Appendix 6.5. Dimensions should be taken at the inlet, outlet, mid-length
and at 24 ft. (8 m) intervals (maximum) as applicable, if access to the interior
of the culvert is possible. Locations of sagging, bulging, flattening or
peaking should also be measured.

. Check the barrel footings for scour and undermining (typically found in
culverts that pass the natural stream bed through the culvert) and around the
inlet and outlet of closed barrel sections.

. Probe all areas of scour, undermining and joint mortar loss and note the
average depth at each location and maximum depth overall.

. Check to see if the culvert barrel has separated from the headwalls or cutoff
walls.
. Check to make sure headwalls and wingwalls are adequately retaining the

embankment material and protecting it against erosion.

. Where practical, the floors of metal pipe culverts should be sounded with a
metal rod in an attempt to locate voids due to undermining.

! As defined in the coding guidelines, Section 10.9.
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Special Note About Corrugated Metal Culverts:

. Culverts with mitered ends (ends cut to match the embankment slope) and ends of skewed
culverts (where the end is cut parallel to the centerline of the roadway) have reduced
strength in these areas and have increased susceptibility to buckling. Therefore, even
minor deformations are significant.

° Projections of culvert ends beyond the embankment lead to increased probability of
erosion and piping around the culvert barrel.

Aprons, Energy Dissipaters and Flumes:

. Check the apron, which reduces erosion at the inlet and outlet (typically a
concrete slab or rip-rap), for deterioration, missing stones, undermining of
slab, movement of stones due to scour and deterioration of the joint between
the apron slab and headwall. Deterioration of this allows leakage of water to
the soil behind the headwall.

. Check the energy dissipaters, which reduce out flow velocity and
downstream erosion (typically rip-rap or concrete basin), for missing stones,
movement of stones, scour, undermining, deterioration of the basin and
overall effectiveness of the dissipater.

o Check the flumes (typically concrete, bituminous material or rip-rap) for
deterioration, erosion, debris and signs of water bypass.

Documentation Required for a Routine Inspection:

° Document all observed deficiencies and deteriorations. Dimensions should
include length, width, height, depth of loss, orientation and location relative
to a fixed, easily identifiable point.

o Estimate and record the depth of fill and pavement over the culvert.

. Draw a site plan that shows the orientation of all the culvert elements relative
to the roadway. Sketch and dimension the boundaries of the waterway for
the length necessary to show the alignment with the culvert (100 ft. (30 m)
minimum). The sketch shall include both the inlet and outlet sides of the
culvert, and dimension the typical width, depth, estimated velocity and
direction of flow of the waterway, as well as all major changes in waterway
cross section. All obstructions, deficiencies, changes in land use, changes in
topography, sediment buildup, erosion, etc., shall be noted on the sketch (see
Figure A-5-1 in Appendix 6.5 for an example sketch).

. Particular care shall be given to documenting any increase in quantity or size
of deteriorations, erosion, sediment buildup, changes in waterway centerline,
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etc., which have changed since the last inspection. If the condition rating has
changed since the last inspection, a photograph and detailed explanation of
why the rating has changed shall be included in the report.

. Document any recent construction activity in the area that may affect the
water flow through the culvert (i.e. changes in drainage area, land use,
topography, etc.)

. Photographs taken shall include, but not be limited to the following:

- View of the roadway above the culvert, taken from each roadway
approach toward the culvert.

- View looking at the culvert inlet and outlet taken from the waterway
centerline or edge upstream and downstream of the culvert. The
distance at which these photographs are taken shall be the distance
sufficient to give the overall view of the culvert and waterway at the
culvert.

- View looking upstream from the culvert inlet and downstream from
the culvert outlet.

- Typical views of all major components where deficiencies, erosion,
sediment buildup, obstructions, etc., were noted. Include detailed
photographs as necessary.

(Note: Pictures taken of the roadway from the approaches and detail photos

of deficiencies, erosion, deterioration, etc., may be omitted if photos from

previous inspections adequately reflect the current condition. However, all
photos taken of the waterway approaches and culvert openings should be
updated during each inspection so that lateral movement and changes in
alignment over time can be documented.)

