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Chapter 1
Bridge Inspection Programs

Topic 1.1 History of the National Bridge
Inspection Program

1.1.1

Introduction

In the years since the Federal Highway Administration's landmark publication,
Bridge Inspector’s Training Manual 90 (Manual 90), bridge inspection and
inventory programs of state and local governments have formed an important basis
for formal bridge management programs. During the 1990’s, the state DOT’s
implemented comprehensive bridge management systems, which rely heavily on
accurate, consistent bridge inspection data.

This manual, the Bridge Inspector’s Reference Manual (BIRM), updates Manual
90 and reflects over 20 years of change.

Advances in technology and construction have greatly enhanced current bridge
design. However, the emergence of previously unknown problem areas and the
escalating cost of replacing older bridges make it imperative that existing bridges
be evaluated properly to be kept open and safe.

There are four letters that define the scope of bridge inspections in this country:
NBIS, meaning National Bridge Inspection Standards. The National Bridge
Inspection Standards (NBIS) are Federal regulations establishing requirements
for:

Inspection procedures

Frequency of inspections

Qualifications of personnel

Inspection reports

VvV V V V V

Maintenance of bridge inventory

The National Bridge Inventory (NBI) is the aggregation of structure inventory
and appraisal data collected by each state to fulfill the requirements of NBIS.

To better understand the National Bridge Inventory Program (NBIP), it is
helpful to review the development of the program.
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Figure1.1.1  Number of Bridges Built since 1900
1.1.2

History of the
National Bridge
Inspection Program

Background During the bridge construction boom of the 1950°s and 1960’s, little emphasis was
placed on safety inspection and maintenance of bridges. This changed when the
2,235-foot Silver Bridge, at Point Pleasant, West Virginia, collapsed into the Ohio
River on December 15, 1967, killing 46 people (see Figure 1.1.2).

Figure 1.1.2  Collapse of the Silver Bridge
11.2
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This tragic collapse aroused national interest in the safety inspection and
maintenance of bridges. The U.S. Congress was prompted to add a section to the
“Federal Highway Act of 1968 which required the Secretary of Transportation to
establish a national bridge inspection standard. The Secretary was also required to
develop a program to train bridge inspectors.

Thus, in 1971, the National Bridge Inspection Standards (NBIS) came into being.
The NBIS established national policy regarding:

> Inspection procedures

> Frequency of inspections

> Qualifications of personnel

> Inspection reports

> Maintenance of state bridge inventory

Three manuals were subsequently developed. These manuals were vital to the
early success of the NBIS. The first manual was the Federal Highway
Administration (FHWA) Bridge Inspector’s Training Manual 70 (Manual 70).
This manual set the standard for inspector training.

The second manual was the American Association of State Highway Officials
(AASHO) Manual for Maintenance Inspection of Bridges, released in 1970. This
manual served as a standard to provide uniformity in the procedures and policies
for determining the physical condition, maintenance needs and load capacity of
highway bridges.

The third manual was the FHWA Recording and Coding Guide for the Structure
Inventory and Appraisal of the Nation’s Bridges (Coding Guide), released in July
1972. It provided thorough and detailed guidance in evaluating and coding
specific bridge data.

With the publication of Manual 70, the implementation of national standards and
guidelines, the support of AASHO, and a newly available FHWA bridge
inspector’s training course for use in individual states, improved inventory and
appraisal of the nation’s bridges seemed inevitable. Several states began in-house
training programs, and the 1970°s looked promising. Maintenance and inspection
problems associated with movable bridges were also addressed. In 1977, a
supplement to Manual 70, the Bridge Inspector’s Manual for Movable Bridges,
was added.

However, the future was not to be trouble free. Two predominant concerns were
identified during this period. One concern was that bridge repair and replacement
needs far exceeded available funding. The other was that NBIS activity was
limited to bridges on the Federal Aid highway systems. This resulted in little
incentive for inspection and inventory of bridges not on Federal Aid highway
systems.

These two concerns were addressed in the “Surface Transportation Assistance Act
of 1978.” This act provided badly needed funding for rehabilitation and new
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construction and required that all public bridges over 20 feet in length be inspected
and inventoried in accordance with the NBIS by December 31, 1980. Any bridge
not inspected and inventoried in compliance with NBIS would be ineligible for
funding from the special replacement program.

In 1978, the American Association of State Highway and Transportation Officials
(AASHTO) revised their Manual for Maintenance Inspection of Bridges (AASHTO
Manual). In 1979, the NBIS and the FHWA Coding Guide were also revised.
These publications, along with Manual 70, provided state agencies with definite
guidelines for compliance with the NBIS.

The National Bridge Inspection Program was now maturing and well positioned
for the coming decade. Two additional supplements to Manual 70 were published.
First, culverts became an area of interest after several tragic failures. The 1979
NBIS revisions also prompted increased interest in culverts. The Culvert
Inspection Manual was published July 1986. Then, an emerging national emphasis
on fatigue and fracture critical bridges was sharply focused by the collapse of
Connecticut’s Mianus River Bridge in June 1983. Inspection of Fracture Critical
Bridge Members was published in September 1986. These manuals were the
products of ongoing research in these problem areas.

With the April 1987 collapse of New York’s Schoharie Creek Bridge, national
attention turned to underwater inspection. Of the over 593,000 bridges in the
national inventory, approximately 86% were over waterways. The FHWA
responded with Scour at Bridges, a technical advisory published in September
1988. This advisory provided guidance for developing and implementing a scour
evaluation program for the:

> Design of new bridges to resist damage resulting from scour

> Evaluation of existing bridges for vulnerability to scour

> Use of scour countermeasures

> Improvement of the state-of-practice of estimating scour at bridges

Further documentation is available on this topic in the Hydraulic Engineering
Circular No. 18 (HEC-18).

In September 1988, the NBIS was modified, based on suggestions made in the
#1987 Surface Transportation and Uniform Relocation Assistance Act,” to require
states to identify bridges with fracture critical details and establish special
inspection procedures. The same requirements were made for bridges requiring
underwater inspections. The NBIS revisions also allowed for adjustments in the
frequency of inspections and the acceptance of National Institute for Certification
in Engineering Technologies (NICET) Level 11l and 1V certification for inspector
qualifications.

In December 1988, the FHWA issued a revision to the Coding Guide. This time
the revision would be one of major proportions, shaping the National Bridge
Inspection Program for the next decade. The Coding Guide provided inspectors
with additional direction in performing uniform and accurate bridge inspections.
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The 1990’s was the decade for bridge management systems (BMS). Several states,
including New York, Pennsylvania, North Carolina, Alabama and Indiana, had
their own comprehensive bridge management systems.

In 1991, the FHWA sponsored the development of a bridge management system
called “Pontis” which is derived from the Latin word for bridge. The Pontis system
has sufficient flexibility to allow customization to any agency or organization
responsible for maintaining a network of bridges.

Simultaneously, the National Cooperative Highway Research Program (NCHRP)
of the Transportation Research Board (TRB) developed a BMS software called
“Bridgit.” Bridgit is primarily targeted to smaller bridge inventories or local
highway systems.

As more and more bridge needs were identified, it became evident that needed
funding for bridge maintenance, repair and rehabilitation (MR&R) far exceeded
the available funding from federal and state sources. Even with the infusion of
financial support provided by the Intermodal Surface Transportation Efficiency
Act (ISTEA) of 1991, funding for bridge MR&R projects was difficult to obtain.
This was due in part to the enormous demand from across the nation. An October
1993 revision to NBIS permitted bridge owners to request approval from FHWA
of extended inspection cycles of up to forty-eight months for bridges meeting
certain requirements.

In 1994, the American Association of State Highway and Transportation Officials
(AASHTO) revised their Manual for Condition Evaluation of Bridges (AASHTO
Manual). In 1995, the FHWA Coding Guide was also revised. These
publications, along with Manual 90, Revised July 1995, provided state agencies
with continued definite guidelines for compliance with the NBIS and conducting
bridge inspection.

Although later rescinded in the next transportation bill, the ISTEA legislation
required that each state implement a comprehensive bridge management system by
October 1995. This deadline represented a remarkable challenge since few states
had previously implemented a BMS that could be considered to meet the definition
of a comprehensive BMS. In fact, prior to the late 1980’s, there were no existing
management systems adaptable to the management of bridge programs nor was
there any clear, accepted definition of key bridge management principles or
objectives.

This flexibility in the system was the result of developmental input by a Technical
Working Group (TWG) comprised of representatives from the FHWA, the
Transportation Research Board (TRB) and the following six states: California,
Minnesota, North Carolina, Tennessee, Vermont and Washington. The TWG
provided guidance drawing on considerable experience in bridge management and
engineering.

The National Highway System (NHS) Act of 1995 rescinded the requirement for

bridge management systems. However, many of the states continued to implement
the Pontis BMS.
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Today's National
Bridge Inspection
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The Transportation Equity Act of the 21* Century (TEA-21) was signed into law
in June 1998. TEA-21 built on and improved the initiatives established in ISTEA
and, as mentioned earlier, rescinded the mandatory BMS requirement.

In 2002, Manual 90 was revised and updated as a part of a complete overhaul of
the FHWA Bridge Safety Inspection training program. The new manual was
named the Bridge Inspector’s Reference Manual (BIRM) and incorporated all of
Manual 90. The BIRM also incorporates manual 70 Supplements for culvert
inspection and Fracture Critical Members. The BIRM was also updated in 2011.

On December 14, 2004, the revised NBIS regulation was published in the Federal
Register. The updated NBIS took affect January 13, 2005. Implementation plans
were to be developed by April 13, 2005 to be fully implemented by January 13,
2006.

The Safe, Accountable, Flexible, Efficient Transportation Equity Act: A Legacy
for Users (SAFETEA-LU) was signed into law in August 2005. SAFETEA-LU
represents the largest surface transportation investment in the Nation’s history.
SAFETEA-LU builds on and improves the initiatives established in ISTEA and
TEA-21. Since being signed into law in August 2005, SAFETEA-LU has
undergone several extensions past its original 2009 expiration, resulting in
guaranteed funding until the end of Fiscal Year (FY) 2011. Multi-year legislation
is expected to provide funding following FY 2011.

Over the years, varying amounts of federal funds have been spent on bridge
projects, depending on the demands of the transportation infrastructure. Figure
1.1.3 illustrates the fluctuations in federal spending and shows current trends.

Federal Funding Levels - Highway Bridge Replacement &
Rehabilitation (HBRR) Program

1998 - 2003 ] $20.4 hillion
1992 - 1997 ] $16.1 billion

1987 - 1991 | ] $8.13 billion

1983 - 1986 | ] $6.9 billion

1979 - 1982 7:I $4.2 billion

$. billion $5. billion $10. billion  $15. billion ~ $20. billion  $25. billion

As of December 2000, approximately 59,000 bridges have been replaced or rehabilitated
under this Federal Program.

Figure 1.1.3  Federal Funding Levels (1979 — 2003)

Much has been learned in the field of bridge inspection, and a national Bridge
Inspection Training Program is now fully implemented. State and federal
inspection efforts are more organized, better managed and much broader in scope.
The technology used to inspect and evaluate bridge members and bridge materials
has significantly improved.

Areas of emphasis in bridge inspection programs are changing and expanding as
new problems become apparent, as newer bridge types become more common, and
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as these newer bridges age enough to have areas of concern. Guidelines for
inspection ratings have been refined to increase uniformity and consistency of
inspections. Data from bridge inspections has become critical input into a variety
of analyses and decisions by state agencies and the Federal Highway
Administration.

The NBIS has kept current with the field of bridge inspection. The 2005 National
Bridge Inspection Standards appear in Appendix A. The standards are divided into
the following sections:

A\ 4

Purpose

Applicability

Definitions

Bridge inspection organization
Qualifications of personnel
Inspection frequency
Inspection procedures

Inventory

YV V.V V V V V V

Reference manuals

The FHWA has made a considerable effort to make available to the nation’s bridge
inspectors the information and knowledge necessary to accurately and thoroughly
inspect and evaluate the nation’s bridges.

The FHWA has developed and now offers the following training courses relative
to structure inspection through the National Highway Institute (NHI):

> “Engineering Concepts for Bridge Inspectors”  (NHI Course Number
FHWA-NHI-130054)

This one-week course is a pre-requisite for FHWA-NHI-130055 and
presents engineering concepts, as well as inspection procedures and
information about bridge types, bridge components, and bridge materials.
The one-week course is for new inspectors with little or no practical
bridge inspection experience.

> “Introduction to Safety Inspection of In-Service Bridges” (NHI Course
Number FHWA-NHI-130101)

This web-based course is another possible pre-requisite for FHWA-NHI-
130055 and presents engineering concepts, as well as inspection
procedures and information about bridge types, bridge components, and
bridge materials. The course is for new inspectors with little or no
practical bridge inspection experience.

> “Safety Inspection of In-Service Bridges” (NHI Course Number FHWA-
NHI-130055)
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This two-week course is for inspectors or engineers who perform or
manage bridge inspections. Emphasis is on inspection applications and
procedures. The uniform coding and rating of bridge elements and
components is also an objective of the two-week course. A unique feature
of this course allows for customization of the course content by the host
agency. Some states use component rating based on NBIS while some
states use element condition level evaluation. Lessons include critical
findings identification and inspection of fracture critical members
(FCM’s), underwater inspection, culverts, field trips, case studies, and
non-destructive evaluation. Several special bridge types may also be
discussed at the host agency’s request.

“Bridge Inspection Refresher Training” (NHI Course Number FHWA-
NHI-130053)

This three-day course provides a review of the National Bridge Inspection
Standards (NBIS) and includes discussions on structure inventory items,
structure types, and the appropriate codes for the Federal Structure,
Inventory and Appraisal reporting. A three-and-a-half day option is also
available, which includes additional case studies.

“Underwater Bridge Inspection” (NHI Course Number FHWA-NHI-
130091)

This four or five-day course provides an overview of diving operations
that will be useful to agency personnel responsible for managing
underwater bridge inspections. This course also fulfills the requirement
due to the latest changes of the National Bridge Inspection Standards,
which require bridge inspection training for all divers conducting
underwater inspections.

“Underwater Bridge Repair Rehabilitation and Countermeasures” (NHI
Course Number FHWA-NHI-130091A)

This two-day course provides training in techniques for selecting and
executing repairs to below water bridge elements. The primary goal is to
enable design engineers to select, design, and specify appropriate and
durable repairs to below water bridge elements. The secondary goal of the
course is to train staff in effective construction inspection of below water
repairs.

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

This three and one-half day course provides an understanding of fracture
critical members (FCM’s), FCM identification, failure mechanics and
fatigue and fracture in metal. Emphasis is placed on inspection procedures
and reporting of common FCM’s and non-destructive evaluation (NDE)
methods most often associated with steel highway bridges.

“Bridge Inspection Non-Destructive Evaluation Showcase (BINS)” (NHI
Course Number FHWA-NHI-130099)
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This one-day course allows bridge inspectors to identify the components
of handheld NDE inspection tools and techniques, inspection strategies
and NDE techniques. Inspection tools will include eddy -current,
ultrasonic, infrared thermography, impact echo, and ground penetrating
radar.

“Stream Stability and Scour at Highway Bridges” (NHI Course Number
FHWA-NHI-135046)

This three-day course provides training in the prevention of hydraulic-
related failures of highway bridges by identifying stream stability and
scour problems at bridges and defining problems caused by stream
instability and scour. The magnitude of scour at bridge piers and
abutments and in the bridge reach will be estimated.

“Stream Stability and Scour at Highway Bridges for Bridge Inspectors”
(NHI Course Number FHWA-NHI-135047)

This one-day course concentrates on visual keys to detecting scour and
stream instability problems. The course emphasizes inspection guidelines
to complete the hydraulic and scour-related coding requirements of the
National Bridge Inspection Standards (NBIS).

“Pontis Bridge Management” (NHI Course Number FHWA-NHI-134056)

This two and one-half day course covers the entering and editing of
inspection data, developing a bridge preservation policy, performing
bridge network level analyses, developing bridge projects, running Pontis
and Infomaker reports, and refining Pontis results.

“Pontis Bridge Management and InfoMaker Module” (NHI Course
Number FHWA-NHI-134056A)

This three and one-half day course covers the entering and editing of
inspection data, developing a bridge preservation policy, performing
bridge network level analyses, developing bridge projects, running Pontis
and Infomaker reports, and refining Pontis results. It also includes an
overview of InfoMaker 9.0 as it relates to Pontis. It covers those aspects
most used by the Pontis users as well as the ability to query data, create
new report libraries, modify existing Pontis structure list layout, and
modify an existing Pontis report.

“Pontis Bridge Management InfoMaker Module” (NHI Course Number
FHWA-NHI-134056B)

This one-day course provides an overview of InfoMaker 9.0 as it relates to
Pontis. It covers those aspects most used by the Pontis users as well as the
ability to query data, create new report libraries, modify existing Pontis
structure list layout, and modify an existing Pontis report.

“Inspection and Maintenance of Ancillary Highway Structures” (NHI
Course Number FHWA-NHI-130087)
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This two-day course provides training in the inspection and maintenance
of ancillary structures, such as structural supports for highway signs,
luminaries, and traffic signals. Its goal is to provide agencies with
information to aid in establishing and conducting an inspection program in
accordance with the FHWA “Guidelines for the Installation, Inspection,
Maintenance, and Repair of Structural Supports for Highway Signs,
Luminaries, and Traffic Signals”.

> “Inspection of Mechanically Stabilized Earth Walls and Reinforced Soil
Slopes” (NHI Course Number FHWA-NHI-132080)

This three-day course is part of a series to develop a training and
gualification/certification program for field inspectors. A partial list of
lessons addressed in the course are MSE wall and RSS types and
durability; construction methods and sequences; alignment control;
methods of fill and compaction control; plans, specifications, and the
geotechnical report; shop drawings; and safety.

Throughout all the expansions and improvements in bridge inspection programs
and capabilities, one factor remains constant: the overriding importance of the
inspector’s ability to effectively inspect bridge components and materials and to
make sound evaluations with accurate ratings. The validity of all analyses and
decisions based on the inspection data is dependent on the quality and the
reliability of the data collected in the field.

Across the nation, the duties, responsibilities, and qualifications of bridge
inspectors vary widely. The two keys to a knowledgeable, effective inspection are
training and experience in performing actual bridge inspections. Training of bridge
inspectors has been, and will continue to be, an active process within state
highway agencies for many years. This manual is designed to be an integral part
of that training process.

> NBIS. Code of Federal Regulations. 23 Highways Part 650, Subpart C —
National Bridge Inspection Standards.

> AASHTO. LRFD Bridge Design Specifications, 5" Edition. Washington,
D.C.. American Association of State Highway and Transportation
Officials, with 2010 Interims.

> FHWA. Recording and Coding Guide for the Structure Inventory and
Appraisal of the Nation’s Bridges. Washington, D.C.: United States
Department of Transportation, 1995, Errata Sheet 03/ 2004.
0 http://www.fhwa.dot.gov/bridge/mtguide.pdf

> FHWA. Bridge Inspector's Reference Manual. Washington, D.C.: United
States Department of Transportation, 2002, Revised 2006, 2011.

> AASHTO. Manual for Bridge Evaluation, Second Edition. Washington,
D.C.: American Association of State Highway and Transportation
Officials, 2011.

> AASHTO. Guide Manual for Bridge Element Inspection. Washington,
D.C.. American Association of State Highway and Transportation
Officials, 2011.
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Topic 1.2 Responsibilities of the Bridge

Inspector

1.2.1

Introduction

1.2.2

Responsibilities of
the Bridge
Inspector and
Engineer

Maintain Public Safety
and Confidence

Bridge inspection has played, and continues to play, an increasingly important role
in providing a safe infrastructure for the United States. As the nation's bridges
continue to age and deteriorate, an accurate and thorough assessment of each
bridge’s condition is critical in maintaining a safe, functional and reliable highway
system.

This topic presents the responsibilities of the bridge inspector/engineer and
qualifications for bridge inspection personnel.

There are five basic responsibilities of the bridge inspector and engineer:

Maintain public safety and confidence
Protect public investment

Provide bridge inspection program support
Maintain accurate bridge records

Fulfill legal responsibilities

YV V VY V V

The primary responsibility of the bridge inspector is to maintain public safety and
confidence. The general public travels the highways and bridges without
hesitation. However, when a bridge fails, the public’s confidence in the bridge
system is violated (see Figure 1.2.1).

The engineer’s role is:

> To incorporate design safety factors.

> To provide cost-effective designs.

> To review and evaluate reports.

> Rate each bridge as to its safe load capacity

Engineers include a margin of safety in their designs to compensate for variations
in the quality of materials and unknowns in vehicular traffic loadings through the
life of the structure. In older bridges, especially those designed prior to the use of
computer software programs and modern design codes, margin of safety also
compensated for a lack of precise calculations and construction loading conditions.

The inspector’s role is:

> To provide thorough inspections identifying bridge conditions and defects.

> To prepare condition reports documenting deficiencies and alerting
supervisors or engineers of any findings which might impact the safety of
the roadway user or the integrity of the structure.
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Figure 1.2.1  Mianus Bridge Failure

Protect Public Investment Another responsibility is to protect public investment in bridges. Be on guard for

Provide Bridge
Inspection Program
Support

minor problems that can be corrected before they lead to costly major repairs.
Also, be able to recognize bridge elements that need repair in order to maintain
bridge safety and avoid replacement costs.

The current funding available to rehabilitate and replace deficient bridges is not
adequate to meet the needs. It is important that preservation activities be a part of
the bridge program to extend the performance life of as many bridges as possible
and minimize the need for costly repairs or replacement.

The engineer’s role is:

> To continually upgrade design standards to promote longevity of bridge
performance such as the implementation of high performance materials
and better performing bridge joints.

The inspector’s role is:

> To continually be on guard for minor problems that can become costly
repairs.

> To recognize bridge components that need repair in order to maintain
bridge safety and avoid the need for costly replacement.

> To make recommendations to close a bridge if necessary.

Subpart C of the National Bridge Inspection Standards (NBIS) of the Code of
Federal Regulations, 23 Highways Part 650, mandates:

> Purpose

> Applicability

> Definitions

> Bridge inspection organization

1.2.2
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> Qualifications of personnel
> Inspection frequency

> Inspection procedures

> Inventory

> Reference manuals

Bridge Inspection Programs are funded by public tax dollars. Therefore, the
bridge inspector is financially responsible to the public.

The “Surface Transportation Act of 1978” established the funding mechanism for
providing Federal funds for bridge replacement. The Act also established criteria
for bridge inspections and requirements for compliance with the NBIS.

The “Intermodal Surface Transportation Efficiency Act” (ISTEA) of 1991 and the
Transportation Equity Act for the 21* Century (TEA-21) of 1998 establish funding
mechanisms for tolled and free bridges for bridge maintenance, rehabilitation and
replacement to adequately preserve the bridges and their safety to any user.

The Safe, Accountable, Flexible, Efficient Transportation Equity Act: A Legacy
for Users (SAFETEA-LU) was signed into law in August 2005. SAFETEA-LU
represents the largest surface transportation investment in the Nation’s history.
SAFETEA-LU builds on and improves the initiatives established in ISTEA and
TEA-21. Since being signed into law in August 2005, SAFETEA-LU has
undergone several extensions past its original 2009 expiration, resulting in
guaranteed funding until the end of Fiscal Year (FY) 2011. Multi-year legislation
is expected to provide funding following FY 2011. Information on SAFETEA-LU
can be found on the FHWA website:

http://www.fhwa.dot.gov/safetealu/factsheets/bridge.htm

There are three major reasons why accurate bridge records are required:

a. A structure history file facilitates the identification and/or monitoring of
deficiencies.

For example, two bridge abutments are measured for tilt during several
inspection cycles, and the results are as follows:

Year Abutment A Abutment B
2011 4-3/16” 3-1/2”
2009 4-3/16” 2-1/4”
2007 4-1/8” 1-1/8”
2005 4”7 1”

Looking at year 2011 measurements only indicate that Abutment A has a
more severe problem. However, examining the changes each year, it is
noted that the movement of Abutment A is slowing and may have stopped,
while Abutment B is changing at a faster pace each inspection cycle. At
the rate it is moving, Abutment B probably surpasses Abutment A by the
next inspection.

b. To identify and assess bridge deficiencies and to identify and assess bridge
repair requirements. Be able to readily determine, from the records, what
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repairs are needed as well as a good estimate of quantities. Maintain
reports on the results of the bridge inspection together with notations of
any action taken to address the findings of such inspections.

c. To identify and assess minor bridge deficiencies, to identify and assess
bridge maintenance needs, and preservation needs in a similar manner to
the repair requirements. Maintain relevant maintenance and inspection
data to allow assessment of current bridge condition.

d. To be able to quickly obtain pertinent structure information to respond to
emergency events such as fire on or below the structure, severe flooding,
and navigational or vehicular collision.

e. To maintain load carrying capacity to facilitate the routing of
overweight/over-height vehicles.

To ensure accurate bridge records, proper record keeping needs to be maintained.
Develop a system to review bridge data and evaluate quality of bridge inspections.
Bridge files are to be prepared as described in the AASHTO Manual for Bridge
Evaluation. Record the findings and results of bridge inspections on standard
State or Federal agency forms.

A bridge inspection report is a legal document. Make descriptions specific,
detailed, quantitative (where possible), and complete. Do not use vague
adjectives such as good, fair, poor, and general deterioration, without concise
descriptions to back them up. To say “the bridge is OK” is just not good enough.

Example of inspection descriptions:

Bad description: “Fair beams”

Good description: “Reinforced concrete tee-beams are in fair condition with light
scaling on bottom flanges of Beams B and D for their full length.”

Bad description: “Deck in poor condition”

Good description: “Deck in poor condition with spalls covering 50% of the top
surface area of the deck as indicated indicated on field sketch, see Figure 42.”

Bad description: “The bridge is dangerous”

Good description: “Section loss exists on Girder G5 at 10 feet north of centerline
of bearing at Pier 1. Original flange thickness 1.5 inches. Measured thickness
0.991 inches.”

Include phrases such as “no other apparent defects” or “no other defects observed”
in any visual assessment.

Do not alter original inspection notes without consultation with the inspector who
wrote the notes.

A bridge inspection report implies that the inspection was performed in accordance
with the National Bridge Inspection Standards, unless specifically stated otherwise
in the report. Use the proper equipment, methods, and qualified. If the inspection
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is a special or interim inspection, explained explicitly in the report.

The National Bridge Inspection Standards (NBIS) are regulations that were first
established in 1971 to set national requirements regarding bridge inspection
frequency, inspector qualifications, report formats, and inspection and rating
procedures.

The NBIS can be found in the Code of Federal Regulations, Part 65, Title 23,
Subpart C which is on the Bridge Technology site located on the FHWA website:

http://www.fhwa.dot.gov/bridge/nbis.htm

The NBIS set minimum, nationwide requirements. States and other owner
agencies can establish additional or more stringent requirements.

The NBIS are very specific with regard to the qualifications of bridge inspectors.
The Code of Federal Regulations, Title 23, Part 650, Subpart C, Section 650.309,
(23 CFR 650.309), lists the qualifications of personnel for the National Bridge
Inspection Standards (Appendix B of this Manual). These are minimum standards;
therefore, state or local highway agencies can implement higher requirements.

The program manager is in charge of the organizational unit that has responsibility
for bridge inspection, reporting, and inventory. The minimum qualifications are as
follows:

1) Be a registered Professional Engineer, or have ten years bridge
inspection experience; and

2) Successfully complete a Federal Highway Administration
(FHWA) approved comprehensive bridge inspection training
course.

The team leader is responsible for planning, preparing, and performing the
inspections of individual bridges as well as the day-to-day aspects of the
inspection. NBIS calls for a team leader to be present at all times during each
initial, routine, in-depth, fracture critical and underwater inspection. There are five
alternative ways to qualify as a team leader:

1) Have the qualifications specified for the Program Manager; or

2) Have five years bridge inspection experience and have
successfully completed an FHWA-approved comprehensive
bridge inspection training course; or

3) Be certified as a Level 11l or IV Bridge Safety Inspector under the
National Society of Professional Engineer's program for National
Certification in Engineering Technologies (NICET) and have
successfully completed an FHWA-approved comprehensive
bridge inspection training course, or

4) Have the following:

)] A bachelor's degree in engineering from a college or
university accredited by or determined as substantially
equivalent by the Accreditation Board for Engineering
and Technology;

1.25


http://www.fhwa.dot.gov/bridge/nbis.htm�

Inspector Qualifications

1.2.4

Liabilities

CHAPTER 1: Bridge Inspection Programs
TOPIC 1.2: Responsibilities of the Bridge Inspector

ii) Successfully passed the National Council of Examiners
for Engineering and Surveying Fundamentals of
Engineering examination;

iii) Two years of bridge inspection experience; and

iv) Successfully completed an FHWA-approved
comprehensive bridge inspection training course, or

5) Have the following:

i) An associate's degree in engineering or engineering
technology from a college or university accredited by or
determined as substantially equivalent by the
Accreditation Board for Engineering and Technology;

i) Four years of bridge inspection experience; and

iii) Successfully completed an FHWA-approved
comprehensive bridge inspection training course.

There are no specific federal guidelines for bridge inspectors. The main
responsibility of a bridge inspector is to assist the team leader in day-to-day
aspects of the inspection. Training is not required but it is recommended for non-
team leaders. Any technical background is obtained through education and hands-
on experience enables the inspector to successfully complete the tasks at hand.
The goal is for the inspector to learn the correct inspection methods and to
evaluate bridge components and elements consistently.

The dictionary defines tort as “a wrongful act for which a civil action lie except
one involving a breach of contract.”

In the event of negligence in carrying out the basic responsibilities described
above, an individual, including department heads, engineers, and inspectors, is
subject to personal liability. Strive to be as objective and complete as possible.
Accidents that result in litigation are generally related, but not necessarily limited,
to the following:

> Deficient safety features

Failed members

Failed substructure elements

Failed joints or decks

Potholes or other hazards to the traveling public
Improper or deficient load posting

YV V V V

Anything said or written in the bridge file could be used in litigation cases. In
litigation involving a bridge, the inspection notes and reports may be used as
evidence. A subjective report may have negative consequences for the highway
agency involved in lawsuits involving bridges. The report scrutinized to determine
if conditions are documented thoroughly and for the “proper” reasons. Therefore,
be as objective and complete as possible. State if something could not be inspected
and the reason it was not inspected.
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Example of liabilities:

In a recent case, a consulting firm was found liable for negligent inspection
practices. A tractor-trailer hit a large hole in a bridge deck, swerved, went through
the bridge railing, and fell 30 feet to the ground. Ten years prior to the accident,
the consulting firm had noted severe deterioration of the deck and had
recommended tests to determine the need for replacement. Two years prior to the
accident, their annual inspection report did not show the deterioration or
recommend repairs. One year before the accident, inspectors from the consultant
checked 345 bridges in five days, including the bridge on which the accident
occurred. The court found that the consulting firm had been negligent in its
inspection, and assessed the firm 75% of the ensuing settlement.

In another case, four cars drove into a hole 12 feet deep and 30 feet across during
the night. Five people were killed and four were injured. The hole was the result
of a collapse of a multi-plate arch. Six lawsuits were filed and, defendants
included the county, the county engineer, the manufacturer, the supplier, and the
consulting engineers who inspected the arch each year. The arch was built and
backfilled, with mostly clay, by a county maintenance crew 16 years prior to the
accident. Three years later, the county engineer found movement of three to four
inches at one headwall. The manufacturer sent an inspector, who determined that
the problem was backfill-related and recommended periodic measurements. These
measurements were done once, but the arch was described as “in good condition”
or “in good condition with housekeeping necessary” on subsequent inspections.
Inspection reports documented a six inch gap between the steel plate and the
headwall. A contractor examined the arch at the county engineer’s request to
provide a proposal for shoring. The county engineer discussed the proposal with
the consulting engineers a month before the accident. A total of 13 inspections
were conducted on the structure. An engineering report accuses the county
engineer of poor engineering practice.

Quality Control and The NBIS requires Quality Control (QC) and Quality Assurance (QA) procedures

Quality Assurance

to maintain a high degree of accuracy and consistency in the highway bridge
inspection program.  Accuracy and consistency are important since the bridge
inspection process is the foundation to the bridge management systems. FHWA
has developed a recommended framework for a bridge inspection QC/QA program
(see Topic 1.3).
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Topic 1.3 Quality Control and Quality

Assurance

1.3.1

Introduction

1.3.2

Quality Control

1.3.3

Quality Assurance

Title 23, Code of Federal Regulations (CFR), Part 650, Subpart C, Section 313,
paragraph (g), Quality Control and Quality Assurance, requires each state to assure
that systematic Quality Control (QC) and Quality Assurance (QA) procedures are
being used to maintain a high degree of accuracy and consistency in their
inspection program. The FHWA has developed a recommended framework for a
bridge inspection QC/QA program to assist bridge owners in developing their QC /
QA programs.

Accuracy and consistency of the data is important since the bridge inspection
process is the foundation of the entire bridge management operation and bridge
management systems. Information obtained during the inspection is used for
determining needed maintenance and repairs, for prioritizing rehabilitations and
replacements, for allocating resources, and for evaluating and improving design
for new bridges. The accuracy and consistency of the inspection and
documentation is vital because it not only impacts programming and funding
appropriations, it also affects public safety.

Quality Control (QC) is the establishment and enforcement of procedures that are
intended to maintain the quality of the inspection at or above a specific level. If an
inspection program is decentralized, the state program manager is still responsible
for QC.

Quality Assurance (QA) is the use of sampling and other measures to assure the
adequacy of quality control procedures in order to verify or measure the quality
level of the entire bridge inspection and load rating program. This is accomplished
by the re-inspection of a sample of bridges by an independent inspection team.
For decentralized state inspections or delegated inspection programs, the QA
program can be performed by the central staff or their agent (e.g., consultants). If
the inspections are centralized within the state, consultants or a division are to
perform the QA program separate and independent of the inspection state
organization.

The quality of the inspection and reports rests primarily with the inspection team
leaders and team members and their knowledge and professionalism in developing
a quality product. A QC/QA program is a means by which periodic and
independent inspections, reviews, and evaluations are performed in order to
provide feedback concerning the quality and uniformity of the state’s or agency’s
inspection program. The feedback is then used to enhance the inspection program
through improved inspection processes and procedures, training, and quality of the
inspection report.
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1.34

Quality Control and The FHWA has developed the following recommended framework for a bridge

Quality Assurance mSpection QC/QA program.
Framework A. Documentation of QC/QA Program:

1. Develop, document, and maintain a bridge inspection
manual that contains Quality Control/Quality Assurance
(QC/QA) procedures in accordance with this recommended
framework.

2. Elaborate on the purpose and benefits of the QC/QA
program.

3. Provide appropriate definitions.
B. Quality Control (QC) Procedures
1. Define and document QC roles and responsibilities.

2. Document qualifications required for Program Manager,
Team Leader, Team Member, Load Rater and Underwater
Bridge Inspection Diver.

3. Document process for tracking how qualifications are met,
including:

a. Years and type of experience.
b. Training completed.
c. Certifications/registrations.
4. Document required refresher training, including:

a. NHI training courses, other specialized training
courses, and/or periodic meetings.

b. Define refresher training content, frequency, and
method of delivery.

5. Document special skills, training, and equipment needs for
specific types of inspections.

6. Document procedures for review and validation of
inspection reports and data.

7. Document procedures for identification and resolution of
data errors, omissions and/or changes.

C. Quality Assurance (QA) Procedures
1. Define and document QA roles and responsibilities.
2. Document procedures for conducting office and field QA

reviews, including:
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a. Procedures for maintaining, documenting, and
sharing review results; including an annual report.

b. Establish review frequency parameters. Parameters
should include:

i.  Recommended review frequency for
districts/units to be reviewed (e.g. review
each district once every four years). Or
establish number of districts/units to be
reviewed annually.

ii.  Recommended number of bridges to review.

c. Procedures and sampling parameters for selecting
bridges to review. Procedure should consider:

i.  Whether the bridge is or is not posted.
ii.  Bridge's deficiency status.

iii.  Whether the bridge is programmed for
rehabilitation or replacement.

iv.  Whether the bridge has had critical findings
and the status of any follow-up action.

v.  Bridges with unusual changes in condition
ratings (e.g. more than 1 appraisal rating
change from previous inspection).

vi.  Bridges that require special inspections
(underwater, fracture critical, other special).

vii.  Location of bridge.

d. Procedures for reviewing current inspection report,
bridge file, and load rating.

e. Procedures to validate qualifications of inspector and
load rater.

f.  Define "out-of-tolerance"” for condition rating and
load rating. (e.g. rating of +/- 1 or load ratings that
differ by more than 15%)

g. Checklists covering typical items to review as part of
QA procedures.

i.  Bridge file.
ii.  Field inspection.
iii.  Load rating analysis.
h. Others.
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3. Document disqualification procedures for team leaders and
consultant inspection firms that have continued record of
poor performance.

4. Document re-qualification procedures for previously
disqualified team leaders and consultant inspection firms that
demonstrate they have acceptable performance.

5. Document procedures for conducting inspections on a
“control” bridge.

6. Document procedures to validate the QC procedures.
Examples of Commendable State practices and additional resources regarding

QCI/QA programs are available at the following link:
http://www.fhwa.dot.gov/bridge/nbis/nbisframework.cfm
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Topic 2.1 Duties of the Bridge Inspection
Team

2.11

Introduction Bridge inspection plays an important role in providing a safe infrastructure for the
nation. As the nation’s bridges continue to age and deteriorate, an accurate and
thorough assessment of each bridge’s condition is critical in maintaining a
dependable highway system.

There are seven basic types of inspection:

Initial (inventory)
Routine (periodic)
Damage

In-depth

Fracture critical
Underwater

> Special (interim)

V VYV V VYV

These inspection types are presented in Article 4.2 of the AASHTO Manual for
Bridge Evaluation. Although this topic is organized for “in-depth” inspections, it
applies to any inspection type. However, the amount of time and effort required
for performing each duty vary with the type of inspection performed.

This topic presents the duties of the bridge inspection team. It also describes how
the inspection team can prepare for the inspection and some of the major
inspection procedures. For some duties, the inspection program manager may be
involved.
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2.1.2

Duties of the Bridge There are five basic duties of the bridge inspection team:
Inspection Team

> Planning the inspection
> Preparing for the inspection
> Performing the inspection
> Preparing the report
> Identifying items for repairs and maintenance
> Communicate the need for immediate follow-up for critical findings
2.1.3
Planning the Planning is necessary for a safe, efficient, cost-effective inspection effort which
Inspection results in a thorough and complete inspection of in-service bridges.
Basic activities include:
> Determination of the type of inspection
> Selection of the inspection team, which includes a qualified team leader on
site for all initial, routine, in-depth, fracture critical and underwater
inspections. Although not required by NBIS, it is a good practice to
provide a team leader for damage and special inspections.
> Evaluation of required activities (e.g., nondestructive evaluation, traffic
control including use of flaggers, utilities, confined spaces, permits,
hazardous materials such as pigeon droppings, lead paint and asbestos
removal, etc.)
> Establishment of a schedule which includes the inspection duration
2.1.4
Preparing for Preparation measures needed prior to the inspection include organizing the proper
Inspection tools and equipment, reviewing the bridge structure files, and locating plans for the
P structure. The success of the on-site field inspection is largely dependent on the
effort spent in preparing for the inspection. The major preparation activities
include:
> Review the bridge structure file

Identify the components and elements

Develop an inspection sequence

Prepare and organize notes, forms, and sketches
Arrange for temporary traffic control

Arrange staging areas and access locations
Reviewing safety precautions

Organizing tools and equipment

Arranging for subcontracting special activities
Account for other special considerations

VVV VYV VYV YVY
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Review the Bridge The first step in preparing for a bridge inspection is to review the available sources
Structure File of information about the bridge, such as:
> Plans, including construction plans, shop and working drawings, and as-

YV V V V

VVVVVVVVVYVYVYVY

built drawings
Specifications
Correspondence
Photographs

Materials and tests, including material certification, material test data, and
load test data

Maintenance and repair history
Coating history

Accident records

Posting

Permit loads

Flood and scour data

Traffic data

Inspection history

Inspection requirements
Structure Inventory and Appraisal sheets
Inventories and inspections
Rating records

Each of these sections of the bridge structure file is presented in detail in Topic

4.4.2.

Identify Components and Another important activity in preparing for the inspection is to establish the

Elements structure orientation, as well as a system for identifying the various components
and elements of the bridge (see Figure 2.1.1). If drawings or previous inspection
reports are available, use the same identification system during the inspection as
those used in these sources.

SPAN | SPAN 5
SPAN 2 SPAN 3 SPAN 4

ABUTMENT ABUTMENT
I 2
BENT | == BENT 4
OR OR
PIER | PIER 4

PIER 2 PIER 3

Figure2.1.1  Sample Bridge Numbering Sequence

213



CHAPTER 2: Fundamentals of Bridge Inspection
TOPIC 2.1: Duties of the Bridge Inspection Team

Establish an identification system if there are no previous records available. The
numbering system presented in this topic is one possible system, but some states
may use a different numbering system.

This route direction information can be used to identify the location of the bridge.

Route direction would be north, south, east or west. Mile markers, stationing or
segments are the locations along the route. Location of the bridge can be
identified by the route direction along with mile marker, stationing or segment
information. The route direction can be determined based on mile markers,
stationing, or segments, and use this direction to identify the location of the bridge.

Deck Element Numbering System

The deck sections (between construction joints), expansion joints, railing, parapets,
and light standards are included in the deck element numbering system. Number
these elements consecutively, from the beginning to the end of the bridge.

Superstructure Element Numbering System

The spans, the beams, and, in the case of a truss or arch, the panel points are
included in the superstructure element numbering system. Number the spans
consecutively, with Span 1 located at the beginning of the bridge. Multiple beams
are to be numbered consecutively from left to right facing in the route direction.
Similar to spans, floorbeams are also numbered consecutively from the beginning
of the bridge, with the first floorbeam labeled as Floorbeam 0. This coordinates
the floorbeam and the bay numbers such that a given floorbeam number is located
at the end of its corresponding bay.

For trusses, number the panels similarly to the floorbeams, beginning with Panel
Point 0. Label both the upstream and downstream trusses. Points in the same
vertical line have the same number. If there is no lower panel point in a particular
vertical line, the numbers of the lower chord skip a number (see Figure 2.1.2).
Some design plans number to midspan on the truss and then number backwards to
zero using prime numbers (U9’). However, this numbering system is not
recommended for field inspection use since the prime designations in the field
notes may be obscured by dirt.

Ug Uy Uz Uz Uy Us Ug Uz Ug Ug Upg

1 DD

o L Lg Lg Lip

Figure2.1.2  Sample Truss Numbering Scheme
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Substructure Element Numbering System

The abutments and the piers are included in the substructure element numbering
system. Abutment 1 is located at the beginning of the bridge, and Abutment 2 is
located at the end. Number the piers consecutively, with Pier 1 located closest to
the beginning of the bridge (see Figure 2.1.2). Alternatively, the substructure units
may be numbered consecutively without noting abutments or piers.

AASHTO Bridge Elements

The AASHTO Guide Manual for Bridge Element Inspection provides a
comprehensive set of bridge elements, designed to be flexible in nature to satisfy
needs of all agencies. This set of elements capture the components necessary for
any agency to manage the aspects of the bridge inventory and allows the full
utilization of a Bridge Management System (BMS).

There are two different element types included in the element set which are
identified as National Bridge Elements (NBEs) or Bridge Management Elements
(BMEs). These two element sets combined comprise the full AASHTO element
set.

An inspection normally begins with the deck and superstructure elements and
proceeds to the substructure. However, there are many factors to be considered
when planning a sequence of inspection for a bridge, including:

> Type of bridge

Condition of the bridge components
Overall condition

Inspection agency requirements
Size and complexity of the bridge
Traffic conditions

> Special considerations

YV V V VY

A sample inspection sequence for a bridge of average length and complexity is
presented in Figure 2.1.3. While developing an inspection sequence is important,
it is of value only if following it ensures a safe, complete and thorough inspection
of the bridge.
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1) Roadway Elements 4) Substructure Elements
» Approach roadways » Abutments
» Traffic safety features » Piers
» General alignment » Footings
» Approach alignment » Piles
» Deflections » Curtain walls
» Settlement » Skewbacks (arches)
» Slope protection

2) Deck Elements
5) Channel and Waterway Elements
Bridge deck: top and bottom

Expansion joints Channel profile and alignment
Sidewalks and railings Channel streambed

Drainage Channel embankment

Signing Channel embankment protection

Electrical-lighting
Barriers, gates, and other traffic
control devices

Hydraulic opening Fenders
Water depth scales
Navigational lights and aids
Dolphins

Hydraulic control devices

VVVVVVYY

VVVVVVVYVYY

3) Superstructure Elements

Primary load-carrying members
Secondary members and bracings
Utilities and their attachments
Anchorages

Bearings

VVVVYY

Figure 2.1.3  Sample Inspection Sequence

Preparing notes, forms, and sketches prior to the on-site inspection reduces work
in the field. Obtain copies of the agency’s standard inspection form for use in
recordkeeping and as a checklist to ensure that the condition of all elements is
noted.

Create copies of sketches from previous inspection reports so that defects
previously documented can simply be updated. Preparing extra copies provides a
contingency for sheets that may be lost or damaged in the field.

If previous inspection sketches or design drawings are not available, then pre-
made, generic sketches may be used for repetitive features or members. Possible
applications of this timesaving method include deck sections, floor systems,
bracing members, abutments, piers, and retaining walls. Numbered, pre-made
sketches and forms can also provide a quality control check on work completed.

Bridge inspection, like construction and maintenance activities on bridges, often
presents motorists with unexpected and unusual situations (see Figure 2.1.4).
Most state agencies have adopted the Federal Manual on Uniform Traffic Control
Devices for Streets and Highways (MUTCD). Some state and local jurisdictions,
however, issue their own manuals. When working in an area exposed to traffic,
check and follow the governing standards. These standards prescribe the
minimum methods for a number of typical applications and the proper use of
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standard traffic control devices, such as cones, signs, and flashing arrow boards.

— & 4 .‘
Figure 2.1.4  Temporary Traffic Control Operation

Principles and methods, which enhance the safety of motorists and bridge
inspectors in work areas, include the following:

> Traffic safety is a high priority element on every bridge inspection project
where the inspectors' activities are exposed to traffic or likely to affect
normal traffic movements.

> Route traffic through work areas with geometrics and traffic control
devices comparable to those employed for other highway situations.

> Inhibit traffic and pedestrian movement as little as practicable.

> Guide approaching motorists in a clear and positive manner throughout the
bridge inspection site.

> On long duration inspections, perform routine inspection of temporary
traffic control devices.

> Adequately train personnel responsible for the performance of temporary

traffic control operations.

In addition, schedules may have to be adjusted to accommodate temporary traffic
control needs. For example, the number of lanes that can be closed at one time
may require conducting the inspection operation with less than optimum
efficiency. While it might be most efficient to inspect a floor system from left to
right, traffic control may dictate working full length, a few beams at a time. Some
agencies require inspections to be performed during low tow traffic (i.e. at night).

Time Requirements
The total time required to complete an inspection can vary from what may be
documented on a previous inspection report or separately in the bridge file due to

the various tasks for completing the inspection. Breaking down and recording the
time to complete the various tasks (office preparation, travel, on-site, report
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preparation) separately benefits future planning and preparation efforts. Break
down the inspection time requirements in to office preparation, travel time, field
time, and report preparation. The overall condition of the bridge plays a major role
in determining how long an inspection takes. Previous inspection reports provide
an indication of the bridge's overall condition. It generally takes more time to
inspect and document a deteriorated element (e.g., measuring, sketching, and
photographing) than it does to simply observe and document that an element is in
good condition.

Peak Travel Times

In populated areas, an inspection requiring traffic restrictions may be limited to
certain hours of the day, such as 10:00 AM to 2:00 PM. Some days may be
banned for inspection work altogether. Actual inspection time may be less than a
40-hour work week in these situations, so adjust the schedules accordingly.

Set-up Time

Consider set-up time both before and during the inspection. For example, rigging
efforts may require several days before the inspectors arrive on the site. Also,
other equipment, such as compressors and cleaning equipment may require daily
set-up time. Provide adequate time in the schedule for set-up and take-down time
requirements. Also, consider the time to install and remove temporary traffic
control devices.

Access

Consider access requirements when preparing for an inspection. Bridge members
may be very similar to each other, but they may require different amounts of time
to gain access to them. For example, it may take longer to maneuver a lift device
to gain access to a floor system near utility lines than for one that is free of
obstructions. On some structures, access hatches may need to be opened to gain
access to a portion of the bridge.

Weather

Adverse weather conditions may not halt an inspection entirely, but may play a
significant role in the inspection process. During adverse weather conditions,
avoid climbing on the bridge structure. An increased awareness of safety hazards
is required, and keeping notes dry can be difficult. During seasons of poor
weather, adopt a less aggressive schedule than during the good weather months.

Safety Precautions

While completing the inspection in a timely and efficient manner, the importance
of taking safety precautions cannot be overlooked. Review general safety
guidelines for inspection and any agency or bridge specific safety precautions such
as for hazardous material and confined space entry. Confined space entry methods
are in accordance with OSHA and the owners’ requirements. For climbing
inspections, the three basic requirements covered in topic 2.2.5 for safe climbing
are to be followed. For additional information about safety precautions, refer to
Topic 2.2.5.
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Permits

When inspecting a bridge crossing a railroad, obtain an access permit before
proceeding with the field inspection. Also obtain a permit when inspecting bridges
passing over navigable waterways. Environmental permits and permits to work
around endangered species may be required for some bridges and bridge sites.

Tools

To perform a complete and accurate inspection, use the proper tools and
equipment. Bridge location and type are two main factors in determining required
tools and equipment. Refer to Topic 2.4 for a complete list of inspection tools and
equipment.

Subcontract Special Activities

Give consideration to time requirements when special activities are scheduled.
These activities may include one or more of the following:

» Maintenance and protection of traffic (M.P.T.)
Access, including rigging, inspection vehicle(s), or a combination there of

>

» Coordination with various railroads, including obtaining the services of
railroad flagmen

» Non-destructive evaluation/testing

This duty is the on-site work of accessing and examining bridge components and
waterway, if present.

Perform inspections in accordance with the National Bridge Inspection Standards
(NBIS) and AASHTO Manual for Bridge Evaluation (MBE).

Basic activities include:

> Visual examination of bridge components

> Physical examination of bridge components

> Evaluation of bridge components

> Examination and evaluation of the waterway beneath the structure, if any,

and approach roadway geometry

Duties associated with the inspection include maintaining the proper structure
orientation and member numbering system, and following proper inspection
procedures.

The procedures used to inspect a bridge depend largely on the bridge type, the
materials used, and the general condition of the bridge. Therefore, be familiar
with the basic inspection procedures for a wide variety of bridges.

A first step in the inspection procedure is to establish the orientation of the site and
of the bridge. Include the compass directions, the direction of waterway flow, and
the direction of the inventory route in the orientation. Also record inspection team
members, air temperature, weather conditions, and time.
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After the site orientation has been established, the inspector is ready to begin the
on-site inspection. Be careful and attentive to the work at hand, and do not
overlook any portion of the bridge. Give special attention to those portions that
are most critical to the structural integrity of the bridge. (Refer to Topic 6.4 for a
description of fracture critical members in steel bridges.)

Combine the prudence used during the inspection with thorough and complete
recordkeeping. Careful and attentive observations are to be made, and record
every deficiency. A very careful inspection is worth no more than the records kept
during that inspection.

Place numbers or letters on the bridge by using crayon or paint to identify and
code components and elements of the structure. The purpose of these marks is to
keep track of the inspector’s location and to guard against overlooking any portion
of the structure.

Note the general approach roadway alignment, and sight along the railing and edge
of the deck or girder to detect any misalignment or settlement.

Approaches and Decks

Check the approach pavement for unevenness, settlement, or roughness. Also
check the condition of the shoulders, slopes, drainage, and approach guardrail.

Examine the deck and any sidewalks for various deficiencies, noting size, type,
extent, and location of each deficiency. Reference the location using the centerline
or curb line, the span number, and the distance from a specific pier or joint.

Examine the expansion joints for sufficient clearance and for adequate seal.
Record the width of the joint opening at both curb lines, noting the air temperature
and the general weather conditions at the time of the inspection.

Finally, check that safety features, signs (load restrictions), and lighting are
present, and note their condition.

Superstructures

Inspect the superstructure thoroughly, since the failure of a primary load-carrying
member could result in the collapse of the bridge. The primary method of bridge
inspection is visual, requiring the removal of dirt, leaves, animal waste, and debris
to allow close observation and evaluation of the primary load-carrying members.
The most common forms of primary load-carrying members are:

> Beams and girders

Floorbeams and stringers

Trusses

Cables (suspension, stay, suspender)
Eyebar chains

Arches

Frames

Pins and hanger assemblies

2.1.10
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Bearings

Inspect the bearings thoroughly, since they provide the critical link between the
superstructure and the substructure. The primary method of bearing inspection is a
visual inspection, which requires removing dirt, leaves, animal waste, and debris to
allow close observation and evaluation of the bearings. Record the difference
between the rocker tilt and a fixed reference line, noting the direction of tilt, the air
or bearing material temperature, and the general weather conditions at the time of
the inspection.

Substructures

The substructure, which supports the superstructure, is made up of abutments,
piers, and bents. If “design” or “as-built” plans are available, compare the
dimensions of the substructure units with those presented on the plans. Since the
primary method of bridge inspection is visual, remove the dirt, leaves, animal
waste, and debris to allow close observation and evaluation. Check the
substructure units for settlement by sighting along the superstructure and noting
any tilting of vertical faces. In conjunction with the scour inspection of the
waterway, check the substructure units for undermining, noting both its extent and
location.

Culverts

Inspect culverts regularly to identify any potential safety problems and
maintenance needs. Examine the culvert for various deficiencies, noting size,
type, extent, and location of each deficiency. Reference the location using the
centerline. In addition to the inspection of the culvert and its components, look for
high-water marks, changes in drainage area, scour, and settlement of the roadway.

Waterways

Waterways are dynamic in nature, with their volume of flow and their path
continually changing. Therefore, carefully inspect bridges passing over waterways
for the effects of these changes.

Maintain a historical record of the channel profile and cross-sections. Record and
compare current measures to initial (base line) measures, noting any meandering
of the channel both upstream and downstream. Report any skew or improper
location of the piers or abutments relative to the stream flow.

Scour is the removal of material from the streambed or streambank as a result of
the erosive action of streamflow. Scour is the primary concern when evaluating the
effects of waterways on bridges (see Figure 2.1.5). Determine the existence and
extent of scour using a grid system and noting the depth of the channel bottom at
each grid point.
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Figure 2.1.5 Inspection for Scour and Undermining

Note the embankment erosion both upstream and downstream of the bridge, as
well as any debris and excessive vegetation. Record their type, size, extent, and
location. Note also the high water mark, referencing it to a fixed elevation such as
the bottom of the superstructure.

There are several general terms used to describe bridge deficiencies:

Corrosion — section loss

Cracking - breaking away without separating in to parts
Splitting - separating in to parts

Connection slippage — relative movement of connected parts
Overstress - deformation due to overload

Collision damage - damage caused when a bridge is struck by vehicles or
vessels

YV VYV VY VYV

Refer to Chapter 6 for a more detailed list and description of types and causes of
deterioration for specific materials. As described in Chapter 6, each material is
subject to unique deficiencies. Therefore, be familiar with the different inspection
methods used with each material.

Timber Inspection

When inspecting timber structures, determine the extent and severity of decay,
weathering and wear, being specific about dimensions, depths, and locations.
Sound and probe the timber to detect hidden deterioration due to decay, insects, or
marine borers.

Note any large cracks, splits, or crushed areas. While collision or overload
damage may cause these deficiencies, avoid speculation as to the cause and be
factual. Note any fire damage, recording the measurements of the remaining
sound material. Document any exposed untreated portions of the wood, indicating
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the type, size, and location.
Concrete Inspection

When inspecting concrete structures, note all visible cracks, recording their type,
width, length, and location. Also record any rust or efflorescence stains. Concrete
scaling can occur on any exposed face of the concrete surface, so record its area,
location, depth, and general characteristics.  Inspect concrete surfaces for
delamination or hollow zones, which are areas of incipient spalling, using a
hammer or a chain drag. Carefully document any delamination using sketches
showing the location and pertinent dimensions.

Unlike delamination, spalling is readily visible. Document any spalling using
sketches or photos, noting the depth of the spalling, the presence of exposed
reinforcing steel, and any deterioration or section loss that may be present on the
exposed reinforcement.

Metal Inspection: Steel, Iron and Others

When inspecting metal structures, determine the extent and severity of corrosion,
carefully measuring the amount of cross section remaining. Note all cracks,
recording their length, size, and location. Document all bent or damaged
members, noting the type of damage and amount of deflection.

Loose rivets or bolts can be detected by striking them with a hammer while
holding a thumb on the opposite end of the rivet or bolt. Movement can be felt if it
is loose. In addition, note any missing rivets or bolts.

Note any frozen pins, hangers, or expansion devices. One indication of this is if
the hangers or expansion rockers are inclined or rotated in a direction opposite to
that expected for the current temperature. In cold weather, rocker bearings lean
towards the fixed end of the bridge, while in hot weather, they lean away from the
fixed end. A locked bearing is generally caused by heavy rust on the bearing
elements.

For the evaluation to be substantiated, document and record all inspection findings.
Documentation is referred to as the “condition remarks” on the inspection form or
in the inspection report.

Masonry Inspection

The examination of stone masonry and mortar is similar to that of concrete.
Carefully inspect the joints for cracks and other forms of mortar deterioration.
Inspection techniques are generally the same as for concrete.

Check masonry arches or masonry-faced concrete arches for mortar cracks,
vegetation, water seepage through cracks, loose or missing stones or blocks,
weathering, and spalled or split blocks and stones.

Fiber Reinforced Polymer Inspection

When inspecting Fiber Reinforced Polymers (FRP), note any blistering, voids and
delaminations, discoloration, wrinkling, fiber exposure and any scratches.
Document all visible cracks, recording their width, length, and location.
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Critical findings are any structural or safety-related deficiency that requires
immediate follow-up inspection or action. When a critical finding is discovered,
immediately communicate and document the critical finding according to agency
procedures.

Refer to Topic 4.5 for a detailed description of critical findings and the methods
required to address any critical findings discovered.

Documentation is essential for any type of inspection. Gather enough information
to ensure a comprehensive and complete report. Report preparation is a duty,
which reflects the effort that the inspector puts in to performing the inspection.
Both documentation and preparation are to be comprehensive. The report is a
record of both the bridge condition and the inspector's work.

Basic activities in preparing the inspection report include:

> Completion of agency forms

> Obijective written documentation of all inspection findings

> Providing photo references and sketches

> Objective evaluation of the bridge, roadway and waterway components
and elements

> Recommendations and cost estimates (refer to Topic 2.1.7 for further
details)

> Summary

A sample bridge inspection report can be found in Appendix B of this manual.
Follow the procedures of the agency responsible for the bridge.

Another common duty is to identify work recommendations for bridge
preservation and follow-up to critical findings. Recommend work items that
promote public safety and maximize useful bridge life. Refer to Topic 4.5 for
details on follow-up to critical findings.

Work recommendations are commonly aligned with an agency’s bridge
preservation program and are included in preservation work plans. These work
recommendations are condition driven or cyclical. Examples of preservation
activities include: deck or bridge washing, flushing the scuppers and down spouts,
lubricating the bearings and painting the structure.

Carefully consider the benefits to be derived from completing the work
recommendation and the consequences if the work is not completed. Also, check
the previous report recommendations to see what work was recommended and the
priority of such items. If work was scheduled to be completed before the next
inspection, note if the work was completed and the need for any follow-up work.

The NBIS regulation requires the establishment of a statewide or Federal agency
wide procedure to assure that critical finds are addressed in a timely manner.
Additionally, the NBIS requires that FHWA be periodically notified of actions
taken to resolve or monitor critical findings. The duty of the inspection team is to
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follow statewide or Federal agency-wide procedures for the follow-up on critical
findings. It is the responsibility of Bridge Owners to implement procedures for
addressing critical deficiencies, including:

Immediate critical deficiency reporting steps
Emergency natification of police and the public

Rapid evaluation of the deficiencies

Rapid implementation of corrective or protective actions
A tracking system to ensure adequate follow-up

Provisions for identifying other bridges with similar structural details for
follow-up inspections

VV VYV VY

Critical findings are presented in detail in Topic 4.5.

The type of inspection may vary over the useful life of a bridge to reflect the
intensity of inspection required at the time of inspection. The seven types of
inspections identified in the AASHTO Manual for Bridge Evaluation are described
below and allow a Bridge Owner to establish appropriate inspection levels
consistent with the inspection frequency and the type of structure and details.

An initial inspection is the first inspection of a bridge as it becomes a part of a
bridge file, but the elements of an initial inspection may also apply when there has
been a change in configuration of the structure (e.g., widening, lengthening,
supplemental bents, etc.) or a change in bridge ownership. The initial inspection is
a fully documented investigation and is accompanied by load capacity ratings.
The purpose of this inspection is two-fold. First, an initial inspection provides all
Structure Inventory and Appraisal (SI&A) data. Second, it provides baseline
structural conditions and identification of existing problems.

Routine inspections are regularly scheduled inspections consisting of observations
and/or measurements needed to determine the physical and functional condition of
the bridge, to identify any changes from “initial” or previously recorded
conditions, and to ensure that the structure continues to satisfy present service
conditions. Inspection of underwater portions of the substructure is limited to
observations during low-flow periods and/or probing for signs of scour and
undermining. The areas of the structure to be closely monitored are those
determined by previous inspections and/or load rating calculations to be critical to
load-carrying capacity. Follow the plan of action for scour critical bridges.

According to the NBIS, inspect each bridge at regular intervals not to exceed 24
months. However, certain bridges require inspection at less than the 24-month
interval. Establish criteria to determine inspection frequency and intensity based
on such factors as age, traffic characteristics, and known deficiencies. Certain
bridges may be inspected at greater than 24-month intervals, not to exceed 48
months, with prior FHWA-approval. This may be appropriate when past
inspection findings and analysis justifies the increased inspection interval.

A damage inspection is an unscheduled inspection to assess structural damage
resulting from environmental factors or human actions. The scope of inspection is
sufficient to determine the need for emergency load restrictions or closure of the
bridge to traffic and to assess the level of effort necessary for an effective repair.
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An in-depth inspection is a close-up, inspection of one or more members above or
below the water level to identify any deficiencies not readily detectable using
routine inspection procedures. Hands-on inspection may be necessary at some
locations. When appropriate or necessary to fully ascertain the existence of or the
extent of any deficiencies, nondestructive field tests may need to be performed.
The inspection may include a load rating to assess the residual capacity of the
member or members, depending on the extent of the deterioration or damage. This
type of inspection can be scheduled independently of a routine inspection, though
generally at a longer interval, or it may be a follow-up for other inspection types.
For small bridges, the in-depth inspection includes all critical members of the
structure. For large and complex structures, these inspections may be scheduled
separately for defined segments of the bridge or for designated groups of elements,
connections, or details.

According to the NBIS, establish criteria to determine the level and frequency of
this type of inspection.

A fracture critical member (FCM) inspection is performed within arm's length of
steel members in tension, or with a tension element, who failure would probably
cause a portion of or the entire bridge to collapse. The FCM inspection uses visual
methods that may be supplemented by nondestructive testing. A very detailed
visual hands-on inspection is the primary method of detecting cracks. This may
require that critical areas be specially cleaned prior to the inspection and additional
lighting and magnification be used. Other nondestructive methods may be used at
the discretion of the Bridge Owner. Where the fracture toughness of the steel is
not documented, some tests may be necessary to determine the threat of brittle
fracture at low temperatures.

According to the NBIS, fracture critical members (FCMs) are to be inspected at
regular intervals not to exceed 24 months. However, certain FCMs require
inspection at less than 24-month intervals. Establish criteria to determine the
inspection level and frequency to which these members are inspected considering
such factors as age, traffic characteristics, and known deficiencies.

2.1.16



Underwater

Special (Interim)

CHAPTER 2: Fundamentals of Bridge Inspection
TOPIC 2.1: Duties of the Bridge Inspection Team

An underwater inspection is the inspection of the underwater portion of a bridge
substructure and the surrounding channel, which cannot be inspected visually at
low water by wading or probing, generally requiring diving or other appropriate
procedures.  Underwater inspections are an integral part of a total bridge
inspection plan. Scour evaluations are conducted for all bridges over water.
Determine the severity and extent of scour, immediately communicating and
documenting critical findings. Follow the plan of action for scour critical bridges.

Structural damage, scour and erosion due to water movement, drift, streambed
load, ice loading, navigation traffic collision, and deleterious effects of water
movement or of elements, are typical occurrences that could result in the decision
to conduct underwater inspections at shorter intervals.

According to the NBIS, underwater structural elements are inspected at regular
intervals not to exceed 60 months. However, certain underwater structural
elements require inspection at less than the 60-month intervals. Establish criteria
to determine the level and frequency to which these members are inspected
considering such factors as construction material, environment, age, scour
characteristics, condition rating from past inspections and known deficiencies.
Certain underwater structural elements may be inspected at greater than 60-month
intervals, not to exceed 72 months, with written FHWA-approval. This may be
appropriate when past inspection findings and analysis justifies the increased
inspection interval.

A special inspection is an inspection scheduled at the discretion of the Bridge
Owner. It is used to monitor a particular known or suspected deficiency, such as
foundation settlement or scour, fatigue damage, or the public’s use of a load posted
bridge. These inspections are not usually comprehensive enough to meet NBIS
requirements for routine inspections.

According to the NBIS, establish criteria to determine the level and frequency of

this type of inspection. Guidelines and procedures on what to observe and/or
measure are provided, and a timely process to interpret the field results is in place.
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Topic 2.2 Safety Fundamentals for Bridge

Inspectors

2.2.1

Importance of
Bridge Inspection
Safety

While completing the inspection in a timely and efficient manner is important,
safety is also a major concern in the field. Bridge inspection is inherently
dangerous and therefore requires continual watchfulness on the part of each
member of the inspection team. Attitude, alertness, and common sense are three
important factors in maintaining safety. To reduce the possibility of accidents,
bridge inspectors need to be concerned about safety.

Five key motivations for bridge inspection safety:

>

Injury and pain - Accidents can cause pain, suffering, and even death.
Careless inspectors can severely injure or even kill themselves or others on
the inspection team. Resulting pain and discomfort can hamper the
inspector for the rest of their life.

Family hardship - A worker’s family also suffers hardship when an
accident occurs. Not only is there loss of income, but there is also the
inability to participate in family activities. In the case of major disability,
the burden of caring for the injured person falls on family members.

Equipment damage - The repair or replacement of damaged equipment can
be very costly. There is also a cost associated with the loss of time while
the equipment is not available for use.

Lost production - The employer loses revenues associated with the
employee’s work, and also loses time and money spent on safety training
and equipment. Training additional inspectors to replace the injured
worker contributes to lost production. Lost production also affects the
bridge owner in terms of loses in revenue, time and money if a bridge is
closed longer than expected after an inspection accident.

Medical expenses - Whether coverage is an employee benefit, personal
insurance, or out of pocket, someone has to pay for medical expenses.
Ultimately, everyone is impacted by accidents through higher insurance
premiums.

Constantly be aware of safety concerns. Spending the effort to be safe pays big
dividends in avoided expenses and grief.
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2.2.2

Safety
Responsibilities

2.2.3

Personal Protection

Proper Inspection Attire

Inspection Safety
Equipment
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The employer is responsible for providing a safe working environment, including:

> Clear safety regulations and procedures
> Safety training
> Proper tools and equipment

The supervisor is responsible for maintaining a safe working environment,
including:

> Supervision of established job procedures
> Training in application of safety procedures
> Training in proper use of equipment

> Enforcement of safety regulations

Bridge inspectors are ultimately responsible for their own safety. The bridge
inspector's responsibilities include:

> Recognition of physical limitations — Recognize your limitations and
communicate them to your supervisor and inspection team members.

> Knowledge of rules and requirements of job — Verify that you understand
a particular task and that you are qualified to perform that task. If a
procedure appears to be unsafe, question it and constructively try to
develop a safer procedure.

> Safety of fellow workers — Do not act in a manner that endangers fellow
inspectors. Warn co-workers if they are doing something unsafe.

> Reporting an accident — If there is an accident, it is essential to report it to
a designated individual in your agency or company within the prescribed
time frame, usually within 24 hours. Promptly report any injury in order
to assure coverage, if necessary, under workmen’s compensation or other
insurance.

It is important to dress properly for the job. Be sure to wear field clothes that are
properly sized and appropriate for the climate. For general inspection activities,
wear boots with traction lug soles. For climbing of bridge components, wear boots
with a steel shank (with non-slip soles without heavy lugs), as well as gloves.
Wearing a tool pouch enables the inspector to carry tools and notes with hands free
for climbing and other inspection activities.

Safety equipment is designed to prevent injury. Use the equipment correctly in
order for it to provide protection. The following are some common pieces of
safety equipment:
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Hard Hat

A hard hat can prevent serious head injuries in two ways. First, it provides
protection against falling objects. The bridge site environment during inspection
activities is prone to falling objects. Main concerns are:

> Deteriorated portions of bridge components dislodged during inspection
> Equipment dropped by coworkers overhead
> Debris discarded by passing motorists

Secondly, a hard hat protects the inspector’s head from accidental impact with
bridge components. When inspections involve climbing or access equipment, the
inspector is frequently dodging various configurations of superstructure elements.
These superstructure elements can be sharp edged and are always unyielding. If
the inspector makes a mistake in judgement during a maneuver and impacts the
structure, a hard hat may prevent serious injury.

It is a good practice to always wear a hard hat (see Figure 2.2.1). Also, if the
inspector is free climbing, it is a good practice to wear a chinstrap with the hard
hat.

Figure 2.2.1 Inspector Wearing a Hard Hat

Reflective Safety Vest

When performing activities near traffic, the inspector is required to wear a safety
vest. Be sure the vest conforms to current OSHA and MUTCD standards. The
combination of bright color and reflectivity makes the inspector more visible to
passing motorists.  Safety is improved when the motorist is aware of the
inspector’s presence (see Figure 2.2.2).
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Figure 2.2.2 Inspector Wearing a Reflective Safety Vest

Safety Goggles

Eye protection is necessary when the inspector is exposed to flying particles.
Glasses with shatterproof lenses are not adequate if side protection is not provided.
It is also important to note that only single lens glasses be worn when climbing (no
bifocals).

Wear eye protection during activities such as:

> Using a hammer

> Using a scraper or wire brush
> Grinding

> Shot or sand blasting

> Power tools

Gloves

Although one may not immediately think of gloves as a piece of safety equipment,
they can prove to be an important safety feature. Wearing gloves protect the
inspector’s hands from harmful effects of deteriorated members (see Figure 2.2.3).
In many inspections, structural members have been deteriorated to the point where
the edges of the members have become razor sharp. These edges can cause severe
cuts and lacerations to the inspector’s hands that may become infected.
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Figure 2.2.3 Inspector Wearing Safety Goggles and Gloves

Life Jacket

Always wear a life jacket when working over water or in a boat (see Figure 2.2.4).
If an accident occurs, good swimmers may drown if burdened with inspection
equipment. Also, if knocked unconscious or injured due to a fall, a life jacket
keeps the inspector afloat. Also wear a life jacket when wearing hip or chest
waders. If an inspector slips or steps in an area that is too deep, their waders can
fill with water and drag them under, making swimming impossible.
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Figure 2.2.4 Inspector Wearing a Life Jacket
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Dust Mask / Respirator

A respirator or dust mask can protect the inspector from harmful airborne
contaminants and pollutants (see Figure 2.2.5). Consult agency or OSHA
regulations for approved types and appropriate usage.

Conditions requiring a respirator include:

>
>
>

Sand blasting

Painting

Exposure to dust from pigeon droppings (exposure to pigeon droppings
may result in histoplasmosis, a potentially very serious illness)

Work in closed or constricted areas
Hammering, scraping or wire brushing steel members with lead based
paints.

Figure 2.2.5 Inspector Wearing a Respirator
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Safety Harness and Lanyard

The safety harness and lanyard is the inspector’s lifeline in the event of a fall (see
Figure 2.2.6). Use this equipment as required by conditions. Make sure you
satisfy agency and OSHA requirements.

For example, some agencies require a safety harness be worn in the following
situations:

> At heights over 20 feet
> Above water
> Above traffic

Figure 2.2.6 Inspector with Safety Harness with a Lanyard

To reduce the possibility of injury, the maximum lanyard length limits a fall to 6
feet per OSHA regulations. Further protection can be achieved using a shock
absorber between the lanyard and the safety harness. The shock absorber reduces
g-forces through the controlled extension of nylon webbing, which is pre-folded
and sewn together. Two lanyards are required with one lanyard being tied off to a
solid structural member or to a safety line rigged always for this purpose. Use the
second lanyard to allow safe movement around obstacles connecting the second
lanyard before disconnecting the first lanyard in order to safely move along the
structure.

Do not tie off to scaffolding or its supporting cable. One of the reasons for tying
off is to limit your fall in case the rigging or scaffold fails. When working from a
under bridge inspection vehicle or bucket truck, tie off to the structure if possible.
Exercise extreme caution not to allow the equipment to be moved out from under
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General Causes

Specific Causes
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someone tied to the bridge. If the machine is being moved frequently, it is best to
tie off to the bucket or boom.

Boats/Skiff

There must be one rescue person present and specifically assigned to respond to
water emergencies at all times when the inspection over water is active. Whenever
possible, a manned boat/skiff should be in the water. Whenever possible, a manned
boat/skiff should be in the water. In the event of an accident in which someone
was to fall in to the water, the boat can rescue them quickly. This is especially
important if the individual has been rendered unconscious. In addition, it can also
be used to retrieve any equipment that may have been accidentally dropped by an
inspector. In situations where the use of a boat/skiff is not practical, a rescue
person should be stationed on the river bank with a life ring.

Accidents are usually caused by human error or equipment failure. Part of safety
awareness is acknowledging this and planning ahead to minimize the effects of
those errors or failures.

Accidents caused by equipment failure can often be traced to inadequate or
improper maintenance. Inspection, maintenance, and update of equipment can
minimize failures. Accidents caused by people are usually caused by an error in
judgment, thoughtlessness, or trying to take shortcuts.

Specific causes of accidents include the following:

> Improper attitude — distraction, carelessness, worries over personal
matters.

> Personal limitations — lack of knowledge or skill, exceeding physical
capabilities.

> Physical impairment — previous injury, illness, side effect of medication,
alcohol or drugs.

> Boredom - falling into an inattentive state while performing repetitive,
routine tasks.

> Thoughtlessness - lack of safety awareness and not recognizing hazards.

> Shortcuts - sacrificing safety for time.

> Faulty equipment — damaged ladder rungs, worn rope, frayed cables or
access equipment not inspected regularly.

> Inappropriate or loose fitting clothing.
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General
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Safety precautions can be divided in to several categories: General Precautions,
Climbing Safety, Confined Spaces, Vegetation, Night Work, Working Around
Water, and Culverts.

Mental Attitude

The inspector has to be mentally prepared to do a climbing inspection. A good
safety attitude is of foremost importance. Address the following three precautions:

>

Avoid emotional distress — Do not climb when emotionally upset. The
inspector who climbs needs to have complete control; otherwise the
chances of falling increase.

Awareness of surroundings — Always be aware of dangers associated with
inspection location when climbing. Do not become as engrossed in the job
as to step into mid-air.

Realize limitations — An inspector is to be confident the job can be
performed safely. If there is a feature that cannot safely be inspected with
the equipment available, do not inspect it. Highlight this fact in the notes
so that appropriate equipment can be scheduled if necessary. Do not hide
the fact that a particular bridge member was not inspected.

General Guidelines

Some general guidelines for safe inspections are as follows:

>

Keeping well rested and alert — Working conditions encountered during an
inspection are varied and can change rapidly requiring the inspector be fit
and attentive.

Maintaining proper mental and physical condition — Inspection tasks
require a multitude of motor skills. To perform at acceptable levels, the
inspector is to be physically fit and free from mental distractions.

Using proper tools — Do not try to use tools and equipment not suited for
the job.

Keeping work areas neat and uncluttered — Tools and equipment scattered
carelessly about the work area present hazards that can result in injury.

Establishing systematic methods — Establish methods early in the job and
utilize them so everyone knows what to expect of one another.

Follow safety rules and regulations — Adhere to the safety rules and
regulations established by the OSHA, the agency, and your employer.

Use common sense and good judgment — Do not engage in horseplay, and
do not take short cuts or foolish chances.

Do not use of intoxicants or drugs — Intoxicants impair judgment, reflexes,
and coordination.

Medication — Prescription and over-the-counter medications can cause
drowsiness or other unwanted and potentially dangerous side effects.
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> Electricity — This is a potential killer. Assume cables and wires to be hot
(live) even if they appear to be only telephone cables. The conditions
encountered on many bridges are conducive to electric shock. These
conditions include steel members, humidity, perspiration, and damp
clothing. Identify transmission lines on a structure prior to the inspection.
Shut down power lines. In rural areas, avoid electric fences since they can
be a hazard. Be aware that fiberglass posts eliminate the need for the
distinctive porcelain insulation, which once identified electric fences.

> Inspection over water — A safety boat is to be provided when working over
water. Be sure the boat is equipped with a life ring and radio
communication with the inspection crew.

> Waders — Use caution when wearing waders. If the inspector falls into a
scour hole, the waders can fill with water, making swimming impossible.

> Inspection over traffic — It is best to avoid working above traffic. If it
cannot be avoided, tie off equipment, such as hand tools and clip boards.

> Entering dark areas — Use a flashlight to illuminate dark areas prior to
entering as a precaution against falls, snakebites, and stinging insects.

> Vagrant people — Exercise caution when approaching a bridge where
homeless people are present. Explain to them an inspection of the bridge
is taking place, and the inspection team leaves the site as soon as possible.
Leave the bridge site immediately if there are any illegal activities or
perceived danger.

Working in Teams

Work in pairs. Do not take any action without someone else there to help in case
of an accident. Make sure someone else knows where you are. If someone seems
to be missing, locate that person immediately.

First Aid Training is recommended for bridge inspectors and is available through
organizations such as OSHA or the American Red Cross.

If an inspector is injured during an inspection, it is important to know First Aid
and/or cardiopulmonary resuscitation (CPR). The American Red Cross offers
training for First Aid, CPR and AED (automatic external defibrillator). Local fire
departments and the American Heart Association (AHA) can also provide training
for CPR.

There are two primary areas of preparation necessary for a safe climbing
inspection:

> Organization

> Inspection Equipment
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Figure 2.2.7 Inspection Involving Extensive Climbing

Organization

Organization of the Inspection - A good inspection procedure incorporates a
climbing strategy that minimizes climbing time. For example, beginning the day
with an inspection of a truss span from one bent and finishing at the next bent by
lunch time eliminates unproductive climbing across the span.

The inspection procedure needs to have an inspection plan so the inspection team
knows where to go, what to do, and what tools are needed to perform the
inspection. An organized inspection reduces the chance of the inspectors falling or
getting stuck in a position in which they are unable to get down.

Weather conditions are a primary consideration when organizing a climbing
inspection. Moderate temperatures and a sunny day are desirable.

Rain conditions warrant postponement of steel bridge inspections, as wet steel is
extremely slippery.

After a rainy day, be sure that your boots are free of mud, and use extreme caution
in areas where debris accumulation may cause a slippery surface.
Inspection Equipment

The inspection team needs to be well equipped to properly complete their
inspection.

Check personal attire for suitability to the job:

> Clothing — proper for climbing activities and temperature.
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Jewelry — Avoid wearing rings, bracelets, and necklaces. In an accident,
jewelry can become snagged and cause additional injury.

Eyeglasses — wear only single lens glasses; do not wear bifocals because
split vision impairs ability to climb safely.

Check inspection equipment for proper use and condition.

Ladders

Accidents involving ladders are the most common type of inspection-related
accident. Refer to and follow OSHA for rules applicable to stairways and ladders.

In order to use a ladder properly, consider the following:

>

YV V V V

A\

Proper ladder length for the job.

4 to 1 tilt with blocked and secured bottom (see Figure 2.2.8).

An assistant for ladders over 25 feet, and making sure the top is tied off.
Inspecting the ladder, prior to use, for cracked or defective rungs and rails.

Correct climbing technique using both hands, facing the ladder, and
keeping the inspector’s center of gravity or belt buckle over the rungs.

Using a hand line to lift equipment or tools.
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Scaffolding

Refer to and follow OSHA for rules applicable to scaffolding. Check scaffolding
for the height and load capacity necessary to support the inspection team.

Load tests can be performed on the ground with planned equipment and personnel.
Perform a daily inspection for cracks, loose connections, and buckled or weak
areas prior to use.

Timber Planks

Never use single planks. Use two or more planks securely cleated together.
Securely attach plank ends to their supports. Inspect planks for knots, splits,
cracks, and deterioration prior to use.

Inspection Vehicles

Use of platform trucks, bucket trucks, and underbridge inspection vehicles may be
necessary to access elements during an inspection (see Figure 2.2.9). Confirm that
they are in safe operating condition. Only use such equipment when placed on a
firm surface at a slope not exceeding the manufacturer’s recommendations. Use
extreme caution when operating near traffic.

Figure 2.2.9 Bucket Truck

Catwalks and Travelers
Permanent inspection access devices are ideal. However, be on guard for

misalignment and deterioration of elements, such as flooring, hand-hold rods, and
cables (see Figure 2.2.10).
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Figure 2.2.10 Inspection Catwalk

Rigging

Be familiar with proper rigging techniques. The support cables need to be at least
one-half inch in diameter. The working platform or "stage" need to be at least 20
inches wide. Use a line or tie-off cable separate from the primary rigging.

Use common sense with regard to rigging. Do not blindly trust the people
arranging the rigging. Mistakes by riggers can cause life threatening accidents. If
a method is unsafe or doubtful, question it and get it changed if necessary. Do not
rely on ropes or planks left on the bridge by prior work. They may be rotted or not
properly attached.
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Safety Concerns

Inspection of box girder bridges, steel box pier caps, steel arch rings, arch ties,
cellular concrete structures, and long culverts is often categorized as confined
spaces. Confined space entry is regulated by Occupational Safety and Health
Administration (OSHA) and requires proper training, equipment, and permitting.

There are four major concerns when inspecting a confined space:
> Lack of oxygen — an oxygen content above 19% is needed for the
inspectors to remain conscious

> Toxic gases — generally produced by work processes such as painting,
burning, and welding or by operation of internal combustion engines

> Explosive gases — natural gas, methane, or gasoline vapors may be present
naturally or due to leaks

> Lack of light — many confined spaces are totally dark (inspector cannot see
any potential hazards such as depressions, drop-offs, or dangerous
animals)
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Night work
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Safety Procedures

When inspecting a confined area, use the safety standards prescribed by OSHA

and any additional agency or employer requirements. The following is a general

description of the basic requirements. Refer to OSHA for specifics.

Pre-entry air tests:

> Test for oxygen with an approved oxygen testing device

> Test for other gases, such as carbon monoxide, hydrogen sulfide, methane,
natural gas, and combustible vapors

Mechanical ventilation:

> Pre-entry — Check oxygen and gas levels and verify acceptability for a
minimum prescribed time prior to entry.

> During occupancy — Regardless of activity, use continuous ventilation.
Test for oxygen and other gases at prescribed intervals during occupancy.

Basic safety procedures:

> Avoid use of flammable liquids in the confined area.

> Position inspection vehicles away from the area entrance to avoid carbon
monoxide fumes.

> Perform operations that produce toxic gases "down-wind" of the operator
and the inspection team.

> Position gasoline powered generators "down-wind" of operations.

> Carry approved rescue air-breathing apparatus.

> Use adequate lighting with an appropriate backup system and lifelines

when entering dark areas, such as box girders and culverts.

> Perform the inspection in pairs, with a third inspector remaining outside of
dark or confined areas with means to communicate with inspectors.

Be aware of any vegetation located around any substructures. Poison ivy, oak and
sumac are examples of vegetation which can cause skin irritations if touched by
someone. Also, it is important to be aware of any tall vegetation which could hide
holes in the ground and lead to possible injury if not found. Tall vegetation can
also hide other tripping hazards.

When working at night, it is important to be properly dressed. This is necessary so
the inspectors can be more visible by passing motorists. It can be accomplished by
wearing a safety vest which has both bright colors and reflectivity. The use of
proper temporary traffic control also helps motorists be aware that there are
workers ahead.
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Wading

When wading in water, it is important to be aware of any scour holes and be
careful not slip or fall on objects in the water. If an inspector slips or steps into a
scour hole, their waders can fill with water and drag them under, making
swimming impossible. It is also important to wear a life vest while wading to help
prevent the inspector from being pulled down if the waders were to fill up with
water. It is beneficial for the inspector to carry and use probing rod to locate scour
holes and soft stream bed material. Be mindful of potentially dangerous aquatic
life.

Drowning

Extensive streambed scour may result in channel depressions. During periods of
low flow the depth of water in these holes may be significantly greater than the
remainder of the streambed. This could give the inspector the impression that
wading is safe. It is advisable that the inspector use a probing rod to check water
depth wherever he/she plans to walk.

Storms may generate high flows in culverts very quickly. This creates a dangerous
situation for the inspectors. It is not uncommon for culverts to carry peak flow
long before a storm reaches the culvert site. Be cautious whenever storms appear
imminent.

Underwater

When performing an underwater inspection, particularly in low visibility and/or
high current situations, use extreme care and be sure to watch for drift and debris
at any height in the water. See Topic 13.3.2, for additional safety concerns.

There are several hazards that can be encountered when performing a culvert
inspection. Being aware of these situations and exercising proper precautions
protect the inspector from these dangerous and potentially life threatening hazards.
The following are some of the hazardous conditions an inspector may encounter.

> Inadequate Ventilation

> Drowning

> Quick Sand Conditions at the Outlet
> Potentially dangerous wildlife

Inadequate Ventilation

Culverts with inadequate ventilation can develop low oxygen levels or high
concentrations of toxic and/or explosive gases. This is a big concern when one
culvert end may be blocked or inspection is being performed on a long culvert.

If air quality is suspect, perform tests to determine the concentration of gases.
Testing devices may be as simple as badges worn by inspectors that change colors
when in the presence of a particular gas. Devices may also be sophisticated
instruments that measure the concentration of several gases.
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Observe confined space entry requirements when inspecting a long culvert or any
culvert with restricted ventilation.

Quicksand Conditions at the Outlet
Quicksand conditions can occur in sandy streambeds, especially at the outlet end
of the culvert. Be aware of these conditions and proceed with caution in

geographical areas known to have these problems.

Working Around Traffic Do not obstruct traffic during bad weather. Avoid the inspection of the top of
concrete decks during or just after it rains (see Figure 2.2.12).

{

Figure 2.2.12 Inclement Weather Causing Slippery Bridge Members and Poor
Visibility for Motorists
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Topic 2.3 Temporary Traffic Control

2.3.1

Introduction

2.3.2

Philosophy and
Fundamental
Principles

Bridge inspection usually only requires traffic control procedures for a relatively
short term closure Long term closures for construction activity which use concrete
barriers are not included in this topic.

Figure 2.3.1 Temporary Traffic Control Operation

Bridge inspection, like construction and maintenance activities on bridges, often
presents motorists with unexpected and unusual situations. Most state agencies
have adopted the Federal Manual on Uniform Traffic Control Devices for Streets
and Highways (MUTCD). Some states and local jurisdictions, however, issue their
own standard manuals or drawings.

When working in an area exposed to traffic, check and follow the existing agency
standards. These standards prescribe the minimum procedures for a number of
typical applications and the proper use of standard temporary traffic control
devices such as cones, signs, and flashing arrow-boards (see Figure 2.3.1).
Sometimes after initial installation, temporary traffic control may need revised to
provide adequate protection to motorists, pedestrians or inspectors.

Temporary traffic control devices used on street and highway construction or
maintenance work need to conform to the applicable standards of the MUTCD and
the agency.

Minimize inspection time to reduce exposure to potential hazards without
compromising the thoroughness of the inspection. Principles and procedures
which have been shown to enhance the safety of motorists, pedestrians, and bridge
inspectors in the vicinity of work areas include the following:
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Inform the Motorists

Control The Motorists

Provide a Clearly
Marked Path
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Traffic safety in work zones is an integral and high priority element of every
inspection project, from the planning stage to performance of the inspection. Keep
in mind the safety of the motorist, pedestrian, and worker.

The basic safety principles governing the design of temporary traffic control for
roadways and roadsides, govern the design of inspection sites. The goal is to route
traffic through such areas with geometrics and temporary traffic control devices
comparable to those for normal highway situations. Clearly communicate to the
driver the notice of work site locations and guidance through these sites.

A temporary traffic control plan, in detail appropriate to the complexity of the
work project, is prepared and understood by the responsible parties before the site
is occupied. The official trained in safe traffic control practices approves any
changes in the temporary traffic control plan.

Inhibit traffic movement as little as practical. Design temporary traffic control in
work sites on the assumption that motorists only reduce their speeds if they clearly
perceive a need to do so. Avoid reducing the speed zoning as much as practical.

The objective is a traffic control plan that uses a variety of temporary traffic
control measures and devices in whatever combination necessary to assure smooth,
safe vehicular movement past the work area and at the same time provide safety
for the equipment and the workers on the job. Avoid frequent and abrupt changes
in geometrics, such as lane narrowing, dropped lanes, or main roadway transitions
that require rapid maneuvers.

Make provisions for the safe operation of work vehicles, particularly on high
speed, high volume roadways. This includes the use of roof mounted flashing
lights or flashers when entering or leaving the work zone. This also includes
considering the number of lanes that can be closed at one time for an operation.
While it might be most cost efficient to inspect the entire floor system from left to
right, temporary traffic control may dictate working partial width, a few stringers
at a time.

A good traffic control plan provides safe and efficient movement of motorists and
pedestrians and the protection of bridge inspectors at work areas.

Provide adequate warning, delineation, and channelization to assure the motorist
positive guidance in advance of and through the work area. Use proper signing and
other devices which are effective under varying conditions of light and weather.