In-Depth Inspections:

. In addition to the requirements for routine inspections, all exposed surfaces
of concrete culverts should be tapped with a hammer to locate delaminations.

Documentation for In-Depth Inspection:

. Same requirements as for routine inspection.

Report Review
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. Review the inspection findings in accordance with established Quality
Control and Quality Assurance procedures.

. Cross reference the inspection report, inspection field notes and photographs
to ensure they are mutually supportive of their documentation.

. The inspection reviewer should determine if a pattern of deterioration or
progressive deterioration is taking place. Progression will be determined by
comparing present and past inspection reports.

. Special attention shall be given to field note documentation indicating
changes in the culvert shape, the presence of scour, piping or other problem
that may warrant further investigation.

. Culverts are usually designed to use the vertical and horizontal earth
pressures to maintain their stability and increase their live load capacity.
Therefore, any change in the "As-Built" condition of the soil surrounding the
culvert (addition or removal) should be noted and possibly analyzed for
effects on the stability and capacity of the culvert.

Changes in drainage area, land use and topography, which increase the depth or
velocity of the waterway, should be assessed in terms of how they may effect
the long term waterway stability (i.e. lateral movement, aggradation,
degradation, etc.) and hydraulic adequacy of the culvert.

Maintenance Concerns

. By the nature of their construction, culverts constrict the flow of water in the
waterway. This constriction increases the potential for waterway blockage
with debris and sediment, and increases the probability of scour around the
culvert especially if high outlet velocity or high inlet turbulence exist.
Therefore, any blockages noted should be removed as soon as possible
(during the inspection if possible).

. Culverts typically have steep approach embankments, as well as large, abrupt
drop-offs at the culvert crossings. Headwalls and wingwalls may be exposed
to traffic presenting collision hazards to passing vehicles. Routine
maintenance should include safety considerations (i.e. guide rails) as well as
structural and hydraulic considerations.

. The addition of cut-off walls should be considered where "piping" or seepage
around the outside of the culvert structure is found or suspected.

. Severely deteriorated culverts may be reviewed for repair by relining the
culvert barrel.
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Figure 6.5a - Cast-In-Place Concrete Culvert with Erosion at the
Outlet.
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APPROACHES

Approaches are normally considered to extend approximately 100' (30 m) from each end of
the bridge.

Approach pavement should be checked for cracking, rutting, unevenness, settlement, and
roughness. General observations should be made as to its rideability and its effectiveness in
transitioning traffic on and off the bridge without inducing excessive impact loads. If
pavement depressions are noted, the area of the depression and the estimated depth should be
recorded. Observations as to the depth and extent of patching previously performed to fill in
depressions in the approach pavement shall be noted. Also, particular attention should be
given to signs of pavement pumping, that will result in the loss of subbase material and
eventual approach slab failure or approach pavement failure. The inspector should note how
well (or how poorly) the approach roadway aligns with the bridge.

Pressure relief joints should be inspected for condition and rideability. If observations of the
approach highway or bridge components indicate that a pressure relief joint is needed where
none exists, it should be so noted.

Examine joints where the approach slab meets the abutment backwall. Look for signs of
joint leakage, joint openings filling up with debris, or loss of original joint material. Record
any deficiencies.

Inspect approach shoulders, approach railing, embankment slopes, and approach drainage
system. Document any deficiencies that are noted, including poor original design.

Inspect the advance warning signs on bridges with height or weight restrictions. These signs
may be close to the bridge or located at the nearest alternate route intersection.

Photograph both approaches to the bridge on in-depth inspections.
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Appendix 6.1

FATIGUE SENSITIVE DETAILS

The following is a compilation of common fatigue sensitive details found on steel superstructure
bridges that are most susceptible to fatigue cracking. They are taken from the Manual for Inspecting
Bridges for Fatigue Damage Conditions written for the Pennsylvania Department of Transportation.
The location of the fatigue crack shown in each detail represents the location where the crack is
most likely to occur. This does not mean, however, that it is the only possible location. Inspectors
should scrutinize the entire area prone to fatigue for the existence of cracks. For a more in-depth
discussion on inspection techniques, AASHTO categories of fatigue strength, fatigue damage at
welded, riveted and bolted details, and estimation of fatigue life, the Penn-DOT manual should be
reviewed.

General Notes About Fatigue Cracks:

. Fracture of steel members due to fatigue is a three step process that involves fatigue crack
initiation, crack propagation (slow growth) and brittle fracture (rapid growth).

. High residual tensile stresses can develop in the weld metal due to the rapid heating and
subsequent cooling during the welding process. These residual stresses can often exceed the
service stresses due to dead and live load. As aresult, the net tensile stress in the weld metal
of tension members or in tension zones can exceed the net tensile stress in the base metal. In
compression members or in compression zones, weld metal can have net tensile stress even
though adjacent base metal is in compression.

. Fatigue cracks in welds on compression members or in compression zones, generally do not
propagate by fatigue crack growth. Their presence, however, should not be overlooked or
ignored.

. Fatigue cracks generally initiate at an internal flaw within the weld or weldment produced

during the welding process. Welds that are perpendicular to applied bending or axial stress
are more susceptible to fatigue cracking than those parallel to applied stress.

. Oxide dust (Ableeding rust=) forms within the fatigue crack due to abrasion of adjacent sides
of the crack during flexure action. The presence of oxide dust in a line along a connection or
around a fastener is a general indicator of the presence of a fatigue crack.

o The absence of paint cracks does not preclude the presence of fatigue cracks. Fatigue cracks
can propagate from 1/4 to 1/2 of the plate thickness before the paint film cracks.

. Cleaning a suspect area by means of grinding or sand blasting may result in smearing the

surface of the crack giving erroneous evidence as to the presence or extent of the crack. Care
should be exercised when cleaning the area under investigation to avoid smearing.
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Fatigue Damage in Welded Details

1) Fatigue Cracks in Main Members

1.1 Ends of Welded Cover Plates

~—7

. Cracks typically occur at the toe of the Ar— ,
fillet weld where it attaches the cover plate 1T f=—— Typical Crack
to the flange. A
== I
. Details thh flange thicknesses of greater T AT L)
than 0.8” (20mm) are more prone to fatigue L Squared End Welded
cracking. T . I )
BS§
. In transverse end welds (weld "B"), | ‘gg%F Suored End Not Welded [
=383

multiple cracks may initiate and join to t A1
become one large crack increasing the
Tapered End

possibility of brittle fracture.

. In details without transverse end welds, Rounded Corners
cracks typically develop and propagate Section A=A
from the end of the longitudinal weld (weld S -
"A") into the f|ange p|ate_ Over Sized Not End Welded

Looking Down on Bottom Flange

1.2 Transverse Groove Welds in Flange
Plates

) Cracks at these locations L )
are often not detectable
through visual methods
prior to brittle fracture.
Other forms of NDT, such e e
as Ultra-sonic testing, may
have to be employed to
evaluate these details. o

D

|

q

. Due to improved methods
of non-destructive testing
during fabrication, fatigue
problems are not expected at this location on newer structures (1980+).
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Tension flanges fabricated with this detail prior to 1970 or by electroslag methods are highly
susceptible to fatigue cracking.

Butt welds in Longitudinal Stiffeners

Cracks may initiate in the I

butt weld between the ~
plates or at the intersection = Y
of the butt weld and
stiffener longitudinal fillet e =
weld.
=
Cracks may propagate P | —

through the longitudinal
stiffener fillet weld into the
girder web or longitudinal
stiffener plate.

Longitudinal stiffeners in compression zones of girders have low fatigue susceptibility.

Web Plates with Cutouts and Filler Welds

Girder bottom flanges from
adjacent spans connected =
via splice plate through the
web of the transverse cross
girder may be welded on | <~ - I
one or both sides of the web SEZES
of the cross girder.