The maintenance of roadside safety requires constant attention during the life of
the work because of the potential increase in hazards. Remove temporary traffic
control devices immediately when no longer needed.

To accommodate run-off-the-road incidents, disabled vehicles or other emergency
situations, it is desirable to provide an unencumbered roadside recovery area that is
as wide as practical.

Accomplish the channelization of traffic by the use of cones, barricades, and other
lightweight devices which yield when hit by errant vehicles.
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Store equipment and materials in such a manner as not to be vulnerable to run-off-
the-road vehicle impact, whenever practical. Also, provide adequate attenuation
devices when safe storage is not available.

Traffic represents as great, or even greater, threat to the inspector’s safety than
climbing high bridges. The work zone is intended to be a safe haven from traffic
so the inspectors can concentrate on doing their jobs.

As such, the work zone needs to be clearly marked so as to guide the motorist
around it and, insofar as possible, prevent errant vehicles from entering (see Figure
2.3.2). To minimize traffic disruption, the work zone needs to be as compact as
possible, but wide enough and long enough to permit access to the area to be
inspected and allow for safe movement of workers and equipment. The end of the
work zone is to be clearly signed as a courtesy to the motorist.

Figure 2.3.2 Work Zone
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Inspection vehicles and equipment need to be made visible to the motorists with
flashing marker lights or arrow boards as appropriate (see Figure 2.3.3).

Use roof mounted flashing lights or flashers on vehicles entering and exiting the
work zone to distinguish them from other motorists’ vehicles. Also, vehicles are
to use extreme caution when moving in and out of the work zone. Allow motorists
ample time to react to the vehicle's movements.

Figure 2.3.3 Inspection Vehicles with Flashing Light

Individuals in a work zone are to wear approved safety vests and hard hats for
visibility and identification. They also help make the inspector look “official” to
the public. Also, it is important for the inspector to stay within the work zone for
their own safety.
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Each bridge inspection project is different and has traffic concerns that are unique
to that location. Selection of the proper temporary traffic control devices for each
location is dependent upon many factors. Though there are several different types
of temporary traffic control devices, there are some basic principles for efficient
temporary traffic control devices:

1. Temporary traffic control devices are to be visible and attention getting.
Devices in good condition are preferred.

> Bright colors make devices easier for motorists to see. Standard
colors are orange and white (MUTCD).

> Signs that are legible and color distinguishable at night as well as
during the day. Nighttime sign visibility is provided through
retroreflectivity, which is accomplished by spherical glass beads
or prismatic reflectors in the sign material, or illumination.

> Properly sized for the roadway so they can be seen by the
motorists.
2. Temporary traffic control devices are to give clear direction.
3. Temporary traffic control devices are to command respect and be official

(MUTCD). These devices need to look professional and be geared to the
class of highway, speeds and traffic involved. Haphazard traffic control
gives the public a bad perception of the rest of the project as well.

State agencies have been mandated to adopt the Federal MUTCD. When
working in an area exposed to traffic, check and follow the agency
standards. These standards prescribe the minimum methods for a number
of typical applications and the proper use of standard traffic control
devices.

4. Temporary traffic control devices are to elicit the proper response at the
proper time.

> The decision process includes the classical chain of sensing,
perceiving, analyzing, deciding, and responding.

> The average perception-reaction time of a driver is 2.5 seconds.
At 60 mph, the 2.5 seconds translates to 220 feet. Additional time
and distance is required for a specific action taken such as “hitting
the brakes”.

> Temporary traffic control accommodates a wide range of vehicles
(from small compact cars to large combination tractor-trailers) and
driver skills, which may be impaired by alcohol, drugs,
drowsiness, or use of cell phones.

Advance warning is essential to get the right response from drivers. The
MUTCD provides guidance on the positioning of advance warning signs
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for specific traffic control applications.

These basic principles for temporary traffic control devices have been factored into
the various agencies’ procedures for work area traffic control. These procedures
represent efforts by trained people. Do not change traffic patterns without
consulting the MUTCD, agency standards or traffic control personnel.

Types of temporary traffic control signs include the following:

>

Regulatory — Inform motorists of traffic laws or regulations and indicate
the applicability of legal requirements that are not apparent. These signs
are authorized by the public agency or official having jurisdiction.
Examples include "Speed Limit", "DO NOT PASS", which may require
special authority (see Figure 2.3.4).

Warning — Notify road users of specific situations or conditions on or
adjacent to a roadway that might not be apparent. They may be used by
themselves or in combination with other advance warning signs.
Examples include "Bridge Inspection”, "Work Area Ahead", and "Slow"
messages (see Figure 2.3.5).

Guide Signs - Directional and destination signs that provide motorists with
information to help them through a temporary traffic control zone. They
are not used for bridge inspection traffic control unless a detour is
established (see Figure 2.3.6).

Arrow boards — Used to advise approaching motorists of a lane closure
along major multi-lane roadways in situations involving heavy traffic
volumes, and/or limited sight distances, or at other location and under
other conditions where road users are less likely to expect such lane
closures. Use them in combination with the appropriate signing,
channelization devices and other temporary traffic control devices (see
Figure 2.3.7)

Changeable message signs — Provide motorists with the notice of
unexpected situations. They may present the motorist with complex
messages, important information, and real time conditions.(see Figure
2.3.8)
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Figure 2.3.5 Warning Sign

E5-3

ES5-2 E5-2a M4-B M4-Ba
M4-8b M4-9 M4-9a M4-9b M4-9¢ M4-10

Figure 2.3.6 Examples of Guide Signs
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Figure 2.3.7 Arrow Board

Figure 2.3.8 Changeable Message Sign

The functions of channelizing devices are to warn and alert drivers of hazards
created by construction or maintenance activities in or near the traveled way and to
guide and direct drivers safely past the hazards.

Devices used for channelization provide a smooth and gradual transition in moving
traffic from one lane to another, onto a bypass or detour, or in reducing the width
of the traveled way. They need to be constructed so as not to inflict any undue
damage to a vehicle that inadvertently strikes them.

Channelizing devices are elements in a total system of traffic control devices for
use in highway construction and maintenance operations. These elements are
preceded by a subsystem of warning devices that are adequate in size, number, and
placement for the type of highway on which the work is to take place.
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Typical channelizing devices include the following:

>

Cones — Used to channelize motorists, divide opposing traffic lanes, divide
lanes when two or more lanes are kept open in the same direction, and
delineate short duration maintenance and utility work including bridge
inspections. Predominately orange and made of material that can be
struck without causing damage to the impacting vehicle and are primarily
used during the day. Consult the appropriate governing agency and
MUTCD to determine the specific requirements for cones, such as size and
features, which depend on the application. (see Figure 2.3.9) Drums —
Used for road user warning or channelization and are constructed from
lightweight, deformable materials. They provide the motorist a highly
visible and respectable warning of upcoming conditions. For the bridge
inspector, drums are portable enough to be shifted place to place within a
work zone to accommodate changing conditions (see Figure 2.3.10).

Tubular markers — Predominately orange and made of a material that can
be struck without causing damage to an impacting vehicle. Consult the
appropriate governing agency and MUTCD to determine the specific
requirements for tubular markers, which depends on the application.
These devices are not as common for bridge inspection as cones (see
Figure 2.3.11).

Vertical panels — May be used to channelize vehicular traffic, divide
opposing lanes, or replace portable lightweight barricades. The diagonal
orange and white stripes pointing downward indicate the direction
motorists are to pass (see Figure 2.3.12).

Temporary traffic barrier — Not considered temporary traffic barriers by
themselves. When placed in a position identical to a line of channelizing
devices and marked and/or equipped with appropriate channelization
features to provide guidance, they serve as traffic control devices. Not
only do they serve to direct motorists, but they also protect the workers.
These are seldom applicable to bridge inspection due to the short duration
of the work (see Figure 2.3.13).
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Figure 2.3.10 Drums
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Figure 2.3.12 Vertical Panel
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Figure 2.3.13 Temporary Traffic Barriers

Another type of control device is lighting. Lighting devices are used to
supplement retroreflectorized signs, barriers, and channelizing devices. Examples
of lighting include the following:

> Warning lights - Attached to signs or other devices to attract attention or
for night visibility. Flashers are commonly placed on maintenance and
inspection vehicles, as well as drums, vertical posts, and other
channelization devices (see Figure 2.3.14).

> Floodlights — Inspection, utility, maintenance, or construction activities are
sometimes conducted during nighttime periods when vehicular traffic
volumes are lower. Bridge inspections may be conducted during these
hours on high volume roadways to avoid additional congestion from
daytime traffic. During these periods, floodlights used to illuminate the
work area, equipment crossings, and other areas.
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Figure 2.3.14 Warning Lights

A number of hand signalizing devices, such as STOP/SLOW paddles, flashing
lights, flashlights, and red flags, are used to control traffic through work zones.
The sign paddle bearing the clear messages “STOP" or "SLOW" provides
motorists with more positive guidance than flags and is generally the primary hand
signaling device. If permitted by the agency, limit flag use to emergency
situations and at spot locations that can best be controlled by a single flagger.

Since flaggers are responsible for human safety and make the greatest number of
public contacts of any inspection personnel, it is important that qualified personnel
be selected. The following are qualifications for a flagger:

> Ability to receive and communicate specific instructions clearly, firmly,
and courteously

> Ability to move and maneuver quickly in order to avoid danger from
errant vehicles

> Ability to control signaling devices (such as paddles and flags) in order to

provide clear and positive guidance to drivers approaching a TTC zone in
frequently changing situations

> Ability to understand and apply safe traffic control practices, sometimes in
stressful or emergency situations
> Ability to recognize dangerous traffic situations and warn workers in

sufficient time to avoid injury

For daytime and nighttime activity, flaggers shall wear high-visibility safety
apparel that meets Performance Class 2 or 3 requirements of the ANSI/ISEA 107-
2004 publication titled American National Standard for High-Visibility Apparel
and Headwear. The apparel background (outer) material shall be fluorescent
orange-red, fluorescent yellow-green, or a combination of the two as defined in the
ANSI standard. The retroreflective material shall be orange, yellow, white, silver,
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yellow-green, or a fluorescent version of these colors, and shall be visible at a
minimum distance of 1,000 feet. The retroreflective safety apparel shall be
designed to clearly identify the wearer as a person.

For nighttime activity, high-visibility safety apparel that meets the Performance
Class 3 requirements of the ANSI/ISEA 107-2004 publication should be
considered for flagger wear.

Flaggers are provided at work sites to stop traffic intermittently as necessitated by
work progress. They also maintain continuous traffic past a work site at reduced
speeds to help protect the work crew. For both of these functions, the flagger is
always clearly visible to approaching traffic for a distance sufficient to permit
proper response by the motorist to the flagging instructions and to permit traffic to
reduce speed before entering the work site. In positioning flaggers, consideration
is given to maintaining color contrast between the work area background and the
flagger’s protective garments.
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PREFERRED METHOD EMERGENCY SITUATIONS ONLY
STOP/SLOW Paddle Red Flag
18 inches

TO LET
TRAFFIC PROCEED

TO ALERT AND
SLOW TRAFFIC

Figure 2.3.15 Use of Hand Signaling Devices by Flagger (from Manual on
Uniform Traffic Control Devices (MUTCD))

Use the following methods of signaling with sign paddles (see Figure 2.3.15):

> To stop traffic, the flagger faces the motorists and aims the STOP paddle
face toward the traffic in a stationary position with the arm extended
horizontally away from the body. The free arm is held with the palm of the
hand above shoulder level toward approaching traffic.
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> To direct traffic to proceed, the flagger faces the motorists with the SLOW
paddle face aimed toward the traffic in a stationary position with the arm
extended horizontally away from the body. The flagger motions with the
free hand for traffic to proceed.

> To alert or slow traffic, the flagger faces the motorists with the SLOW
paddle face aimed toward the motorists in a stationary position with the
arm extended horizontally away from the body.

Use the following methods of signaling with a flag (see Figure 2.3.15):

> To stop traffic, the flagger faces the motorists and extends the flag staff
horizontally across the traffic lane in a stationary position so that the full
area of the flag is visibly hanging below the staff. The free arm may be
held with the palm of the hand above shoulder level toward approaching
traffic.

> To direct stopped traffic to proceed, the flagger faces the motorists with
the flag and arm lowered from the view of the drivers, and motions with
the free hand for road users to proceed. Flags are not to be used to signal
road users to proceed.

> To alert or slow traffic, the flagger faces the motorists and slowly waves
the flag in a sweeping motion of the extended arm from shoulder level to
straight down without raising the arm above a horizontal position. The
flagger keeps the free hand down.

For flagging traffic at night, lights approved by the appropriate highway authority
or reflectorized sign paddles or reflectorized flags are used.

Whenever practicable, the flagger advises the motorist of the reason for the delay
and the approximate period that traffic is halted. Flaggers and operators of
machinery or trucks are made to understand that every reasonable effort is to be
made to allow the driving public the right-of-way and prevent excessive delays.

Locate flagger stations far enough in advance of the work site so that approaching
traffic have sufficient distance to reduce speed before entering the project. This
distance is related to the approach speed and physical conditions at the site (see
Figure 2.3.16). In urban areas, where speeds are low and streets are closely
spaced, the distance is decreased.
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Speed* Distance
20 mph 115 feet
25 mph 155 feet
30 mph 200 feet
35 mph 250 feet
40 mph 305 feet
45 mph 360 feet
50 mph 425 feet
55 mph 495 feet
60 mph 570 feet
65 mph 645 feet
70 mph 730 feet
75 mph 820 feet

* Posted speed, off-peak 85th-percentile
speed prior to work starting, or the
anticipated operating speed
Figure 2.3.16 Stopping Sight Distance as a Function of Speed (from Manual on
Uniform Traffic Control Devices (MUTCD))

The flaggers stand either on the shoulder adjacent to the traffic being controlled or
in the barricaded lane (see Figure 2.3.17). At a spot obstruction, a position may
have to be taken on the shoulder opposite the barricaded section to operate
effectively. Under no circumstances is a flagger to stand in the lane being used by
moving traffic. The flagger always is clearly visible to approaching traffic. For
this reason, the flagger has to stand alone, never permitting a group of workers to
congregate around the flagger station. The flagger is stationed sufficiently in
advance of the work force to warn them of approaching danger, such as out-of-
control vehicles.

Figure 2.3.17 Flagger with Stop/Slow Paddle
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Adequately protect flagger stations and precede them by proper advance warning
signs. At night, adequately illuminate flagger stations.

At short lane closures where adequate sight distance is available for the safe
handling of traffic, the use of one flagger may be sufficient.

Where traffic in both directions use a single lane for a limited distance, make
provisions for alternate one-way movement to pass traffic through the constricted
work zone. At a spot obstruction, such as a short bridge, the movement may be
self-regulating. However, where the one-lane section is of any length, there needs
to be some means of coordinating movements at each end so that vehicles are not
simultaneously moving in opposite directions in the work zone and so that delays
are not excessive at either end. Chose control points at each end of the route so as
to permit easy passing of opposing lines of vehicles.

Alternate one-lane, two-way temporary traffic control may be facilitated by the
following means:

> Flagger control

> Flag transfer

> Pilot car

> Temporary traffic signals
> Stop or yield control

Flagger control is usually used for bridge inspection, where the one-lane section is
short enough so that each end is visible from the other end. Traffic may be
controlled by means of a flagger at each end of the section. Designate one of the
two as the chief flagger to coordinate movement. They are able to communicate
with each other verbally or by means of signals. These signals are not such as to
be mistaken for flagging signals.

Where the end of a one-lane, two-way section is not visible from the other end, the
flaggers may maintain contact by means of radio or cell telephones. So that a
flagger may know when to allow traffic to proceed into the section, the last vehicle
from the opposite direction can be identified by description or license.

Shadow Vehicles with truck mounted attenuators (TMAS) are used to prevent
vehicles from entering the work zone if the motorist drifts into the lane closure.
Each agency has its own specific requirements, but a shadow vehicle is generally
employed any time a shoulder or travel lane is occupied by workers or equipment.
Shadow vehicles are equipped with appropriate lights and warning signs which
may be used for stationary operations for additional protection of occupants and
vehicles within the work zone.

> The requirements for the truck itself vary, but high visibility with flashing
lights, a striped panel, or an arrow board on the rear of a vehicle of a
specified minimum weight is generally required.

> Some agencies recommend the use of truck or trailer mounted attenuators
(see Figure 2.3.18). This protects the motorist, as well as the inspectors.
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Figure 2.3.18 Shadow Vehicle with Attenuator

per

On some inspection projects, police assistance may be helpful and even required.
The presence of a patrol car aids in slowing and controlling the motorists. At a
signalized intersection near a job site, a police officer may be required to ensure
traffic flows properly and smoothly.

Some states have specialized traffic crews for high traffic roads. They are used
due to their specialized training, allowing for a safer work environment.

Since the fundamental goal of bridge inspection is to enhance public safety, it
makes little sense to endanger that same public by inadequate traffic control
measures. Temporary traffic control does take time, money, and effort. It is,
however, a necessary part of the business of bridge inspection.

In the broadest sense, the motorist is the customer of everyone in the transportation
industry. Like everyone else, bridge inspectors need to treat customers well by
inconveniencing them as little as possible and protecting their safety. This means
providing well thought out, clear, and effective traffic control measures.

Also consider pedestrians. If a walkway is to be closed, be sure it is properly
signed and barricaded. Indicate an alternate route for the pedestrian, if necessary
through or preferably around the work zone.

Each person whose actions affect inspection, maintenance and construction zone
safety (from the upper-level management personnel to construction and
maintenance field personnel) need training appropriate to the job decisions each
individual is required to make. Only those individuals who are qualified by means
of adequate training in safe traffic control practices and have a basic understanding
of the principles established by applicable guidelines and regulations supervise the
selection, placement, and maintenance of temporary traffic control devices in
bridge safety inspection, maintenance, and construction areas.

2.3.19



Responsibility

CHAPTER 2: Fundamentals of Bridge Inspection
TOPIC 2.3: Temporary Traffic Control

Legally and morally, it is the inspector’s responsibility to follow the regulations
and guidelines of the agency having jurisdiction.

The primary goal of good traffic control is safety — safety of the workers,
motorists, and pedestrians. If there is an accident, the secondary goal is to be able
to defend yourself and your employer. Accidents bring lawsuits. Lawsuits bring
inquiries about who is responsible. Temporary traffic control is one thing that is
investigated. Anything not done in accordance with published standards,
regulations, and directives could bring blame upon whoever violated them. Being
blamed for an accident is expensive and damaging.
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Topic 2.4 Inspection Equipment

24.1

Equipment
Necessity

2.4.2

Standard Tools

Several factors play a role in what type of equipment is needed for an inspection.
Bridge location and type are two of the main factors in determining equipment
needs. If the bridge is located over water, certain pieces of equipment such as
life jackets and boats are necessary to have. Also, if the bridge is made of
timber, then specific pieces of equipment like timber boring tools and ice picks
are needed, whereas they are not necessary on a steel or concrete bridge.
Another factor influencing equipment needs is the type of inspection. It is
therefore important to review every facet about the bridge before beginning an
inspection. A few minutes spent reviewing the bridge files and making a list of
the necessary equipment can save hours of wasted inspection time in the field if
the inspectors do not have the required equipment.

In order for the inspector to perform an accurate and comprehensive inspection,
the proper tools are to be used. Standard tools that an inspector uses at the
bridge site can be grouped into seven basic categories:

> Tools for cleaning (see Figure 2.4.1)
Tools for inspection (see Figure 2.4.2)
Tools for visual aid (see Figure 2.4.3)
Tools for measuring (see Figure 2.4.4)
Tools for documentation

Tools for access

Miscellaneous equipment

YVV VYV YV

Figure2.4.1  Tools for Cleaning
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Figure 2.4.3  Tools for Visual Aid
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Figure 2.4.4  Tools for Measuring

Tools for cleaning include:

>
>

>
>
>

Wisk broom - used for removing loose dirt and debris

Wire brush - used for removing loose paint and corrosion from steel
members

Scrapers - used for removing corrosion or growth from member surfaces
Flat bladed screwdriver - used for general cleaning and probing
Shovel - used for removing dirt and debris from bearing areas

Tools for inspection include:

YV VYV V

Pocket knife - used for general duty

Ice pick - used for surface examination of timber members

Hand brace and bits - used for boring suspect areas of timber members
Timber boring tools - used for internal examination of timber members

Chipping hammer with leather holder (16 ounce geologist's pick) - used
for loosening dirt and rust scale, sounding concrete, and checking for
sheared or loose fasteners

Plumb bob - used to measure vertical alignment of a superstructure or
substructure member

Tool belt with tool pouch - used for convenient holding and access of
small tools

Chain drag - used to identify areas of delamination on concrete decks
Range pole / probe - used for probing for scour holes
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Tools for visual aid include:

>

>

Binoculars - used to preview areas prior to inspection activity and for
examination at distances

Flashlight - used for illuminating dark areas

Lighted magnifying glass (e.g., five power and 10 power) - used for close
examination of cracks and areas prone to cracking

Inspection mirrors - used for inspection of inaccessible areas (e.g.,
underside of deck joints)

Dye penetrant - used for identifying cracks and their lengths

Tools for measuring include:

>

>

>

Pocket tape (six foot rule) - used to measure deficiencies and member and
joint dimensions

25 foot and 100 foot tape - used for measuring component dimensions

Calipers - used for measuring the thickness of a member beyond an
exposed edge

Optical crack gauge - used for precise measurements of crack widths
Paint film gauge - used for checking paint thickness

Tiltmeter and protractor - used for determining tilting substructures and
for measuring the angle of bearing tilt

Thermometer - used for measuring ambient air temperature and
superstructure temperature

Four foot carpenter's level - used for measuring deck cross-slopes,
approach pavement settlement and substructure alignment

D-Meter (ultrasonic thickness gauge) - used for accurate measurements of
steel thickness

Electronic Distance Meter (EDM) - used for accurate measurements of
span lengths and clearances when access is a problem

Line level and string line

Tools for documentation include:

>

A\ 4

Inspection forms, clipboard, and pencil - used for record keeping for most
bridges

Note books - used for additional record keeping for complex structures
Straight edge - used for drawing readable sketches

Digital camera - used to provide digital images of deficiencies which can
be downloaded and e-mailed for instant assessment

Chalk, kiel, paint sticks, or markers - used for member and defect
identification for improved organization and photo documentation

Center punch - used for applying reference marks to steel members for
movement documentation (e.g., bearing tilt and joint openings)

"P-K" nails - Parker Kalon masonry survey nails used for establishing a
reference point necessary for movement documentation of substructures
and large cracks
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Some common tools for access include:

» Ladders - used for substructures and various areas of the superstructure
» Boat - used for soundings and inspection; safety for over water work

» Rope - used to aid in climbing

» Waders - used for shallow streams

Tools for access are described in further detail in Topic 2.5.2.
Miscellaneous equipment includes:

> "C"-clamps - used to provide a "third hand" when taking difficult
measurements

Penetrating oil - aids removal of fasteners, lock nuts, and pin caps when
necessary

Insect repellent - reduces attack by mosquitoes, ticks, and chiggers
Wasp and hornet killer - used to eliminate nests to permit inspection
First-aid kit - used for small cuts, snake bites, and bee stings

Dust masks or respirators - used to protect against inhalation in dusty
condition or work around pigeon droppings

A\ 4
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> Coveralls - used to protect clothing and skin against sharp edges while
inspecting

> Life jacket - used for safety over water

> Cell phone - used to call in emergencies

> Toilet paper - used for other "emergencies” (better safe than sorry)

For the routine inspection of a common bridge, special equipment is usually not
necessary. However, with some structures, special inspection activities require
special tools. These special activities are often subcontracted by the agency
responsible for the bridge. These inspectors are familiar with the special
equipment and its application.

Special circumstances may require the use of a transit, a level, an incremental rod,
or other survey equipment. This equipment can be used to establish a component's
exact location relative to other components, as well as an established reference
point.

Non-destructive evaluation (NDE) is the in-place examination of a material for
structural integrity without damaging the material. NDE equipment allows the
inspector to "see" inside a bridge member and assess deficiencies that may not be
visible with the naked eye. Generally, a trained technician is necessary to conduct
NDE and interpret their results. For a more detailed description of NDE, refer to
Topics 15.1.2, 15.2.2, and 15.3.2.

Underwater inspection is the examination of substructure units and the channel
below the water line. When the waterway is shallow, underwater inspection can
be performed above water with a simple probe. Probing can be performed using a
range pole, piece of reinforcing steel, a survey rod, a folding rule, or even a tree
limb.
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When the waterway is deep, an underwater inspection is performed by trained
divers. This requires special diving equipment that includes a working platform,
fathometer, air supply systems, radio communication, and sounding equipment.
Refer to Topic 13.3 for a more detailed description of underwater inspection
equipment.

An inspection may require special equipment to prepare the bridge prior to the
inspection. Such special equipment includes:

> Air-water jet equipment - used to clean surfaces of dirt and debris
> Sand or shot blasting equipment - used to clean steel surfaces to bare metal
> Burning, drilling, and grinding equipment

In addition to the standard and special equipment listed previously, there are new
equipment and technology available to aid in bridge inspection. The developments
in various types of advanced testing methods are described in Topics 15.1, 15.2
and 15.3. The following information represents some of the advances in
inspection tools and data collection.

Rotary percussion is a method whereby a uniform tapping is produced by rolling a
gear-toothed wheel on a concrete member to detect the presence of concrete
deficiencies. This allows for the inspection of overhead and vertical surfaces to be
done quickly, and is similar to using a chain drag for the inspection of horizontal
surfaces. Advantages of rotary percussion testing tools include the ability to detect
near-surface delaminations, quickness of testing, low equipment cost, relatively
low level of user’s skill required, and low sensitivity to the surroundings.

Figure 2.4.5 Rotary Percussion
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There is a specialized device used to measure the depth of scour during flood
flows. It consists of a depth finder mounted on a water ski. The use of a water ski
allows for depth readings to be taken in extremely fast flowing water and also
allows for excellent maneuverability of the depth finder into locations under a
bridge.

Side Scan Sonar

Side scan sonar is a specialized application of basic sonar theory. Although
common for oceanographic and hydrographic survey work, side scan sonar has not
been widely utilized for portable scour monitoring. Side scan sonar transmits a
specially shaped acoustic beam to either side of the support craft, which allows for
one of the most accurate systems for imaging large areas of channel bottom. A
disadvantage to this method is that most side scan systems do not provide depth
information.

Multi-beam Sonar

Multi-beam systems provide similar fan-shaped coverage to side scan systems, but
output depths instead of images. Multi-beam sonar is typically attached to the
surface vessel rather than being towed.

Scanning Sonar

Scanning sonar operates by rotating the transducer assembly, emitting a beam
while the assembly (or "head™) moves in an arc. Scanning sonar is performed by
moving the transducer assembly, which allows it to be used from a fixed,
stationary position.

Web-based Scour Monitoring

Scour monitoring software allows transportation engineers to predict, identify,
prepare for, and record potentially destructive flooding events through a secure
internet connection. This type of system identifies the occurrence of a flood event
and collects and processes relevant bridge information, several sources of real-time
hydrological data and any bridge scour monitoring device data. Transportation
officials are able to efficiently dispatch emergency personnel, bridge safety
inspectors, and maintenance workers before, during, and after a flood event affects
a state's bridge inventory.

Portable Depth Sounders with Transducers

Portable depth sounders with transducers have been used to monitor real time
scour at substructure units during major flood events. The deck elevations and
scour depths of concern are indicated on the Scour Action Plan. If the scour
reaches the critical depth specified, the bridge is closed.

Scour Monitoring Collar

The Magnetic Sliding Collar (MSC) is a scour monitoring device. The magnetic
sliding collar device consists of a stainless steel pipe driven into the channel
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bottom with a sliding collar that drops down the pipe as the scour progresses. The
location of the collar is detected by the magnetic field created by magnets on the
collar. Installations conducted in cooperation with state highway agencies
demonstrated that this simple, low-cost instrument is adaptable to various field
situations, and can be installed with the equipment and technical skills normally
available at the district level of a state highway agency.

Figure 2.4.6  Scour Monitoring Collar
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The basic components of a computer-based image system include: an imaging
sensor, most commonly a solid-state camera; the image acquisition boards, which
convert optical images into an array of digital information, representing the
brightness values of the surface; and dedicated processor. The computer-based
imaging system can provide two main types of information: spatial measurements
and surface analysis. Spatial information encompasses two-dimensional or three-
dimensional analysis, measurements and recognition. The surface analysis
provides information regarding the color or gray-scale attributes of the target. For
example, imaging systems are able to distinguish a flaw from the rest of the
surface, and determine size, shape, location and even smallest color attributes of
the deficiency. The field of view can be processed in a fraction of a second and can
be on the order of 200 to 500 times the size of the smallest feature of interest.

This system works well in a clean environment, however if the item/member is
very dirty or has debris surrounding it, cleaning may need to be performed prior to
using a remote camera.

Figure 2.4.8 Remote Camera
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The high speed underclearance measurement system can mount on any vehicle
with a trailer hitch receiver. The system measures the underclearance of a bridge
at normal highway speeds. Along with the underclearance data, the GPS location
is gathered. Software is used for the data acquisition, display and analysis. The
bridge beam height is read to the nearest tenth of a foot. The GPS information can
be pasted into a map program to obtain the structure location for future reference.

Figure 2.4.9  High Speed Underclearance Measurement System

Robotic devices for many applications are being developed by university
researchers. High level and underwater bridge inspection are among these
applicatons.

One example is the serpentine robot being developed that possesses multiple joints
that give it a superior ability to flex, reach, and approach every point on the bridge.
This robot is under development.

Other developments in robotic devices are presented in more detail in Topic 15.3.
Laser scanning technology can create accurate and complete 3D as-built models
quickly and safely. These digital models are automatically combined with CAD

design models to allow generation of “as-built” drawings for existing structures.
This method can replace tedious field measurements for rehabilitation projects.
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The majority of bridge inspectors use pencil and paper to record deficiencies on a
bridge. They usually take a copy of the last inspection notes or report and "mark-
up" changes since the last inspection. The inspectors input the current findings
into the bridge owner's software and the inspection is updated.

Many State agencies are using Electronic Data Collection for bridge inspection.
Hardware

Data recording hardware can include regular office computers, notebook
computers or tablet PCs (see Figure 2.4.10) Some versions of these devices have
been made to be more rugged and even “wearable” for use in the field.

Software

Specialized software packages can provide a comprehensive set of solutions to
manage, inspect, maintain and repair bridges. They allow the user to maintain a
comprehensive asset inventory database, collect inspection data from electronic
devices, keep history of inspection and maintenance records, assign inspection and
maintenance requirements to each structural component, automatically generate
inspection reports, and offer decision support.

AASHTO Pontis suports databases on bridge inspection and management. Many
bridge owners use AASHTO Pontis based software and have developed programs
to address their specific needs.

il "

Figure 2.4.10 Tablet PC Used to Collect Inspection Data
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Proper inspection equipment plays a key role in maintaining the safety of the
traveling public and the inspectors. Inspectors who do not have the right
equipment, may attempt to use an alternate piece of equipment that is not really
designed for the job. Using whatever equipment is at hand, in an attempt to save
time and money, can prove dangerous for the inspection team as well as the public.
The best way to avoid these circumstances is to ensure the inspectors have the
proper equipment for the job and that the equipment is serviced or replaced
periodically. This responsibility lies not only with the inspector or team leader but
also their employer. It is important that the employer make every effort to
properly equip their inspection teams. Also, the inspector needs to be familiar
with every piece of equipment and how to use and operate it properly and safely.

Safety fundamentals for bridge inspectors is presented in detail in Topic 2.2.
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Topic 2.5

2.5.1

Introduction

2.5.2

Types of Access
Equipment

Ladders

Methods of Access

The two primary methods of gaining access to hard to reach areas of a bridge are
access equipment and access vehicles. Common access equipment includes
ladders, rigging, and scaffolds, while common access vehicles include manlifts,
bucket trucks, and under bridge inspection vehicles. In most cases, using a manlift
or bucket truck will be less time consuming than using a ladder or rigging to
inspect a structure. The time saved, however, is normally offset by the higher costs
associated with operating access vehicles.

The purpose of access equipment is to position the inspector close enough to the
bridge component so that a "hands-on" inspection can be performed. The
following are some of the most common forms of access equipment used in bridge
inspection.

Ladders are used for inspecting the underside of a bridge or for inspecting
substructure units. However, a ladder is used only for those portions of the bridge
that can be reached safely, without undue leaning or reaching. The proper length of
the ladder is determined by using it at a four vertical to one horizontal angle. When
set up at the proper angle (1 horizontal to 4 vertical), the inspector is able to reach
out horizontally, grasp the rung while keeping his or her feet at the base of the
ladder (see Figure 2.5.1).

i foot

Figure 2.5.1 Inspectors using a Ladder with the Proper 1H to 4V Ratio
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Ladders are also used to climb down to access members of the bridge. The hook-
ladder, as it is commonly referred to, is fastened securely to the bridge framing
(see Figure 2.5.2).

Figure 2.5.2 Inspector using a Hook-ladder

When using a hook-ladder, the inspector is tied off to a separate safety line,
independent of the ladder.

Rigging of a structure consists of cables and platforms. Rigging is used to gain
access to floor systems and main load-carrying members in areas where access by
other means is not feasible or where special inspection procedures are required
(e.g., NDE of pins). Rigging is often used when ladders or other access equipment
cannot reach a given location (see Figures 2.5.3 and 2.5.4). Rigging is a good
choice for a load-posted bridge that does not have the capacity to support an
inspection vehicle.

Rigging does not interfere with traffic on the bridge and can be used in high traffic
situations where lane closures are intolerable, and on toll facilities to avoid loss of
revenue. Rigging may not be an option if there is not enough clearance to avoid
interfering with passing features below the bridge.
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Figure 2.5.4 Rigging for Superstructure Inspection
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Scaffolds provide an efficient access alternative for structures that are less than 40
feet high and over level ground with little or no traffic nearby (see Figure 2.5.5).
The Occupational Safety and Health Administration (OSHA) has specific requirements
when working on scaffolding. Scaffolds may take longer to set up than it takes to
inspect the bridge. For this reason, scaffolding is not normally used for bridge
inspections.

Figure 2.5.5 Scaffold

A boat or barge may be needed to gain access to structures over water. A boat can
be used for inspection, as well as providing access to areas for taking photographs.
Also, a safety boat is required when performing an inspection over water (see
Figure 2.5.6).
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Figure 2.5.6 Inspection Operations from a Barge

A barge may also be used in combination with other access equipment or vehicles
to perform an inspection. The barge may be temporarily anchored in place to
provide a platform for a manlift or mobilization for underwater inspections.

Climbers are mobile inspection platforms or cages that "climb™ steel cables or
truss members (see Figure 2.5.7). They are well suited for the inspection of high
piers and other long vertical faces of bridge members.

Figure 2.5.7 Climber
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A float is a wood plank work platform hung by ropes (see Figure 2.5.8). Floats are
generally used for access in situations where the inspector will be at a particular
location for a relatively long period of time.
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Figure 2.5.8 Inspector Using Float

Bosun (or boatswain) chairs are suspended with a rope and can carry one inspector
at a time. They can be raised and lowered with block and tackle devices.
Rappelling is a similar access method to the Bosun chair but utilizes different
equipment and techniques (see Figure 2.5.9). However, both methods require the
use of independent safety lines.

Figure 2.5.9 Inspector Rappelling Substructure Unit
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On structures, where other methods of access are not practical, inspectors climb on
the bridge members to gain access (see Figure 2.5.10). Safety awareness is of the
utmost importance when utilizing this technique. When using this method, the
inspector is tied off to the bridge using an independent safety harness and lanyard.

Figure 2.5.10 Climbing

On some structures, inspection access is included in the design and construction of
the bridge. These are typically found on long span structures or more complex
designs. Although these inspection platforms only give access to a limited portion
of the bridge, they do provide a safe and effective means for the inspector to work.
The following are some examples of permanent inspection structures.
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Catwalks

A catwalk is an inspection platform typically running parallel to the girders under
the superstructure (see Figure 2.5.11). Catwalks can be used to inspect parts of the
deck, superstructure and some portions of the substructure. The range of inspection
area is limited to those locations near the catwalk.

Figure 2.5.11 Catwalk
Traveler

A traveler is another permanent inspection platform similar to a catwalk except
that it is movable. A traveler platform is typically perpendicular to the girders and
the platform runs on a rail system between substructure elements (see Figure
2.5.12). Having the platform perpendicular to the girders allows the inspectors a
wider range of movement and enables them to see more of the superstructure
elements.
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Figure 2.5.12 Traveler Platform

Handrails

Handrails are also used to aid an inspector. Handrails can be used in a number of
different locations on the bridge. On the main suspension cables, on top of the pier
caps, and on the girder web are just a few locations where handrails may be built
(see Figures 2.5.13 and 2.5.14). Handrails are typically provided to assist the
inspector when free climbing on the bridge and give the inspector a place to secure
their lanyard and safety harness.
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Figure 2.5.13 Handrail on Girder Bridge

Figure 2.5.14 Handrail on Suspension Bridge
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Currently, efforts are being made for robots to be used for inspection purposes.
Though still early in the development stage, robots may prove to be an important
addition to the inspector’s access equipment. Although a robot can never replace a
qualified inspector, it can provide information that may not be visible to the human
eye. A robot equipped with sonar capabilities can detect internal flaws in bridge
members. Also, a robot can be used in situations that are too difficult to reach or
extremely dangerous for a human.

There are many types of vehicles available to assist the inspector in gaining access
for “hands-on” inspection of bridge members. The following are some of the most
common types of access vehicles used in bridge inspection.

A manlift is a vehicle with a platform or bucket capable of holding one or more
inspectors. The platform is attached to a hydraulic boom that is mounted on a
carriage. An inspector "drives" the carriage using controls in the platform. This
type of vehicle is usually not licensed for use on highways. However, some
manlifts are nimble and can operate on a variety of terrains. Although four wheel
drive models are available, manlifts are limited to use on fairly level terrain.
Manlifts come in a number of different sizes with vertical reaches ranging from 40
feet to over 170 feet (see Figure 2.5.15).

Figure 2.5.15 Manlift
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Scissors Lift Scissor lifts may be used for bridge inspections with low clearance between the
bridge and underpassing roadway. Scissor lifts have a typical maximum vertical
reach of 20 feet. These lifts are designed for use on relatively level ground (see
Figure 2.5.16).

\ _
Figure 2.5.16 Scissor Lift

Bucket Truck A bucket truck is similar to a manlift. However, a bucket truck can be driven on a
highway, and the inspector controls bucket movement (see Figure 2.5.17). As with
the manlift, a bucket truck needs to be used on fairly level terrain. Bucket trucks
have a number of different features and variations:

> Lift capability - varies 25 to 50 feet.

> Rotating turret - turning range (i.e., the rotational capability of the turret)
varies with each vehicle.

> Telescoping boom - some booms may be capable of extending and
retracting, providing a greater flexibility to reach an area from a given
truck location.

> Multiple booms - some bucket trucks have more than one boom, and
provide reach up to 50 feet.

> Outriggers - bucket trucks that offer extended reach and turning range
have outriggers or supports that are lowered from the chassis of the
vehicle to help maintain stability.

> Truck movement - some vehicles offer stable operations without
outriggers and can move along the bridge during inspection activities.
Vehicles that require outriggers for stable operations cannot be moved
during the inspection unless the outriggers have wheels.
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A track-mounted man-lift provides access to areas with rough terrain that a
conventional bucket truck would not be able to navigate (see Figures 2.5.18
and 2.5.19). By utilizing rubber tracks, track-mounted man-lifts can be
operated in water, climb 35 degree slopes, traverse 25 degree side slopes,
and navigate wet and muddy terrain.

Figure 2.5.18 Track-mounted Man-lift in a Stream
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Figure 2.5.19 Track-mounted Man-lift on a Slope

Under Bridge Inspection An under bridge inspection vehicle is a specialized bucket truck with an articulated

Vehicle boom designed to reach under the superstructure while parked on the bridge deck.
Usually the third boom has the capacity for extending and retracting, allowing for
greater reach under a structure. Some of the larger under bridge inspection vehicles
have four booms, allowing an even greater reach (see Figure 2.5.20).

Figure 2.5.20 Under Bridge Inspection Vehicle with Bucket
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Variations and options available on different models include:

>

Capacity - Some under bridge inspection vehicles have a two or three
person bucket on the end of the third boom. Other models are equipped
with a multiple-person platform on the third boom with a ladder on the
second boom. Still other models may have the capability of interchanging
a bucket and a platform in the shop.

Platform — The platform is lowered by an articulated boom and can then
telescope out to provide inspection access to a wide range of the
superstructure and substructure. The inspector is now free to walk from
beam to beam without having to reposition the platform (see Figure
2.5.21). This combination allows for an efficient and thorough inspection.

Telescoping second boom - Some under bridge inspection vehicle models
have a second boom that can extend and contract, providing greater
movement in the vertical direction.

Articulated third (or fourth) boom - Some under bridge inspection vehicle
models have a small third or fourth boom that allows for greater vertical
movement under the structure. This option is particularly useful on bridges
with deep superstructure members.

VoS ST
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Figure 2.5.21 Under Bridge Inspection Vehicle with Platform
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In most cases, even the most sluggish lift device will be quicker than using a
ladder, rigging or free climbing to inspect a structure. The time saved, however,
needs to offset the higher costs associated with obtaining and operating an access
vehicle.

In assessing the time-saving effectiveness of an access vehicle, the following
guestions need to be answered:

> Can the bridge be safely inspected by other reasonable methods?

> What types of access vehicle or access equipment are available?

> How much of the bridge can be inspected using the access vehicle?

> How much of the bridge can be inspected from one setup of the access
vehicle?

> How much time does it take to inspect at each setup?

> How much time does it take to move from one setup to the next?

> Does the vehicle require an independent operator or driver other than the
inspector?

> Will the use of the access vehicle require special traffic control?

> Can the bridge carry the weight of an inspection vehicle?

> What are the associated costs of using a bridge inspection access vehicle?

The inspection time, safety and vehicle costs can then be compared to standard
access equipment.

Safety is the primary concern on any job site, not only of the workers but of the
public as well. The equipment and vehicles being used also have safety
considerations.

Before the bridge inspection begins, an equipment inspection is performed. As a
minimum, inspect access equipment as per the manufacture’s guidelines. Using
faulty equipment can lead to serious accidents and even death. Check the
equipment and verify that it is in good working condition with no defects or
problems. If rigging or scaffolding is being used, check to ensure that it was
installed properly and that the cables and planks are secured tightly. Use OSHA-
approved safety harnesses with shock absorbing lanyards when using access
equipment.

If the inspector is not familiar with the inspection vehicle being used, then take the
time required to become accustomed to its operation. In some cases, formal
operator training may be necessary or required. When operating any inspection
vehicle, always be aware of any overhead power lines or other hazards that may
exist. It is also important to be aware of any restrictions on the vehicle, such as
weight limits for the bucket, support surface slope limits, and reach restrictions.
Always be alert to your location. Do not extend the boom out into unsafe areas
such as unprotected traffic lanes or near electrical lines. Use OSHA-approved
safety harnesses with shock absorbing lanyards when using access vehicles.
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Chapter 3
Basic Bridge Terminology

Topic 3.1 Basic Bridge Terminology

3.1.1

Introduction

3.1.2

NBIS Structure
Length

It is important to be familiar with the terminology and elementary theory of bridge
mechanics and materials. This topic presents the terminology needed by
inspectors to properly identify and describe the individual elements that comprise a
bridge. First the major components of a bridge are introduced. Then the basic
member shapes and connections of the bridge are presented. Finally, the purpose
and function of the major bridge components are described in detail.

According to the FHWA Recording and Coding Guide for the Structure Inventory
and Appraisal of the Nation’s Bridges, the structure length is measured in
accordance with Item 49 as shown on Figure 3.1.1. The structure length is the
length of the roadway that is supported by the bridge structure. To determine the
length, measure back to back of back-walls of abutments or from paving notch to
paving notch. If the location of the backs of backwalls cannot be exactly
determined, inspectors can then measure the distance between the paving notches
to determine structure length.

To measure the length of culverts, measure along the center line of the roadway
regardless of their depth below grade. The measurements will be between the
inside faces of the exterior walls. Tunnels should be measured along the center of
the roadway.
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Figure 3.1.1  NBIS Structure Length

311



3.1.3

CHAPTER 3: Basic Bridge Terminology
TOPIC 3.1: Basic Bridge Terminology

NBIS Bridge
Length

The FHWA Recording and Coding Guide for the Structure Inventory and
Appraisal of the Nation’s Bridges also states, in accordance with Item 112 — NBIS
Bridge Length, that the minimum length for a structure to be considered a bridge
for National Bridge Inspection Standards purposes, is to be 20 feet (see Figure
3.1.2).
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3.1.4

Y

Figure 3.1.2  NBIS Bridge Length (Coding Guide Item 112)

23 CFR Part 650.305 Definitions gives the definition of a bridge as it applies to the
NBIS regulations: A bridge is a structure including supports erected over a
depression or an obstruction, such as water, highway, or railway, and having a
track or passageway for carrying traffic or other moving loads, and having an
opening measured along the center of the roadway of more than 20 feet between
undercopings of abutments or spring lines of arches, or extreme ends of openings
for multiple boxes; it may also include multiple pipes, where the clear distance
between openings is less than half of the smaller contiguous opening.

Major Bridge
Components

A thorough and complete bridge inspection is dependent upon the bridge
inspector's ability to identify and understand the function of the major bridge
components and their elements. Most bridges can be divided into three basic parts
or components (see Figure 3.1.3):

> Deck
> Superstructure
> Substructure

3.1.2
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Deck
T, ; T

Substructure
Substructure (Pier)

(Abutment)

Figure 3.1.3  Major Bridge Components

The ability to recognize and identify basic member shapes requires an
understanding of the timber, concrete, and steel shapes used in the construction of
bridges.

Every bridge member is designed to carry a unique combination of tension,
compression, and shear. These are considered the three basic kinds of member
stresses. Bending loads cause a combination of tension and compression in a
member. Shear stresses are caused by transverse forces exerted on a member. As
such, certain shapes and materials have distinct characteristics in resisting the
applied loads. For a review of bridge loadings and member responses, see
Topic 5.1.

Basic shapes, properties, gradings, deficiencies, protective systems, and
examination of timber are covered in detail in Topic 6.1.

Timber members are found in a variety of shapes (see Figure 3.1.4). The sizes of
timber members are generally given in nominal dimensions (such as in Figures
3.1.4 and 3.1.5). However, sawn timber members are generally seasoned and
surfaced from the rough sawn condition, making the actual dimension about 1/2 to
3/4 inches less than the nominal dimension.

The physical properties of timber enable it to resist both tensile and compressive
stresses. Therefore, it can function as an axially-loaded or bending member.
Timber bridge members are made into three basic shapes:

> Round - piles, columns, posts
> Rectangular — planks, beams, columns, piles
> Built-up shapes - beams

3.1.3
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Figure 3.1.4  Timber Members
Planks

Planks are characterized by elongated, rectangular dimensions determined by the
intended bridge use. Plank thickness is dependent upon the distance between the
supporting points and the magnitude of the vehicle load. Common nominal or
rough sawn dimensions for timber planks are 2 to 4 inches thick and 6 to 12 inches
wide. Dressed lumber dimensions would be 1 % inches x 11 ¥ inches (see Figure
3.1.4).

Planks are most often used for bridge decks on bridges carrying light or infrequent
truck traffic. Timber plank decks have been used for centuries. Timber planks are
advantageous in that they are economical, lightweight, readily available, and easy
to install.

Beams

Timber beams have more equal rectangular dimensions than do planks, and they
are sometimes square. Common dimensions include 10 inch by 10 inch square
timbers, and 6 inch by 14 inch rectangular timbers. Beams generally are installed
with the larger dimension vertical.

As the differences in the common dimensions of planks and timber beams
indicate, beams are larger and heavier than planks and can support heavier loads,
as well as span greater distances. As such, timber beams are used in bridge
superstructures and substructures to carry bending and axial loads.

Timbers can either be solid sawn or built-up glued-laminated (see Figure 3.1.5).
Glued-laminated timbers are advantageous in that they can be fabricated from
smaller, more readily available pieces. Glued lamination also allows larger
rectangular members to be formed without the presence of natural deficiencies
such as knots. Glued-laminated timbers are normally manufactured from well-
seasoned wood and display very little shrinkage after they are fabricated.
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14"
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Solid Sawn Glued Laminated

Figure 3.1.5 Timber Beams

Piles/Columns

Timber can also be used for piles or columns. Piles are normally round, slender
columns that support the substructure footing or partially form the substructure.

Piles may be partially above ground or completely buried.

Basic ingredients, properties, reinforcement, deficiency, protective systems, and
examination of concrete are covered in detail in Topic 6.2.

Figure 3.1.6  Unusual Concrete Shapes

Concrete is a unique material for bridge members because it can be formed into an
infinite variety of shapes (see Figure 3.1.6). Concrete members are used to carry
axial and bending loads. Since bending results in a combination of compressive
and tensile stresses, concrete bending members are typically reinforced with either
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reinforcing steel bars (producing conventionally reinforced concrete) or with
prestressing steel (producing prestressed concrete) in order to carry the tensile
stresses in the member. Reinforcing steel is also added to increase the shear and
torsion capacity of concrete members.

Cast-in-Place Flexural Shapes

The most common shapes of reinforced concrete members are (see Figure 3.1.7):

> Slabs/Decks

> Rectangular beams
> Tee beams
> Channel beams

Bridges utilizing these shapes and mild steel reinforcement have been constructed
and were typically cast-in-place (CIP). Many of the designs are obsolete, but the
structures remain in service. Concrete members of this type are used for short and
medium span bridges.

Slab/Deck

.2 o a Tee

Rectangular

Figure 3.1.7  Reinforced Concrete Shapes

On concrete decks, the concrete spans the distance between superstructure
members and is generally 7 to 9 inches thick. On slab bridges, the slab spans the
distance between piers or abutments, forming an integral deck and superstructure.
Slab bridge elements are usually 12 to 24 inches thick.

Rectangular beams are used for both superstructure and substructure bridge
elements. Concrete pier caps are commonly rectangular beams which support the
superstructure.

Tee beams are generally limited to superstructure elements. Distinguished by a
"T" shape, tee beams combine the functions of a rectangular stem and flange to
form an integral deck and superstructure.

Channel beams are generally limited to superstructure elements. This particular
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shape can be precast or cast-in-place. Channel beams are formed in the shape of a
"C" and placed legs down when erected. They function as both superstructure
and deck and are typically used for shorter span bridges.

Precast Flexural Shapes

The most common shapes of prestressed concrete members are (see Figure 3.1.8):

>

YV V V V

I-beams

Bulb-tees

Voided or solid slabs
Box beams

Box girders

These shapes are used for superstructure members.

[+ 54 + 44
++++++

O

Voided Slab

Box Girder

Figure 3.1.8  Prestressed Concrete Shapes
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Prestressed concrete beams can be precast at a fabricator’s plant using high
compressive strength concrete. Increased material strengths, more efficient
shapes, the prestress forces and closely controlled fabrication allow these
members to carry greater loads. Therefore, they are capable of spanning greater
distances and supporting heavier live loads. Bridges using members of this type
and material have been widely used in the United States since World War I1.

Prestressed concrete is generally more economical than conventionally reinforced
concrete because the prestressing force lowers the neutral axis, putting more of
the concrete section into compression. Also, the prestress steel is very high
strength, so fewer pounds of steel are needed (see Figure 3.1.9).

Reinforcing Steel Prestressing
Bars Strands

Reinforced Prestressed

Figure 3.1.9  Non-prestressed Mild Steel Reinforced Concrete vs. Precast
Prestressed Concrete

I-beams, distinguished by their "I" shape, function as superstructure members and
support the deck. This type of beam can be used for spans as long as 150 feet.

Bulb-tee beams are distinguished by their "T" shapes, with a bulb-shaped section
(similar to the bottom flange of an I-beam) at the bottom of the vertical leg of the
tee. This type of beam can be used for spans as long as 200 feet.

Box beams, distinguished by a square or rectangular shape, usually have a beam
depth greater than 17 inches. Box beams can be adjacent or spread, and they are
typically used for short and medium span bridges. Adjacent box beams have
practical span lengths that range 40 to 130 feet and spread box beams have
practical span lengths that range up to 130 feet.

Box girders, distinguished by their trapezoidal or rectangular box shapes, function
as both deck and superstructure. Box girders are used for long span or curved
bridges and can be precast and erected in segments or cast in place. Spans lengths
can range from 130 to 1000 feet.

Voided slabs, distinguished by their rectangular shape and their interior voids, are

generally precast units supported by the substructure. The interior voids are used
to reduce the dead load. Voided slabs can be used for spans up to 60 feet.
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Axially-Loaded Compression Members

Concrete axially-loaded compression members are used in bridges in the form of:

> Columns
> Arches
> Piles

These members are conventionally reinforced to carry bending forces and to
augment their compression load capacity.

Columns are straight members which can carry axial load, horizontal load, and
bending and are used as substructure elements. Columns are commonly square,
rectangular, or round.

An arch can be thought of as a curved column and is commonly used as a
superstructure element. Concrete superstructure arches are generally square or
rectangular in cross section.

Piles are slender columns that support the substructure footing or partially form
the substructure. Piles may be partially above ground but are usually completely
buried (see Figure 3.1.10). Concrete piles may be conventionally reinforced or
prestressed.

Figure 3.1.10 Concrete Pile Bent

3.1.9
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Iron was used predominately as a bridge material between 1850 and 1900.
Stronger and more fire resistant than wood, iron was widely used to carry the
expanding railroad system during this period.

There are two types of iron members: cast iron and wrought iron. Cast iron is
formed by casting, whereas wrought iron is formed by forging or rolling the iron
into the desired form.

Cast Iron

Historically, cast iron preceded wrought iron as a bridge material. The method of
casting molten iron to form a desired shape was more direct than forging wrought
iron.

Casting allowed iron to be formed into almost any shape. However, because of
cast iron's brittleness and low tensile strength, bridge members of cast iron were
best used to carry axial compression loads. Therefore, cast iron members were
usually cylindrical or box-shaped to efficiently resist axial loads.

Wrought Iron

In the late 1800's, wrought iron virtually replaced the use of cast iron. The two
primary reasons for this were that wrought iron was better suited to carry tensile
loads and advances in rolling technology made wrought iron shapes easier to
obtain and more economical to use. Advances in technology made it possible to
form a variety of shapes by rolling, including:

> Rods and wire
Bars

Plates

Angles
Channels

YV V. V V V

I-Beams

Steel bridge members began to be used in the United States in the late 1800’s
and, by 1900, had virtually replaced iron as a bridge material. The replacement
of iron by steel was the result of advances in steel making (see Figure 3.1.11).
These advances yielded a steel material that surpassed iron in both strength and
elasticity. Steel could carry heavier loads and better withstand the shock and
vibration of ever-increasing live loads. Since the early 1900’s, the quality of
steel has continued to improve. Stronger and more ductile A36, A572, A588,
and, more recently, HPS steels have replaced early grades of steel, such as A7.
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| =
-

Figure 3.1.11 Steel Making Operation

Due to their strength, steel bridge members are used to carry axial forces as well
as bending forces. Steel shapes are generally either rolled or built-up.

Rolled Shapes

Rolled steel shapes commonly used on bridges include (see Figure 3.1.12):

> Bars and plates
Angles
> Channels
> S Beams (American standard “I” beams)

\4

W Beams (Wide flange “I” beams
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Rods, Bars and Plates

Angles and
Tees

l-beams and
Channels

Rolled Shapes
Figure 3.1.12 Common Rolled Steel Shapes

The standard weights and dimensions of these shapes can be found in the
American Institute of Steel Construction (AISC) Manual of Steel Construction.

Bars and plates are flat pieces of steel. Bars are normally considered to be up to 8
inches in width. Common examples of bars include lacing bars on a truss and
steel eyebars. Plates are designated as flat plates if they are over 8 inches in
width. A common example of a plate is the gusset plate on a truss. Bars and
plates are dimensioned as follows: width x thickness x length. Examples of bar
and plate dimensions include:

> Lacing bar: 2" x 3/8" x 1'-3"

> Gusset plate: 21" x 1/2" x 4'-4”

Angles are “L”-shaped members, the sides of which are called “legs”. Each angle
has two legs, and the width of the legs can either be equal or unequal. When
dimensioning angles, the two leg widths are given first, followed by the thickness
and the length. Examples of angle dimensions include:

> L4" x4" x¥" x 3-2"

> 2L’s 5" x 3" x 3/8" x 1'-1"

Angles range in size from 1"x1"x1/4" to 8"x8"x1-1/8". Angles range in weight
from less than 1 pound per foot to almost 60 pounds per foot.

Angles, bars, and plates are commonly connected to form bracing members (see
Figure 3.1.13).
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Figure 3.1.13 Bracing Members Made from Angles, Bars, and Plates

Channels are squared-off "C"-shaped members and are used as diaphragms,
struts, or other bracing members. The top and bottom parts of a channel are
called the flanges. Channels are dimensioned by the depth (the distance between
outside edges of the flanges) in inches, the weight in pounds per foot, and the
length in inches. Examples of channel dimensions include:

> C9x15x9-6"
> C12x20.7 x 11'-2-1/2"

When measuring a channel, it is not possible for the inspector to know how much
the channel section weighs. In order to identify a channel, measurements of the
average thickness, flange width, the web depth, and the thickness are needed.
From this information, the inspector can then determine the true channel
designation through the use of reference books such as American Institute of
Steel Construction (AISC) Manual of Steel Construction.

Standard channels range in depth from 3 inches to 15 inches, and weights range
from less than 5 pounds per foot to 50 pounds per foot. Nonstandard sections
(called miscellaneous channels or MC) are rolled to depths of up to 18 inches,
weighing up to 60 pounds per foot.

Beams are “I”-shaped sections used as main load-carrying members. The load-
carrying capacity generally increases as the member size increases. The early
days of the iron and steel industry saw the various manufacturers rolling beams to
their own standards. It was not until 1896 that beam weights and dimensions
were standardized when the Association of American Steel Manufacturers
adopted the American Standard beam. Because of this, I-beams are referred to by
many designations, depending on their dimensions and the time period in which
the particular shape was rolled. Today all I1-beams are dimensioned according to
their depth and weight per unit length.
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Examples of beam dimensions include:

> S15x50 - an American Standard (hence the “S”) beam with a depth of 15
inches and a weight of 50 pounds per foot

> W18x76 - a wide (W) flange beam with a depth of 18 inches and a weight
of 76 pounds per foot

Some of the more common designations for rolled I-beams are:

S = American Standard beam
W = Wide flange beam

WF = Wide flange beam

CB = Carnegie beam

M = Miscellaneous beam

HP = H-pile

YV V. V V VYV V

To identify an I-beam, measurements of the depth, the flange width and thickness,
and the web thickness (if possible) are needed. With this information, the
inspector can then determine the beam designation from reference books such as
American Institute of Steel Construction (AISC) Manual of Steel Construction.

These beams normally range in depth from 3 to 36 inches and range in weight
from 6 to over 300 pounds per foot. There are some steel mills that can roll
beams up to 44 inches deep.

Built-up Shapes

Built-up shapes offer a great deal of flexibility in designing member shapes. As
such, they allow the bridge engineer to customize the members for their particular
need. Built-up shapes are fabricated by either riveting, bolting or welding
techniques.

The practice of riveting steel shapes began in the 1800’s and continued through
the 1950’s. Typical riveted shapes include truss members, girders and boxes.

Riveted girders are large I-beam members fabricated from plates and angles.
These girders were used when the largest rolled beams were not large enough as
required by design (see Figure 3.1.14).

Riveted boxes are large rectangular shapes fabricated from plates, angles, or
channels. These boxes are used for cross-girders, truss chord members, and
substructure members (see Figure 3.1.15).

As technology improved, riveting was replaced by high strength bolting and
welding. Popular since the early 1960's, welded steel shapes include girders and
boxes.

Welded girders are large I-beam members fabricated from plates. They are

referred to as welded plate girders and have replaced the riveted girder (see
Figure 3.1.16).
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Welded boxes are large, rectangular-shaped members fabricated from plates.
Welded boxes are commonly used for superstructure girders, truss members, and

cross girders. Welded box shapes have replaced riveted box shapes (see Figure
3.1.17).

top flange
cover plate _1

flange_I

angle

/ T— bottom flange

cover plate

Figure 3.1.14 Riveted Plate Girder

Channel (Typ.) Plate (Typ.) —l Lacing (Typ)
cing (Typ.

r L L Ir

L = | I
-T-— Lacing (Typ.) Angle (Typ.)

Riveted Box Shapes

Figure 3.1.15 Riveted Box Shapes
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top flange

web plate

bottom flange

Figure 3.1.16 Welded I-Beam

L]

Welded Box Shapes

Figure 3.1.17 Welded Box Shapes
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Cables

Steel cables (see Figure 3.1.18) are tension members and are used in suspension,
tied-arch, and cable-stayed bridges. They are used as main cables and hangers of
these bridge types (see Figure 3.1.19 and 3.1.20). Refer to Topic 16.1 for a more
detailed description of cable-supported bridges.

Wire Rope

Parallel Wire
PRETIEY
Figure 3.1.18 Cable Cross-Sections

Figure 3.1.19 Cable-Supported Bridge: Suspension Cables and Hangers
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Figure 3.1.20 Cable-Supported Bridge: Cable Stayed

Rolled and built-up steel shapes are used to make stringers, floorbeams, girders,
trusses, frames, arches and other bridge members. These members require structural
joints, or connections, to transfer loads between members. There are several
different types of bridge member connections:

> Pin connections

> Riveted connections

> Bolted connections

> Welded connections

> Pin and hanger assemblies
> Splice connections

Pins are cylindrical bars produced by forging, casting, or cold-rolling. The pin sizes
and configurations are as follows (see Figure 3.1.21):

> A small pin, 1-1/4 to 4 inches in diameter, is usually made with a cotter pin
hole at one or both ends

> A medium pin, up to 10 inches in diameter, usually has threaded end
projections for recessed retainer nuts

> A large pin, over 10 inches in diameter, is held in place by a recessed cap at
each end and is secured by a bolt passing completely through the caps and
pin

Pins are often surrounded by a protective sleeve, which may also act as a spacer to
separate member elements. Pin connections are commonly used in eyebar trusses,
hinged arches, pin and hanger assemblies, and bearing supports (see Figure 3.1.22).
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i
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MEDIUM PIN \\“-’l\\

SMALL PIN [

LARGE PIN

Figure 3.1.21 Sizes of Bridge Pins

Taro L T

Figure 3.1.22 Pin-Connected Eyebars

The major advantages of using pin connection details are the design simplicity and
to facilitate rotation. The design simplicity afforded by pin connections reduces the
amount and complexity of design calculations. By allowing for end rotation, pin
connections reduce the level of stress in the member.

The major disadvantages of pin connection details are the result of vibration, pin
wear, unequal eyebar tension, unseen corrosion, and poor inspectability. Vibrations
increase with pin connections because they allow more movement than more rigid
types of connections. As a result of increased vibration, moving parts are subject to
wear.
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Pin connections were commonly used in trusses, suspended girder spans and some
bearings. These pin connections are susceptible to freezing due to corrosion. This
results in changes in structural behavior and undesirable stresses when axially-
loaded members must resist bending.

Some pins connect multiple eyebars. Since the eyebars may have different lengths,
they may experience different levels of tension. In addition, because parts of the pin
surface are hidden from view by the eyebars, links, or connected parts, an alternate
method of completely inspecting the pin may be needed (e.g., ultrasonic testing or
pin removal).

The rivet was the primary fastener used in the early days of iron and steel bridges.
High strength bolts replaced rivets by the early 1960’s.

The standard head is called a high-button or acorn-head rivet. Flat-head and
countersunk-head rivets were also used in areas of limited clearance, such as a
hanger connection (see Figure 3.1.23).

High Button

Flat Head

Countersunk

Figure 3.1.23 Types of Rivet Heads
There are two grades of rivets typically found on bridges:

> ASTM A502 Grade 1 (formerly ASTM A141) low carbon steel
> ASTM A502 Grade 2 (formerly ASTM A195) high strength steel

The rivet sizes most often used on bridges were 3/4, 7/8, or 1-inch shank diameters.
Rivet holes were generally 1/16-inch larger than the rivet shank. While the hot rivet
was being driven, the shank would increase slightly, filling the hole. As the rivet
cooled, it would shrink in length, clamping together the connected elements.

When the inspector can feel vibration on one head of the rivet while hitting the other

rivet head with a hammer, this generally indicates that the rivet is loose. This
method may not work with sheared rivets clamped between several plates.
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Research into the use of high strength bolts began in 1947. The first
specifications for the use of such bolts were published in 1951. The economic
and structural advantages of bolts over rivets led to their rapid use by bridge
engineers. Bridges constructed in the late 1950’s may have a combination of
riveted (shop) and bolted (field) connections (see Figure 3.1.24).

Structural bolts consist of three basic material designations:

> ASTM A307 low carbon steel
> ASTM A325 (AASHTO M 164) high strength steel
> ASTM A490 (AASHTO M 253) high strength alloy steel

For further information on the bolts listed above or any other material properties
visit the American Society for Testing and Materials International website at:

www.astm.org .

N

Figure 3.1.24 Shop Rivets and Field Bolts

The most commonly used bolts on bridges are 3/4, 7/8, and 1-inch in diameter.
Larger bolts are often used to anchor the bearings. Bolt holes are typically 1/16-
inch larger than the bolt. However, oversized and slotted holes are also
permissible if properly detailed.

Tightening high strength bolts puts them in tension, which clamps the member
elements together. Although proper installation of new high strength bolts can be
verified the use of a torque wrench, this method does not have any merit when
inspecting high strength bolts on in-service bridges. The torque is dependent on
factors such as bolt diameter, bolt length, connection design (bearing or friction),
use of washers, paint and coatings, parallelism of connected parts, dirt, and
corrosion. Simple methods, such as visual observation, striking with a hammer
and listening or feeling for loose bolts, are the most common methods used by
inspectors when inspecting bolts.
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Welded Connections

Pin and Hanger
Assemblies
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Pins, rivets, and bolts are examples of mechanical fasteners. A welded
connection is not mechanical but rather is a rigid one-piece construction. A
properly designed and executed welded joint, in which two pieces are fused
together, is as strong as the joined materials.

Similar to mechanical fasteners, welds are used to make structural connections
between members and also to connect elements of a built-up member. Welds
have also been used in the fabrication and erection of bridges as a way to
temporarily hold pieces together prior to field riveting, bolting, or welding. Small
temporary erection welds, known as tack welds, can cause serious fatigue
problems to certain bridge members (see Figure 3.1.25). Fatigue and fracture of
steel bridge members are discussed in detail in Topic 6.4 (refer to 6.4.3 for factors
affecting fatigue crack initiation). Welding is also used as a means of sealing
joints and seams from moisture.

Figure 3.1.25 Close-up of Tack Weld on a Riveted Built-up Truss Member

The first specification for using welds on bridges appeared in 1936. Welding
eventually replaced rivets for fabricating built-up members. Welded plate girders,
hollow box-like truss members, and shear connectors for composite decks are just
a few of the advances attributed to welding technology.

Welds need to be carefully inspected for cracks or signs of cracks (e.g., broken
paint or rust stains) in both the welds and the adjoining base metal elements.

A pin and hanger assembly is a type of hinge consisting of two pins and two
hangers. Pin and hanger assemblies are used in an articulated (continuous bridge
with hinges) or a suspended span configuration. The location of the assembly
varies depending on the type of bridge. In I-beam bridges, a hanger is located on
either side of the webs (see Figure 3.1.26). In suspended span truss bridges, each
assembly has a hanger which is similar in shape to the other connecting members
(with the exception of the pinned ends). Pin and hangers were used to simply
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design before computer programs were developed to aid design of continuous
bridges.

Figure 3.1.26  Pin and Hanger Assembly

Pin and hanger assemblies must be carefully inspected for signs of wear and
corrosion. A potential problem can occur if corrosion of the pin and hanger
causes the assembly to "freeze," inhibiting free rotation. This condition does not
allow the pin to rotate and results in additional stresses in the pin and hanger and
adjacent members. The failure of a pin and hanger assembly may cause a partial
or complete failure of the bridge.

A splice connection is the joining of two sections of the same member, either in
the fabrication shop or in the field. This type of connection can be made using
rivets, bolts, or welds. Bolted splices are common in multi-beam superstructures
due to the limited allowable shipping lengths (see Figure 3.1.27). Shop welded
flange splices are common in large welded plate girders and long truss members.
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Figure 3.1.27 Bolted Field Splice

3.1.7

Decks The deck is that component of a bridge to which the live load is directly applied.
Refer to Chapter 7 for a detailed explanation on the inspection and evaluation of
decks.

Deck Purpose The purpose of the deck is to provide a smooth and safe riding surface for the

traffic utilizing the bridge (see Figure 3.1.28).

Figure 3.1.28 Bridge Deck with a Smooth Riding Surface
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The function of the deck is to transfer live loads and dead loads of and on the deck
to other bridge components commonly referred to as the superstructure (see
Figure 3.1.29). However, on some bridges (e.g., a concrete slab bridge), the deck
and the superstructure are one unit which distributes the live load directly to the
substructure.

Figure 3.1.29 Underside View of a Bridge Deck
Decks function in one of two ways:

> Composite decks - act together with their supporting members and
increase superstructure capacity (see Figures 3.1.30 and 3.1.31)

> Non-composite decks - are not integral with their supporting members
and do not contribute to structural capacity of the superstructure

An inspector reviews the plans to determine if the deck is composite with the
superstructure.
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Wearing Surface

Figure 3.1.30 Composite Deck and Steel Superstructure

Figure 3.1.31 Shear Studs on Top Flange of Girder (before Concrete Deck is
Placed)

There are three common materials used in the construction of bridge decks:

> Timber
> Concrete
> Steel

Fiber Reinforced Polymer (FRP) has been used, but are not as common.
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Timber Decks

Timber decks are often referred to as decking or timber flooring, and the term is
limited to the roadway portion which receives vehicular loads. Refer to Topic 7.1
for a detailed explanation on the inspection and evaluation of timber decks.

Five basic types of timber decks are:

>

YV V V V

Plank deck (see Figure 3.1.32)
Nailed laminated deck
Glued-laminated deck planks
Stressed-laminated decks
Structural composite lumber decks

Figure 3.1.32 Plank Deck

Concrete Decks

Concrete permits casting in various shapes and sizes and has provided the bridge
designer and the bridge builder with a variety of construction methods. Because
concrete is weak in tension, it is used together with reinforcement to resist tensile
stresses (see Figure 3.1.33). Refer to Topic 7.2 for a detailed explanation on the
inspection and evaluation of concrete decks.

There are several common types of concrete decks:

>

>
>
>

Conventionally reinforced cast-in-place - removable or stay-in-place forms
Precast conventionally reinforced

Precast prestressed

Precast prestressed deck panels with cast-in-place topping

3.1.27



CHAPTER 3: Basic Bridge Terminology
TOPIC 3.1: Basic Bridge Terminology

e ———

Figure 3.1.33 Concrete Deck

Steel Decks

Steel decks are decks composed of either solid steel plate or steel grids (see Figure

3.1.34). Refer to Topic 7.4 for a detailed explanation on the inspection and
evaluation of steel decks.

Figure 3.1.34 Steel Grid Deck
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There are four common types of steel decks:

>
>
>
>

Orthotropic deck

Buckle plate deck (still exist on some older bridges but are no longer used)
Corrugated steel flooring

Grid Deck - open, filled, or partially filled

Fiber Reinforced Polymer (FRP) Decks

With the rise of technological development, innovative material such as fiber-
reinforced polymer (FRP) bridge decking has begun replacing existing highway
bridge decks. Though FRP material is more expensive than conventional bridge
materials such as concrete, it has several advantages. These include lighter
weight for efficient transport, better resistance to earthquakes, and easier
installation. FRP bridge decking is also less affected by water and de-icing salts,
which corrode steel and deteriorate concrete (see Figure 3.1.35). Refer to Topic
7.3 for a detailed explanation on the inspection and evaluation of FRP decks.

Figure 3.1.35 Fiber Reinforced Polymer (FRP) Deck
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Wearing Surfaces

Constant exposure to the elements makes weathering a significant cause of deck
deficiency. In addition, vehicular traffic produces damaging effects on the deck
surface. For these reasons, a wearing surface is often applied to the surface of the
deck. The wearing surface is the topmost layer of material applied to the deck to
provide a smooth riding surface and to protect the deck from the effects of traffic
and weathering.

A timber deck may have one of the following wearing surfaces:

> Timber planks — running boards
> Bituminous

> Concrete

> Gravel

> Polymers

Concrete decks may have wearing surfaces of:

> Concrete — latex modified concrete (LMC), low slump dense concrete
(LSDC), lightweight concrete (LWC), fiber reinforced concrete (FRC),
micro-silica modified concrete

> Bituminous (see Figure 3.1.36)

> Polymers - epoxy, polyester, methyl methacrylates

Figure 3.1.36  Asphalt Wearing Surface on a Concrete Deck
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Steel decks may have wearing or riding surfaces of:

> Serrated steel
> Concrete

> Asphalt

> Polymers
Deck Joints

The primary function of a deck joint is to accommodate the expansion,
contraction, and rotation of the superstructure. The joint must also provide a
smooth transition from an approach roadway to a bridge deck, or between
adjoining segments of bridge deck. Refer to Topic 7.5 for detailed explanation on
the inspection and evaluation of deck joints.

There are six categories of deck joints:
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Strip seal expansion joints (see Figure 3.1.37)
Pourable joint seals

Compression joint seals (see Figure 3.1.38)
Assembly joints with seal (Modular)

Open expansion joints

Assembly joints without seals (finger plate and sliding plate joints) (see
Figure 3.1.39)

~ Metal Extrusion

Figure 3.1.37 Strip Seal Expansion Joint
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Figure 3.1.39 Top View of a Finger Plate Joint
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Drainage Systems

The primary function of a drainage system is to remove water from the bridge
deck, from under unsealed deck joints and from behind abutments and wingwalls.
Refer to Topic 7.5 for detailed explanation on the inspection and evaluation of
drainage systems.

A deck drainage system has the following components:

> Grade and cross slope

Inlets

Outlet pipes

Downspout pipes - to transport runoff to storm sewers
Cleanout plugs - for maintenance

Drainage troughs

> Support brackets/hardware
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A joint drainage system is typically a separate gutter or trough used to collect
water passing through a finger plate or sliding plate joint.

Combining all these drainage components forms a complete deck drainage system.

Substructure drainage allows the fill material behind an abutment or wingwall to
drain any accumulated water.

Substructure drainage is accomplished with weep holes or substructure drain pipes.
Traffic Safety Features

The proper and effective use of traffic barriers minimizes hazards for traffic on the
bridge, on the highways, and waterways beneath the bridge.

Bridge barriers can be broken down into two categories:

> Bridge railing - to guide, contain, and redirect errant vehicles
> Pedestrian railing - to protect pedestrians

Examples of railing include:

> Timber plank rail

Steel angles and bars

Concrete pigeon hole parapet

Combination bridge-pedestrian aluminum or steel railing

New Jersey barrier - a very common concrete barrier (see Figure 3.1.40)
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Refer to Topic 7.6 for detailed explanation on the inspection and evaluation of
traffic safety features.
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Figure 3.1.40 New Jersey Barrier
Sidewalks and Curbs

The function of sidewalks and curbs is to provide access to and maintain safety for
pedestrians and to direct water to the drainage system. Curbs serve to lessen the
chance of vehicles crossing onto the sidewalk and endangering pedestrians.

Signing

Signing serves to inform the motorist about bridge or roadway conditions that may
be hazardous. Refer to Topic 7.5 for detailed explanation on the inspection and
evaluation of signing.

Several signs likely to be encountered are:

Weight limit and/or lane restrictions (see Figure 3.1.41)
Speed traffic marker

Vertical clearance

Lateral clearance

Narrow underpass

Informational and directional

Object markers
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Figure 3.1.41 Weight Limit Sign and Object Marker Signs
Lighting

Types of lighting that may be encountered on a bridge include the following (see
Figure 3.1.42):

> Highway lighting

> Traffic control lights

> Aerial obstruction lights

> Navigation lights

> Signing lights

> [llumination and drawbridge operation flashing lights

Refer to Topic 7.5 for detailed explanation on the inspection and evaluation of
lighting systems.

Figure 3.1.42 Bridge Lighting
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Cable-supported bridges
Movable bridges
Floating bridges

3.1.8

Superstructure

Superstructure Purpose The basic purpose of the superstructure is to carry loads from the deck across
the span and to the bridge supports commonly referred to as the substructure.
The superstructure is that component of the bridge which supports the deck or
riding surface of the bridge, as well as the loads applied to the deck.
The function of the superstructure is to span a feature and to transmit loads from
the deck to the bridge supports commonly referred to as the substructure.
Bridges are categorized by their superstructure type. Superstructures may be
characterized with regard to their function (i.e., how they transmit loads to the
substructure). Loads may be transmitted through tension, compression,
bending, or a combination of these three.

Superstructure Types There are many different superstructure types such as:
> Slabs
> Single web beams/girders
> Box beams/girders (multi-web)
> Trusses
> Arches
> Rigid frames
>
>
>

e TR

Slab/Beam/Girder Arch

Cable Supported Truss
Figure 3.1.43 Four Basic Bridge Types
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Slab Bridges

In slab bridges, loads from the slab are transmitted vertically to the substructure
(see Figure 3.1.44).

Figure 3.1.44 Slab Bridge
Single Web Beam/Girder Bridges

In the case of beam and girder bridges, loads from the superstructure are
transmitted vertically to the substructure. Examples of beam bridges include:

> Beams (timber, concrete, or steel) (see Figures 3.1.45, 3.1.49, 3.1.50)
> Girders (concrete or steel) (see Figures 3.1.46, 3.1.47, 3.1.48, 3.1.51)

Figure 3.1.45 Beam Bridge
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Figure 3.1.46  Multi-Girder Bridge

Figure 3.1.47 Girder Floorbeam Stringer Bridge
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Figure 3.1.49 Tee Beam Bridge
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Figure 3.1.51 Box Girder Bridge
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Trusses

Truss members including chords, verticals, and diagonals primarily carry axial
tension and compression loads. Trusses can be constructed from timber or steel
(see Figures 3.1.52 and 3.1.53).

Figure 3.1.52 Deck Truss Bridge

Figure 3.1.53 Through Truss Bridge
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Arches

In the case of arch bridges, the loads from the superstructure are transmitted
diagonally to the substructure. True arches are in pure compression. Arch
bridges can be constructed from timber, concrete, or steel (see Figures 3.1.54 and
3.1.55).

Figure 3.1.54 Deck Arch Bridge

Figure 3.1.55 Through Arch Bridge
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Rigid Frames

Rigid frame superstructures are characterized by rigid (moment) connections
between the horizontal girder and the legs. This connection allows the transfer of
both axial forces and moments into vertical or sloping elements, which may be
classified as superstructure or substructure elements depending on the exact
configuration. Similar to beam/girder or slab configurations, rigid frame systems
may be multiple parallel frames or may contain transverse floorbeams and
longitudinal stringers to support the deck. (see Figure 3.1.56)

Figure 3.1.56 Rigid Frame
Cable-Supported Bridges

In the case of cable-supported bridges, the superstructure loads are resisted by
cables which act in tension. The cable forces are then resisted by the substructure
anchorages and towers. Cable-supported bridges can be either suspension or cable-
stayed (see Figures 3.1.57 and 3.1.58). Refer to Topic 16.1 for a more detailed
explanation on cable-supported bridges.

3.1.43



CHAPTER 3: Basic Bridge Terminology
TOPIC 3.1: Basic Bridge Terminology

Figure 3.1.57 Suspension Bridge

Figure 3.1.58 Cable-stayed Bridge
Movable Bridges

Movable bridges are constructed across designated "Navigable Waters of the United
States," in accordance with "Permit Drawings" approved by the U.S. Coast Guard or
other agencies. The purpose of a movable bridge is to provide the appropriate
channel width and underclearance for passing water vessels when fully opened.
Refer to Topic 16.2 for a more detailed explanation on movable bridges.
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Movable bridges can be classified into three general groups:

> Bascule (see Figure 3.1.59)
> Swing (see Figure 3.1.60)
> Lift (see Figure 3.1.61)
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Figure 3.1.61 Lift Bridge

Floating Bridges

Although uncommon, some states have bridges that are not supported by a
substructure (see Figure 3.1.62). Instead, they are supported by water. The elevation
of the bridge will change as the water level fluctuates.

Figure 3.1.62 Floating Bridge
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Superstructure There are three common materials used in the construction of bridge
Materials superstructures:

> Timber

> Concrete

> Steel
Primary Members Typical primary members carry primary live load from trucks and typically consist

of the following:

> Girders (see Figure 3.1.63)

> Floorbeams (see Figure 3.1.63)

> Stringers (see Figure 3.1.63)

> Trusses

> Spandrel girders (see Figure (3.1.64)
> Spandrel columns (see Figure (3.1.64) or bents
> Arch ribs

> Rib chord bracing

> Hangers

> Frame girder

> Frame leg

> Frame knee

>

Pin and hanger links

Floorbeams

Girders -
N A P L
Figure 3.1.63 Floor System and Main Supporing Members
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Additionally, diaphragms for curved girders may also be considered primary
members.  Vehicular live load is transmitted between the mains supporting
members through the diaphragms in a curved multi-girder arrangement.

Figure 3.1.64 Main Supporting Members of Deck Arch

Secondary members do not normally carry traffic loads directly. Typical
secondary elements are:

> Diaphragms (see Figure 3.1.65)

> Cross or X-bracing (see Figure 3.1.66)
> Lateral bracing (see Figure 3.1.67)

> Sway-portal bracing (see Figure 3.1.67)
>

Pin and hanger assemblies - Through bolts, pin caps, nuts, cotter pins on
small assemblies, spacer washers, douler plates

=y
i

Figure 3.1.65 Diaphragms
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Figure 3.1.67 Top Lateral Bracing and Sway Bracing
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Bearing Purpose

Bearing Types

Bearing Materials

Bearing Elements
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A Dbridge bearing is an element which provides an interface between the
superstructure and the bridge supports referred to as the substructure.

There are three primary functions of a bridge bearing:

> Transmit all loads from the superstructure to the substructure

> Permit longitudinal movement of the superstructure due to thermal
expansion and contraction

> Allow rotation caused by dead and live load deflection

Bearings that do not allow for horizontal movement of the superstructure are
referred to as fixed bearings. Bearings that allow for horizontal movement of the
superstructure are known as expansion bearings. Both fixed and expansion bearings
permit rotation. Refer to Topic 11.1 for more detailed explanation on
expansion/fixed bearings.

There are six bearing types that are utilized to accommodate superstructure
movement and rotation:

Elastomeric bearings

Moveable bearings (roller, sliding, etc.)

Enclosed/concealed bearings

Fixed bearings

Pot bearings
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Disk bearing

Refer to Topic 11.1 for detailed explanations on bridge bearing types.
There are two common materials used in the construction of bridge bearings:

> Steel

> Neoprene

A bridge bearing can be normally categorized into four basic elements (see Figure
3.1.68):

> Sole plate

> Bearing device
> Masonry plate
> Anchor bolts

Refer to Topic 11.1 for detailed explanations of these four bearing elements.
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Figure 3.1.68 Steel Roller Bearing Showing Four Basic Elements

The substructure is the component of a bridge which includes all the elements
which support the superstructure.

The purpose of the substructure is to transfer the loads from the superstructure to
the foundation soil or rock. Typically the substructure includes all elements below
the bearings. The loads are then distributed to the earth.

Substructure units function as both axially-loaded and bending members. These
units resist both vertical and horizontal loads applied from the superstructure and
roadway embankment. Substructures are divided into two basic categories:

> Abutments
> Piers and bents

Abutments provide support for the ends of the superstructure and retain the roadway
approach embankment (see Figure 3.1.69). Piers and bents provide support for the
superstructure at intermediate points along the bridge spans (see Figure 3.1.70).
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Figure 3.1.70 Pier

Substructure Types Abutments

Basic types of abutments include:

>

Cantilever or full height abutment - extends from the grade line of the
roadway or waterway below, to that of the road overhead (see Figure
3.1.71).

Stub, semi-stub, or shelf abutment - located within the topmost portion of
the end of an embankment or slope. In the case of a stub, less of the
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abutment stem is visible than in the case of the full height abutment. Most
new construction uses this type of abutment. These abutments may be
supported on deep foundations (see Figure 3.1.72).

> Spill-through or open abutment - consists of columns and has no solid wall,
but rather is open to the embankment material. The approach embankment
material is usually rock (see Figure 3.1.73).

> Integral abutment — superstructure and substructure are integral and act as
one unit without an expansion joint or bearings. Relative movement of the
abutment with respect to the backfill allows the structure to adjust to
thermal expansions and contractions. Pavement relief joints at the ends of
approach slabs are provided to accommodate the thermal movement
between bridge deck and the approach roadway pavement (see Figure
3.1.74)

Figure 3.1.71 Cantilever Abutment (or Full Height Abutment)
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Figure 3.1.73  Spill-Through or Open Abutment
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Figure 3.1.74 Integral Abutment

Refer to Topic 12.1 for a more detailed explanation on bridge abutments.

Piers and Bents

A pier has only one footing at each substructure unit (the footing may serve as a pile
cap). A bent has several footings or no footing, as is the case with a pile bent. Refer
to Topic 12.2 for a more detailed explanation on bridge piers and bents.

There are four basic types of piers:

>

>
>
>

Solid shaft pier (see Figures 3.1.75 and 3.1.76)
Column pier (see Figure 3.1.77)

Column pier with web wall (see Figure 3.1.78)
Cantilever or hammerhead pier (see Figure 3.1.79)

3.1.55



CHAPTER 3: Basic Bridge Terminology
TOPIC 3.1: Basic Bridge Terminology

Figure 3.1.76  Solid Shaft Pier

3.1.56



CHAPTER 3: Basic Bridge Terminology
TOPIC 3.1: Basic Bridge Terminology

Figure 3.1.78 Column Pier with Web Wall and Cantilevered Pier Caps
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Figure 3.1.79 Cantilever or Hammerhead Pier

There are two basic types of bents:

> Column bent (see Figure 3.1.80)
> Pile bent (see Figure 3.1.81)

L2 -

Figure 3.1.80 Column Bent
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Figure 3.1.81 Pile Bent
Substructure Materials  There are four common materials used in the construction of bridge substructures:

> Timber
> Concrete
> Steel

> Masonry

Substructure Elements A bridge substructure can consist of several different elements (see Figure 3.1.82).
Typical elements can include:

> Abutments
e Backwall
e Stem/bridge seat
e Footing

o Integral backwall
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FULL HEIGHT ABUTMENT ,
bridge seat
— backwall ¢ [ ——_
/ backwall
cheekwall — abutment stem abutmant
(if present) —wingwall
footing
| footing |
ELEVATION SECTION VIEW
STUB ABUTMENT bridge set
gl
backwall
[Tfh :rae?::ltlj abutment stem wingwall 2:39'-:;"19“ f:::?:; i
| footing |
ELEVATION SECTION VIEW
OPEN ABUTMENT / bridge seat
cheekwall
(if present) :;?E‘:::L " 0
wingwall backwall
= column
footing
Tooting
ELEVATION SECTION VIEW
INTEGRAL ABUTMENT
“J “ piling piling
ELEVATION SECTION VIEW
SEMI-INTEGRAL ABUTMENT integral
beam —, / backwall
SRR o
L L ] % — footing
beam .
]| I i /&&_ Plle cap

L

elastomeric
bearing pad

Sh

ELEVATION

SECTION VIEW

* Some states weld beam and piles prior to concrete placement

Figure 3.1.82 Schematic of Common Abutment Types
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> Pier/Bents
e Pier caps
e Columns/Piles
e Walls
e Footing

Refer to Topics 12.1 and 12.2 for a detailed explanation of abutment, pier and bent
elements.

Culverts are often viewed as small bridges, being constructed entirely below and
independent of the roadway surface. However, culverts do not have a deck,
superstructure, or substructure. Culverts that are 20 feet or greater are defined as a
bridge, according the NBIS definition for bridge length (see Topic 3.1.3).

A culvert is primarily a hydraulic structure, and its main purpose is to transport water
flow efficiently.

There are several common materials used in the construction of culverts:

Concrete
Masonry
Steel
Aluminum

Timber

V V V V VYV V

Plastic

Refer to Topic 14.1 for a detailed explanation about culvert characteristics.
Rigid Culverts
Rigid culverts can carry the load the same way a frame or an arch does by resisting

the loads in bending and shear or frame an arch action (see Figure 3.1.83). Refer to
Topic 14.2 for a detailed explanation of rigid culverts.
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Figure 3.1.83 Rigid Culvert

Flexible Culverts

Flexible culverts will require lateral earth pressure to help maintain their shape. The
loads are distributed through the flexible culvert and backfill. The backfill is critical
to a flexible culverts performance (see Figure 3.1.84). Refer to Topic 14.3 for a
detailed explanation of flexible culverts.

Figure 3.1.84 Flexible Culvert
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Chapter 4
Bridge Inspection Reporting

Topic 4.1 Structure Inventory

41.1

Introduction

4.1.2

A good bridge inspection reporting system is essential to document bridge
conditions and to protect the public’s safety and investment in bridge structures. It
is, therefore, essential that bridge inspection data be clear, accurate, and complete,
since it is an integral part of the lifelong record file of the bridge.

Because of the requirements that are fulfilled in accordance with the National
Bridge Inspection Standards (NBIS), it is necessary to employ a uniform bridge
inspection reporting system. A uniform reporting system is essential to evaluate
the condition of a structure correctly and efficiently. It is a valuable aid in
establishing maintenance priorities and replacement priorities, and in determining
structure capacity and the cost of maintaining the nation’s bridges. Consequently,
importance of the reporting system cannot be overemphasized. Success of any
bridge inspection program is dependent upon its reporting system.