)
)

Fatigue cracks may occur in
the cross girder web at the
toe of the fillet weld
connecting the splice plate
to the cross girder. Both sides of the cross girder web should be checked.

Found primarily on newer bridges (1970+), this detail is likely to develop fatigue cracks.
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Intersecting Groove Welds in Insert Plates

Insert plates may occur y
over large areas, such as
over piers, to increase |
haunch depth or as web
repair plates (any size)
occurring at any location on
the girder.

Cracks may initiate at the intersection of the longitudinal and transverse groove weld and
may propagate into the web or flange of the girder.

Particular attention should be paid to welds that are perpendicular to the applied bending or
axial stress.

Mis-drilled Holes Filled with Weld Material and Plug Welds

Misplaced holes in the ————— JF —
tension zone of
superstructure  members
that are filled with weld
metal or plug welded serve “ T <
as potential fatigue crack
locations. oo

Rough, un-ground welds
are indicators that weld
quality is poor and fatigue
crack probability is high.
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Butt welded and Tack Welded Backup Bars

Lack of Fusion

Crack Growth in Weld
of Back—up Bar

|

Crack Growth in <
Flange Long. Weld

Backup bars used in the groove weld process are often made continuous through butt welds
and are usually held in place during the welding process using tack welds. These butt welds
and tack welds are sources of low quality welds and the possibility of fatigue cracks at these
locations is high.

Fatigue cracks that initiate at butt welds or tack welds can propagate into the main member
base metal via the full penetration groove weld. These cracks may be transverse to the
direction of computed stress, which significantly increases the potential for brittle fracture of
the member.

If back up bars are orientated transversely to the direction of computed stress and not
removed after the welding process, the probability of fatigue crack initiation is increased.

Fatigue Cracks in Members at Connections and Attachments

Cut Short Flanges, Coped Beam Ends and Blocked Flange Plates

Coping, blocking and o7 o
shortening of  member
flanges, can cause a
significant reduction in
member stiffness and the
process of flame cutting
may induce high residual
tensile stresses.

Rough surface finish, dings,
and gouges as well as sharp
re-entrant corners without
transitions at the copes or blocks make these areas highly susceptible to fatigue cracking.
Fatigue cracks in these details are most likely to initiate at the re-entrant corner.
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-
e

(a) Cut Short Beam Flange (b) Coped Beam Flange (c) Blocked Beam Flange

Welded Rigid Connections of Cross Girders at Bents

Cross girder top and bottom ! y w‘ld
flanges pass through the g z "i!' !I
column web plate and are L - — 4

welded to the column walls
parallel to the cross girder
(weld "A").

L = =

-
-

The cross girder flanges are also connected to the transverse column web plate with welds
that often incorporate backup bars (weld "B"). These welds and backup bars are transverse
to the direction of stress in the cross girder and are highly susceptible to fatigue cracking.
Cracks are most likely to form at the intersection of welds "A" and "B".

Similar welds connecting the compression flange with the column web plate should also be
checked for fatigue cracks.
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Welded Flange Attachments

Attachments may be butt
welded to the edge of the =
flange or overlap the top or
bottom surface of the flange
and be attached with fillet

welds. ,-—L. %

Unless the detail provides
for a gradual change in
geometry at the flange to
plate intersection, it is
highly prone to fatigue cracks. Cracks typically initiate at the weld terminations.

All welds to tension flanges, such as brackets for anchoring catwalk hangers, drainage pipes,
utilities, etc., should be examined closely.

Intersecting Welds at Gussets and Diaphragms

o

The longitudinal horizontal weld between the gusset plate and the web, and the transverse
horizontal weld between the gusset plate and the diaphragm connection plate, intersect the
vertical weld between the diaphragm connection plate and the web, creating a detail highly
prone to fatigue cracking.

Defects generally originate in the weld between the gusset plate and diaphragm connection
plate.