FHWA Structure
Inventory,
Appraisal and
Condition Ratings

Substitutes for the SI&A
Sheet

The FHWA Recording and Coding Guide for the Structure Inventory and
Appraisal of the Nation’s Bridges (FHWA Coding Guide) is used for defining the
bridge inventory and the items to be used to collect information on the overall
condition of the deck, superstructure, substructure, and channel. The data is
reported to FHWA in accordance with the FHWA Coding Guide. It is not an
inspection guide. Each state may use its own coding scheme, provided that the
data is directly translatable into the format of the FHWA Coding Guide. In other
words, the states are responsible for having the capability to obtain, store, and
report certain information about bridges, for collection by FHWA as requested.

The Structure Inventory and Appraisal (SI&A) sheet is a tabulation of information
that is submitted for each individual structure (see Figure 4.1.1).

For the small structures and culverts that are less than or equal to 20 feet, some
states still collect the inventory information and generate a “local” database.

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

There are suitable substitutes for the SI&A sheet. Some states simply reprint the
federal form with the same items and item numbers. A few states have elaborate
Bridge Management Systems (BMS) with different item numbers that collect all
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the data listed on the SI&A form plus additional items not reported to the FHWA
(see Figures 4.1.1 through 4.1.5).

For routine, in-depth, fracture critical member, underwater, damage and special
inspections, the NBIS requires entry of the SI&A data into the State or Federal
agency inventory within 90 days of the date of inspection for State or Federal
agency bridges and within 180 days of the date of inspection for all other bridges.

For existing bridge modifications that alter previously recorded data and for new
bridges, the NBIS requires entry of the SI&A data into the State or Federal agency
inventory within 90 days after the completion of the work for State or Federal
agency bridges and within 180 days after the completion of the work for all other
bridges.

For changes in load restriction or closure status, the NBIS requires entry of the
SI&A data into the State or Federal agency inventory within 90 days after the
change in status of the structure for State or Federal agency bridges and within 180
days after the change in status of the structure for all other bridges.
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FHWA Office of Asset Management
DoT

Structure Inventory and Appraisal Sheet

[Bridge Key: 110013 Agency ID: 11 0013 Sufficiency Rating: 96.8 ]
4 Y4 ™\
IDENTIFICATION INSPECTION
State 1: 06 Califarmia Struc Num 8 11 0013 Freguency 81: 24 months  Inspection Dale 90. 1VZBM997 Mesd Inspeclion: 10/28/1909
Facility Carried 7- STATE ROUTE 182  Location 9: 03-GLE-182-_-T3.58
FC Frequancy 924:  MA FC Inspaction Date S3A:  NA Neod FC Inspaction:  NA
Rie (OnUnde)sa Route On Stucture Rie. Signing Prefx 88: 3 State Hwy UW Frequency 82B. NA UW Inspection Date 838 NA MNexd UW Inspeciion MNA
Level of Service 5C: 1 Mainline Rie. Number SD: 00162 51 Fraquency 92 NA 51 Date 936 i Naxt SI: MA
Directional Suffc SE: 0 N/A (NBI) % Responsiviity Unknown
Element Frequency: 24 months  Element inspection Date: 1211111997  MNext Elem. Ingp. Dus: 10/28/1909
SHD District 2: District 3 Caunty Code 3: {11)GLENN q
J
Place Code 4: Lnknown Kilometer Post 11: TiBkm - Z.
CLASSIFICATION
Feature Intersected &  BRUSH CAMAL Defense Highway 100: 0 Mot a STRAHNET hwy Paraliel Structure 1012 No || bridge exists
Latitude 18: 54 31" 187 Longitude 17: 122d 0% 427 Direction of Traffic 102: 2 2-way traffic Temparary Structure 103:  Unknown (MB1)
¢ Bridge Code 98: Unknown (F) Highway System 104 0 Nol on NHS NBIS Length 112 Long Encugh
Tall Facility 20t 3 0n fres rosd Functienal Class 26: 06 Rural Minor Arterial
Border Bridge Number 99:  Unknown
\ S Historical Significance 37: 5 Not eligibe for NRHP
] Ia "
Owner 22 1 Stale Highway Agency
STRUCTURE TYPE AND MATERIALS = S
Mumber of Aggroach Spans 48: 0 Mumiber of Spans Main Unit 45: 2 L oy £1: 1 Btale Highway Agancy )
Main Span MaterialDesign 43A/B: : s \
’ CONDITION
R Coscri Gortiuous DG Deck 58: 7 Good Super 89 7 Good Subs0: 7 Good
Gutvert 62: N NIA (MBI) ChannelChannel Protection 51 & Protected
. -
{ ™
Deck Type 107: 1 Concrele-Cast-in-Place LOAD RATING AND POSTING
Wearing Surface 108A: 1 Monolihic Concrale Inventory Rating Method 85: 1 LF Load Faclor  Operating Rating Method 83:1 LF Load Faclor
Membrane 1088: © Hone
o Frotnciin T rm Inventory Rating 86 MS20.7 Operating Rating 84: M534.2
- Design Load 31: 5MS 18 (HS 20) Posting 70 5 At/Above Legal Loads
.\
( AGE AND SERVICE Postiog staus 41: A Open, no resriction
Year Buin 27: 1863 Wear Reconstructed 108 Unknown \ y
Type of Service on 424 1 Highway { ~\
APPRAISAL
Type of Service under 428: 5 Walenway
Lanes on 28A; 2 Lanes Under 288: 0 Detour Length 18 13 km :m_m w Ll NadAn Sl I 90+ _ 0 Sudstaadent
ADT 20: 1,000 Truck ADT 100:  12% Yearof ADT 30: 1004 FacNloh 368 D Sibutanand EhiE e 200 D Sthtlkedind
L_ Str, Evaluation 67: 7 Above Min Criteria Deck Geometry 63: 6 Equal Min Criteria
GEOMETRIC DATA Underclearance, Verical and Horzomal 89: N Mot applicable (NBI)
Length Max Span 48: B.40m Structuns Length 49 1BI0m Waterway Adequacy 71: 8 Equal Desirable Appeoach Alignment 72: & Equal Desirable Crit
Curb/Sdwik Welth L 504 0.00m Curb/Sidewalk Width R 508:  0.00m Scour Gritical 113: Gl ok macta
Width Curbto Curb 51:  10.80 m Width Out 1o Out 52: 11.30m :"_ :
ch Roadway Width 32 g.80 m Median 33: 0 Mo median PROPOSED IMPROVEMENTS
[ shoukders)
Deck Area: 15500 m* Bridge Cost 94: $0 Type of Work 75: Unknown (P)
Skew 34 500" Structure Flared 35: 0 No fare Roadway Cost 95: 50 Length of Imgrovment 78:  00.00 m
X ) Total Cosl 98; 50 Future ADT 114: 2,800
AACATRTS Vericsl Comaramcn Over Evkon 5%: nm Year of Cost Estimate 97 Unknown Year of Future ADT 115: 2010
Minirmum Verlical Underclearance Reference S44: N Fealure nol wy or RR >,
Minimum Vedical Underclearance 548: 00,00 m ( NAVIGATION DATA h
Minimum Lateral Underclearance Reference R 55A: N Feature not hwy or RR Havigation Control 38: 0 Permit Not Required
Manirrsm Lateral Undrclearance R 55 9990 m Vertical Clearance 39: 0.00m Horizontal Clearance 40: 0.00m
Manirnum Lateral Undrclearance L 56: 00.00m L Pier Prolection 111; Unkndwn (NBT) Lift Bridge Verlical Clearance 118:
A
p S
ELEMENT CONDITION STATE DATA
| 8t Unit |Elm/Env/ Description |Units Total Qty | % in 1 [Qty. St 1] % in 2 |Qty. 51 2] % in 3 |Qty. St. 3!%'-14 |aty. st 4] %in5 [Qty. St 5|
| 2 I{'SBIZ Bare Concrate Slab | 160 100 % 160 0% a 0% o 0% a 0% a
[ 2 205r2 “RiCane Column 5 100 % 5 o d_'-oﬁ _q ua{"_ G U%:_ Q
| 2 2152 |RiConcAbutment 23 100% 23 0% o o'{" d oW o ow 0
[ 2 paee  [PiSConcSubmgdPile 13 100 % 19 oW o o% 4 ol d ow 0
2 8332 Other Bridge Railing ['m. | sslé 100 3B 0% 0 o% 0 o 0 0% 0
| H ~ b I i }— S — —
| 2 pse2 |DeckCracking SmFiag [ ea. | 1 100 1 ow d o% 0 0% 0% 0

INSPO01_Inspection_SIA_Metric

Figure 4.1.1 Example SI&A Sheet with Element Level Data
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Appendix A

Structure Inventory and

NATIONAL BRIDGE INVENTORY

el sl de e o e e TIDENTIFICATION s ok ook ok ok s ks ok e ok ok ke o e o

STATE NAME - CODE
STRUCTURE NUMBER #
INVENTORY ROUTE (ON/UNDER) - =
HIGHWAY AGENCY DISTRICT
COUNTY CODE  ___
FEATURES INTERSECTED -
FACILITY CARRIED -
LOCATION -
MILEPOINT/KILOMETERPOINT
BASE HIGHWAY NETWORK -
LRS INVENTORY ROUTE & SUBROUTE #

LATITUDE __DEG __ MIN __.__ sEC
LONGI TUDE __DEG __ MIN __._ SEC
BORDER BRIDGE STATE CODE  __ % SHARE __ %
BORDER BRIDGE STRUCTURE NO. #

(4) PLACE CODE

CODE

woklokkkakt® STRUCTURE TYPE AND MATERIAL Wk

STRUCTURE TYPE MAIN: MATERIAL -

TYPE - CODE ___
STRUCTURE TYPE APPR: MATERIAL -

TYPE - CODE

NUMBER OF SPANS IN MAIN UNIT
NUMBER OF APPROACH SPANS

Bl

DECK STRUCTURE TYPE - coo
WEARING SURFACE / PROTECTIVE SYSTEM:

TYPE OF WEARING SURFACE - CODE _
TYPE OF MEMBRANE ¥ CODE _
TYPE OF DECK PROTECTION - CODE

ek e e e e ok e ok o AGE AND SERVICE e e ol ol e ok ke ol ok e e e o e o e e

YEAR BUILT
YEAR RECONSTRUCTED
TYPE OF SERVICE:
UNDER -
LANES: ON STRUCTURE
AVERAGE DAILY TRAFFIC
YEAR OF ADT  _
BYPASS, DETOUR LENGTH

[

OoN -

CODE __
UNDER STRUCTURE

*

(109) TRUCK ADT

Fa
=

el ke e o e v v ek BEOHETR]C U“Ta e ok o e ok o e o o ok e o ke ol ok o e e o

LENGTH OF MAXIMUM SPAN -
STRUCTURE LENGTH

CURB OR SIDEWALK: LEFT _._M
BRIDGE ROADWAY WIDTH CURB TO CURB
DECK WIDTH OUT TO ouT s
APPROACH ROADWAY WIDTH (W/SHOULDERS) .
BRIDGE MEDIAN - CODE
SKEW _ DEG (35) STRUCTURE FLARED
INVENTORY ROUTE MIN VERT CLEAR

INVENTORY ROUTE TOTAL HORIZ CLEAR

MIN VERT CLEAR OVER BRIDGE RDWY

MIN VERT UNDERCLEAR REF - é
MIN LAT UNDERCLEAR RT REF - .
MIN LAT UNDERCLEAR LT .

RIGAT _._

EEXT T T

e e e ke vl e e e e N“vIEATION D“TA ey el ok ok ek ek ok A i i e

NAVIGATION CONTROL - CoDE
PIER PROTECTION - CODE
NAVIGATION VERTICAL CLEARANCE Al
VERT-LIFT BRIDGE NAV MIN VERT CLEAR

NAVIGATION HORIZONTAL CLEARANCE

T T =T

Figure 4.1.2

(112)
(104)
(26)
(100)
(101)
(102)
(103)
(105)
(110)
(20)
@n
(22)
a7

(58)
(59)
(60)
N
(62)

(31
(63)
(64)
(65)
(66)
(70)
41

(67)
(68)
(69)
(71)
(72)
(36)
(113)

(75)
(76)
(94)
(95)
(96)
(97
(114)
(115)

(90)
(92)
A)
B)
©

4.1.4

OMB No. 2125-0501

Appraisal Sheet

STRUCTURE INVENTORY AND APPRAISAL 10/15/94

ek e e e ke * ke e

e 3 e e ke e e e ke e el e ok ke

SUFFICIENCY RATING = .
STATUS =

e vk e v e e e o o EL*SS{F]CAT[ON W ok e e e e o e o ook o ek o CODE
NBIS BRIDGE LENGTH -

HIGHWAY SYSTEM [
FUNCTIONAL CLASS -

DEFENSE HIGHWAY -

PARALLEL STRUCTURE -
DIRECTION OF TRAFFIC -
TEMPORARY STRUCTURE -
FEDERAL LANDS HIGHWAYS -
DESIGNATED NATIONAL NETWORK -
TOLL &

MAINTAIN -

OWNER "

HISTORICAL SIGNIFICANCE -

—_——

whkkaakk CONDITION ****asrawunsnskinhans CODE
DECK

SUPERSTRUCTURE

SUBSTRUCTURE

CHANNEL & CHANNEL PROTECTION

CULVERTS

kkkkskkrk® | OAD RATING AND POSTING *****xx CODE

DESIGN LOAD - OR

OPERATING RATING METHOD -

OPERATING RATING -

INVENTORY RATING METHOD -

INVENTORY RATING -

BRIDGE POSTING -

STRUCTURE OPEN, POSTED OR CLOSED -
DESCRIPTION -

e e e e ok e e e APPRATSAL #¥wokskorirsr e o e desk o de o ok CODE

STRUCTURAL EVALUATION

DECK GEOMETRY

UNDERCLEARANCES, VERTICAL & HORIZONTAL
WATERWAY ADEQUACY

APPROACH ROADWAY ALIGNMENT

TRAFFIC SAFETY FEATURES

SCOUR CRITICAL BRIDGES

ek s ok kb PROPOSED IMPROVE”ENTS e ke e o s e s vk ookl ok o ok

TYPE OF WORK - CODE ___
LENGTH OF STRUCTURE IMPROVEMENT .M
BRIDGE IMPROVEMENT COST $__,_ 000
ROADMWAY IMPROVEMENT COST $__,__,000
TOTAL PROJECT €OST $__,__,000
YEAR OF IMPROVEMENT COST ESTIMATE il
FUTURE ADT

YEAR OF FUTURE ADT _
ek o o ok o ok o e e IHSPEETIONS o o s s e ke ok o o e e ok vk e ol o e ok o e ok ke
INSPECTION DATE  _/__ (91) FREQUENCY __ MO
CRITICAL FEATURE INSPECTION: (93) CFI DATE
FRACTURE CRIT DETAIL - __ - _ MO A)  _/__
UNDERWATER INSP - __-_M B
OTHER SPECIAL INSP - - __ MO ©) _/_

Typical SI&A Sheet with NBI Data Only
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Oregon Department of Transportation

Bridge Inspection Report

District o7 Structure Coos Bay, Bridge ID 01823
COOS BAY Hwy 8 )

Fac Crossed (MCCULLOUGH {McCullough) Fac Carried US101{HWY009)
ER} Owner State Highway ~ Mile Point  233.99mi

Suff Rating  46.5 Agency Insp Date  06/11/2008

AC Depth 0.00 County Coos

inspector 1 Jeff Swanstrom {2010)

Bridge Length 5305.001t Record Type 1
inspactor 2 JOHN MILCAREK (241 )

Insp Freq 24
Bridge Width 33.80ft

Signature:

Element Condition States
Elem Description Env Qty Units 1 2 3 4 5 status
Concrete Deck - Protected w/ Thin ’

18 Overlay Sav. 152100.00sqft {SF) 0% 100% 0% 0% 0%
110 Reinforced Conc Open Girder/Beam  Sev, 3332 00 (LFy  70% 20% 10% 0% 0%
113 Painted Steal Stringer Sev. 15372.00ft (LFY  47% 48% 5% 0% 0% -
121 FPainted Stool Boltom Chord Thiu ge,  aaip00ft  (LF)  47% 48% 5% 0% 0%
126 cpﬁéﬁg‘;d Steel Thru Truss (excl. bottom- ooy agqgooft  (LF)  45% 50% 5% 0% 0%
144  Reinforced Cong Arch Sev. 5522.00ft C(LFy  TB% 20% 2% 0% 0%
152 Painted Steel Floor Beam Sav, 2090.00f (LF) 50% 48% 2% 0% 0%
155 Reinforced Conc Floor Beam Sev. 4862 00t (LFy  80% 15% 5% 0% 0%
205 E!;lggzr!zid Cone Column or Pile Sev. B4 (EA)  75% 20% 5% 0% 0%
210  Reinforced Cong Pier Wall Sev. 11 {EA) 20% 75% 5% 0% 0%
215 Reinforced Cone Abutment Sev. 2 {EA) 50% 50% 0% 0% 0%
220 g:";}fg‘;ﬁzﬂg’m Submerged Pile oo, g (EA) 100% 0% 0% 0% 0%
221 SBubmerged Concrefe Spread Footing  Sev. 2 (EA) 100% 0% 0% 0% 0%
223 Submerged, Conc Footing Seal Sev. 2 (EA) 100% 0% 0% 0% 0%
234  Reinforced Conc Cap Sev, 12 (EA)  B0% 15% 5% 0% 0%
304 Open Expansion Joint Sev. T0.004 {LF) 50% 50% 0% 0% 0%
305  Polychlorophrene Joint Sev. 2552.001t {LF}  10% 20% 70% 0% 0%
309 Other Joint Sev. 3700.00ft {LF} 100% 0% 0% 0% 0%
310 Elastomeric Bearing Sev. 8 (EA) 100% 0% 0% 0% 0%
311 Moveable Bearing {roller, sliding, etc.) Sev. 250 (EA)  35% B0% 5% 0% 0%
313 Fixed Bearing Sev. £ (EA)  B0% 50% 0% 0% 0%
221 Reinforced Conc Approach Slab w/f or Sav. 2 (EA) 50% 50% 0% 0% 0%
wio AC Ovly
325 Traffic impact Condition Ben. 1 (EA} 0%100% 0% 0% 0%
326 Deck Wearing Surface Ben, 1 (EA) 0% 100% 0% 0% 0%
331  Reinforced Conc Bridge Railing Sev, 7044 00ft (LF}  90% 10% 0% 0% 0%
334 Metal Bridge Railing - Coated Sev. 1708.00ft (LF}  70% 30% 0% 0% 0%
357  Pack Rust Sev. 1 (EA) 0% 0% 100% 0% 0%
359  Soffit of Concrete Deck or Slab Sev. 1 (EA}  38% 30% 30% 2% 0%
363 Section Loss Sev. 1 (EA) 100% 0% 0% 0% 0%

Figure 4.1.3  Oregon Bridge Inspection Report with Element Level Data
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380 Paint, Alkyd {incl red lead) Seav. 3713.80sgit  (SF)  35% 60% 5% D% 0%
980 Miscellaneous ltems Sewv. 1 (EA) 100% 0% O% 0% 0%
984 Mlscellaneous Fender Sys Tlmhar Sev. 2 [EA} D% 100% 0% 0% 0%
Appraisal NBI Categnry
Appraisal MBI # Rating Category NBI # Rating
Scour 113 5 Stable wiin footing Deck Condition 58 6 Satisfactory
Bridge Rail 36A 0 Substandard Superstructure 39 5 Fair
Transitions 368 0 Substandard Substructure G0 B Satisfactory
Approach Rail 360 0 Subslandard Channel G1 7 Minor Damage
Rail Ends 360 0 Substandard Culvert/Retaining 62 N N/A (MBI
Structural B7 5 Above Min Tolerable Walls (NBI)
Deck 68 3 Intolerable - Correct
Clearance G9 M Mot applicable (NBI)
Waterway Tt 9 Above Dasirable
Approach Alignment 72 8 Equal Desirable Crit
Remarks

P Conc DeckfThin Ovl {18}
{6/09) Thin overlay overtops cne of the joints.

R/Conc Open Girder (110}
Bt 5 girder 1 has exposed stirrups {6/09)

P{Stl Thru TrussiBot {121)
{6/9) Lots of garbage/materials (PVC) on stesl joints below ihe deck.

P/Stl Thru Truss/Top {126)
{6/09) Missing rivets in SE spire at start of thru truss.

R/Conc Arch (144) .

CONCRETE ARCH'S HAVE HORIZONTAL GRACKS NEAR THE GENTER TOP... (6/09) Steel exposed in
spandrel column as well as cracks with effler, on arches, Cathodic Prolection project underway @ South
approach spans

RiConc Floor Beam (155)

SOME OF THE CAPS, COLUMNS, HAVE CRACKS, SPALLS & EXPOSED REBAR

RiConc Pier Wall (210)
{6/09) Bt 7 pier wall, S. side, has corrosion cracking £ bottom of columns and delamination,

RiConc Cap (234)
MOST OF THE CAPS NEED WASHED... (6/09) Bent 7 cap has spalling w/exposed stirrup near column 2.

Open Expansion Joint (304)
MANY OF THE JOINTS EDGES ARE SPALLING. .......... . ALL JOINTS ARE LEAKING ... . JOINT AT
MIDSPAN HAS FAILED - PERCALL CORNER FAILED -

Other Joint {309}
[ none |

Moveable Bearing (311)
(B/09) Verify total quantity of bearings after completion of cathodic protection.

Conc Bridge Railing (331)
Conerete rail being replaced in south approach spans (6/09)

Misc (990)
{B6/09) Earthquake retmflt on S. end, bent 3, cables are tight

Fender System (994}
LW repori states rahng for elem, 994 as CS51-85%, C52-3%, and C53-2%

Nutas

Inspection Notes

Reviewed for llem #113, slays a T, jrw, user #152, 09-02-08. Tida! hydraulics study needed to determine
seriousness and extent of possible scour during the flood of maximum scour potential. Tidal hydraulics study
done by West Consultants, changed item 113 from T to 5, 01-11-11, frw.

Figure 4.1.3  Oregon Bridge Inspection Report with Element Level Data (cont.)
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TOPIC 4.1: Structure Inventory

Page 1 of 1

Structure Inventory & Appraisal

Structure Number: 4023
Route: 60 MP 56.85

| Structure Name:
| Road Name:

RCB

Us 60 Agency: ADOT

Feature Under:
Location:

WASH
73MEJCTSR72

N1-State Code: 049
N2-State Hwy District: 88
N3-County Code: 029
N4-Place Code: 0oooo

N16-Latitude:

N17-Longitude:

N9&-Border St Code - % Resp:
N9S-Border Bridge Number:

IVE

33 deg 47.1 min
113 deg 36.5 min
0

N19-Detour Length (miles): 20
N20-Toll: 3
N28-Lanes On / Under: 2

N32-Appr Rdwy Width (feet): 36
N48-Max Span Length (feet): 10
N49-Structure Length (feet). 32
N50a-Lt Curb/Swik Width (feet): 1
N50b-Rt Curb/Swik Width (feet): 1
N51-Br Width Curb-Curb (feet): 39
N52-Deck Width Out-Out (feet): 416
N112-NBIS Br Length? Y

N5

3-Min Vert Over Clr (feet): 99.99
N54-Min Vert Under Clir (feet): N 0
N55-Min Lat Under Cir Rt (feet): N 99.9
N56-Min Lat Under Cir Lt (feet): 0

N42-Service Type:
N43-Str Type, Main:
N44-5tr Type, Appr:
N45-Number of Main Spans:

N5-Inv Rte: 12000080 0 -
N10-Inv Rte Min Vert Cir (feet): 99.99
N11-Inv Rte Milepaint: 56.85
N26-Functional Class: 07
N29-Avg Daily Traffic: 2417
N30-Year of ADT: 1998
N47-Inv Rte Tot Horiz Cir (feet): 39
N100-Defense Hwy: 0
N101-Parallel Bridge: N
N102-Direction of Traffic: 2
N104-Hwy System: o]
4109-Percent Truck Traffic: 46
4110-National Truck Network: 1
4114-Future ADT: 2427
1115-Year of Future ADT: 2020
\200-Is N5 the Princ. Rte? Y
121-Maint Responsibility:

122-Bridge Owner:

203-ADOT Org Number: 8852
\224-Insp Team Number: 4
229-Agency. ADOT

‘B-Na\rigation Control:

+39-Nav Vert Clr (feet): 0
40-Nav Horiz Cir (feet): 0
111-Nav Pier/Abut Prot:

116-Nav Min Vert Cir (feet): 0

3 9
34-Skew:

35-Structure Flared:

37-Historical Significance:
107-Deck Str Type:

108-Wear Surf Prot System:
201-Wear Surf Thickness (inches):

N48-Number of Appr Spans:

N58-Deck:
N58-Superstructure:
NB60-Substructure:
N61-Channel:
NE2-Culvert:

N67-Struct Evaluation:
NB68-Deck Geometry:
NB9-Underclearance Rig:
N71-Waterway Adequacy:
N72-Appr Rdw Align:
N36-Traffic Safety Features:

N113-Scour Critical Rtg:
A202-Foundation Type:
A220-Found Embed (feet):
A221-Scour Countermeasure:

31 -Design Loading:

5
N41-Open, Post, Close: A
N63-Method Used for Oper. Rig.: 5
N64-Operating Load Rig: 2-36
N65-Method Used for Inv, Rig.: 5
N6B-Inventory Load Rtg: 2-36
N70-Bridge Posting: 5
N103-Temp Str Designation:
A211-Posted Limit (Tons): 0
A222-Date of Load Rig:
A233-Posted Vert Cir NB/EB (ft-in): 0-0
A233-Posted Vert Clr SBANB (ft-in): 0-0

Figure 4.1.4

4.1.7

N75-Type of Work:
N76-Length of Str Imp (feet): 0
N94-Br Improv Cost (x1000): $0
N95-Rdwy Improv Cost (x1000): 80
N96-Total Project Cost (x1000): 30
N97-Year of Cost Estimate:

1958
N106-Year of Reconstruction: 0000
A204-Orig Project Number: F-022-1(1)
AZ205-Orig Project Station: 3045+14.34
A223-TRACS Number:
A225-Deck Area (sq. feet): 0
A226-Superstr Unit Cost: $0
A227-Substr Unit Cost: 50

N90-Inspection Date: 2/1/2000
N91-Insp Freq (months): 48
A207-Inspection Quarter: 1
A208-Inspection Number: 14
A228-Next Insp Date: Quarter1, 2004

A

N92AFradute Critical:

NO
N92B-Underwater Insp: NO
N92C-Special Insp: NO
N93A-Date Fract Crit Insp: 0
N93B-Date Underwtr Insp: o]
NG3C-Date Spec Insp: 0

0

A234-Steel In-Depth Insp Freg (mo):

VERTINEQ
A217-Culv Barrel Height (feet) 6
A218-Culv Length (feet): 41

A219-Culv Fill Height {feet):

A206a-Bridge Rail Type: 6
A206b-Geometric Conform: 0
AZ206¢-Structural Conform: 0

Sufficiency Rating:

Arizona Structural Inventory and Appraisal Sheet



REPORT ID: INVTO01A

FLORIDA DEPARTMENT OF TRANSPORTATION

CHAPTER 4: Bridge Inspection Reporting
TOPIC 4.1: Structure Inventory

Page 1 of 4

BRIDGE MANAGEMENT SYSTEM
COMPREHENSIVE INVENTORY DATA REPORT

Structure I1D: 520002

4 Description
Structure Unit Identification
Bridge/Unit ID 520002 0
Description MAIN SPAN 1
Type Main Span
NBI Unit Flag Main ¥ Approach
Curb/Sidewalk (50) Left Oft Right O ft
Deck width (52) 0 ft
Bridge Median (33) No median
Roadway |dentification:
NBI Structure No (8) 520002
Position/Prefix (5) Route On Structure
Kind Hwy (Rte Prefix) U.S. Numbered Hwy
Design Level of Service Mainline
Route Number/Suffix 00080 / Not Applicable
Feature Intersect (6) US90 SR10/GUM CREEK
Critical Facility Not Defense-crit
Facility Carried (7) US 90 SR 10
Mile Point (11) 20.815
Latitude (16) 030d47°38"

Roadway Classification
Nat. Hwy Sys {(104) Not on NHS
National base Net (12) On Base Network
LRS Inventory Rte (13a) 52 010 000
Functional Class (26) Rural Minor Arterial
Eligible for Federal Aid 7 Yes
Defense Hwy (100) Not a STRAHNET hwy
Direction of Traffic (102) 2-way traffic
Critical Travel Route

Figure 4.1.5

Structure Unit Type and Material

Struct Material (43) Concrete
Design Type Culvert
Deck Type (107) Not Applicable
Surface (108) Not Applicable
Membrane None
Deck Protection None
Skew (34) 0deg

Roadway Traffic and Accidents

Long (17) 085d43'28"

Sub Rie (135) 00

4138

Lanes (28) 2

Medians 0
ADT Class ADT Class 3

Recent ADT (29) 5100

Future ADT (114) 8490

Speed 54.681 mph

Year (30) 1998
Year (115) 2020

Truck % ADT (109) 7
Detour Length (19) 1.243 mi

Detour Speed 44.739 mph
Accident Count -1 Rate -1

Roadway Clearances

Vertical (10) 99.99 f
Horiz. (47) 34.121 ft

Appr. Road (32) 34.121 #
Roadway (51) 0 fi

Truck Network (110} Not part of natl network

Toll Facility (20} On free road

Fed. Lands Hwy (105) Not Applicable

School Bus Route
Transit Route

Florida Structural Inventory and Appraisal Sheet



CHAPTER 4: Bridge Inspection Reporting
TOPIC 4.1: Structure Inventory

REPORT ID: INVTO01A FLORIDA DEPARTMENT OF TRANSPORTATION Page 2 of 4
BRIDGE MANAGEMENT SYSTEM
COMPREHENSIVE INVENTORY DATA REPORT
Structure ID: 520002
Structure ldentification Geometrics
Admin Area Not located in area Spans in Main Unit (45) 4
District (2) D3 - Chipley Approach Spans (46) 0
County (3) (52)Holmes Length of Max Span (48) 9.843 ft
Place Code (4) No city involved Structure Length (49) 42.979 f
Location (9) 3.2 KM W OF BONIFAY Deck Area -1 sqft
Border Br St/Reg (98) Not Applicable Share 0% Structure Flared (35) No flare
Border Struct No (99) Age and Service
FIPS State/Region (1) Florida Region 4-Atlanta Year Built (27) 1954
NBIS Bridge Len (112) Meets NBI Length Year Reconstructed (106) -1
Parallel Structure (101) No Il bridge exists Type of Service On (42a) Highway
Temp. Structure (103) Not Applicable Under (42b) Waterway
Maint. Resp. (21) State Highway Agency Fracture Critical Details Not Applicable
Owner (22) State Highway Agency
Historic Signif. (37) Not eligible for NRHP
3 Appraisal
Structure Appraisal Navigation Data
Open/Posted/Closed (41) Open, no restriction Navigation Centrol (38) Permit Not Required
Deck Geometry (68) Not Applicable Nav Vertical Clr (39) 0 ft
Underclearances (69) Not Applicable Nav Horizontal Cir (40) 0 ft
Approach Alignment (72) No speed red thru curve Min Vert Lift CIr (116) 0 ft
Bridge Railings (36a) Not Applicable Pier Protection (111) Not Applicable
Transitions (36b) Not Applicable NBI Condition Rating
Approach Guardrail (36c) Meets Standards Sufficiency Rating * 9.5
Approach Guardrail ends (36d) Meets Standards Structural Eval (67) Above Min Criteria
Scour Critical (113) Stable Above Footing Deficiency Not Deficient
Minimum Vertical Clearance Minimum Lateral Underclearance
Over Structure (53) 99.99 ft Reference (55a) Feature not hwy or RR
Under (reference) (54a) Feature not hwy or RR Right Side (55b) 0 ft
Under (54b) 0 ft Left Side (56) 0 ft
Load Rating
Design Load (31) M 13.5 (H 15) Operating Type (63) LF Load Factor
Rating Date 08/08/1994  Initials JF Operating rating (64) 68.894 tons Alternate -1
Posting {70) At/Above Legal Loads Inventory Type (85) LF Load Factor
Inventory Rating (66) 40.896 tons Alternate -1
Alt Meth -1
6 Schedule
Current Inspection Next Inspection Date  Scheduled
Inspection Date 01/06/2000 NBI 01/06/2002
Inspector MT338TK - Tom Klopfenstein Element 01/06/2002
Primary Type Regular NBI Fracture Critical
Review Required Underwater
Other Special
Inspection Types )
Performed NBI ¥ Element ¥| Fracture Critical Underwater Other Special
Figure 4.1.5  Florida Structural Inventory and Appraisal Sheet (Continued)
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REPORT ID: INVTO01A FLORIDA DEPARTMENT

CHAPTER

4: Bridge Inspection Reporting

TOPIC 4.1: Structure Inventory

OF TRANSPORTATION

BRIDGE MANAGEMENT SYSTEM

COMPREHENSIVE INVE

Structure 1D: 520002

Inspection Intervals Required (92) Frequenc
Fracture Critical ' mos
Underwater mos
Other Special mos
NBI 24 mos

5 Custom

General Bridge Information
Parallel Bridge Seq
Channel Depth
Radio Frequency
Phone Number

0.328 ft
-1
(000) 000-0001
Exception Date
Exception Type Unknown
Bridge Load Rating Information
Govr. Span Length 9.843 ft
L-Rating Origination Design Plans
Load Rating Date 08/08/1994
Method Calculation AASHTO formula
Load Dist. Factor 0.168
Impact Factor 0
Design Method Load Factor
Design Measure English
Recommended Single Unit -1 tons
Recommended Combination -1 tons
Recommended Tandem -1 tons

Bridge Scour and Storm Information
Pile Driving Record Not Applicable
Foundation Type Foundation details
Mode of Flow Riverine
Rating Scour Eval Low Risk - Low
Highest Scour Eval Phase | completed

1 Condition
NBI Rating

Channel (1) No Deficiencies
Deck (58) Not Applicable
Superstructure (59) Not Applicable
Substructure (80) Not Applicable

Figure 4.1.5

NTORY DATA REPORT

y (92) Last Date (23)

Page 3 of 4

Inspection Resources

(81) 01/06/2000 (90)

Special Crew Hours
Special Equip Hours

Bridge Rail 1
Bridge Rail 2
Electrical Devices
Culvert Type
Maintenance Yard

Single Unit Truck 2 Axles
Single Unit Truck 3 Axles
Single Unit Truck 4 Axles
Combination Unit Truck 3 Axles
Combination Unit Truck 4 Axles
Combination Unit Truck 5 Axles
Truck Trailer 5 Axles

Posting Weight

Posting Single Unit

Posting Combination Unit
Posting Tandem Unit

Scour Recommended |

Scour Recommended Il
Scour Recommended |1l
Scour Elevation

Action Elevation

Storm Frequency

Crew Hours 8
Flagger Hours
Helper Hours

Snooper Hours

oo o oo

Mat applicable-No rail
Not applicable-No rail
No electric service
Not applicable
Marianna Yard

48 502 tons
60.627
74.957
75.366
79.366
87.083
95.901

tons

tons
tons
tans
tons
tons
tons

-1 tons
-1 tons

-1 tons

Stop scour evaluations
Unknown

Unknown

-1 ft

-1 ft

-1

Culvert (62)Minor Detericration
Waterway (71) 8 - Equal Desirable

Unrepaired Spalls -1
Review Required

sq.ft.

4.1.10
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CHAPTER 4: Bridge Inspection Reporting
TOPIC 4.1: Structure Inventory

REPORT ID: INVTO01A FLORIDA DEPARTMENT OF TRANSPORTATION Page 4 of 4
BRIDGE MANAGEMENT SYSTEM
COMPREHENSIVE INVENTORY DATA REPORT

Structure |1D: 520002
Elements

Inspection Date: 01/06/2000 GKXW

Spanld Elem/EnDescription Qtyl | %1 | Qtyz | %2 | Qty3 | %3 Qtya | %4 | atys | %5 T Qty
0 290/4 Channel 1100 0 o[ o0 | o 0 0 0 0 1ea.
Notes .

0 475/4 RI/Conc Walls 154 | 100 0 0 0 0 0 0 0 0 154 If.
Notes

0 241/4 Concrete Culvert 209 82 66 18 0 0 0 0 0 0 | 3641t

Notes There are a few vertical cracks in the side walls of the original section of culvert

Total Number of Elements: 3

Past Inspections
Inspection Date: 01.06.2000 Type: Regular NBI
Inspector: MT338TK - Tom Klopfenstein

Inspection Notes: Sufficiency Rating Calculation Accepted by mt338tk at 01/10/2000 13:45:43
MT338TK inspection comments - The left extended portion of culvert is skewed 24 degrees to the left due to stream
alignment.
Structure 520002 -
Date 01/06/2000 -
Previous comments > (none)

Inspection Date: 04.01.1998 Type: Regular NBI
Inspector: BID

Inspection Notes:

Bridge Notes
Figure 4.1.5  Florida Structural Inventory and Appraisal Sheet (Continued)

Some agencies furnish standardized sketch sheets and photo sheets to inspectors
for report generation. Some agencies have developed their forms on software
packages for use on portable computers (see Figures 4.1.6 and 4.1.7) or wearable
computers (see Figures 4.1.8 and 4.1.9).
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CHAPTER 4: Bridge Inspection Reporting
TOPIC 4.1: Structure Inventory

Figure 4.1.6  Portable Computer

Figure 4.1.7  Inspector Using Portable Computer

4.1.12



CHAPTER 4: Bridge Inspection Reporting
TOPIC 4.1: Structure Inventory

Figure 4.1.8  Wearable Computer with Case

4.1.13



4.1.3

Inventory Items

CHAPTER 4: Bridge Inspection Reporting
TOPIC 4.1: Structure Inventory

The data and information required of states by the FHWA is listed in the FHWA
Coding Guide and AASHTO Manual for Bridge Evaluation. It is important to note
that several items listed in the FHWA Coding Guide apply to both the field and
office personnel responsible for bridge inspections. The bridge inspector is
typically not required to obtain the data for all the items during every inspection of
a bridge. Once a bridge has been inventoried, the majority of the geometric and
other inventory items will remain unchanged. The inspector is responsible for spot
checking to see if inventoried items are consistent with observations at the bridge
site.

Inventory items pertain to a bridge’s characteristics. For the most part, these items
are permanent characteristics, which only change when the bridge is altered in
some way, such as reconstruction or load restriction. Inventory items include the
following SI&A items:

> Identification — Identifies the structure using location codes and
descriptions.

> Structure Type and Material — Categorizes the structure based on the
material, design and construction, the number of spans, and wearing
surface.

> Age and Service - Information showing when the structure was

constructed or reconstructed, features the structure carries and crosses, and
traffic information.

> Geometric Data — Includes pertinent structural dimensions.

> Navigation Data — Identifies the existence of navigation control, pier
protection, and waterway clearance measurements.

> Classification — Classification of the structure and the facility carried by

the structure are identified.

> Load Rating and Posting — Identifies the load capacity of the bridge and
the current posting status. This item is subject to change as conditions
change and is therefore not viewed as a "permanent™ item.

> Proposed Improvements — Items for work proposed and estimated costs
for all bridges eligible for funding from the Highway Bridge Program.

> Inspection — Includes latest inspection dates, designated frequency, and
critical features requiring special inspections or special emphasis during
inspection.

All inventory items are explained in the FHWA Coding Guide. Although
inventory items are usually provided from previous reports, the inspector is
responsible for verifying and updating the inventory data as needed. See Topic 4.2
for condition and appraisal rating items.
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4.1.4

Condition and
Appraisal Rating
Items

Condition Rating Items

Appraisal Rating Items

CHAPTER 4: Bridge Inspection Reporting
TOPIC 4.1: Structure Inventory

Condition ratings are used to describe the existing, in-place bridge as compared to
the as-built condition. Condition ratings are typically coded by the inspector.
Condition rating items include:

>

Deck — Describes the overall condition rating of the deck. This condition
of the surface/protective systems, joints, expansion devices, curbs,
sidewalks, parapets, fascias, bridge rail and scuppers is not included in the
rating, but the condition will be noted in the inspection form. Decks that
are integral with the superstructure will be rated as a deck only and not
influence the superstructure rating.

Superstructure — Describes the physical condition of all the structural
members. The condition of the bearings, joints, paint system, etc. will not
be included in the rating except for extreme situations, but the condition
will be noted in the inspection form. Superstructures that are integral with
the deck will be rated as a superstructure only and not influence the deck
rating.

Substructure — Describes the physical condition of piers, abutments, piles,
fenders, footings or other components.

Channel and channel protection — Describes the physical condition that is
associated with the flow of the water through the bridge which include the
stream stability and the condition of the hydraulic countermeasures.

Culvert — Evaluates the alignment, settlement, joints, structural condition,
scour and any other of the items that may be associated with a culvert.

Condition ratings are a judgment of a bridge component condition in comparison
to current standards. Appraisal items are used to evaluate a bridge in relation to
the level of service which it provides on the highway system of which it is a part.
The structure will be compared to a new one which is built to current standards for
that particular type of road. Appraisal rating items include:

>

Structural Evaluation — Overall evaluation of the structure based on the
lowest bridge component condition rating, excluding the deck,
superstructure, substructure, channel and channel protection and culverts.
This item is calculated by the FHWA Edit/Update program.

Deck Geometry — Evaluates the curb-to-curb bridge roadway width and
the minimum vertical clearance over the bridge roadway. This item is
calculated by the FHWA Edit/Update program.

Under-clearances, Vertical and Horizontal — The vertical and horizontal
under-clearances from the through roadway under the structure to the
superstructure or substructure units. This item is calculated by the FHWA
Edit/Update program.

Waterway Adequacy — Appraises waterway opening with respect to
passage of flow under the bridge.

Approach Roadway Alignment — Comparing the alignment of the bridge
4.1.15



CHAPTER 4: Bridge Inspection Reporting
TOPIC 4.1: Structure Inventory

approaches to the general highway alignment of the section of highway
that the structure is on.

> Traffic Safety Features — Record information on bridge railings,
transitions, approach guiderail, approach guiderail ends, so that evaluation
of their adequacy can be made.

> Scour Critical Bridges — Identify the current status of the bridge regarding
its vulnerability to scour.

4.1.5

The Role of Inventory items are an important part of an owner’s Bridge Management System
: (BMS). Bridge owners use the inventory items to help plan inspection,
Inventory Items in maintenance, and reconstruction of their bridges, as well as classify their bridges.

Bridge There have been times when there has been a problem on a particular bridge and
Management the owners used the inventory items of that bridge to search for the same potential
Systems problems that might exist on other bridges.

4.1.16
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Topic 4.2 Condition and Appraisal

4.2.1

Introduction

4.2.2

Condition Rating
Items

Deck, Superstructure
and Substructure

Evaluating Elements

Evaluating Components

Component Condition
Rating Guidelines

The reported condition of an element or component is an evaluation of its current
physical state compared to what it was on the day it was built. Appraisal rating
items are used to evaluate a bridge in relation to the level of service it provides on
the highway system of which it is a part.

Accurate assignment of condition ratings is dependent upon the bridge inspector’s
ability to identify the bridge components and their elements. Bridge components
are the major parts comprising a bridge including the deck, superstructure, and
substructure. Bridge elements are individual members comprised of basic shapes
and materials connected together to form bridge components.

The overall condition rating of bridge components is directly related to the
physical deficiencies of bridge elements.

The inspector is responsible for evaluating each element of each component and
assigning to it a descriptive condition rating of “good,” “fair,” or “poor,” based on
the physical deficiencies found on the individual element. The following
guidelines are used in establishing an element’s condition rating:

> Good - element is limited to only minor problems.

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

> Poor - structural capacity of element is affected or jeopardized by
advanced deterioration, section loss, spalling, cracking, or other
deficiency.

To ensure a comprehensive inspection and as a part of the requirements of record
keeping and documentation, an inspector is responsible for recording the location,
type, size, quantity, and severity of deterioration and deficiencies for each element
of a given component.

The following major components of bridges receive an overall Structure Inventory
and Appraisal (SI&A) component condition rating:

> Item No. 58 — Deck
> Item No. 59 — Superstructure
> Item No. 60 — Substructure

NBI component condition ratings for deck, superstructure, or substructure
components, in general, should reflect the overall condition of the component
rather than localized conditions. This has been true for many years and is
emphasized in the FHWA Coding Guide with the following wording:
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CHAPTER 4: Bridge Inspection Reporting
TOPIC 4.2: Condition and Appraisal

Condition codes are properly used when they provide an overall
characterization of the general condition of the entire component being rated.
Conversely, they are improperly used if they attempt to describe localized or
nominally occurring instances of deterioration or disrepair. Correct
assignment of a condition code must, therefore, consider both the severity of
the deterioration or disrepair and the extent to which it is widespread
throughout the component being rated.

Although the FHWA Coding Guide states that it is improper to use the condition
codes to describe localized instances of deterioration or disrepair, it also states that
the inspector must consider both the severity and extent of the deterioration. With
this in mind, there are occasions when a severe, localized condition affects the
structural capacity of a component member. It is important to recognize that the
coding applies to all primary members of a component. Therefore, localized
conditions that impact the structural capacity of just one member can impact the
overall performance of the entire component. The affect on structural capacity is
dependent upon several factors including the type and extent of the deterioration,
as well as the location along the member. An inspector may need to discuss the
observed condition with an engineer to make this determination. When these
situations occur, it is appropriate to assign a lower component condition rating for
that component from a safety perspective and is in keeping with the intent of the
National Bridge Inspection Program.

When these localized conditions are determined to be such that prompt action is
needed and/or the overall component condition rating is affected, the conditions
should also be addressed through the "critical findings" process that is identified in
the NBIS regulation. The NBI component condition rating should be reviewed
and appropriately adjusted once the critical finding has been addressed. This
adjustment will depend on how the critical finding was addressed and how that
action relates to the original rating rationale.

The coding of NBI condition items should be viewed as important, but secondary,
to the recognition of and follow-up on critical findings.

Currently, states employ two approaches to coding condition items when localized
areas of severe deterioration are encountered. Some will account for the severity
of a localized area of deterioration by lowering the condition rating of an entire
component. The component condition rating is adjusted after the deteriorated area
is improved (i.e., rating may rise if physical improvements are made, or may stay
the same if the bridge is posted for load restrictions and/or supported with
temporary shoring). FHWA recognizes this approach when the severity of the
localized deterioration affects the structural capacity of the component.

Other states “rate to the average” regardless of the severity of a localized area of
deterioration. This approach relies heavily on ensuring that critical findings are
addressed in a timely manner regardless of the component condition rating value.
If the localized area of severe deterioration is not improved following the critical
finding follow-up process, the component condition rating may need to be lowered
to account for the severity of the deterioration if structural capacity is affected.

Either approach to coding the condition items results in the same ultimate
outcome, i.e. critical inspection findings are addressed to ensure continued safe use
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of the bridge and component condition ratings eventually reflect the overall
condition of the component. If the approach is to consider both the severity and
extent of a component’s deterioration in rating each component at the time of
inspection (or up to 90 days after the inspection as required by the NBIS), there
cannot be any assumptions about future improvements made to a localized

area. Only if an improvement is made, the rating should then be raised as
appropriate. If the improvement is made within 90 days of the inspection, there is
no need to consider the localized deterioration in the rating.

The following general component condition rating guidelines (obtained from the
1995 edition of the FHWA Coding Guide) are to be used in the evaluation of the
deck (Item 58), superstructure (Item 59), and substructure (Item 60):

Code Description

N NOT APPLICABLE

9 EXCELLENT CONDITION

8 VERY GOOD CONDITION - no problems noted.

7 GOOD CONDITION - some minor problems.

6 SATISFACTORY CONDITION - structural elements show some minor
deterioration.

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

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

3 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.

2 CRITICAL CONDITION - advanced deterioration of primary structural
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.

1 “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.

0 FAILED CONDITION - out of service; beyond corrective action.

The component condition rating guidelines presented above are general in nature
and can be applied to all bridge components and material types.

Structural capacity is defined as the designed strength of the member. However,
structural capacity is different than load-carrying capacity. Load-carrying capacity
refers to the ability of the member to carry the legal loads of the highway system
of which the bridge is a part. Therefore, a bridge could possibly have good
structural capacity yet be load posted because it is unable to carry the legal loads.
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A bridge’s load-carrying capacity is not to influence component condition ratings.
The fact that a bridge was designed for less than current legal loads, and may even
be posted, has no influence upon component condition ratings.

Component condition ratings are determined by applying condition descriptions,
which are general in nature, covering a broad array of bridge components and
material types. The inspector is responsible for being familiar with terminology
concerning material types and associated deficiency to utilize condition
descriptions for accurately assigning component condition ratings. The following
illustrates several common deficiency terms found in condition descriptions and
their associated material types:

> Section loss usually applies to steel members or reinforcing steel
Fatigue crack applies to steel members

Cracking/spalling usually are used to describe concrete

Shear crack usually applies to concrete but may apply to timber as well
Checks/splits applies to timber members

Scour can apply to substructure

YV V V V

Establishing a link between material type and deficiency allows for accurate
component condition ratings determined by utilizing condition descriptions for
ratings 9 through 1 found in the general component condition rating guidelines.

Supplemental component condition rating guidelines, which may be developed by
individual states, are intended to be used in addition to the FHWA Coding Guide to
make it easier for the inspector to assign the most appropriate condition rating to
the component being considered and improve uniformity.

Using the material and component specific supplemental rating guidelines (found
in the 1995 edition of the FHWA Coding Guide) helps to clarify how each type of
deficiency affects the component condition rating. Care has to be taken not to
“pigeonhole” the rating based on only one word or phrase. The following is one
suggested method for determining proper component condition ratings:

> Identify phrases that describe the component

> Read through the rating scale until encountering phrases that describe
conditions that are more severe than what actually exists

> Be sure to read down the ratings list far enough

> Correct rating number then is one number higher

This procedure generally works with all of the component condition rating
guidelines.
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For structures located over waterways, a Structure Inventory and Appraisal
(SI&A) condition rating is provided for the channel and channel protection:

> Item No. 61 — Channel and Channel Protection

This item describes the physical conditions associated with the flow of water
through the bridge such as stream stability and the condition of the channel, riprap,
slope protection, or stream control devices, including spur dikes. The inspector
should be particularly concerned with visible signs of excessive water velocity
which may cause undermining of slope protection, erosion of banks, and
realignment of the stream. Accumulation of drift and debris on the superstructure
and substructure should be noted on the inspection form but not included in the
component condition rating of the superstructure and substructure.

Evaluate and code the condition in accordance with the previously described
general component condition ratings, procedures to account for critical findings,
and the following descriptive codes:

Code Description

N Not applicable. Use when bridge is not over a waterway (channel).

9 There are no noticeable or noteworthy deficiencies which affect the
condition of the channel.

8 Banks are protected or well vegetated. River control devices such as spur
dikes and embankment protection are not required or are in a stable
condition.

7 Bank protection is in need of minor repairs. River control devices and

embankment protection have a little minor deficiency. Banks and/or
channel have minor amounts of drift.

6 Bank is beginning to slump. River control devices and embankment
protection have widespread minor deficiency. There is minor streambed
movement evident. Debris is restricting the channel slightly.

5 Bank protection is being eroded.  River control devices and/or
embankment have major deficiency. Trees and brush restrict the channel.

4 Bank and embankment protection is severely undermined. River control
devices have severe deficiency. Large deposits of debris are in the
channel.

3 Bank protection has failed. River control devices have been destroyed.

Streambed aggradation, degradation, or lateral movement has changed the
channel to now threaten the bridge and/or approach roadway.

2 The channel has changed to the extent the bridge is near a state of
collapse.
1 Bridge closed because of channel failure. Corrective action may put

bridge back in light service.
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0 Bridge closed because of channel failure. Replacement necessary.

When assigning a culvert condition rating, all areas of the culvert and the possible
effects on the overall structure are investigated. The inspector considers whether
the component is functioning properly, whether it could pose a threat to safety or
cause property damage, and whether it could cause more extensive damage if not
repaired.

Chapter 14 addresses the individual elements of various culverts. The overall
component condition rating considers all of the elements which make up a culvert
and are useful in establishing maintenance, rehabilitation, and replacement
programs and priorities.

Although some of the individual elements of culverts are not directly considered in
the FHWA Coding Guide, these supplemental items are useful in determining the
overall culvert condition ratings. They may also be included as part of an agency's
bridge management system.

In addition to the major components of bridges (deck, superstructure, and
substructure), culverts also receive a Structure Inventory and Appraisal (SI&A)
overall component condition rating:

> Item No. 62 — Culverts

This item evaluates the alignment, settlement, joints, structural condition, scour,
and other items associated with culverts. The component condition rating code is
intended to be an overall condition evaluation of the culvert. Integral wingwalls to
the first construction or expansion joint are included in the evaluation.

Item 58 — Deck, Item 59 — Superstructure, and Item 60 — Substructure should be
coded N for all culverts.

Evaluate and code the culvert condition in accordance with the previously

described general component condition ratings, procedures to account for critical
findings and the following descriptive codes:

Code Description

N Not applicable. Use if structure is not a culvert.

9 No deficiencies.

8 No noticeable or noteworthy deficiencies which affect the condition of the
culvert. Insignificant scrape marks caused by drift.

7 Shrinkage cracks, light scaling, and insignificant spalling which does not

expose reinforcing steel. Insignificant damage caused by drift with no
misalignment and not requiring corrective action. Some minor scouring
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has occurred near curtain walls, wingwalls, or pipes. Metal culverts have a
smooth symmetrical curvature with superficial corrosion and no pitting.

Deterioration or initial disintegration, minor chloride contamination,
cracking with some leaching, or spalls on concrete or masonry walls and
slabs. Local minor scouring at curtain walls, wingwalls, or pipes. Metal
culverts have a smooth curvature, non-symmetrical shape, significant
corrosion, or moderate pitting.

Moderate to major deterioration or disintegration, extensive cracking and
leaching, or spalls on concrete or masonry walls and slabs. Minor
settlement or misalignment. Noticeable scouring or erosion at curtain
walls, wingwalls, or pipes. Metal culverts have significant distortion and
deflection in one section, significant corrosion or deep pitting.

Large spalls, heavy scaling, wide cracks, considerable efflorescence, or
opened construction joint permitting loss of backfill. Considerable
settlement or misalignment. Considerable scouring or erosion at curtain
walls, wingwalls, or pipes. Metal culverts have significant distortion and
deflection throughout, extensive corrosion or deep pitting.

Any condition described in Code 4 but which is excessive in scope. Severe
movement or differential settlement of the segments, or loss of fill. Holes
may exist in walls or slabs. Integral wingwalls nearly severed from
culvert. Severe scour or erosion at curtain walls, wingwalls, or pipes.
Metal culverts have extreme distortion and deflection in one section,
extensive corrosion, or deep pitting with scattered perforations.

Integral wingwalls collapsed, severe settlement of roadway due to loss of
fill.  Section of culvert may have failed and can no longer support
embankment.  Complete undermining at curtain walls and pipes.
Corrective action required to maintain traffic. Metal culverts have extreme
distortion and deflection throughout with extensive perforations due to
corrosion.

Bridge closed. Corrective action may put bridge back in light service.
Bridge closed. Replacement necessary.

The following SI&A items are known as appraisal rating items:

VVV VYV VYV

Item No. 67 — Structural Evaluation

Item No. 68 — Deck Geometry

Item No. 69 — Underclearances, Vertical and Horizontal
Item No. 71 — Waterway Adequacy

Item No. 72 — Approach Roadway Alignment

Item No. 36 — Safety Features

Item No. 113 — Scour Critical Bridges

Appraisal rating items are used to evaluate a bridge in relation to the level of
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service it provides on the highway system of which it is a part. The level of service
for a bridge describes the function the bridge provides for the highway system
carried by the bridge. The structure is compared to a new one that is built to
current standards for that particular class of road. The exception is Item 72,
Approach Roadway Alignment. Rather than comparing the alignment to current
standards, it is compared to the general existing alignment of the roadway
approaches to the bridge compared to the general highway.

The level of service goals used to appraise bridge adequacy vary depending on the
highway functional classification, traffic volume, and other factors. The goals are
set with the recognition that widely varying traffic needs exist throughout highway
systems. Many bridges on local roads can adequately serve traffic needs with
lower load capacity and geometric standards than would be necessary for bridges
on heavily traveled main highways.

If national uniformity and consistency are to be achieved, similar structure,
roadway, and vehicle characteristics are evaluated using identical standards.
Therefore, tables and charts have been developed which are used to evaluate the
appraisal rating items for all bridges submitted to the National Bridge Inventory,
regardless of individual state criteria used to evaluate bridges.

The following general appraisal rating guidelines (obtained from the 1995 edition
of the FHWA Coding Guide) are used to evaluate structural evaluation (ltem 67),
deck geometry (Item 68), underclearances (Item 69), waterway adequacy (Item 71)
and approach roadway alignment (ltem 72).

Code Description

Not applicable

Superior to present desirable criteria
Equal to present desirable criteria
Better than present minimum criteria
Equal to present minimum criteria

Somewhat better than minimum adequacy to tolerate being left in place as
is

Meets minimum tolerable limits to be left in place as is
Basically intolerable, requiring high priority of corrective action
Basically intolerable, requiring high priority of replacement
This value of rating code not used

Bridge closed

Ul o N ®© =

O R, N W b

The specific tables for Item 67 - Structural Evaluation, Item 68 - Deck Geometry,
Item 69 - Underclearances, Vertical and Horizontal, Iltem 71 - Waterway Adequacy
and Item 72 - Approach Roadway Alignment appear in the FHWA Coding Guide
and are detailed enough that several states now program their computerized bridge
management system to automatically calculate several of the appraisal rating items.
Thus, some inspectors may not be responsible for coding these items. Inspectors
may be asked to field verify the computed appraisal ratings.
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Item 67 - Structural Evaluation - The item description and procedures used to
determine the Structural Evaluation Appraisal Rating are located in Item 67 of the
FHWA Coding Guide. This item is coded by the FHWA Edit/Update program, not
the inspector. The correct way to evaluate this item for bridges is to consider the
following factors:

> The lowest rating dictated by Item 59 - Superstructure, Item 60 -
Substructure or Comparison of Item 29 - ADT and Item 66 - Inventory

Rating.

> For culverts, the lower of Item 62 - Culverts or Comparison of
Item 29 - ADT and Item 66 - Inventory Rating.

> Appraisal codes of 3 or less can be achieved without the superstructure and

substructure controlling with the comparison of Item 29 — ADT and Item
66 — Inventory rating

Item 68 - Deck Geometry - The deck geometry appraisal evaluates the curb to curb
bridge roadway width and the minimum vertical clearance over the bridge
roadway. This item is coded by determining two appraisal ratings, one for bridge
roadway width and one for the minimum vertical clearance. The lower of these
two is the appraisal rating. This item is coded by the FHWA Edit/Update program,
not the inspector. The FHWA Coding Guide includes the following scenarios to
choose from for the bridge roadway width appraisal:

> Bridges with two lanes carrying two-way traffic.
> Bridges with one lane carrying two-way traffic.
> All other two-way traffic situations.

> Bridges with one-way traffic.

Item 69 - Underclearances, Vertical and Horizontal - This item refers to the vertical
and horizontal underclearances from the through roadway under the structure to the
superstructure or substructure units. The item description and coding guidelines,
which are located in Item 69 of the FHWA Coding Guide, are used to determine the
Underclearance Appraisal Rating. This item is similar to Item 68 in that two
different ratings are developed: one for vertical underclearance and one for
horizontal underclearance. The lower of these two is the appraisal rating. This
item is coded by the FHWA Edit/Update program, not the inspector.

Item 71 - Waterway Adequacy - Waterway adequacy is appraised with respect to
passage of flow through the bridge. The rating is tied to flood frequencies and
traffic delays. Appraisal ratings are assigned by the table contained in Item 71 of
the FHWA Coding Guide and are based on the functional classification of the road
carried by the structure, hydraulic and traffic data for the structure, and site
conditions. This item is not coded by the FHWA Edit/Update program.

Item 72 - Approach Roadway Alignment — This appraisal is based on comparing
the alignment of the bridge approaches to the general highway alignment of the
section of roadway on which the structure is located. The rating guidelines are
correctly applied by determining if the vertical or horizontal curvature of the bridge
approaches differs from the section of highway the bridge is on, resulting in a
reduction of vehicle operating speed to cross the bridge. This item is not coded by
the FHWA Edit/Update program. The guidelines for FHWA ltem 72, Appraisal or
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Approach Roadway Alignment, are as follows:

> If no reduction in the operating speed of a vehicle is required compared to
the highway, code Item 72 as an “8.”

> If only a very minor reduction in the operating speed of a vehicle is
required compared to the highway, code Item 72 as a “6.”

> If a substantial reduction in the operating speed of a vehicle is required

compared to the highway, code Item 72 as a “3.”

The following guidelines indicate a means of determining the difference between a
minor reduction and substantial reduction of operating speed:

> Minor reduction in operating speed - <9 mph
> Substantial reduction in operating speed - > 10 mph

The remaining codes between these general values are applied at the inspector’s
discretion.

A narrow bridge does not affect the Approach Roadway Alignment Appraisal. The
narrow bridge would be accounted for in Item 68, Deck Geometry.

Items affecting sight distance at the bridge, unrelated to vertical and horizontal
curvature of the roadway, such as vegetation growth and substructure units of
overpass structures do not affect the Approach Roadway Alignment Appraisal.

Item 36 - Traffic Safety Features - For structures on the National Highway System
(NHS), this appraisal is based on comparing the traffic safety features in place at
the bridge site to current national standards set by regulation, so that an evaluation
of their adequacy can be made. For structures not on the National Highway System
(NHS), the procedure is the same, however, it shall be the responsibility of the
highway agency (state, county, local, or federal) to set standards. The item
description and procedures used to determine the Traffic Safety Feature Appraisal
Rating are located in Item 36 of the FHWA Coding Guide. The following are the
traffic safety features to be coded:

> Bridge Railings

> Transitions

> Approach Guiderail

> Approach Guiderail Ends

Item 113 - Scour Critical Bridges — This item is used to identify the current status
of the bridge regarding its vulnerability to scour. A scour critical bridge is one
with abutment or pier foundations that are rated as unstable due to observed scour
at the bridge site, or a scour potential as determined from a scour evaluation study
including a scour analysis made by hydraulic, geotechnical, or structural engineers.
The item description, procedures, and code descriptions are located in Item 113 of
the FHWA Coding Guide.
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A bridge is considered to be functionally obsolete if it has deck geometry, load
carrying capacity, clearance or approach roadway alignment that no longer meets
the criteria for the system of which the bridge is a part. Examples include bridges
with inadequate lane widths or shoulder widths, insufficient vertical clearances to
serve the traffic demand, or bridges that may be occasionally flooded.

Bridges are considered structurally deficient where significant load carrying
elements are found to be in poor or worse condition due to deterioration and/or
damage, or the adequacy of the waterway opening provided by the bridge is
determined to be extremely insufficient to the point of causing intolerable traffic
interruptions.

Any bridge classified as structurally deficient is excluded from the functionally
obsolete category. Bridges that are structurally deficient and functionally obsolete
are reported together as deficient bridges.

In order to be considered for either the structurally deficient or functionally
obsolete classification, a highway bridge must meet the following:

Structurally Deficient (SD) -

1. A condition rating of 4 or less for
= |tem 58 - Deck; or
= Item 59 - Superstructures; or
= |tem 60 - Substructures; or
= Item 62 - Culvert and Retaining Walls.2 or

2. An appraisal rating of 2 or less for
= |Item 67 - Structural Evaluation; or
= [tem 71 - Waterway Adequacy.@

Functionally Obsolete (FO) -

1. An appraisal rating of 3 or less for
= Item 68 - Deck Geometry; or
» Item 69 - Underclearances;® or
= ltem 72 - Approach Roadway Alignment. or

2. An appraisal rating of 3 for

= |tem 67 - Structural Evaluation; or
= [tem 71 - Waterway Adequacy.‘zl

4211


http://www.fhwa.dot.gov/legsregs/directives/fapg/0650dsup.htm#N_1_#N_1_
http://www.fhwa.dot.gov/legsregs/directives/fapg/0650dsup.htm#N_2_#N_2_
http://www.fhwa.dot.gov/legsregs/directives/fapg/0650dsup.htm#N_3_#N_3_
http://www.fhwa.dot.gov/legsregs/directives/fapg/0650dsup.htm#N_2_#N_2_
http://www.fhwa.dot.gov/legsregs/directives/fapg/0650dsup.htm#N_2_#N_2_

4.2.7

Sufficiency Rating

Definition

Sufficiency Rating
Formula

Uses

CHAPTER 4: Bridge Inspection Reporting
TOPIC 4.2: Condition and Appraisal

Footnotes for structurally deficient and functionally obsolete:

(1) Item 62 applies only if the last digit of Item 43 (Structure Type) is coded 19.
(2) Item 71 applies only if the last digit of Item 42 (Type of Service) is coded 0, 5,

6,7,80r9.

(3) Item 69 applies only if the last digit of Item 42 is coded 0, 1, 2, 4, 6, 7 or 8.

Sufficiency rating (S.R.) is a calculated numeric value used to indicate the
sufficiency of a bridge to remain in service. The rating is calculated using the
sufficiency rating formula. Sufficiency rating is discussed in detail in Appendix B
of the FHWA Coding Guide.

S.R.=81+82+S3-S4

0 < SR < 100

(entirely
deficient)

where: S; =

Sz =

S4 =

(entirely
sufficient)

55% max.; based on structural adequacy and safety (i.e.,
superstructure, substructure or culvert condition and load
capacity).

30% max.; deals with serviceability and functional
obsolescence (items such as deck condition, structural
evaluation, deck geometry, underclearances, waterway
adequacy, approach road alignment).

15% max.; concerns essentiality for public use (items such
as detour length, average daily traffic, and STRAHNET
(Strategic Highway Corridor Network).

13% max.; deals with special reductions based on detour
length, traffic safety features, and structure type.

Twenty NBI items are used to calculate these four factors which therefore
determine the sufficiency rating. Sufficiency rating is not normally calculated
manually. Usually, it is included in the agency’s inventory computer program and
is calculated automatically by the computer based upon the inventory data collected
by the bridge inspector. The sufficiency rating is calculated by the FHWA

Edit/Update program.

Sufficiency Rating (SR) is used by the federal and state agencies to determine the
relative sufficiencies of all of the nation’s bridges. In the recent past, eligibility for
federal funding with Highway Bridge Program funds has been determined by the

following criteria:

S.R. <80

Eligible for rehabilitation
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S.R. <50 Eligible for replacement

Some states use the sufficiency rating as the basis for establishing priority for
repair or replacement of bridges; the lower the rating, the higher the priority.
Several states have developed specific bridge management procedures with priority
guidelines for repair or replacement of bridges. By using these types of
procedures, priority ratings can be established by considering the significance or
impact of such level-of-service parameters as traffic volume and class of highway.
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43.1

Introduction

4.3.2

Element Level
Inspection
Development

Managers of large inventories of infrastructure assets need a tool to effectively
manage these assets. For bridge data, element level inspection has been
successfully used as a basis for data collection, performance measurement,
resource allocation, and management decision support. Although component
condition rating and reporting, as described in the FHWA Coding Guide, provides
a consistent method for evaluation and reporting, the data is not comprehensive
enough to support bridge preservation performance-based decision support.

The Pontis CoRe (Commonly Recognized) Element Report (June 1993), which is
the basis of the AASHTO CoRe Element Guide, was prepared by technical
working group representatives from California, Colorado, Minnesota, Oregon,
Virginia, Washington, and the Federal Highway Administration. The Pontis
CoRE Report explains the reasoning behind the selection of bridge items that
require inspection for a successful Bridge Management System. Pontis is ‘bridge’
in Latin.

In 2010, the AASHTO Bridge Element Inspection Manual was developed to
address improvements to the existing CoRe Element Guide. This reference
manual was prepared by representatives from California, Idaho, Michigan,
Montana, New York and FHWA to further enhance bridge management.

Significant changes from the existing CoRe Element Guide:

> All elements have four defined condition states having general
descriptions (good, fair poor, and severe).

> Wearing surfaces have been separated from decks/slabs and protective
coatings.

> Elements have been categorized as National Bridge Elements (NBEs) or

Bridge Management Elements (BMEs), with provisions for custom agency
developed elements.

> Multiple distress paths provide the ability to incorporate all defects within
the overall element assessment.

> Smart Flags (Defect Flags) have been revised to identify the predominant
distress.

In developing a system for standardized data collection, the FHWA needed to look
at the shortcomings of NBI (National Bridge Inventory) data. The problems with
NBI data included:

> Each bridge is divided into only three major parts for condition
assessment: deck, superstructure, substructure and culvert.

> The rating scale for these parts is 0-9 by severity of the deficiency, which
does not indicate the extent of the deficiency.
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> The component condition ratings are based on subjective interpretation by
the inspectors.

A system was developed which included a standardized description of bridge
elements at a greater level of detail. The FHWA created a task force to revise the
standards and created a manual called "Commonly Recognized (CoRe) Structural
Elements". The AASHTO Guide for CoRe Element Manual defined each element,
the unit of measurement, definitions of a set of 3-5 standardized condition states,
and feasible actions for each condition state. The CoRe Element Manual was
accepted as an official AASHTO manual in May 1995. Some states developed
their own CoRe Element Manual based on the AASHTO Core Element Manual.
Approximately 40 states perform element level inspection.

In 2010, the limitations of the CoRe Element Manual were again addressed. These
problems included:

> Inconsistent number of condition states and descriptions between element
types

> Inconsistent condition state definitions between agencies

> Limited distress path language defined within the condition states

The National Bridge Element and Bridge Management Element system provides
multiple distress paths for each defined condition state. This allows for
deficiencies to be identified within each overall element assessment. The
AASHTO Guide Manual for Bridge Element Inspection defines each element,
description, unit of measurement or quantity calculation, set of four standardized
condition states, feasibility actions, element commentary, and element definitions.
The AASHTO Guide Manual for Bridge Element Inspection, First Edition, 2011,
was first published as an official manual in February 2011.
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The AASHTO Guide Manual for Bridge Element Inspection, First Edition, 2011.
(see Figure 4.3.1) provides a description of structural elements that are commonly
used in highway bridge construction and encountered on bridge safety inspections.

The following terms are used to describe bridge element-level inspection:

> National Bridge Elements (NBEs) represent the primary structural
components of bridges necessary to determine the overall condition and
safety of primary load carrying members. They provide a uniform basis
for data collection.

> Bridge Management Elements (BMESs) represent a recommended set of
condition assessment language that may be modified to suit the agency's
needs. Examples of these elements include expansion joints and seals,
approach slabs, wearing surfaces, protective coatings and smart flags.

> Agency developed elements are customized elements that can be sub-sets
of defined NBEs, sub-sets of BMEs, or elements that are independent of
the defined AASHTO elements. Agency developed elements are used in
addition to the NBEs and BMEs.

> Condition states describe the severity of the deficiencies in AASHTO
Bridge Elements. All elements have four defined condition states having
general descriptions of good, fair, poor, and severe. Condition State 1
(good) and Condition State 4 (severe).

> Environments are used to classify the operating conditions and the
deterioration of the structure, which does not change due to maintenance
work or deficiencies. Depending on the agency, inspectors may or may
not be responsible for determining the environment.

> Sub-elements or sub-sets are divisions of NBEs or BMEs that are created
to provide flexibility to track variations in cost or performance
characteristics.

> Smart Flags or Defect Flags are BMEs and used when a specific condition
exists, which may be described in the National Bridge Element condition
state definitions. They inherit the same units of measure as the NBE or
BME to which they are assigned.

> Feasible actions, as provided in the AASHTO Guide Manual for Bridge
Element Inspection, are general actions to address deficiencies. Feasible
actions are often further defined by agencies for each condition state.
Agency procedures vary and some inspectors create work
recommendations for feasible actions. The inspector may not be required
to record feasible actions.
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AASHTO Guide Manual for
Bridge Element Inspection

First Edition ® 2011

Figure 4.3.1 AASHTO Guide Manual for Bridge Element Inspection

4.3.4

Basic Requirements In the development of National Bridge Elements, it was important that the
: : specification must be generic. Different agencies have varying maintenance
of National Bridge practices, funding mechanisms, policy concerns and terminology. However, the
Elements physical components of bridges and deterioration processes are not unique.
Agencies must be able to customize the generic standard to satisfy their own
purposes without sacrificing the benefits of a common standard. Any changes to
elements could introduce incompatibility between agencies. For this reason,
agencies cannot change the number of condition states and the intent of the

condition state language.

To avoid this from happening, the bridge element guide manual provides the ability
of an agency to add custom agency developed elements or modify recommended
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Bridge Management Elements. It is possible for future National Bridge Elements
or Bridge Management Elements to be added. These elements must be permanent,
have clear distinction and be defined as concisely as possible. The guidelines for
developing National Bridge Elements include:

> Each element must be a primary load carrying element

> Each element must have a unique functional role.

> Distinguish elements that have significantly different maintenance
requirements.

> Distinguish elements that are measured in different ways for costing or
inspection.

> Distinguish elements whose conditions are described in different ways.

> Each element must be significant from the standpoint of maintenance cost

or functionality. This is why, for example, secondary members are omitted
from the list of National Bridge Elements. The level of detail in data
collection would be too large relative to the effect of these elements on
decision making.

> Deterioration behavior and maintenance alternatives for the element must
be sufficiently understood. This is why, for example, composite materials
such as fiber reinforced polymer are excluded from the list of National
Bridge Elements.

> If an element is more significant than other elements, its behavior or
condition description is complex, the element may be subdivided into
smaller elements. An example of this type of element would be a pin and
hanger assembly.

> A formal definition of each element must be developed to clarify thinking.

One primary use of definitions is to establish a useful inventory. In the field, each
element must be clearly identified, measured and counted economically. It is also
important to describe element attributes, such as size, material, condition and
serviceability, quantitatively. = The commonality aspect of National Bridge
Elements depends on having definitions that are widely understood and are stable
over time. One major factor contributing to definitions being widely understood is
NHI’s bridge inspection related training courses.

AASHTO National Bridge Elements describe primary load carrying members,
including:

> Girders

Trusses

Arches

Cables

Floorbeams

Stringers

YV V V V VY
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Abutments
Piers

Pins and Hangers
Culverts
Bearings
Railings
Decks

Slabs

Gusset Plates
Column/Piles
Caps

YVV VY VYV VY YVYYVYYVY

See Figures 4.3.2 - 4.3.4 for a list of decks/slabs, superstructure, and substructure
AASHTO National Bridge Elements.

Element Element

Number Number
Element Units (Decks) (Slab) Other
Reinforced Concrete Deck/Slab AREA 12 38
Prestressed/Reinforced Concrete Top
Flange AREA 155
Steel Deck - Open Grid AREA 28
Steel Deck - Concrete Filled Grid AREA 29
Steel Deck - Corrugated/Orthotropic/Etc. | AREA 30
Timber Deck/Slab AREA 31 54
Bridge Rail Other
Metal Bridge Railing LENGTH 330
Reinforced Concrete Bridge Railing LENGTH 331
Timber Bridge Railing LENGTH 332
Other Bridge Railing LENGTH 333
Masonry Bridge Railing LENGTH 334

AREA = square feet (square meter)
LENGTH= feet (meters)

Figure 4.3.2  Decks/Slabs National Bridge Elements in the AASHTO Guide
Manual for Bridge Element Inspection
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Prestressed Reinforced
Element Units Steel Concrete Concrete Timber | Masonry [ Other
Girder/Beam LENGTH 107 109 110 111
Closed Web/Box
Girder LENGTH 102 104 105
Stringer LENGTH 113 115 116 117
Truss LENGTH 120 135
Arch LENGTH 141 143 144 146 145
Floor Beam LENGTH 152 154 155 156
Cable EA 147,148
Gusset Plate EA 162
Pin and/or Pin and
Hanger Assembly EA 161

LENGTH= feet (meters)
EA = Each

Figure 4.3.3  Superstructure National Bridge Elements in the AASHTO Guide
Manual for Bridge Element Inspection

Prestressed Reinforced
Element Units Steel Concrete Concrete Timber | Masonry Other
Column/Pile
Extension EA 202 204 205 206
Column Tower
(Trestle) EA 207 208
Submerged Pile EA 225 226 227 228
Pier Wall LENGTH 210 212 213 211
Abutment LENGTH 219 215 216 217 218
Pier Cap LENGTH 231 233 234 235
Pile Cap/Footing EA 220
Culvert LENGTH 240 241 242 244 243
Bearings
Elastomeric
Bearing EA 310
Moveable Bearing
(roller, sliding, etc.) EA 311
Enclosed/Concealed
Bearing EA 312
Fixed Bearing EA 313
Pot Bearing EA 314
Disk Bearing EA 315
LENGTH= feet (meters)
EA = Each

Figure 4.3.4  Substructure National Bridge Elements in the AASHTO Guide
Manual for Bridge Element Inspection

Bridge Management AASHTO Bridge Management Elements represent a recommended condition
Elements assessment language that can be modified to suit the agency's needs. The following
types of elements are defined as Bridge Management Elements:

> Joints

> Approach Slabs

> Wearing Surfaces

> Protective Systems

> Smart Flags (Defect Flags)
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See Figures 4.3.5 - 4.3.6 for a list of decks/slabs and wearing surfaces and
protection systems AASHTO Bridge Management Elements.

Element
Element Units Number
Joints
Strip Seal Expansion Joint LENGTH 300
Pourable Joint Seal LENGTH 301
Compression Joint Seal LENGTH 302
Assembly Joint/Seal (modular) LENGTH 303
Open Expansion Joint LENGTH 304
Assembly Joint w/o Seal LENGTH 305
Approach Slabs
P/S Concrete Approach Slab AREA 320
Reinforced Concrete Approach Slab AREA 321

AREA = square feet (square meter)
LENGTH= feet (meters)
EA = Each

Figure 4.3.5 Decks/Slabs Bridge Management Elements in the AASHTO
Guide Manual for Bridge Element Inspection

Element
Element Units | Number
Protective Systems
Wearing Surfaces AREA 510
Steel Protective Coating AREA 515
Deck/Slab Protection Systems AREA 520
Concrete Protective Coating AREA 521

AREA = square feet (square meter)

Figure 4.3.6  Wearing Surfaces and Protective Systems in the AASHTO Guide
Manual for Bridge Element Inspection
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Defect Flags are part of the Bridge Management Elements and are used to identify
the predominant defect for that condition state. The severity of the deficiency is
captured by coding the appropriate Defect Flag condition state. The NBI translator
uses AASHTO element-level data that includes defect flag data to determine NBI
component condition ratings.

Defect Flags inherit the units of the parent NBE or BME.

Steel Cracking/Fatigue:

Pack Rust:

Concrete Cracking:

Concrete Efflorescence:

Settlement:

Scour:

Superstructure Traffic
Impact:

Steel Section Loss:

Steel Out-of-plane

Compression Members:

Deck Traffic Impact:

This flag shall be used with steel elements to identify
the predominant defect in a given condition state that
is not corrosion.

This flag shall be used in conjunction with steel
elements connection defects (including shapes in
contact in built-up members) of steel bridges that are
already showing signs of rust packing between plates.

This flag shall be used with concrete elements to
identify the predominate defect in a given condition
state that is not spalling or delaminations.

This flag shall be used with concrete elements to
identify the predominate defect in a given condition
state that is not spalling or delaminations.

This flag shall be used with all substructure and
culvert elements to identify the predominate defect in
a given condition state that is not material
deterioration. The use of the flag is to identify the
severity of the settlement.

This flag shall be used with all substructure and
culvert elements to identify the predominate defect in
a given condition state that is not material
deterioration. The use of the flag is to identify the
severity of the scour.

This flag shall identify all traffic collisions with the
superstructure. Application of the flag is in relation
to the impact on the structures capacity to carry load.

This flag shall be used with steel elements to identify
the predominate defect in a given condition state that
is not corrosion. Setting this flag will identify the
severity of section loss.

This flag shall be used with steel truss or arch
elements. The use of the flag shall denote any
member that is not in plane with the panel (buckling).
It shall be used to identify the predominate defect in a
given condition state that is not material
deterioration.

This flag shall identify all traffic collisions with the
deck. Application of the flag is in relation to the
impact on the structures capacity to carry load.
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Substructure Traffic This flag shall identify all traffic collisions with the
Impact: substructure. Application of the flag is in relation to
the impact on the structures capacity to carry load.

Barrel Distortion: This flag is to identify the severity of the culvert
barrel distortion. Its use shall be with culverts only.
This flag shall describe predominate culvert
deterioration that is not attributed to material
deterioration.

Agencies may develop sub-elements that use the same condition state definitions as
their associated NBE or BME elements. This allows for more detailed element
descriptions. They are a subset of the NBE or BME and allow a more detailed
classification. They are often created to distinguish a different size, location or
exposure.

> Fascia girders and interior girders can be examples of Sub-Elements.
> The ends of girders can be examples of Sub-Elements.

Agency developed elements fall into three main categories: subsets of NBEs,
BMEs, or elements that are independent of defined elements. Agency Developed
Element guidelines are listed below:

Agency Defined Subsets of NBEs

For agency defined sub-sets of National Bridge Elements, the agency must be able
to combine the sub-elements back together to form the original NBE element for
NBI submission with the original condition state and element definition language.

Agency Defined Subsets of BMES

For agency defined sub-sets of Bridge Management Elements, the agency is not
required to combine the elements to form the original Bridge Management
Elements since BMEs are not required for NBI submission. However, custom
elements of this type must retain the original number of condition states using a
good, fair, poor, severe description.

Independent Agency Developed Elements

For Agency Defined Elements that are not sub-sets of National Bridge Elements or
Bridge Management Elements, the only requirement is the standardized number of
condition states (four). These elements may include inventory items or specific
aspects of the structure. Independent Agency Defined Elements may or may not
include feasible actions, deficiency, or official condition state language.

Examples of potential independent agency developed elements include approach
guardrail, approach guardrail ends, seismic retrofit components, tunnels, condition
of drainage components or lighting fixtures, or ancillary items such as overhead
signing structures.

4.3.10



4.3.6

Condition States

43.7

Feasible Actions

CHAPTER 4: Bridge Inspection Reporting
TOPIC 4.3: Introduction to Element Level Evaluation

The scale of good-fair-poor-severe is not acceptable because these terms do not
have precise definitions that can be observed in the field. It was decided to
measure bridge condition on a single scale that reflects common processes for
deterioration and the effect on serviceability.  The general pattern for a Bridge
Element having four condition status is as follows:

Good — No deterioration to minor deterioration
Fair — Minor to Moderate deterioration
Poor — Moderate to Severe deterioration

Severe — Beyond the limits established in condition state 3 and/or warrants
a structural review to determine strength or serviceability of the element or
bridge

> wn e

Each of these levels of deterioration is called a condition state. The condition state
methodology provides two types of information about a bridge element’s
deterioration:

> Severity — characterized by precise definition of each condition state
> Extent — the distribution of the total element quantity among condition
states

The severity is important for selection of a feasible and cost effective preservation
treatment, and extent is important for cost estimation.

Assignment of quantities to condition states is determined from element
definitions and element commentary for National Bridge Elements. Condition
state definitions are guidelines to the bridge inspector for categorization of the
severity of the deficiency. Element commentary represents additional
considerations for the inspector during the collection of data. From this
information, the inspector can complete the element level evaluation.
Additionally, element level Smart Flags (Defect Flags) are used to describe a
condition which is not included in the National Bridge Element or Bridge
Management Element condition state language.

Feasible actions are those that an agency may take to remove the defect. They
represent a set of responses that may be taken for an element based upon quantities
within a given condition state. They also represent general guidance on agency
preservation strategies and can be customized by each agency for each element
and condition state.

A summary of feasible actions and associated condition states is given below.
Depending on the element, some feasible actions/conditions states may not be
available. Other feasible actions, such as "Do Nothing", are available for all
elements and condition states. “Do Nothing” can be used for all the elements in
condition states since the possibility of nothing that needs to be done due to the
condition of the element being good or to be used if the condition of the bridge is
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so severe, the bridge is closed and or there is a feasible action already taking place.

Feasible Action Condition State

1 2 3 4
Do Nothing ) ) °
Protect ° ° ° °
Preserve (for other culverts ° °

and other railings )

Repair °
Rehab

Reset (for bearings only)

Replace

4.3.8

Environments Element can exist in one of four environments, which describe different weather or
operating conditions. The environments are important for deterioration models
and prediction of future conditions. The four environments are defined in general
terms as follows:

1. Benign — No environmental or operational conditions affecting
deterioration

2. Low - Environmental or operational conditions create no adverse impacts,
or are mitigated by past non-maintenance actions or highly effective
protective systems

3. Moderate — Typical level of environmental or operational conditions
influence on deterioration

4. Severe — Environmental or operational conditions factors contribute to

more rapid deterioration. Protective systems are not in place or are
ineffective

Environment policies are used for element level inspection and set by individual
state agencies.

4.3.9

The Role of An immediate application of Bridge Elements is the collection and analysis of
performance data. It is essential that original data collection be as objective and
Element Level Data repeatable as possible. This raw, objective data must be stored so that the analysis

in Bridge may be updated or improved at a later time. Bridge Elements must be usable to
Management support management decision making. The large volume of raw data collected
Systems must be transformed into useful information. For this reason, the development of

bridge Bridge Elements was heavily influenced by the parallel development of
Pontis software and previous CoRe elements.
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Condition state data provides quantitative data about the physical condition and
performance of bridge elements. This data is also, the effects of treatment actions
can be tracked over time. Element level data is an essential part of the following
BMS functions. Element level inspections can track the effectiveness of action
over time by showing the various condition states and how they may change over
time after the bridge element is either repaired, replaced, or nothing would be
done. Potential applications for agencies includes:

> Identification of bridge needs (replacement and preservation)
Development and testing of new maintenance techniques
Treatment selection policies

Project priority setting and programming

Budgeting

Funding allocation

Long-range planning

VVVYVYVY
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Abbreviations for Field Inspection Notes

Abut. = Abutment
Adj. = Adjacent

B. = Bent
Btw. = Between
Bot. = Bottom

B.S. = Both Sides

[ = Channel (Steel Shape)
cm = Centimeter

Col. = Column

Conc. = Concrete

Cond. = Condition

Conn. = Connection

Cr. = Crack

Delam. = Delamination, Delaminated
Deter. = Deterioration
Diag. = Diagonal

Diam. = Diameter

Diaph. = Diaphragm

D.S. = Downstream

E = East

Eff. = Efflorescence
Elev. = Elevation

Exp. = Expansion

F.B. = Floorbeam

F.L. = Full Length

Flg. = Flange
F.S. = Far Side
Ft. = Feet

Gus. = Gusset
H.L. = Hairline

Horz. = Horizontal

Hvy. = Heavy
Int. = Interior
Lac. = Lacing
Lat. = Lateral

Lat. Br. = Lateral Brace
Lgth. = Length

Low. = Lower

Lt. = Light

M = Meters

Med. = Medium

Mid. = Middle

N = North

No Vis. Def. = No Visible Defects
N.S. = Near Side

P = Pier

Pl. = Plate

S = South

S.1.P. = Stay-in-Place Forms
SF = Square Feet

Stiff. = Stiffener

Str. = Stringer

T. Welds = Tack Welds
Typ. = Typical

U = Upper

U.S. = Upstream

Vert. = Vertical

Vis. = Visible

Vis. S. = Visible Signs

W = West

W = Wide Flange (Steel Shape)
L = Angle (Steel Shape)
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Topic 4.4

4.4.1

Record Keeping and Documentation

Introduction

4.4.2

Bridge owners maintain a complete, accurate, and current record of each bridge
under their jurisdiction. Such information relating directly to the inspection,
design, performance and maintenance of the bridge is vital to the effective
management of a population of bridges. Additionally, this information provides a
record that may be important for repair, rehabilitation, or replacement of their

assets.

The first section in this topic covers the critical components of the bridge record,
while the remaining sections provide the inspector with guidance on how to
thoroughly organize inspection data and produce an accurate and effective
inspection report.

Bridge Records

Bridge records, or files, are used to maintain detailed, cumulative and up-to-date
information on each structure. A thorough study of the available historical
information can be extremely valuable in identifying possible critical areas of
structural or hydraulic components and features.

The contents of any particular bridge file may vary depending upon the size and
age of the structure, the functional classification of the road carried by the
structure, and the informational needs of the agencies responsible for inspection
and maintenance. The bridge file is not only a resource to the bridge owner, but
also a resource to the inspector. The inspector will gain valuable insight into the
bridge by being familiarized with it prior to the inspection. It is recommended that
the following types of information be assembled when possible.

According to the AASHTO Manual for Bridge Evaluation, the bridge record
includes the following information:

>

YV V V VY

VVV VYV VYV VY

Plans, including construction plans, shop and working drawings, and “as-
built” drawings

Specifications
Correspondence
Photographs

Materials and tests, including material certification, material test data, and
load test data

Maintenance and repair history
Coating history

Accident records

Posting

Permit loads

Flood and scour data

Traffic data

Inspection history

Inspection requirements
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Plans

Specifications

Correspondence

Photographs
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> Structure Inventory and Appraisal sheets
> Inventories and inspections
> Rating records

Construction, *as-built,” or shop and working plans are included in a bridge
record. If plans are not available, determine the following types of construction
information:; date built; type of structure, including size, shape, and material;
design capacity; and design service life. Hydraulic data is also assembled where
available, including structure profile gradeline, elevation of inverts or footings,
stream channel and water surface during normal and high flows, design storm
frequency, drainage area, design discharge, date of design policy, flow conditions,
limits of flood plain, type of energy dissipaters (if present), cut-off wall depth,
channel alignment, and channel protection.

The bridge record includes a complete copy of the technical specifications used to
design and build the bridge. When a general specification was used, only the
special provisions are included in the file. The edition and date of the general
specifications are noted in the bridge record.

The bridge record includes any applicable letters, memorandums, and notices of
project completion, construction diaries, telephone logs, and any other information
directly concerning the bridge in chronological order.

Photographs are used to supplement the inspection notes and sketches. A
minimum of two photographs are included in the bridge record: a topside view of
the bridge roadway and at least one elevation view of the bridge. Photographs
showing major deficiencies or other features, such as utility attachments or
channel alignment, also are included. Photographs that show load posting signs
are also provided, if applicable.