Other possible locations where intersecting welds may cause fatigue problems are at interior
plate diaphragms of box girders, intersections of longitudinal and transverse stiffener plates,
diaphragm connection plates on girder webs, floorbeam end bracket connections to girder
web and flanges etc.
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Fatigue Damage due to Out-Of-Plane or Transverse Forces and Deflection

Girder Webs at Floorbeam and Diaphragm Connections

In negative moment regions, where the top flange is rigidly embedded in the concrete deck
and the floorbeam or diaphragm connection plate is not connected to the top flange, out-of-
plane fatigue cracks may develop in the web gap region between the longitudinal flange to
web weld and the top of the floorbeam or diaphragm connection plate.

Look for horizontal cracks in the web of the girder at the top of the floorbeam connection
plate. These cracks may propagate as an upside down "U" along the upper ends of the fillet
welds of the connection plate (figure "A™). Cracks may also show in the girder web along
the toe of the flange to web fillet weld on the opposite side of the floorbeam connection
(figure "B")

%
- -
- ————— ——
Figure "A’ Figure "B’
\
‘ - x
RIS et
* . a Iy
-
A)— - -
© | ]
4 N N
Figure "C’ Figure "D
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In areas of positive moment where the floorbeam or diaphragm connection plate is not
connected to the bottom flange, fatigue problems as described above may develop. The
flange in these areas is not restrained against lateral movement. This reduces, but not
eliminate, the effects of out-of-plane bending (figure "D").

Floorbeam and diaphragm connections at bearing areas may experience this fatigue problem
as the bottom flange is restrained against lateral movement by its connection to the bearing
(figure "C").

Highly skewed bridges with diaphragms and floorbeam connections perpendicular to the
girders and bridges with staggered diaphragms, have increased probability of developing
fatigue cracks because of large differential deflections between adjacent girders.

3.2  Ends of Diaphragm connection plates
: -]
-
.
I
L
Figure "A’ Figure "B’

. When the diaphragm connection plate is welded to the flange of the girder, fatigue cracks
may develop along the weld to the flange (figure "A™).

o This fatigue crack may propagate along the weld through the connection plate and
completely sever the connection plate creating a detail like that described in section 3.1.

o Where diaphragms are connected to the connection plate via small gusset plates (figure "B"),
fatigue cracks may develop in the ends of the weld connecting the gusset plate to the
connection plate.

3.3  Box Girder Webs

Webs of box girders at unattached ends of diaphragm connection plates are susceptible to the
same kind of out-of-plane deflections and fatigue cracking that occurs in longitudinal girder
webs.
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The occurrence of fatigue cracks at locations described for longitudinal girders are expected
to be higher in all box girder types, especially curved box girders and those subject to
torsional forces.

Lateral Gusset Plate Connections at Floorbeam or Diaphragm Connections

Unequal lateral forces from
bracing members
introduces lateral deflection
and twisting in the girder
web in the direction
perpendicular to the web.

When the gusset plate is not rigidly attached to the floorbeam or diaphragm connection plate,
fatigue cracks may develop as described below:

- At either end of the weld connecting the gusset plate to the web. However, the crack
is more likely to develop at the end closest to the web gap.

- Along the girder web at the toe of the fillet weld connecting the transverse stiffener
to the girder web on the opposite side of the floorbeam or diaphragm connection.

Floorbeam and Cantilever Bracket Connections to Girders

s
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Where stringers are supported on top of the floorbeam and tie plates connect the floorbeam
and cantilever bracket top flanges, displacement induced fatigue cracks may develop in the
floorbeam or cantilever bracket webs along the top flange fillet at the connection with the
girder.

Displacement induced fatigue cracks may develop in similar types of details at connections
to tied arch girders and to truss bridge lower chord panel points when the stringers are placed
above the floorbeams and cantilever brackets.

Fatigue Damage in Riveted and Bolted Bridges

4)

4.1

4.2

Fatigue Damage to End Connections

Cracking (Prying) of Rivets and Bolts

In  simple connections,
rivets and bolts are subject
to prying action. Those
furthest away from the
centroid of the connection
are most susceptible to
fatigue cracking.

Missing bolt or rivet heads,
oxide dust around the bolt
or rivet head, a small gap
between the fastener and the connection angle and a dull sound when the head is tapped are
evidence of fatigue damage.

Fatigue cracking may occur along the fillet of the connection angle generally initiating at the
bottom end of the connection angle and propagating upward along the fillet.

Girder Webs at Floorbeam Connections

=TT
-j
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Girder webs are susceptible to fatigue cracking when girder stiffeners on the opposite side of
the floorbeam connection are offset from the connection.

Fatigue cracking may occur in the unstiffened region between the floorbeam seat angle or
clip angle, and the girder stiffener, due to out-of-plane bending caused by the floorbeam end
moment.

Bridges with relatively deep girders, subject to frequent heavy loads are more susceptible to
fatigue cracking in this area.

Floorbeam and Cantilever Bracket Connections to Girders

Similar fatigue cracks as
described in the section for
welded members, may
develop in riveted or bolted
floorbeam and cantilever
bracket connections.

Tie plates that are rigidly Section A—A

attached to a girder flange
are subject to significant
horizontal bending stresses
due to the relative displacement between the girder and floorbeam and cantilever bracket.
Fatigue cracks may develop at the rivets or bolts closest to the girder.

Tack welds used to aid construction in this area increase the likelihood of fatigue damage.

Diaphragm Connections to Girders

Differential deflections between girders produces forces within the diaphragm that pull or
push the diaphragm member against the connection angle.

Fatigue cracks may develop
in the leg of the connection
angle that is parallel with
the girder in the area
between the fillet of the
angle and the first line of
fasteners, or in the fastener —
below the head. = — =
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If the connection angle does not overlap the flange angle and there is a small gap between
the two angles, a fatigue crack may develop in the web of the girder in this gap.
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Truss Tension Members

One of the primary
accelerants of  fatigue
damage in truss members,
such as built up lower chord
members, vertical hangers,
or diagonal eyebars, is the
build up of corrosion that
prevents rotation of pinned
connections.

"Frozen" pin connections
prevent the chord members,

Printed: June 19, 2005

hangers and eyebars from rotating properly, and bending stresses are introduced into the

members.

Fatigue cracks may develop at rivet holes or other points of stress concentration.

Tack welds used to position
and align elements during
construction, create weld
defects and residual
stresses. All tack welds on
tension members should be
examined closely.

|| 0000
|| 0000

Ol— —
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Appendix 6.2

STEEL SECTION LOSS MEASUREMENTS

61
|
02
T——") ¢

4
¢ ROADWAY

¢ SOUTH ABUTMENT

(¢ NORTH ABUTMENT

FAST SIDE ANGLE

3/16" LOSS IN
WEB, 2” WIDE
x 6" HIGH
5 .
\lo o 0 oloffo o 0 o
SECTION A-A SECTION B-B
(NTS) (NTS)

| 100% LOSS OF STIFFENER QUT STANDING LEG x 3" HIGH
5/16" REMAINING FULL WIDTH HORIZONTAL LEG OF

A6.2-1




Printed: June 19, 2005

1/16" LOSS FULL HEIGHT
OF VERTICAL LEG OF ANGLE

}—1/4" AVERAGE REMAINING
FULL WIDTH OF ANGLE

SECTION C-C 100% LOSS x 17
(NTS)

1/2" REMAINING
FULL HEIGHT

1/16"
e ( BEARING

SECTION D-D
(NTS)
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Appendix 6.3

CRACK ARRESTING DETAIL

FATIGUE CRACK
|

\

|

ARRESTING HOLE

TYPICAL CONNECTION
DETAIL (NTS)

SECTION A
(NTS)

DRILL HOLE 3/4" - 17
IN' DIAMETER.