Photo Log

Keep a photo log during the inspection. The photo log includes the date, photo
number, and description of each photograph. It is best to be very specific when
describing the photos (see Figure 4.4.1). Descriptions include both the location of
the member and a brief description of any deficiencies.
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Materials and Tests

Maintenance and Repair
History

Coating History

Accident Records
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PHOTO LOG FORM
- INSPECTORS GRL (WB) PHOTO LOG NO. .
BRIDGE NO. MP-056-0064-B002983 DATE: 79,101 Phgleg 1=11)
BRIDGE NAME Tth Street to 13th Street Unit T
PHOTO # [LOCATION DESCRIPTION
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ot Cueder conn (59 -Span AfwR)
2-17 | Pier /-i-q‘-'\.l’ Gen View of end weld crack
So0e, A9 a2 close - 1pS
o) LY :('lh Sicle 1 Cen AVAT I '.I'\'f Fascaa  Cacdet (—"—hq\l
Pioc S0uwis w/ LU Venathh lona  sh i {feners
9 Prer SHwWB _ | toen step “eql ovP O Cf0SsS
epCdet ond Oin 4 hanoel asaemblu
ey Per 55wk The NMew of Decls 7 =
[nerth side ) Loaking Bk StationS
(Hl Pier 55w Pin t Hanaer AsSSembly
; wy Bol sdpoort :
{ (Lonk\no\ J\\(‘lf'\'h) |
12, Span  ABRwWRR o>0d o .Il‘n (Cross Brocina ) Top
Gyicder 85 Comn © ¢adweld ¢coc '-"w‘\-‘J
ooyl bYoe wsold corkie  on Cavcder e Ilal
A Pl (Previguastly o Geteel —no ching s )
nocmside  eod of bowa ey las Coerbinr
Figure 4.4.1  Sample Photo Log

Certificates for the type, grade, and quality of materials used in construction of the
bridge are included in the bridge record. Examples include steel mill certificates,
concrete delivery slips, and any other manufacturers' certificates. The certificates
are retained in accordance with bridge owner policy and statute of limitations.

Reports for any non-destructive or laboratory testing either during or after
construction are included. If any field load testing is performed, provide the
reports in the bridge record.

Information about repairs and rehabilitation activities are included in the bridge
record. This chronological record includes details such as the date, project
description, contractor, cost, contract number and any other related data. The
types and amount of repairs performed at a bridge or culvert site can be extremely
useful. For example, frequent roadway patching due to recurring settlement over a
culvert or approach roadway for a bridge may indicate serious problems that are
not readily apparent through a visual inspection of the structure.

This information in the bridge record documents the surface protective coatings
used, including surface preparation, application method, dry film paint thickness,
types of paint, concrete and timber sealants, and other protective membranes.

Include details of accidents or damage to the bridge in the bridge record (see

Figure 4.4.2). This information includes the date of the occurrence, description of
the accident, member damage and repairs, and any investigative reports.
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Permit Loads
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Emam e

Figure 4.4.2  Accident Involving Construction Equipment and a Bridge

Each bridge record includes load capacity calculations and any required posting
arising from the load ratings. The summary of posting actions includes the date of
posting and a description of the signing used (see Figure 4.4.3).

Figure 4.4.3  Posted Bridge

A record of the most significant single-trip permit loads using the bridge are

included in the bridge record. This information is to include any applicable
documentation and calculations.
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A chronological history of major flooding events are included for bridges over
water (see Figure 4.4.4). This history includes the high water marks at the bridge
site, scour evaluation, scour history, and any plan of action.

Figure 4.4.4  Flood Event

When available, the bridge record contains a history of the variations in Average
Daily Traffic (ADT) and Average Daily Truck Traffic (ADTT) including the
frequency and types of vehicles using the bridge. ADT and ADTT are important
factors in determining fatigue life and are monitored for each bridge and each
traffic lane on the bridge. If available, weights of the vehicles using the bridge are
also included in the bridge record.

Reports from previous inspections can be particularly useful in identifying specific
locations that require special attention during an inspection. Information from
earlier inspections can be compared against current conditions to estimate rates of
deterioration and to help judge the seriousness of the problems detected and the
anticipated remaining life of the structure.

This chronological record of inspections performed on the bridge includes the date
and type of inspection. The initial inspection report is included in the bridge
record. Earthquake data, fracture critical member information, deck evaluations,
and corrosion studies are also included when available.
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Inspection Requirements Inspections are planned and prepared for by taking into account needed access,
inspection equipment, structural details, inspection methods, and the required
qualifications of inspection personnel. In addition, the National Bridge Inspection
Standards require that written inspection procedures for specific types of more
complex inspections (fracture critical, underwater, and complex bridges) be
developed to address those items that need to be communicated to an inspection
team leader to ensure a successful bridge inspection. Section 4 of the AASHTO
MBE has general considerations regarding inspection plans. An owner may have
general overall inspection procedures in their bridge inspection manual that
address common aspects of these more complex inspections, however, each bridge
will have written inspection procedures specific to each bridge which address
items unique to each bridge. The following items are to be addressed for each of
these types of bridge inspections, either in the bridge specific inspection
procedures, or by referring to general inspection procedures (typically in an
agency's bridge inspection manual):

>

Identify each of the critical members to be inspected (fracture critical
elements, past repairs, underwater elements, complex features, fatigue
prone details, scour countermeasures, etc.) on plan sheets, drawings or
sketches

Identify special access needs or equipment necessary to gain the access
required to inspect the features (under bridge inspection trucks, man lifts,
traveler system, climbing, etc.)

Describe the inspection method(s) and frequency to be used for the
elements. For example, “Visually inspect all identified FCMs at arm’s
length for cracks, deterioration, missing bolts, loose connections, broken
welds... using PT to verify the existence of suspected cracks.”

Address required proximity to details, such as “arm’s length”

Identify special qualifications required of inspection personnel by the
program manager, if any (successfully passed fracture critical course,
certified electrician for movable bridge electrical components, qualified
bridge inspection diver, etc., may be possible qualifications)

Other items that may be addressed depending on each unique situation might

include:

>

Special contacting procedures prior to inspection (Coast Guard, security,
operations personnel, etc.)

Safety concerns (snakes, bats, etc.)

Best time of year to inspect the bridge (lake draw down, canal dry time,
snow, ice, bird nesting seasons, etc.)

Anything else the program manager wants the inspection team leader to be
aware of in preparation for the inspection

Any special requirements to ensure inspector and public safety, including a traffic
management plan, are also included.
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Structure Inventory and A chronological record of SI&A forms used by the bridge owner is included in the

Appraisal Sheets bridge record. Refer to Topic 4.1 for a complete description of SI&A sample
form.

Inventories and Inspection reports are included as part of the bridge record. This information

Inspections includes the results of all inventories and bridge inspections and can include

construction or repair activities.
Bridge Inspection Forms

Many bridge owners have standard inspection forms. These forms are used for
each bridge in their system and give the inspector a checklist of items that are to be
reviewed. Another benefit of standardized forms is that it organizes bridge reports
into a consistent format (see Figures 4.4.5 and 4.4.24 that are located at the end of
this topic).
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7 l ODOT Bridge Inspection Report Form

Bridge Number Date
Bridge Name Inspector 1:
Highway / Route Inspector 2:
Milepost
List of Associated Associated CS! Cs | Cs; Cs
Elements Smart (Defect) Flag Protection Systems | Quantity {Units} 1 | 2 | 3 | 4

Figure 4.4.5 Element Level Example Inspection Form
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Rating Records

CHAPTER 4: Bridge Inspection Reporting System
TOPIC 4.4: Record Keeping and Documentation

A complete record of the determination of the bridge’s load-carrying capacity is
included in the bridge record (see Figure 4.4.6). This information will include the
design load to indicate the live load the bridge was designed for, the analysis
methods used to determine the inventory and operating ratings, and the inventory
and operating ratings for the bridge. The capacity calculations will be signed and
dated by the individual who determined them, together with any assumptions used.

Nebraska Department of Roads - Bridge Division

Load Rating Summary Sheet

Analyst
State Bridge Number  C008500335 ) ) ) ) Analysis Date 3/8/2007
County Bridge Number ~ T4N R4W SECB L Year Built 1998
Structure Type  Concrete continuous - Slab Year Reconstructed
Highway System  Noton National Highway System Design Load H520
NBI Rating Factor Summary (HS or HL93):
Inventory Capacity 1.11 Operating Capacity 1.85
Legal Truck Summary:
Type 3 (Tons) 61 Type 352 (Tons) 67 Type 3-3 (Tons) 101
Rec ded Posting S y:
Type 3 (Tons/NA) Type 352 (Tons/NA) Type 3-3 (Tons/NA)
Posting s required for capacities less than 25T, 37T, and 437 Gross Pasting should be avolded.
Permit Load Summary:
Type 3 (Tons) 79 Type 352 (Tons) 87 Type 3-3 (Tons) 132
For permitting purposes only, capacity based on a single lane distribution factor with no impact,
No other vehicles are to be allowed on the bridge, crawl speeds less than 5 mph, and no gear shifting or braking, are to be strictly cbserved

Rating Method: [~ ASR ® LFR [~ LRFR [~ Other
Rating Information Provided: [ Plans [~ Field Measurements [~ Testing [~ NolInformation Exists
Depth & Type of Overlay: 1 in. [X Concrete [ Gravel [ Asphalt [ Other
Condition Rating:
Deck: 9 Superstructure: 9 Substructure: 9 Pile: 9 Scour: 8
Load Rating Evaluation § y: I=In gated C=Controls (HS or HL93)
I | (=
[ [#® +Mofinterior Girder / Beam T T Truss Members
[ [ +M ofExterior Girder / Beam [T I Floor Beams
[ [~ -Mofinterior Girder / Beam [T [ stringers
[ [ -MofExterior Girder / Beam [T T Pins
[T [ Shear At/Near Reactions [~ T Hangers
[T [T DeckOverhang [T I Substructure Elements
[T |~ Deck Between Girders [T I Sidewalks/Medians w/o Traffic Barriers
[T [ Fatigue Prone Details 0T &enw
Additional Comments (Include any section loss, location of section loss, and hand ion refs used in this analysis)

(Seal & Data)

The recommended Rating and Posting for this structure are based on a theoretical analysis of the structural elements involved, and on a limited amount of information
concerning their condition, These weight limits are intended onlly as a general guideline and may be varied accordingly by the officials responsible for this structure after
an investigation of the structural condition, reaction to vehicular loads and any other items where judgement is required to establish a proper weight limit,

DR Form 464, Jan 07

Figure 446 Example Load Rating Summary Sheet
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CHAPTER 4: Bridge Inspection Reporting System
TOPIC 4.4: Record Keeping and Documentation

Post or restrict the bridge in accordance with the AASHTO Manual for Bridge
Evaluation or in accordance with State law, when the maximum unrestricted legal
loads or State routine permit loads exceed that allowed under the operating rating
or equivalent rating factor.

Methods of
Inspection
Documentation

Traditional

Electronic Data
Collection

Note all signs of distress and deterioration with sufficient precision so that future
inspectors can readily make a comparison of conditions. The most commonly
used method for record keeping is pencil and paper. The inspector writes findings
on forms, sketches, and notebooks (see Figure 4.4.7). This method is extremely
flexible in that the inspector can draw whatever configurations are necessary to
best describe and document deficiencies.

Figure 4.4.7  Inspector Taking Notes

Another method of record keeping is electronic data collection (see Figure 4.4.8).
This technology provides a significant advantage in a number of areas. With all
the bridge data available at the site, the inspector can retrieve and edit previous
records and save them as current inspection data. This not only saves time but
eliminates the need for reentering data. Also, it eliminates errors that can occur
when transferring the inspector’s field notes to the computer back at the office.
Electronic data collection provides a logical and systematic sequence of
inspection, ensuring that no bridge elements are overlooked. It also allows the
inspector to compare the current deficiencies with previous reports and note if any
deterioration has gotten worse.

4.4.10



4.4.4

Inspection Report
Documentation

Element Identification

CHAPTER 4: Bridge Inspection Reporting System
TOPIC 4.4: Record Keeping and Documentation

Figure 4.4.8  Electronic Data Collection

While the inspection of small bridges usually only requires the use of the standard
inspection form, the inspection of large or complex bridges requires the use of an
inspection file, in addition to any standard inspection forms. The inspection file
contains:

> Standard nomenclature and abbreviations for the elements of members and
the components made up of these members
> Sketches of elements or members showing typical and deteriorated

conditions (some of these can be pre-made to allow more expediency
during the inspection)

> A standard notation system for indicating the condition of the elements or
members

> A log or index for photographs

> Brief narrative descriptions of general and component conditions

When the above, detailed file format is selected for recording bridge inspection
results, the information is to be recorded systematically. However, many bridge
owners differ significantly in their required format. Most of the above
information, if not provided on the inspection report, is available in the bridge
record.

Identify the elements by the type of material, construction method, and the
function that each element or member performs.

Some examples of elements or members and their abbreviations:

> Multi-beam (B1 - B6)

> Deck or slab

> Stringer (S1 - S4)

> Floorbeam (FBO — FB15)
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Structure Site
Orientation

Bridge Member
Orientation

CHAPTER 4: Bridge Inspection Reporting System
TOPIC 4.4: Record Keeping and Documentation

Girder (G1, G2)

Truss chord (UOUL - U.S))

Truss diagonal (UOL2 -D.S.)

Secondary bracing (Top Lat. Br. U0 U.S.to U1 D.S.)
Arch

Spandrel column (Col. 1 - Col. 14 -U.S))

Spandrel wall (U.S., D.S. or N, S, E, W)

Abutment (Abut. 1, Abut. 2)

Pier (P1 - P4)

VVV VYV VYV VY

Verify that element descriptions or abbreviations are consistent with bridge owner
nomenclature.

Structure site orientation is normally established according to highway direction of
inventory, mile markers, segments, or stationing. It is important that the
orientation of each bridge be clearly established. The following are some
examples:

> 179, Milepost 155.28 NB

> SR0019 Segment 05010

> Union Township, Alpha Drive, Station 109+05

When describing bridge members, it is important to clearly identify the specific
element or member that has the deficiency. The following are some examples to
orient bridge members:

> Substructure units (e.g., Abutment 1 and Pier 3) (see Figure 4.4.9).

> Floorbeam ends are identified by left/right looking in the direction of
inventory or north/south or east/west designations.

> Sides of members can be identified by direction (e.g., “south side of
Floorbeam 2” or “northeast elevation of Beam 4”).

> Span numbers and bay numbers to identify general areas on the bridge
(see Figure 4.4.9).

> Individual beams or stringers left to right, looking in the direction of
inventory (see Figure 4.4.10).

> Upstream or downstream designations can be assigned to structures over

waterways (e.g., “upstream truss”,
arch”) (see Figure 4.4.11).

> For truss elements, identify the member with joint designations and
specify if it is an upstream/downstream or north/south truss (see Figure
4.4.12). Number floorbeams in accordance with the panel point numbers.

downstream girder”, or “upstream

If the orientation used during the inspection differs in any way with that used in
existing documents, clearly state these differences in the inspection notes.
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ELEVATION VIEW

Span1 Span?2 Span 3 Span4 Span5

NNXV TV INNXV D/ INNXA] ;/
Abutment Abutment

1 2
Bent 1 Bent 4

or Pier 2 Pier 3 or
Pier 1 Pier 4

Figure 4.4.9  Sample Span Numbering Scheme

West East
Parapet Parapet
Beam# 1 2 3 4 5

Figure 4.4.10 Sample Typical Section Numbering Scheme

<R

STA.
AHEAD

M

—

O

[ =

GENERAL PLAN

Figure 4.4.11 Sample Structure Orientation Sketch
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Element Dimensions

CHAPTER 4: Bridge Inspection Reporting System
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ELEVATION VIEW

Yo Uy Up U3 Ug Us Ug U7 Ug Ug U1o .

. .

.

PeeeeManaan
.

Span 3

Figure 4.4.12 Sample Truss Numbering Scheme

Document sufficient dimensions to establish the size or cross section and other
pertinent dimensions of elements. These include:

> Deck elements: length, width, and thickness

> Superstructure elements (beam, girder, floorbeam, stringer, and truss
member): length, depth, width, flanges, and webs (see Figures 4.4.13 and
4.4.14)

> Substructure elements (abutment, columns and caps): width and depth (for

rectangular shapes), diameter (for round columns), length, spacing, and
pile batter and spacing (for pile bents)
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BUILT-UP "LISECTION

Figure 4.4.13 Steel Superstructure Dimensions
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Figure 4.4.14 Truss Member and Field Splice Dimensions

Exact member dimensions are required to determine section properties used to
calculate a load-rating analysis.
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Inspection Notes and
Sketches

CHAPTER 4: Bridge Inspection Reporting System
TOPIC 4.4: Record Keeping and Documentation

In most cases, it will be possible to insert reproductions of portions of the plans in
the inspection notes. However, in some instances, sketches will have to be drawn.
The inspector may be able to pre-draw the sketches in the office and fill them out
in the field (see Figures 4.4.15 through 4.4.17).
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Figure 4.4.15 Framing Plan
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Form D527 STRUCTURES DIVISION
1190 GENERAL SKETCH SHEET
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Figure 4.4.16 Girder Elevation
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The first sketch in the field inspection notes normally portrays the general layout
of the bridge and site information, illustrating the structure plan and elevation data
(see Figures 4.4.18 and 4.4.19). The immediate area, the stream or terrain obstacle
layout, major utilities, and any other pertinent details are also included.

| Beaom | =
Beom 2 _/
Heah Beom 3 I\ [
Beom 4 ]
Abm | Heom 5 — = =, - —_— IH._, _Mln Rood
_ Besm & " \. . =, =|If ﬁ/
| Beam 7 £ P 7 _—’/9 N
|
Beam 8 . Far
e i Ab\h‘l’m&n‘!‘
100'-0" C/C Brgs.
PLAN
Figure 4.4.18 Sample General Plan Sketch
—

\

98'-4" Cleor Spon

ELEVATION

Figure 4.4.19 Sample General Elevation Sketch

Deficiency Identification Identify material deficiencies. as presented in Topic 6.1 — Timber, Topic 6.2 —
Concrete, Topic 6.3 — Steel, Topic 6.5 — Masonry.

The exact location, severity and extent of deficiencies are used to determine the
capacity of the bridge in its current condition.
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Deficiency Qualification

CHAPTER 4: Bridge Inspection Reporting System
TOPIC 4.4: Record Keeping and Documentation

Describe the seriousness of a deficiency. For example:

>
>

>

Crack sizes — record lengths, widths, and depth

Section loss — record the remaining section dimensions (when reporting
section loss, it is important to document the section remaining rather than
trying to estimate the percentage of section loss)

Deformation — record the amount of misalignment

Deficiency Quantification Describe the quantity of a deficiency. For example:

Deficiency Location

>
>
>
>

Spalling — 2 feet x 3 feet x 2 inches deep
Scaling — 4 feet high by full abutment width
Delamination — 1 foot x 6 inches

Decay — 2 feet x 2 feet x 3 inches deep

The exact position of the deficiency on the element or member is required if load
capacity analysis is to be performed. For example:

>
>

Left side of web, top half, 3 feet from north bearing
Top of top flange, from 3 feet to 6 feet west of Pier 2

The accuracy of the load capacity analysis depends on precise location information
for deficiencies:

>

Bending moment — Maximum positive moment occurs at or near midspan.
Maximum negative moment occurs at the intermediate supports if the
structure is continuous.

Shear/bearing — Shear is maximum at or near the supports. Bearing is
maximum at the supports.

Axial compression members — The capacity of the member to resist
compressive forces is reduced by any deformation or change in cross
section. The potential capacity reduction is not dependent on where on the
member the deficiency is located. All segments are critical.

Axial tension members — These members experience a reduction in
capacity through loss of section or from cracking. As with the axial
compressive members, tensile members are equally susceptible regardless
of the location of the deficiency.

Combinations — While axial members are critical at all locations, it is not
always apparent which members are loaded only in an axial direction. In
fact, due to the dead load of the member itself, most are not. Other factors
can also contribute to bending forces that will create varying moments,
shears, compression, and tension areas within a member that is primarily
axial. Because of this, identify the exact position of the deficiencies in all
members using reference points, regardless of the forces acting on the
member.

Locating a deficiency may include tying it to an established permanent reference.
Avoid using references that can change over time.
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Some examples of proper referencing include:

> 7 feet-3 inches from fixed bearing on Beam 3 at Abutment 1
> 3 feet-linch from west corner of Abutment 2
> 2 feet-6 inches below bridge seat on south face of Column 1, Pier 2

Reference points to avoid, since these locations vary between inspections:

> Expansion rocker faces
> Ground levels, especially those that may be exposed to water
> Water levels

When documenting the deficiency locations on the deck, include the condition of
deck and haunch, expansion joints, construction joints, curbs, sidewalks, parapets,
and railings with the deck sketches (see Figure 4.4.20).
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When documenting the deficiency location of the superstructure, sketch the
superstructure units in plan view and elevation, or cross section if necessary. Items

to be inspected

include bearings,

main-supporting longitudinal members,

floorbeams, stringers, bracing, and diaphragms (see Figure 4.4.21).

Legend

Cracking with efflorescence (Up to 1/8")

Delamination

Spalling with exposed rebar exhibiting 1/16" section loss {see note)
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Figure 4.4.21 Sample Superstructure Inspection Notes
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Summary of Findings
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Include sketches or drawings to describe the condition of each substructure unit
(see Figure 4.4.22). In many cases, it is sufficient to draw typical units that
identify the principal elements and deficiencies of the substructure. Identify each
element of the substructure unit so that they can be cross referenced to the notes or
sketches. Items to be identified include piling, footings, vertical supports, lateral
bracing of members, and caps.
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Figure 4.4.22 Sample Substructure Inspection Notes

Include sketches or drawings to describe the condition of the channel (see Figure
4.4.23). Streambed materials, alignment, condition of the banks, and the condition
of the bottom of the waterway (including scour holes) are included in the sketch.

B 6007

Span 1 Span 2
isisininfiasisniihisniiifsisissanfinsiviniiansisjsinisisis]

[

T™EL 1026 [
|

120" Bottom of beams 1o 1op of water |

Mear

| 20" Scour hole, no
RSRT | exposed footing (water
1-0° Water Depih

depth = 3 0"
",
F f

Bottom of Streambed

o S

107 Water Dapth
_t

Upstream Elevation
NOT TO SCALE RT Riprap
« Water depth = 1.5 similar up and down stream of bridge
» Average water depth = 1.0" under the bridge
= Bearing seat elevation: 1026' above sez level
« An underwater inspection is required at the bridge but only for scour around

the pier
« Riprap placement: Pier 1994, FAB and NAB 2006

Ground level at previous inspection

Figure 4.4.23 Sample Channel Inspection Notes

Report all deficiencies, no matter how minor they may seem. Be as descriptive as
necessary to report not only the severity of the deficiency but the location as well.
This will be described in further detail later in this topic. When reporting
deficiencies, be objective and do not use terms such as “dangerous” or
“hazardous”.
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pennsylvania

DEPARTMENT OF TRANSPORT

ATION

SITE DATA
Form A

CHAPTER 4: Bridge Inspection Reporting System
TOPIC 4.4: Record Keeping and Documentation

Form D-450A

5A01] SRID: 5A03] BMS Ref: I 7A01 I Inspection Date:
1A09 Inspection Status:
TA02 Team Leader:
7A03 Inspection Type:
7A05 Inspected By:

Structure Description

5A08] FHWA Facility Carried:
SA07 Features Intersected:
$A09 Location:
5C01 Roadway Name:
5A06| City/Borough Name:

Structure Type
Main Approach
6A26| Material Makeup: 6A26 Material Makeup:
6A27]| Physical Makeup: 6A27 | Physical Makeup:
6A28] Span Interaction: 6A28 Span Interaction:
6A29| Structural Config: 6A29 | Structural Config:
Sign Information
[ibez] [ibe3]  [ibos][ D04 [ D07 |[1D05]
Sign Sign Near Bridge Site Far
Type of Sign Needed Message Adv Near Far Adv Comments
0 - Bridge
1 - Bridge Weight Limit
2 - Except Combinations
3 - One Truck at a Time
4 - Vertical Clearance On
5 - Vertical Clearance Under
6 - One Lane Bridge
7 - Narrow Bridge
8 - Hazardous Clearance
9 - Other
Report Version Date: Page 1 of 3

This document include s structure safety inspection information that is confidential pursuant to 65 P.S. §66.1
et seq., 75 PA. C.S. §3754 and 23 U.5.C. §409 and may not be disciosed or used in litigation.

Figure 4.4.24 Example Inspection Form — PennDOT Form D-450
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SITE DATA Form D-450A
pennsylvania Form A
DEPARTMENT OF TRANSPORTATION
5A01 | SRID: 5A03] BMS Ref: 7A01 | Inspection Date:
Features Intersected
6C02 5C03 [scos] [5C29] [4A20] [4A19] [6C18] [6C19] [6c20] [6C21] [6C22] [ 6C23] [6C24] [6B17]
SRID On/ Skew Min Lat CI TotHor CI  Min ¥rt Cl Rdwys Vert Cl Over 10ft VT

SR Seg Under Angle Dir NHS Left Right Left Right Left Right Left Right Sign ADT

Design Exceptions:

Sub Latent Problem:

Sup Latent Problem:

Deck Geometry
Table Used for Appraisal:

Controlling Yalues

ADT:
Bridge Road Width:
Appraisal:

Notes:

Undercir Appr:
Controlling Vertical:

Controlling Lateral:

Traffic Safety Features

5C08

Adequacy Posted Spd
Feature Type Location Rating Description Lmt {mph)

1 - Railing

Comment:

2 - Transition

Comment:

3 - Approach Guiderail

Comment:

4 - Approach Railend

Comment:

Report Version Date: Page 2 of 3

This document includes structure safety inspection information that is confidential pursuant to 65 P.S. §66.1
ot seq., 75 PA. C.5. §3754 and 23 U.S.C. §409 and may not be disclosed or used in litigation.

Figure 4.4.24 Example Inspection Form — PennDOT Form D-450 (continued)
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DECK AND SUPER STRUCTURE DATA Form D-450B

' pennsylvania FormB

DEPARTMENT OF TRANSPORTATION
5A01] SRID: [5A03] BMS Ref: [7A01] Inspection Date:
Deck Wearing Surface
Main Approach

Type of Wearing Surface: IW' Type of Wearing Surface:

Type of Memb. Water-Proof: IW' Type of Memb. Water-Proof:

Deck Corrosion Protection: Iml Deck Corrosion Protection:
Thickness: Thickness:
Date Recorded: Date Recorded:

6B40 Condition Rating:
1C02 Dk WS Notes:

Expansion Joints Number of Expansion Joints:

Joint Joint Movement Manufacture
Number Type Class Code
Deck
Condition Rating:
6B07 | Est. Spall Delamination: 6B0§ | Date:
6B10 Est. Chloride Content: 6B11 Date:
1A07 Unrepaired Spalls:
Deck Top:
Deck Underside:
Deck Drainage:
Expansion Joints:
Deck Notes:
Report Version Date: Page 1 of 2

This document incitides structure safety inspection information that is confidential pursuant to 65 P.S. §66.1
et seq., 75 PA. C.8. §3754 and 23 U.S.C. §409 and may not be disclosed or used in litigation.

Figure 4.4.24 Example Inspection Form — PennDOT Form D-450 (continued)
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DECK AND SUPER STRUCTURE DATA Form D-450B
pennsylvania Form B

DEPARTMENT OF TRANSPORTATION

5A01 | SRID: | 5A03| BMS Ref: I 7A01 | Inspection Date:

Superstructure

Condition Rating:

Narrative:

Girders/Beams:

Floorbeams:

Stringers:

Diaphragms:

Truss Members:

Bearings:

Drainage System:

Report Version Date: Page 2 of 2

This document includes structure safety inspection information that is confidential pursuant to 65 P.S. §66.1
et seq., 75 PA.C.8. §3754 and 23 U.S.C. §409 and may not be disclosed or used in litigation.

Figure 4.4.24 Example Inspection Form — PennDOT Form D-450 (continued)

4.4.26



CHAPTER 4: Bridge Inspection Reporting System
TOPIC 4.4: Record Keeping and Documentation

ABUTMENT DATA Form D-450C
pennsylvania Form €
DEPARTMENT OF TRANSPORTATION
5A01 | SRID: 5A03 BMS Ref: 7A01 | Inspection Date:

Substructure Condition Rating:

Notes:

Near Abutment
Backwall:

Bridge Seats:

Cheekwalls:

Stem:

Wings:

Footing:

Piles:

Scour | Undermine:

Settlement:

Embank Slope-Wall:

Wall Drainage:

Far Abutment
Backwall:

Bridge Seats:

Cheekwalls:

Stem:

Wings:

Footing:

Piles:

Scour | Undermine:

Sett t

Embank Slope-Wall:

Wall Drainage:

Report Version Date: Page 1 of 1

This document includes structure safety inspection information that is confidential pursuant to 65 P.S. §66.1
et seq., 75 PA. C.5. §3754 and 23 U.8.C. §409 and may not be disclosed or used in litigation.

Figure 4.4.24 Example Inspection Form — PennDOT Form D-450 (continued)
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CHAPTER 4: Bridge Inspection Reporting System
TOPIC 4.4: Record Keeping and Documentation

PIER DATA Form D-450D
pennsylvania Form D
DEPARTMENT OF TRANSPORTATION
5A01 | SRID: 5A03 BMS Ref: 7A01 | Inspection Date:
Navigational Control Controls Exist:
44722 Vert Clearance:
4824 Lift Vertical:
4A23 Horz Clearance:
4A07 Pier Protection:
Pier Details
Pier/Bent Number: Scour / Undermine:
Condition Summary:
Bridge Seats:
Cheekwalls:
Columns/Stems:
Settlement:
Pier/Bent Number: Scour /Undermine:
Condition Summary:
Bridge Seats:
Cheekwalls:
Columns/Stems:
Settlement:
Pier/Bent Number: Scour /Undermine:
Condition Summary:
Bridge Seats:
Cheekwalls:
Columns/Stems:
Settlement:
Report Version Date: Page 1 of 1
This document includes structure safety inspection inft ion that is confi ial pursuant to 65 P.S. §66.1

et seq., 75 PA. C.8. §3754 and 23 U.S.C. §409 and may not be disciosed or used in litigation.

Figure 4.4.24 Example Inspection Form — PennDOT Form D-450 (continued)
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CHAPTER 4: Bridge Inspection Reporting System
TOPIC 4.4: Record Keeping and Documentation

ELEMENT DATA Form D-450E
pennsylvania Form E
DEPARTMENT OF TRANSPORTATION
5A01 | SRID: 5A03 BMS Ref: 7A01 | Inspection Date:
6B03 Inventory ltem Review Recommended:
IC01 | Notes:
Element Details
5D02 Span: Span Type:
I 1B01 I El t ID: Inspect by Each:
Environment: 1B05 Scale Factor Measurement:
Description:
Today QTY: [1a11] condstate1 arY: [1a11] condstate 2 QTY:
Cond State 3 QTY: [1Aa11] CondState4 QTY: [1Aa11] Cond State 5 QTY:
Condition:
Report Version Date: Page 1 of 1

This document includes structure safety inspection information that is confidential pursuant to 65 P.S. §66.1
et seq., 75 PA. C.8. §3754 and 23 U.8.C. §409 and may not be disclosed or used in litigation.

Figure 4.4.24 Example Inspection Form — PennDOT Form D-450 (continued)
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pennsylvania

DEPARTMENT OF TRANSPORTATION

5A01 | SRID:

CHAPTER 4: Bridge Inspection Reporting System
TOPIC 4.4: Record Keeping and Documentation

FRACTURE CRITICAL Form D-450F

FormF

5A03 BMS Ref: 7A01 I Inspection Date:

Main

Group:

Critical Rating Factor:
Total Critical Rating Factor:

Structure Type

Material Makeup:

6A27 Physical Makeup:
6A28 Span Interaction:

Structural Config:

Approach

£

Group:
Critical Rating Factor:
Total Critical Rating Factor:

Structure Type

Material Makeup:
6A27 Physical Makeup:
6A28 Span Interaction:

Structural Config:

Fracture Critical Details

Location:

IF02 Type: | IF05 | FC Stress Category:

Member:
Member Detail:

Notes:

Report Version Date:

Page 1 of 1

This document includes stnicture safety inspection information that is confidential pursuant to 65 P.S. §66.1
et seq., 75 PA. C.S. §3754 and 23 UJ.5.C. §409 and may not be disclosed or used in litigation.

Figure 4.4.24 Example Inspection Form — PennDOT Form D-450 (continued)
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' pennsylvania
DEPARTMENT OF TRANSPORTATION

CHAPTER 4: Bridge Inspection Reporting System
TOPIC 4.4: Record Keeping and Documentation

UNDERWATER INSPECTION

Form G

Form D-450G

|5A01 SRID: 3A03] BMS Ref: I 7A01 Inspection Date:
1U00a UW Reviewer Action:
1U00b Reviewer Comments:
o2 Number of Units: o1 Recalculate SCBI:
103 SCBI Source: 4A08 SCBI:
Overall SCBI: SAR:

1U06 Streambed Material #1:

106 Streambed Material #2:

o7 Notes:

Current Countermeasures
CM

Num Type

[1u22 |

Location

[[w23 ]

Condition

Subunit

Possible Countermeasures

PCM
Num Location

Work Candidate

SAR Calculation Data

1J0g Debris Potential:
109 Trapping Potential:
110 Pressure Flow:

NAB Location:

[1ot1]

US Left Wingwvall

@ Presence:
US Right Wingwall
@ Presence:

Horizontal Debris Blockage

17 Start:
Vertical Debris Blockage
Start:

Report Version Date:

IWI FAB Location:

IWI Condition:

IW Condition:

IWl End:

IWI End:
Page 1 of 2

This document includes structure safety inspection information that Is confidential pursuant to 65 P.5. §66.1
et seq., 75 PA. C.S. §3754 and 23 U.S.C. §409 and may not be disclosed or used in litigation.

Figure 4.4.24 Example Inspection Form — PennDOT Form D-450 (continued)
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CHAPTER 4: Bridge Inspection Reporting System
TOPIC 4.4: Record Keeping and Documentation

UNDERWATER INSPECTION Form D-450G
pennsylvania Form G
DEPARTMENT OF TRANSPORTATION
5A01 | SRID: 5A03 BMS Ref: TA01 Inspection Date:
Sub Unit OSA Data
Observed Scour Rating Components
[ N0t [Ntz | aNt3 | iN14 |[ N5 | iN19 | [INo4 ] [iNos | [ iNo6 | [ iNo7 | [iNog | [No9 | [ N1o ] [ N1t ] [ IN03 |
Pier! Inv. Opening Velocity/ Observed
Sub Abut Found Found Strmbd Move Chg Since Scour Debris Scour- Adeq./ Stream Scour

Unit Type Type Type Mat

Ind Lastinsp Hole Potential ability Channel Sediment Alignment Slope Rating

Other Subunit Details

[ino1] [in16] [IN18] [iN17] [ N20] [ N21] [0z ] [N22] [ IN23 ]
uw Observed 100 yr 500 yr
Sub Insp  Water Scour Scour Counter- Info from Flood Calc Flood Calc SCBI
Unit Type Dept Depth Undermine measures  Current Insp Scour Depth Scour Depth Code SAR
IN24 | Notes:
IN24 | Notes:
IN24 | Notes:
IN24 | Notes:
Underclearance
IL09 Origin Description:
IL10 Horizontal:
IL11 Vertical:
IL12 Notes:
Report Version Date: Page 2 of 2

This document includes structure safety inspection information that is confi
et seq., 75 PA. C.S. §3754 and 23 U.5.C. §409 and may not be disclosed or u

Figure 4.4.24 Example Inspection Form — PennDOT Form D-450 (continued)
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CULVERT DATA

FormH

pennsylvania

DEPARTMENT OF TRANSPORTATION

5A01| SRID: BMS Ref:

5A03 |

CHAPTER 4: Bridge Inspection Reporting System
TOPIC 4.4: Record Keeping and Documentation

Form D-450H

7A01 Inspection Date:

Culvert Condition Rating:

Notes:

Length of Culvert Barrel:

# Opening Type Length Min Fill Height

Max Fill Height

Eff Width

Top Slab:

Barrel:

Floor/Paving:

Headwall:

Wings:

Settlement:

Debris:

Report Version Date: Page 1 of 1

et seq., 75 PA. C.5. §3754 and 23 U.5.C. §409 and may not be disclosed or used in litigation.

This document inciudes structure safety inspection information that is confidential pursuant to 65 P.5. §66.1

Figure 4.4.24 Example Inspection Form — PennDOT Form D-450 (continued)
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CHAPTER 4: Bridge Inspection Reporting System
TOPIC 4.4: Record Keeping and Documentation

CHANNEL AND WATERWAY DATA Form D-450H
pennsylvania FormJ
DEPARTMENT OF TRANSPORTATION
5A01 | SRID: | 5A03 BMS Ref: I 7A01 | Inspection Date:

Channel
Channel/ Channel Protection Cond. Rating:

Channel:

Banks:

Streambed Movements:

Debris, Vegetation:

River Control Devices:

Embank/Strmbed Contr:

Drift, Other:

Waterway Adequacy
Appraisal Code:

Notes:
IL02 Overtop Risk:
ILO3 Traffic Delay:

3C22 | Functional Class:
High Water Mark
IL05 | Elevation: IL06 Date: | IL07 New High Water Mark:

Notes:

Report Version Date: Page 1 of 1

This document include s structure safety inspection information that is confidential pursuant to 65 P.§. §66.1
et seq., 75 PA. C.5. §3754 and 23 U.5.C. §409 and may not be disclosed or used in litigation.

Figure 4.4.24 Example Inspection Form — PennDOT Form D-450 (continued)
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CHAPTER 4: Bridge Inspection Reporting System
TOPIC 4.4: Record Keeping and Documentation

PAINT, STRUCTURE APPRAISAL AND LOAD RATINGS Form D-450K
pennsylvania FormK
DEPARTMENT OF TRANSPORTATION
| 5A01 SRID: | SA03 BMS Ref: | 7A01 Inspection Date:
Paint Condition
6B36 Paint Cond Rating: | 6B37 | Ext of Paint Cond:
New Paint:

Int Beam / Gird:

Fascias:

Splsh Zone: Truss Gird:

Truss:

Bearings:

Other:
4B03 Brdge Cap. Appraisal:
6B16 Controling:

4A09 Struct Cond Appraisal:

Structure Condition Appraisal Based on

Load Ratings
Load Rating Review Recommended:

Due To:

Calculation Date:

Rating Approval Date:

Load Rating Details

[MR1o] [R11] [Ro5 | [Ro6 | [1R07 | [ri2 MR15] [1R13] [R12]
RTNG  CONT AASHTO  AASHTO OPR INV

LOAD IR OR NBI ANAL  MEM ANALYSIS MANUAL  SPEC GOV GOV
TYPE LOAD LOAD IND METH TYPE ENGINEER YEAR YEAR CRITERIA  CRITERIA
Notes
Notes
Notes
Notes
Repont Version Date: Page 1 of 1

This document includes stnicture safety inspection information that is confidential pursuant to 65 P.S. §66.1
et seq., 75 PA. C.8. §3754 and 23 U.S.C. §409 and may not be disciosed or used in litigation.

Figure 4.4.24 Example Inspection Form — PennDOT Form D-450 (continued)
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CHAPTER 4: Bridge Inspection Reporting System
TOPIC 4.4: Record Keeping and Documentation

MAINTENANCE NEEDS DATA Form D-450M
pennsylvania Form M
DEPARTMENT OF TRANSPORTATION
3A01 | SRID: | 5A03 | BMS Ref: | 7A01 Inspection Date:
[ina09 | [mog ] [ w11 |
Type Est Date Target Ass.
of Work Action Qty UOM Priority Rec Location Year WK

IM07 | Status: IM15 | Notes:

IM07 | Status: IM15 | Notes:

tatus: otes:
IMO7 | S IM15 | N

IM07 | Status: IM15 | Notes:

IM07 | Status: IM15 | Notes:

Status: @ Notes:

IM07 | Status: IM15 | Notes:

IM07 | Status: IM15 | Notes:
IM07 | Status: IM15 | Notes:
Report Version Date: Page 1 of 1

This document includes siructure safety inspection information that is confidential pursuant fo 65 P.S. §66.1
et seq., 75 PA. C.8. §3754 and 23 U.S.C. §409 and may not be disclosed or used in litigation.

Figure 4.4.24 Example Inspection Form — PennDOT Form D-450 (continued)
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CHAPTER 4: Bridge Inspection Reporting System
TOPIC 4.4: Record Keeping and Documentation

INSPECTION ADMINISTRATION Form D-450P
pennsylvania FormP
DEPARTMENT OF TRANSPORTATION
5A01 | SRID: [5803] BMS Ref: [7A01] Inspection Date:
Current Inspection
Primary Type:
Types of Inspections Performed:
NBI Underwater Element Fracture Critical Other Special
Inspection Man Hours
NBI Crew: Underwater:
Fracture Critical: Other 1:
Crane: Other 2:
Inspection Cost (in hundreds)
Engineering: Rigging:
Office:
Special Equip Used:
Temperature: Weather:
Inventory Review Recommended:
Change Notes:
Inspection Team
Inspected By:
Team Leader:
Team Member:
Hired By:
Insp Contract Num:
Inspection Notes:
Next Inspection
Next Inspection By:
Next Insp Type:
Schedule
Insp Types Required Frequency Next Date
NBI
Fracture Critical
Underwater
Other Special
Element
Crane IW'
Special Insp Type:
Estimated Inspection Man Hours
NBI Crew: IWI Underwater:
Fracture Critical: Iml Other 1:
Crane: m‘ Other 2:
Report Version Date: Page 1 of 1

This document inciudes structure safety inspection information that is confidential pursuant to 65 P.5. §66.1
et seq., 75 PA. C.S. §3754 and 23 U.S.C. §409 and may not be disclosed or used in iitigation.

Figure 4.4.24 Example Inspection Form — PennDOT Form D-450 (continued)

4.4.37



CHAPTER 4: Bridge Inspection Reporting System
TOPIC 4.4: Record Keeping and Documentation

This page intentionally left blank
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Topic 4.5 Critical Findings

4.5.1

Definition

45.2

Procedures

A critical finding are a structural or safety related deficiency that requires
immediate follow-up inspection or action.

A structure related deficiencies can interrupt the load path, not allowing loads to
be transferred as designed. This can cause surrounding elements to become
overstressed or unstable, potentially leading to partial or total collapse of the
structure.  Critical findings may also be non-structural deficiencies which
jeopardize the safety of motorists or pedestrians.

As stated in the NBIS regulations, each state or federal agency is required to
"establish a statewide procedure to assure that critical findings are addressed in a
timely manner." Although specific procedures vary among agencies, general steps
must be taken to assure that critical findings are identified and resolved as quickly
and efficiently as possible. The viable options available are permanently repair,
temporarily repair or restrict loads on the bridge.

Currently, states employ two approaches to coding condition items when localized
areas of severe deterioration are encountered. Some will account for the severity
of a localized area of deterioration by lowering the condition rating of an entire
component. The component condition rating is adjusted after the deteriorated area
is improved (i.e., rating may rise if physical improvements are made, or may stay
the same if the bridge is posted for load restrictions and/or supported with
temporary shoring). FHWA recognizes this approach when the severity of the
localized deterioration affects the load-carrying capacity of the component.

Other states rate to the general condition regardless of the severity of a localized
area of deterioration. This approach relies heavily on ensuring that critical
findings are addressed in a timely manner regardless of the component condition
rating value. If the localized area of severe deterioration is not improved
following the critical finding follow-up process, the component rating may need to
be lowered to account for the severity of the deterioration if structural capacity is
affected.

Either approach to coding the condition items results in the same ultimate
outcome, i.e. critical inspection findings are addressed to allow continued safe use
of the bridge. Component ratings_eventually reflect the overall condition of the
component. If the approach is to consider both the severity and extent of a
component’s deterioration in rating each component at the time of inspection (or
up to 90 days after the inspection as required by the NBIS), there cannot be any
assumptions about future improvements made to a localized area. Only if an
improvement is made, the rating should then be raised as appropriate. If the
improvement is made within 90 days of the inspection, there is no need to consider
the localized deterioration in the rating.

45.1



Procedures for
Inspectors

CHAPTER 4: Bridge Inspection Reporting
TOPIC 4.5: Critical Findings

Critical findings / critical follow-up report categorical contents with the
documented status:

1. Bridges that have critical findings in the process of being addressed.
2. Bridges with work scheduled but not started yet.

3. Bridges that have no plan in the works.
4

Critical Finding is scour related.

Upon identifying a potential critical finding, immediately report the deficiency to
the appropriate agency official, bridge owner, or governing authority. For most
agencies, a verbal notification is required soon after identifying the potential
critical deficiency.