VISUALLY INSPECT THE INSIDE
SURFACE OF THE ARRESTING
HOLE AND USE N.D.T. METHODS
TO ENSURE THAT THE CRACK
HAS BEEN FULLY ARRESTED

PLACE THE TRAILING
EDGE OF THE ARRESTING
HOLE AT THE TIP OF
THE CRACK

DETAIL OF CRACK ARRESTING HOLE
(NTS)
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Appendix 6.4

CONCRETE DETERIORATION AND CRACKING

ADVANCED CONCRETE INSPECTION TECHNIQUES

Non Destructive Testing: Destructive Testing:

Carbonation

Concrete permeability
Concrete strength
Endoscopes

Moisture content
Reinforcing steel strength

o Acoustic wave sonic/ultrasonic
velocity measurements
Delamination detection machinery
Electrical methods

Flat jack testing
Ground-penetrating radar
Impact-echo testing

Infrared thermography

Laser ultrasonic testing

Magnetic field disturbance
Neutron probe for detection of
chlorides

Nuclear methods

Pachometer

Rebound and penetration methods
Ultrasonic testing

Figure A-4-1. Advanced Concrete Inspection Techniques

Y N

A e

Figure A-4-2. Typical Shear Crack Locations and Orientation.
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RERE

Vecraccrccr ol

Tension Cracks

"Bursting Cracks” In Prestressed Members May Indicate Inadequate
Reinforcing Steel Or flarly Transfer Of Prestress Before The Concrete

Had Attained Adequate Strength.

o

Figure A-4-3. Typical Flexure Crack Locations

Crack Width Defined*:

Hairline: Less than 1/32 in. (0.8 mm)

Fine: 1/32 in. to 1/16 in. (0.8 mmto 1.5
mm)

Medium: 1/16 in. to 1/8 in. (1.5 mm to 3
mm)

Wide: Greater than 1/8 in. (3 mm)

*

Cracks which are categorized as fine or
hairline, unless widespread or very
concentrated, usually are caused by the
curing process of the concrete (shrinkage
temperature change, etc.) and pose no real
threat to the integrity of the concrete
component. When noted in field notes or a
report, it is sufficient to express their
presence by calling out the type of crack and
not the actual width. However, when the
crack has visibly opened (medium and wide
cracks), the actual crack width should be
noted in the field notes and the maximum
size called out in the report (i.e. numerous
wide cracks, up to ¥ in. (6 mm) noted.)

Light:

Medium:

Heavy:

Severe:

**

Scaling Classification**:

0 in. to % in. (0 mm to 6 mm) in
depth with no coarse aggregate

exposed.
Yainto % in. (6 mm to 13 mm) in
depth with coarse aggregate
exposed.

Y in.to 1in. (13 mm to 25 mm) in
depth with coarse aggregate
projecting from surface.

Over 1in. (25 mm) (1 in.) in depth
with loss of coarse aggregate.

Most reinforced concrete members in service
for any time and exposed to weather will
show some light scale. This condition need
not be considered a serious deterioration and
its presence can be documented in a general
note. Individual areas of light scaling do not
need to be measured or called out.

Figure A-4-4. Cracking and Scaling Definitions.
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Appendix 6.5

CULVERTS

The following information is condensed from the Federal Highway Administration report number
FHWA-IP-86-2, Culvert Inspection Manual.

This information is presented in order to allow the inspector to become familiar with the various
types of culverts that may be encountered in the field, to understand how culverts function
hydraulically and structurally, and to understand those factors that affect the durability of the culvert.

This appendix reviews the most common culvert shapes, sizes and materials such as corrugated steel
and aluminum, pre-cast concrete and cast-in-place concrete. The behavioral characteristics of stone
masonry culverts are discussed in Appendix 6.7, Stone Masonry Arches and Culverts.

NORTH
(REPORT)

Parking Lot
Catfish Run

— N
T b
N [y I W
\Hus\‘hp‘%m. ol Sl
S i NP
| 4 v /2
pam— /

Scoured Stop Sign A/W
Concrete ‘
Base ‘h]g Pavement Cracks

Twin Hills Dr.

Cracked
Mortar Joints

Corroded Ends & Bolts Silt ot East Edge of Channel

at Splices of Galvanized

Corrugated Metal Lining Scoured & Spalled

Concrete Base & Exposed
Reinforcement

SOUTH ELEVATION
PERY

BROGE CODE__CT— 10— 08 DATE __5-5-80_|
BRIDGE NAME CATFISH RUN NO. 10

LOCATION SOUTH PARK

ROAD CARRIED __TWIN HILLS DRIVE

STREAM CROSSED _CATFISH RUN

Figure A-5-1. Example Field Note: Inspection Site Layout
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RANGE OF
SHAPE SIZES COMMON USES

300 to 5000 mm
reinforced
Culverts, storm drains and sewers.
100 to 900 mm

) non-reinforced
Circular

40 to 3400 mm Culverts, storm drains and sewers. Used where
equivalent diameter vertical clearance is limited.

Pipe Arch

' Span x Rise
Culverts, storm drains and sewers. Used where
450 to 4000 mm vertical clearance is limited.

equivalent diameter
Horizontal Ellipse

Span x Rise

Culverts, storm drains and sewers. Used where
900 x 4000 mm lateral clearance is limited.

equivalent diameter

Vertical Ellipse

Span Culverts, storm drains and sewers. Used for wide
openings with limited vertical clearance.
Imto4m
Rectangular
(Box Section)
Span . .
Culvert and storm drains. For low, wide waterway
5 =]
7mto 13 m enclosures.
Arch

Table A-5-1. Standard Concrete Pipe Shapes
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RANGE OF
SHAPE SIZES COMMON USES
Round . .
! Culverts, subdrains, sewers, service tunnels, etc. All
150 mm to 8000 mm plates have the same radius. For medium and high
fills or trenches.
Ver?ically Elongated Imto7m Culverts, sewers, service tunnels and recovery
(Elhpse) . / nominal: before tunnels. Plates of varying radii, shop fabrication.
?E’/O elongation A2/ - For appearance and where backfill compaction is
IS common elongating only moderate.
Pipe Arch _ ;
o Span x Rise Where headroom is limited.  Has hydraulic
2 450 mm x 300 mm -
| advantages at low flows. Corner plate radius: 450
Span o mm or 800 mm for structural plate
6300 mm x 5400 mm ’
Underpass* . [ Span x Rise
& 1700 mm x 1800 mm | For pedestrian, livestock or vehicle passage
—L to (structural plate).
Span 6200 mm x 5400 mm
Arch 0 Span x Rise
@ 1800 mm x 450 mm For low clearance large waterway openings and
Span - to aesthetics (structural plate).
7600 mm x 3800 mm
Horizontal
Ellipse . Span Culverts, grade separations, storm sewers and
m 6mto12m tunnels.
Pear
Span Grade separations, culverts, storm sewers and
M 7mto9m tunnels.
High Profile
Arch (_\ Span Culverts, grade separations, storm sewers, tunnels,
oo 6 mto 14 m ammunition magazines, and earth covered storage.
Low Profile
Arch Q— Span Low-wide waterway enclosures, culverts and storm
Span 6mtol5m Sewers.
Box Culverts
_Q_ Span Low-wide waterway enclosures, culverts and storm
Span 30mto6.4m Sewers.
Special Various For lining old structures or other special purposes.

Special fabrication.

* For equal area or clearance, the round shape is generally more economical and simpler to assemble.

Table A-5-2. Standard Corrugated Steel Culvert Shapes
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MID ORDINATE

CHORD

X
D INVERT

Figure A-5-2. Vertical Elongated Corrugated Metal Pipe

Circular or Vertical Elongated Corrugated Metal Pipe

= Inspector notes:

1.

2.
3.

Minimum required measurements:
Span = AC
Rise = BD
If flattening is observed, measure the chord and mid ordinate (X) of the flattened area.
If horizontal span AC exceeds design value by more than 10%, measure vertical diameter
= BD.

Vertical deflection is expected during construction, slightly increasing the as-built horizontal
span (AC).

Barrels with shallow cover tend to have the sides pushed inward due to high lateral-to-
vertical pressure ratios, decreasing t