In addition to a verbal notification, agencies require immediate written notification
of the potential critical finding. This notification is often presented in a
standardized hardcopy or electronic format (see Figures 4.5.1 and 4.5.2), and is
submitted soon after the verbal notification for most agencies. The written
notification serves to document the critical finding by describing the extent of the
deficiency complete with notes, photographs, sketches and drawings,
measurements, possible causes, and recommendations for repair. Temporary
actions may also be taken at this time to safeguard the public until proper repairs
can be completed. These actions may include:

Load posting
Traffic restrictions from the damaged area
Speed restrictions

Temporary lane closure
Temporary shoring

YV V. V V VYV V

Complete bridge closure

After submittal of the written report, the finding will be assessed and the severity
determined along with a proposed repair strategy or plan of action. In accordance
with NBIS regulations, the agency is also required to notify the FHWA of the
critical finding. Public works officials or law enforcement may also be contacted
as needed.

45.2



CHAPTER 4: Bridge Inspection Reporting
TOPIC 4.5: Critical Findings

Missouri Department of Transportation
Critical Inspection Finding
State Syvstem

Bridge District County Route AADT
Location Inspector Inspection Date

Reason for Critical Inspection Finding report: Be specific about deficiencies. Attach Photographs.

Inspector’s Immediate Recommendations:
[] Immediate Closure Required [] Immediate Blocking/Shoring Required
[[] Reduce traffic to one-lane.  Carry trafficon [ |NB [ |SB [ ]EB [ | WB lane
[] Other:

Immediate Notification: [ | State BM Engr [ | Supv Bridge Insp Engr [

MoDOT Action Plan by Bridge Maintenance and the District: Date:

Follow-up Actions: Completion Dare:

Figure 4.5.1  Missouri DOT Critical Inspection Finding Form
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Office Priority
Maintenance
Procedures

CHAPTER 4: Bridge Inspection Reporting
TOPIC 4.5: Critical Findings

=
w- Hazhiglon Siale

FYS Dopmlment of Transportation Critical Damage - Bridge Repair Report
Agency Name Charge Cods Bridge Name

Structure Identifier Bridge Mumbser Bridge Location (Longitude'Latitude)

Inzspector {Print Mame)] Inzpectors |0 Numbsr Inspection Date

Descrioe Deficiency

Descrioe Aecommendsd Aepsair

Anticipated Date of Complstion Submitted By (Print Name) Diate Submitted

Describe Work Daone

Date of Completion Submitted By (Print Name) Diate

DOT Foem 140151 EF
E'3E
Figure 4.5.2  Washington State DOT "Critical Damage - Bridge Repair Report"

Agencies establish priority maintenance procedures and prioritization criteria to
help facilitate maintenance work plan strategies. Most agency systems utilize
between three and five different prioritization levels ranging from general
housekeeping and routine repairs to critical findings requiring immediate action.
Examples of agency priority maintenance procedures are listed below in the order
of most critical to least critical, with a description of each level.
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CHAPTER 4: Bridge Inspection Reporting
TOPIC 4.5: Critical Findings

Oregon Department of Transportation (ODOT)

>

"Significant" — Severe deficiency to a primary bridge element that
requires complete or partial closure of the bridge, or an immediate load
restriction of the bridge.

"Critical” — Serious deficiency to a primary bridge element that needs
repair to prevent the bridge from being load posted.

"Urgent" — Traffic safety related concern that does not jeopardize the
reliability of the transportation system, protection of public investments,
or maintenance of legal federal mandates.

"Routine/Schedule™ — Minor to moderate deficiency to a primary bridge
element or moderate to major deficiency to a secondary element.

"Monitor" — Non-structural housekeeping repairs such as cleaning the
deck and drainage systems.

North Carolina Department of Transportation (NCDOT)

>

"Critical Finding" — Severe deficiency to a primary bridge element that
could cause partial or complete collapse or a safety feature deficiency that
may jeopardize the safety of the public.

"Priority Maintenance need" — Serious deficiency that may lead to load
posting and/or bridge closures if left untreated.

"Routine Maintenance need" — Minor to moderate deficiencies to primary
or secondary bridge elements or non-structural housekeeping repairs such
as cleaning the deck and drainage systems.

Pennsylvania Department of Transportation (PennDOT)

>

"0 — Critical" — Severe deficiency to a primary bridge element that could
directly or indirectly cause partial or complete structure collapse or a
safety feature deficiency that may result in loss of vehicle operator control
or failure to contain errant vehicles on the bridge deck.

"1 — High Priority" — Serious deficiency to a primary bridge element that
may lead to load posting and/or bridge closures. If left untreated, the
deficiency may also jeopardize public safety.

"2 — Priority” — Advanced deficiency on a primary bridge element or
appurtenance that if left untreated, may lead to continuing deterioration,
load posting, or partial or complete bridge closures.

"3 — Schedule” — Minor deficiency to a primary bridge element or
appurtenance that may continue to deteriorate if lead untreated.

"4 — Program™ — Note-worthy problem on a primary bridge element,
secondary element, or appurtenance that may lead to a documentation-
worthy deficiency if left untreated.

"5 — Routine" — Non-structural housekeeping maintenance that may lead
to deterioration of primary and secondary structural members if left
untreated.
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Bridge Closing
Procedure

45.3

Examples of
Critical Findings

Timber

CHAPTER 4: Bridge Inspection Reporting
TOPIC 4.5: Critical Findings

In some situations, the bridge may need to be closed until the critical finding can
be repaired. The decision to close the bridge may result from the nature of the
critical finding upon initial discovery, an unacceptable timeframe in which the
repairs are scheduled to be completed, or agency policy on critical findings.

For situations recommending closure of the bridge by the bridge inspector and/or
bridge maintenance supervisor, follow established State or Federal Agency
procedures. Examples of acceptable procedures include:

> Contact the Bridge Maintenance Supervisor about the recommended
closing.

> Contact the Bridge Engineer about the recommended closing.

> If both the Bridge Maintenance Supervisor and Bridge Engineer are

unavailable, contact the District or Division office about the
recommended closing.

FHWA guidance for a follow-up may include a procedure where the State
promptly submits to the Division office a copy of inspection reports or
recommendations for all on-system and off-system bridges that meet the following
criteria:

1. Bridges with recommendations for immediate work on fracture critical
members;

2. Bridges with recommendations for immediate correction of scour or
hydraulic problems;

3. Bridges with condition ratings of 3 or less for the superstructure or
substructure or appraisal ratings of 3 or less for waterway adequacy; and

4. Bridges with recommendations for immediate work to prevent substantial
reduction in the safe load capacity.

Source: http://'www.fhwa.dot.gov/bridge/0650csup.cfm

Many state agencies publish examples of critical findings for bridge inspectors. It
should be noted that these lists are not all-inclusive or comprehensive and should
only be used as guidance in determining whether or not a deficiency is a critical
finding.

The critical findings listed below are organized by material type and application.
These deficiencies represent excerpts obtained from several agencies' critical
finding documentation

The following deficiencies represent examples of critical findings for timber:

> Through-loss in deck planks and broken planks in danger of breaking
through.
> Primary structural members with collision damage that compromises the

structural capacity (including severe section loss, full length horizontal
cracking, and section loss to truss compression members producing

45.6



Concrete

>

CHAPTER 4: Bridge Inspection Reporting
TOPIC 4.5: Critical Findings

member buckling or severe flexural cracking).

Primary structural members with multiple open cracks in high stress
regions or crushing/decay that may lead to superstructure settlement.

Crushed or broken nailer boards or broken joists.

Piles and pier caps that have loss of bearing capacity or soil retention
through crushing, decay, or insect damage.

Substructure units with severe scour and undermining of the substructure
foundation causing instability.

The following deficiencies represent examples of critical findings for concrete:

>

Section loss (thru-hole) subject to enlargement by traffic or deep spalls
with exposed rebar in danger of holing through, creating a safety hazard
to passing traffic.

Prestressed girder with spalling and broken strands or 100% deterioration
at critical high stress areas.

Non-composite prestressed adjacent box beams with serious deterioration
and existing strand loss, loss of camber or torsional cracking.

Reinforced concrete girder or pier cap with spalling and broken main
rebar or 100% deterioration, with more than one bar affected at the same
location in the girder.

Reinforced or prestressed concrete girder bearing area resulting in loss of
bearing area and making girder subject to settlement.

Reinforced concrete columns with spalling and rebar section loss causing
the column to be subject to failure.

Primary structural members with collision damage that compromises the
structural capacity (including severed prestressing tendons, reinforcing
steel that results in flexural cracking and negative beam camber, pier
shafts, and columns).

Concrete pier column or cap with significant structural cracking that is
supporting a fracture critical bridge or fracture critical component.

Falling concrete or concrete that is delaminated or partially detached and
anticipated to fall, presenting a safety hazard to under-passing motorists
and/or pedestrians.

Bearing seats that are severely deteriorated or undermined.

Sidewalk structural supports or walking surface with damage or
deterioration presenting a hazardous condition to pedestrians.

Substructure units with severe scour and undermining of the substructure
foundation causing instability.
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CHAPTER 4: Bridge Inspection Reporting
TOPIC 4.5: Critical Findings

Steel The following deficiencies represent examples of critical findings for steel:
> Steel members with deteriorated areas that have failed in buckling,

crippling, more than 10% of the connectors in a connection are missing,
etc., or which makes failure likely in the near future.

> Secondary structural members (diaphragms, bracing, etc.) with extensive
section loss.
> Fracture critical members subjected to impact damage including gouging

or tearing, perpendicular stress cracks in either the base metal or weld
metal, parallel stress cracks resulting from out-of-plane distortions or poor
weld details, and severe corrosion in girder flanges, webs, in truss
members, or in gusset plates.

> Primary structural members with collision damage that compromises the
structural capacity (including fractures, large gouges, significant
twisting/kinking of beams, and section loss to truss compression members
producing member buckling or severe flexural cracking).

> Primary structural member (non-FCM member) with a completely
fractured tension member due to fatigue or vehicular collision.

> Pin and hanger systems in fracture critical members with severe
deterioration or severe accumulation of debris or rust packing.

> Bottom flange cover plates with cracked welds at the end of a partial
length welded cover plate for a steel multi-girder or steel floorbeam.

> Substructure units with severe scour and undermining of the substructure
foundation causing instability.

Roadside Hardware The following deficiencies represent examples of critical findings for traffic safety
or Safety Features features:
> Bridge railing (bridge parapets, median barriers, or structure-mounted

guardrail) with damage or deterioration that may prevent containment
and/or redirection of errant vehicles traveling at the posted speed limit.

> Pedestrian railing that is missing or detached, allowing a pedestrian to fall
off the structure.

> Guardrail connections to bridge railing, concrete barrier rebar, or guardrail
that is detached and in close proximity or projecting into traffic with
potential for impact.

Signs and Lighting The following deficiencies represent examples of critical findings for signs and
lighting:
> Load posting or vertical clearance signs that are missing, damaged,

improperly located, or visually obstructed including relevant advance
warning signs.

> Signs, traffic signals, or strain poles presenting a safety hazard to passing
motorists and/or pedestrians due to extensively damaged, split or buckled
sections, or with cracked welds at either pole/base connections or
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member/member connections.

> Sign, traffic signal, or strain pole 4-bolt base plate connections with one
or more loose nuts presenting a safety hazard to passing motorists and/or
pedestrians.

> Signs with deteriorated or missing panel connectors, allowing sign to
"flop" under wind loading that present a safety hazard to passing motorists
and/or pedestrians.

> Lighting fixtures with split sections, buckled sections, significant section
loss, and/or cracked welds at the pole/base connection that present a
safety hazard to passing motorists and/or pedestrians.

The following deficiencies represent other examples of critical findings:

> Expansion joints that are deteriorated, damaged, or loose which may
present a safety hazard to passing traffic.

> Rocker bearings that are critically tilted either exceeding the acceptable
amount of tilt or bearing on the outer one-quarter width of the rocker.

> Excessive debris and/or sediment buildup at the hydraulic opening for
scour critical bridges or other bridges with unknown foundations.

As previously mentioned, a statewide or Federal agency wide procedure must be
established to assure that critical findings are addressed in a timely manner. The
appropriate actions to be used for repair or mitigation of the critical finding must
be quickly identified and efficiently carried out. The FHWA must be periodically
notified of the actions that have been taken to resolve or monitor critical findings.
It is the responsibility of Bridge Owners to implement procedures for addressing
critical deficiencies including:

Immediate critical deficiency reporting steps
Emergency notification of police and the public
Rapid evaluation of the deficiencies

Rapid implementation of corrective or protective actions

A tracking system to ensure adequate follow-up

YV V V V V V

Provisions for identifying other bridges with similar structural details for
follow-up inspections

Some agencies have very strict timeframes (3 to 7 calendar days) for developing
and accepting plans of action. For circumstances involving immediate attention or
a more detailed solution, it may be necessary to begin addressing the critical
finding (through permanent or temporary work) prior to the 100% development
and acceptance of the plan of action. Example plans of action are given below for
Pennsylvania DOT (Figure 4.5.3) and Washington State DOT (Figure 4.5.4).
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After the plan of action has been accepted, recommended repair work will then be
performed and completed within a few days up to several weeks, depending on the
individual agency's regulations. A post-repair report will be generated
documenting all necessary work done to address the critical finding and the date
of completion. A follow-up inspection will also be conducted to assess the
condition of the repairs. The FHWA will be notified of the repair and post-repair
progress.
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Topic 4.6 The Inspection Report

4.6.1

Introduction

4.6.2

Basic Components
of a Comprehensive
In-Depth Bridge
Inspection Report

Table of Contents

Location Map

Bridge Description and
History

The purpose of the bridge inspection reporting system is to have trained and
experienced personnel record objective observations of all elements of a bridge
and to make logical deductions and conclusions from their observations.

The bridge inspection report represents a systematic inventory of the current or
existing condition of all bridge members and their possible future weaknesses.
Moreover, bridge reports form the basis of quantifying the manpower, equipment,
materials, and funds that are necessary to maintain the integrity of the structure.

A Dbridge inspection is not complete until an inspection report is finalized. The
bridge inspection report documents all signs of distress and deterioration with
sufficient precision so that future inspectors can readily make a comparison of
condition. Bridge owners normally set the format to be used when preparing a
bridge inspection report. A complete inspection report contains several parts, as
outlined in this topic. A sample bridge inspection report is presented in Appendix
A. Inspection reports are prepared for special inspections, which are conducted for
checking a specific item where a problem or change may be anticipated. Even if
no changes are evident, reports are still generated for each type of bridge
inspection. Some bridge owners also request a special bridge inspection and report
when planning a major rehabilitation.

The table of contents presents the general headings and topics of the inspection
report in an orderly manner so that individual sections of the report can be found
with ease. It generally follows the title page, and individual sections are listed
with their corresponding starting page number.

A map is normally included with a scale large enough to positively locate the
structure. The bridge is clearly marked and labeled, and the map has a north arrow
to aid with orientation. Some agencies may choose to use GPS coordinates or
latitude/ longitude descriptions.

The bridge description and history section of the report contains all pertinent data
concerning the design, construction, and service of the bridge. The type of
superstructure will generally be given first, followed by the type of abutments and
piers or bents, along with their foundations. If data is available, indicate the type
of foundation soil, maximum bearing pressures, and deep foundation capacities.
The type of deck is also indicated.

The history of the bridge is from a structural standpoint and is developed from
information obtained from design, construction and rehabilitation plans, previous
inspection reports, maintenance records, discussions with maintenance crews and
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local residents, and any other available source that offers pertinent information.
Typical items included in the history narrative are:

> Historical flood frequencies and high water marks
> Maintenance measures and repairs
> Chronological record of conditions (in order to help determine a rate of

deterioration of all bridge components and the channel). The agency
establishes criteria for the number of bridge inspections kept on file.

> Reference drawings

> Photos, which would consist of a typical approach photograph showing the
approach roadway, bridge and any load restriction signs, as well as an
elevation/profile photograph showing upstream/downstream of the bridge.
Other photographs, such as those conveying the condition of the bridge
and its components, would be found in the Appendix or in the Inspection
Results section of the inspection report.

Design Data

The design information includes a description of the following:

> Skew angle > Railing and median

> Number and length of spans > Year constructed/reconstructed
> Span type and material > Number of traffic lanes

> Total length > Design live loading

> Bridge width > Waterway

> Deck structure type > Other features intersected

> Wearing surface > Clearances

> Deck protection and membrane > Encroachments

> Sidewalks > Alignment

Construction Data

The construction history of the bridge includes the date it was originally built, as
well as the dates and descriptions of any repairs or reconstruction projects. State
what plans are available, where they are filed, and whether they are “design”, “as-
built”, or “rehabilitation” drawings.

Service Data

The average daily traffic (ADT) count and the average daily truck traffic (ADTT)
count are included, along with the date of record. This information is updated
approximately every five years. Other service data to consider includes the year of
ADT and ADTT, facility carried, functional classification, and bypass detour
length and map. In addition, environmental conditions that may have an effect on
the bridge, such as salt spray, industrial gases, bird droppings, and ship and
railroad traffic, are noted in the report.

The executive summary is a narrative presentation summarizing the inspection and
analysis findings in regard to the qualitative condition and the load capacity of the
bridge, along with an overview of recommendations. A typical executive summary
identifies the bridge (e.g., name, number, and location) and the date of inspection.
The executive summary presents any high priority repair items.
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The procedures used to inspect the bridge are documented in the inspection report.
In most instances, it is advantageous to inspect structures in the same sequence as
the load path (i.e., the deck first, then the superstructure, and finally the
substructure). This manual is organized and presented for that sequence.

Many inspections cannot follow this sequence due to traffic and lane-closure
restrictions. It is useful to document whatever sequence was used during the
inspection. This information will be useful in planning future inspections and will
also serve as a checklist to make sure that all elements and components were
inspected. The following information is typically included:

A\

Equipment required (e.g., hammers and plumb bobs)

Access equipment (e.g., rigging, ladders, and free climbing)

Access vehicles (e.g., inspection cranes and bucket trucks)

Traffic restrictions (e.g., lane closures, flagmen, and hours of operation)
Permits required (e.g., railroad and Coast Guard)

Inspection methods (e.g., visual, physical or advanced)

Personnel (e.g., by name and classification)

Special equipment (e.g., material testing and underwater inspection)
Deviations from “hands-on” inspection of all areas

Time required for inspection

Channel profiles, cross sections and scour criticality

VVV VYV VYV VY VY

When structure plans are not in the bridge records and a load rating has not been
calculated, it may be necessary to obtain field measurements to assist in the
calculation of the load capacity of the structure.

Provide narrative descriptions of the conditions both quantitative and qualitative,
indicating the locations and the extent of the affected areas. Use agency-approved
forms consistent with similar inspections. Note all signs of distress, failure, or
defects with sufficient precision so that a deterioration rate can be determined.
This is very important for determining estimated remaining life and an optimal
preservation strategy. Take photographs in the field to show deficiencies and cross
reference in the report or on forms where deficiencies are noted. Supplement
written notes with sketches and photos to show location and physical
characteristics of deficiencies, including a known object in the photograph for
scale reference.

Note any load, speed, or traffic restrictions on the bridge. Indicate if the signs are
missing or damaged. Take approach roadway photograph to confirm placement of
load posting signs that includes the approach roadway, bridge and sign. Check for
advanced warning signs. Include information about high water marks and unusual
loadings. Note the weather conditions such as temperature, rain, or snow. Note all
work or repairs to the bridge since last inspection. Verify or obtain new
dimensions when improvement work has altered the structure. New streambed
profiles and cross sections are taken to detect scour, channel migration, or channel
aggradation and degradation. Note any channel restrictions (e.g. debris) that could
impact stream flow and increase scour potential. State the seriousness and amount
of all deficiencies at the bridge site.
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A summary of any load capacity rating analysis that has been performed is
included in the report. The summary is presented in a table or chart. Governing
load ratings are shown for both inventory and operating levels for all types of
loadings used in the analysis. Identify the governing member for each rating. The
governing member is the one that has the lowest capacity for a given type of
loading.

For example, in a girder-floorbeam-stringer structure, Stringer three in Bay five
may have the lowest capacity for carrying HS20 trucks, compared to all other
stringers, floorbeams, or girders. The HS20 inventory and operating ratings for
this stringer is reported, and it would be identified as the governing member.

A good inspection report explains in detail the type, severity and extent of any
deficiency found on the bridge and points out any deviations or modifications that
are contrary to the “as-built” construction plans. The depth of the report is
consistent with the importance of the deficiencies. Not all deficiencies are of equal
importance. For example, a crack in a prestressed concrete box beam which
allows water to enter the beam is much more serious than a vertical crack in an
abutment backwall or a spall in a corner of a slopewall.

The inspector’s experience and judgment are called upon when interpreting
inspection results and arriving at reasonable and practical conclusions. Improper
and misinformed conclusions will lead to improper recommendations. The
inspector may need to play the role of a detective to conclude why, how, or when
certain deficiencies occurred. Seek advice from more experienced personnel when
you cannot confidently interpret the inspection findings.

The recommendations made by the inspector constitute the “focal point” of the
operation of inspecting, recording, and reporting. The inspector reviews previous
inspection recommendations and identifies any recommendations that have not
been addressed, particularly if urgent. A thorough, well-documented inspection is
essential for making informed and practical recommendations to correct or
preclude bridge deficiencies.

All recommendations for preservation work, load rating, postings, and further
inspection are included in this portion of the inspection report. Carefully consider
the benefits to be derived from completing recommended work and the
consequences if the work is not completed. List, in order of greatest urgency, any
work that is necessary to maintain structural integrity and public safety.
Recommendations concerning work are typically classified between three to five
distinct prioritization levels, which range from the most severe or significant
(critical) to a maintenance item that is considered routine or may only require
monitoring (non-critical). The specific prioritization levels are set forth by each
bridge-owning agency. Examples of agency priority maintenance procedures are
listed in Topic 4.5.2.

The inspector decides whether a deficiency is a critical finding and needs
immediate action using agency procedures. Usually this is easily determined, but
occasionally the experience and judgment of a professional engineer may be
required to reach a proper decision. A large hole through the deck of a bridge
obviously needs attention, and a recommendation for immediate action is in order.
Communicate the critical finding immediately and document actions taken in the
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report. By contrast, a slightly deteriorated bridge bearing may not be critical. A
condition such as this would appropriately call for a recommendation for a
preservation action.

Typically, most work recommendations submitted by the bridge inspector will be
in the category of non-critical work. The recommended work is carefully
described in the report along with a cost estimate.

If not already described in the executive summary, the conclusions and
recommendations section of the report summarizes the following:

> Overall condition

> Major deficiencies

> Load-carrying capacity
> Recommendations for:

- Further inspection
- Maintenance

- Repairs

- Painting

- Posting

- Rehabilitation

- Replacement

Some state and local agencies designate separate personnel, not the inspector in the
field, to prepare recommendations and cost estimates.

To achieve maximum effectiveness of the inspection report, the report appendices
contain any back-up information used to substantiate the inspector’s findings,
conclusions and recommendations. Typically, the appendices include
photographs, drawings and sketches, and inspection forms (see Topic 4.4 for
record keeping and documentation). Appendices may also include copies of any
field notes used and specialist reports (e.g., underwater, nondestructive evaluation
(NDE), and survey), or these documents may be referenced in the report. A load
capacity rating analysis of the structure may also be incorporated into the report
appendices. It is important to have the inspection report and all supplemental
information, including report appendices, accurate with clear and concise
descriptions or explanations.

Photographs

Photographs are a great asset to anyone reviewing reports on bridge structures. It
is recommended that pictures be taken of any problem areas. Take pictures even if
you think you can explain it completely in writing. It is better to take several
photographs that may be considered unessential than to omit a photograph that
could cause misinterpretation or misunderstanding of the report. At least two
general photographs of every structure are provided in the appendix. One of these
depicts the structure from the roadway, while the other photo is a view of the side
elevation (see Figures 4.6.1 and 4.6.2). Captions are provided for each
photograph. Photographs are numbered so that they can be referred to in the body
of the report. Sketches may also be a substitute for missing as-built plans.
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Near Approach - Toward Bridge
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Drawings and Sketches

Sketches and drawings needed to illustrate and clarify conditions of structural
elements or serve as as-built plans are included or referenced. Sketches may be
able to convey information not readily identified in a photograph (ie. remaining
web thickness). Original drawings are very helpful during future investigations
with determining the progression of defects and to help determine any changes and
their magnitude. Drafting-quality plans and sketches, sufficient to indicate the
layout of the bridge and bridge site, may be included as an appendix.

Some reports combine photographs and sketches or text boxes together to
accurately describe and document a particular deficiency.

Inspection Forms

The inspection forms contain the actual field notes, as well as the numerical
condition and appraisal ratings by the inspector. The inspection forms are
normally signed by the inspection team leader. A complete SI&A form or
equivalent is included in the appendix. Compare previous inspection forms to
current conditions for inventory data accuracy.

Load Capacity Analysis

A load rating analysis is performed on the structure to determine the load-carrying
capacity of the bridge. It includes the investigation of primary load-carrying
members of the bridge. Such analysis is normally performed by engineers in the
office, not by the inspector. Also, not all inspections require a new load rating
analysis. A new load rating analysis is performed if the condition of the primary
members has changed considerably since the last inspection. The report also
includes recommendations for a new load rating analysis when maintenance or
improvement work, change in strength of members, or dead load has altered the
condition or capacity of the structure.

Field Inspection Notes

Include the original notes taken by the inspectors in the field or photocopies
thereof in the appendix section of the report. The original field notes are source
documents and as such are typically included in the bridge record.

Underwater Inspection Report

If an underwater inspection of the substructure has been performed, a separate
report is usually prepared by the dive team. If applicable, include the underwater
inspection report in the appendix or cross-reference the location of the report.
Material Testing Results

Material testing may be performed on a structure in order to determine the strength

and properties of an unknown or suspect material. Include the testing lab’s report
in the appendix.
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A map with a scale may be included to help positively locate the structure. Some
agencies may choose to use GPS coordinates or latitude/longitude descriptions to
supplement or replace the location map.

The procedures used to inspect the bridge may be documented in the inspection
report.  For inspection reports that include the inspection procedures, it is
advantageous to inspect structures in the same sequence as the load path (i.e., the
deck first, then the superstructure, and finally the substructure).

As with in-depth inspections, some routine inspections cannot follow this sequence
due to traffic and lane-closure restrictions. Therefore, it is useful to document
whatever sequence was used during the inspection. This information will be
useful in planning future inspections and will also serve as a checklist to make sure
that all elements and components were inspected. The following information is
typically included:

A\

Equipment required (e.g., hammers and plumb bobs)

Access equipment (e.g., rigging, ladders, and free climbing)

Access vehicles (e.g., inspection cranes and bucket trucks)

Traffic restrictions (e.g., lane closures, flagmen, and hours of operation)
Permits required (e.g., railroad and Coast Guard)

Inspection methods (e.g., visual, physical or advanced)

Personnel (e.g., by name and classification)

Special equipment (e.g., material testing and underwater inspection)
Deviations from “hands-on” inspection of all areas

Time required for inspection

Channel profiles, cross sections and scour criticality

VVVV VYV VYV VY

When structure plans are not in the bridge records and a load rating has not been
calculated, it may be necessary to obtain field measurements to assist in the
calculation of the load capacity of the structure.

The results of the inspection are documented within the inspection forms.
Narrative descriptions of the conditions are typically not included for routine
inspection reports. As with in-depth inspections, use agency-approved forms
consistent with similar inspections. Note all signs of distress, failure, or defects
with sufficient precision so that a deterioration rate can be determined. This is very
important for determining estimated remaining life and an optimal preservation
strategy. Take photographs in the field to show deficiencies and cross reference in
the report or on forms where deficiencies are noted. Supplement written notes
with sketches and photos to show location and physical characteristics of
deficiencies, including a known object in the photograph for scale reference.
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Note any load, speed, or traffic restrictions on the bridge. Indicate if the signs are
missing or damaged. Take approach roadway photograph to confirm placement of
load posting signs that includes the approach roadway, bridge and sign. Check for
advanced warning signs. Include information about high water marks and unusual
loadings. Note the weather conditions such as temperature, rain, or snow. Note all
work or repairs to the bridge since last inspection. Verify or obtain new
dimensions when improvement work has altered the structure. New streambed
profiles and cross sections are taken to detect scour, channel migration, or channel
aggradation and degradation. Note any channel restrictions (e.g. debris) that could
impact stream flow and increase scour potential. State the seriousness and amount
of all deficiencies at the bridge site.

For routine inspections, a load rating may be conducted. If performed, a load
rating summary is included in the report and may also be included on the
inspection forms. The summary is presented in a table or chart. Governing load
ratings are shown for both inventory and operating levels for all types of loadings
used in the analysis. Identify the governing member for each rating. The
governing member is the one that has the lowest capacity for a given type of
loading.

A routine inspection report may or may not contain conclusions of the inspection.
If conclusions are included, explain in detail the type, severity and extent of any
deficiency found on the bridge and point out any deviations or modifications that
are contrary to the “as-built” construction plans. The depth of the report is
consistent with the importance of the deficiencies. Not all deficiencies are of equal
importance.

The inspector’s experience and judgment are called upon when interpreting
inspection results and arriving at reasonable and practical conclusions. Improper
and misinformed conclusions will lead to improper recommendations. The
inspector may need to play the role of a detective to conclude why, how, or when
certain deficiencies occurred. Seek advice from more experienced personnel when
you cannot confidently interpret the inspection findings.

Recommendations are made by the inspector that constitutes the “focal point” of
the operation of inspecting, recording, and reporting. The inspector reviews
previous inspection recommendations and identifies any recommendations that
have not been addressed, particularly if urgent. A thorough, well-documented
inspection is essential for making informed and practical recommendations to
correct or preclude bridge deficiencies.

All recommendations for preservation work, load rating, postings, and further
inspection are included in this portion of the inspection report. Carefully consider
the benefits to be derived from completing recommended work and the
consequences if the work is not completed. List, in order of greatest urgency, any
work that is necessary to maintain structural integrity and public safety.
Recommendations concerning work are typically classified between three to five
distinct prioritization levels, which range from the most severe or significant
(critical) to a maintenance item that is considered routine or may only require
monitoring (non-critical). The specific prioritization levels are set forth by each
bridge-owning agency. Examples of agency priority maintenance procedures are
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listed in Topic 4.5.2.

The inspector decides whether a deficiency is a critical finding and needs
immediate action using agency procedures. Usually this is easily determined, but
occasionally the experience and judgment of a professional engineer may be
required to reach a proper decision. A large hole through the deck of a bridge
obviously needs attention, and a recommendation for immediate action is in order.
Communicate the critical finding immediately and document actions taken in the
report. By contrast, a slightly deteriorated bridge bearing may not be critical. A
condition such as this would appropriately call for a recommendation for a
preservation action.

Typically, most work recommendations submitted by the bridge inspector will be
in the category of non-critical work. The recommended work is carefully
described in the report along with a cost estimate.

The recommendations section of the report summarizes the following:

Further inspection
Maintenance
Repairs

Painting

Posting
Rehabilitation
Replacement

VVVYVVVY

Some state and local agencies designate separate personnel, not the inspector in the
field, to prepare recommendations and cost estimates.

To achieve maximum effectiveness of the inspection report, the report appendices
contain any back-up information used to substantiate the inspector’s findings,
conclusions (if included) and recommendations. Typically, the appendices include
photographs, drawings and sketches, and inspection forms. See Topic 4.4 for
record keeping and documentation. Note that for routine inspections, inspection
forms comprise the report, itself. Appendices may also include copies of any field
notes used and specialist reports (e.g., underwater, nondestructive evaluation
(NDE), and survey), or these documents may be referenced in the report.
Although typically not conducted for routine inspections, a load capacity rating
analysis of the structure may also be incorporated into the report appendices if
performed. It is important to have the inspection report and all supplemental
information, including report appendices, accurate with clear and concise
descriptions or explanations.

Photographs

Photographs are a great asset to anyone reviewing reports on bridge structures. It
is recommended that pictures be taken of any problem areas. Take pictures even if
you think you can explain it completely in writing. It is better to take several
photographs that may be considered unessential than to omit a photograph that
could cause misinterpretation or misunderstanding of the report. At least two
general photographs of every structure are provided in the appendix. One of these
depicts the structure from the roadway, while the other photo is a view of the side
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elevation (see Figures 4.6.1 and 4.6.2). Captions are provided for each
photograph. Photographs are numbered so that they can be referred to in the body
of the report. Sketches may also be a substitute for missing as-built plans.

Drawings and Sketches

Sketches and drawings needed to illustrate and clarify conditions of structural
elements or serve as as-built plans are included or referenced. Sketches may be
able to convey information not readily identified in a photograph (i.e., remaining
web thickness). Original drawings are very helpful during future investigations
with determining the progression of defects and to help determine any changes and
their magnitude. Drafting-quality plans and sketches, sufficient to indicate the
layout of the bridge and bridge site, may be included as an appendix.

Some reports combine photographs and sketches or text boxes together to
accurately describe and document a particular deficiency.

Inspection Forms

The inspection forms comprise the actual routine inspection report and contain the
field notes, as well as the numerical condition and appraisal ratings by the
inspector. The inspection forms are normally signed by the inspection team
leader. A complete SI&A form or equivalent is included in the appendix. Compare
previous inspection forms to current conditions for inventory data accuracy.

Load Capacity Analysis

A load rating analysis may or may not be performed on the structure to determine
the load-carrying capacity of the bridge. For routine inspections without a load
capacity analysis, the results of the previous load capacity analysis are typically
included in the report. If a load capacity analysis is performed, it is normally
performed by engineers in the office, not by the inspector, and represents an
investigation of primary load-carrying members of the bridge. A new load rating
analysis is performed if the condition of the primary members has changed
considerably since the last inspection. The report also includes recommendations
for a new load rating analysis when maintenance or improvement work, change in
strength of members, or dead load has altered the condition or capacity of the
structure.

Field Inspection Notes

Include the original notes taken by the inspectors in the field or photocopies
thereof in the appendix section of the report. The original field notes are source
documents and as such are typically included in the bridge record.

Underwater Inspection Report

If an underwater inspection of the substructure has been performed, the summary
of findings of the underwater inspection report (typically prepared by the dive

team) is usually included in the appendix or cross-referenced to another location of
the report.
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A well-prepared report will not only provide information on existing bridge and
bridge site conditions, but it also becomes an excellent reference source for future
inspections, comparative analyses, and bridge study projects. Any conditions that
are suspicious but unclear are reported in a factual manner, avoiding speculation.
Terms such as “hazardous” or “dangerous” are subjective and are not used in the
inspection report or inspection documentation that may be included in the
appendix. Further action on such reports will be determined after review and
consultation by experienced personnel.

In preparing an inspection report, keep in mind that bridge funding may be
allocated or repairs designed based on this information. Furthermore, the
inspection report is a legal record which may form an important element in future
litigation. The language used in reports needs to be clear and concise and, in the
interest of uniformity, care needs to be taken to avoid ambiguity of meaning. The
information contained in reports is obtained from field investigations,
supplemented by reference to “as-built” or “field-checked” plans. The source of
all information contained in a report needs to be clearly stated.

Some state agencies require inspection reports to be signed, dated and sealed by a
professional engineer before accepting them. Other state agencies require
inspection reports to be signed and dated by the inspection team leader. The
AASHTO MBE states (per Article 2.2) that “"the components of data entered in a
bridge record should be dated and include the signature of the individual
responsible for the data presented.” No undocumented alterations are allowed to
the report once it is accepted. Some inspectors retain copies of their reports for
their personal files in the interest of self-protection if there is any litigation.

Critical findings are documented in the inspection report. However, the inspection
report does not provide guidance for the follow-up to critical findings - the
inspector does not wait for the inspection report to communicate and take action
on critical findings. Instead, the follow-up to critical findings is a separate
procedure that is immediately communicated with action taken on the critical
findings, in accordance with the requirements of the NBIS. Agency procedures
are established to assure that critical findings are addressed in a timely manner. In
many instances when the critical finding exists, a plan of action is established and
the deficiency is addressed prior to the formal submittal of the inspection report.

The FHWA is periodically notified of the actions taken to resolve or monitor
critical findings. Advanced inspection methods for one or more elements may be
recommended. The report provides information which may lead to decisions to
limit the use of a bridge or close it to traffic; any bridge which the inspection has
revealed to be a potential public safety concern.

Another purpose of the inspection report is to provide useful information about the
needs and effectiveness of preservation activities. An active preservation program
is vital to the long-term structural integrity of a bridge. The inspection report
enables bridge preservation to be programmed more effectively through early
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detection of structural deficiencies, therefore minimizing more costly future work
and inconvenience to the traveling public.

When an inspection reveals deficiencies that may affect the load-carrying capacity
of the structure, the findings need to be reviewed by an engineer to determine if a
revised load rating analysis is required. A new load rating analysis is performed to
determine the safe load capacity for the current condition. It may then be
necessary to restrict loads crossing the bridge so that its safe load capacity is not
exceeded. It is important that the revised load-carrying capacity (load rating)
analysis become part of the bridge record.

Another purpose of the inspection report is analysis by the bridge owners and the
FHWA of the SI&A data. The intent of the analysis is to aid in the decisions for
allocating and prioritizing funding.

Another important purpose of the inspection report is the data the report provides
for use by the owner in managing the bridge asset. The data provided in the
inspection report is important for the identification, prioritization, budgeting and
programming of bridge preservation, improvement and replacement work. On a
national level the data is used for reporting to Congress on the condition and
performance of the Nation's bridges and for determining current and future
estimates of funding needs. Furthermore, the data is used to: classify bridges
according to serviceability, safety, and essentiality for public use; assign each a
priority for replacement or rehabilitation; and determine the cost of replacing each
such bridge with a comparable facility or of rehabilitating such bridge.

The accuracy and uniformity of information collected and recorded is vital for the
management of an owner’s bridges for preservation, improvement and
replacement, and, most importantly, public safety. Quality cannot be taken for
granted. The responsibility of ensuring quality bridge inspections rests with each
bridge owner and the inspection team. Two phrases are frequently used when
discussing quality; they are quality control and quality assurance.

NBIS regulations require each state to assure that systematic quality control (QC)
and quality assurance (QA) procedures are being used to maintain a high degree of
accuracy and consistency in the inspection program. Include periodic field review
of inspection teams, periodic bridge inspection refresher training for program
managers and team leaders, and independent review of inspection reports and
computations.

The AASHTO MBE provides guidance for the implementation of appropriate
guality control and quality assurance procedures. Quality control procedures
include the "use of checklists to ensure uniformity and completeness, the review of
reports and computations by a person other than the originating individual, and the
periodic field review of inspection teams and their work." Quality assurance
procedures include the "overall review of the inspection and rating program to
ascertain that the results meet or exceed the standards established" by the bridge-
owning agency.

Follow state-wide or agency-wide QC/QA procedures for a higher degree of
accuracy and consistency in the inspection program.
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See Topic 1.3 for a detailed description of quality control and quality assurance.
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Basic Equations of Bridge Mechanics
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52.1.1

Introduction

5.1.2

Bridge Design
Loadings

Mechanics is the branch of physical science that deals with energy and forces and
their relation to the equilibrium, deformation, or motion of bodies. The bridge
inspector is primarily concerned with statics, or the branch of mechanics dealing
with solid bodies at rest and with forces in equilibrium.

The two most important reasons for a bridge inspector to study bridge mechanics
are:

> To understand how bridge members function

> To recognize the impact a defect or deterioration may have on the load-
carrying capacity of a bridge component or element

While this topic presents the basic principles of bridge mechanics, the references
listed in the bibliography should be referred to for a more complete presentation of
this subject.

A bridge is designed to carry or resist design loadings in a safe and economical
manner. Loads may be concentrated or distributed depending on the way in which
they are applied to the structure.

A concentrated load, or point load, is applied at a single location or over a very
small area. Vehicle truck loads are normally considered concentrated loads.

A distributed load is applied to all or part of the member, and the amount of load
per unit of length is generally constant. The weight of superstructures, bridge
decks, wearing surfaces, and bridge parapets produce distributed loads. Secondary
loads, such as wind, stream flow, earth cover and ice, are also usually distributed
loads.

Highway bridge design loads are established by the American Association of State
Highway and Transportation Officials (AASHTO). For many decades, the primary
bridge design code in the United States was the AASHTO Standard Specifications
for Highway Bridges (Specifications), as supplemented by agency criteria as
applicable.

During the 1990’s AASHTO developed and approved a new bridge design code,
entitled AASHTO LRFD Bridge Design Specifications. It is based upon the
principles of Load and Resistance Factor Design (LRFD), as described in Topic
5.1.7.
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Bridge design loadings can be divided into two principal categories:

> Permanent loads
> Transient loads

Permanent loads are loads and forces that are constant for the life of the structure.
They consist of the weight of the materials used to build the bridge (see Figure
5.1.1). Permanent load includes both the self-weight of structural members and
other permanent external loads. They do not move and do not change unless the
bridge is modified. Permanent loads can be broken down into two groups, dead
loads and earth loads.

Dead loads are a static load due to the weight of the structure itself. They include
both the self-weight of the structural members and other permanent loads. Any
feature may or may not contribute to the strength of the structure. Those features
that may contribute to the strength of the structure include girders, floorbeams,
trusses, and decks. Features that may not contribute to the strength of the bridge
include median barriers, parapets, railings and utilities. Earth loads are permanent
loads and are considered in the design of structures such as retaining walls and
abutments. Earth pressure is a horizontal load which can be very large and it tends
to cause abutments to slide and/or tilt forward. Earth surcharge is a vertical load
that can increase the amount of horizontal load and is caused by the weight of the
earth.

Example of self-weight: A 20-foot long beam weighs 50 pounds per linear foot.
The total weight of the beam is 1000 pounds. This weight is called the self-weight
of the beam.

Example of an external permanent load: If a utility such as a water line is
permanently attached to the beam in the previous example, then the weight of the
water line is an external permanent load. The weight of the water line plus the self
weight of the beam comprises the total permanent load.

Total permanent load on a structure may change during the life of the bridge due to
additions such as deck overlays, parapets, utility lines, and inspection catwalks.

| l Y h 4 h 4 Y A 4 h 4 h 4 h 4 A Y

(@) A

Figure5.1.1 Permanent Load on a Bridge
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Primary Transient Loads A transient load is a temporary load and force that is applied to a structure which
changes over time. In bridge applications, transient live loads are moving
vehicular or pedestrian loads (see Figure 5.1.2). Standard AASHTO vehicle live
loads do not represent actual vehicles, but it does provide a good approximation
for bridge design and rating. AASHTO has designated standard pedestrian loads
for design of sidewalks and other pedestrian structures.

To account for the affects of speed, vibration, and momentum, truck live loads are
typically increased for vehicular dynamic load allowance. Vehicular dynamic load
allowance is expressed as a percentage of the static truck live load effects.

Figure5.1.2  Vehicle Transient Load on a Bridge
AASHTO Truck Loadings

Standard vehicle live loads have been established by AASHTO for use in bridge
design and rating. There are two basic types of standard truck loadings described
in the current AASHTO Specifications. A third type of loading is used for
AASHTO Load and Resistance Factor Design and Rating.

The first type is a single unit vehicle with two axles spaced at 14 feet and
designated as a highway truck or “H” truck (see Figure 5.1.3). The weight of the
front axle is 20% of the gross vehicle weight, while the weight of the rear axle is
80% of the gross vehicle weight. The “H” designation is followed by the gross
tonnage of the particular design vehicle. The AASHTO LRFD design vehicular
live load, designated HL-93, is a modified version of the HS-20 highway loadings
from the AASHTO Standard Specifications.

Example of an H truck loading: H20-35 indicates a 20 ton vehicle with a front
axle weighing 4 tons, a rear axle weighing 16 tons, and the two axles spaced 14
feet apart. This standard truck loading was first published in 1935. The 1935
truck loading used a train of trucks that imitated the railroad industry’s standards.

As trucks grew heavier during World War I, AASHTO developed the new
concept of hypothetical trucks. These fictitious trucks are used only for design and
do not resemble any real truck on the road. The loading is now performed by
placing one truck, per lane, per span. The truck is moved along the span to
determine the point where it produces the maximum shear and moment. The
current designation is H20-44 published in 1944.

The second type of standard truck loading is a two unit, three axle vehicle
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comprised of a highway tractor with a semi-trailer. It is designated as a highway
semi-trailer truck or “HS” truck (see Figure 5.1.4).

The tractor weight and wheel spacing is identical to the H truck loading. The
semi-trailer axle weight is equal to the weight of the rear tractor axle, and its
spacing from the rear tractor axle can vary from 14 to 30 feet. The “HS”
designation is followed by a number indicating the gross weight in tons of the
tractor only.

CLEARANCE AND
LOAD LANE WIDTH

10!_0” I
Ommgl .1
{ 14°0" r 6
" (4.3 m) !
8,000 Ibs 32,000 Ibs 2-0"
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CLEARANCE AND
LOAD LANE WIDTH
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Figure5.1.4  AASHTO HS20 Truck

Example of an HS truck loading: HS20-44 indicates a vehicle with a front
tractor axle weighing 4 tons, a rear tractor axle weighing 16 tons, and a semi-
trailer axle weighing 16 tons. The tractor portion alone weighs 20 tons, but the
gross vehicle weight is 36 tons. This standard truck loading was first published in
1944,

In specifications prior to 1944, a standard loading of H15 was used. In 1944, the
policy of affixing the publication year of design loadings was adopted. In
specifications prior to 1965, the HS20-44 loading was designated as H20-S16-44,
with the S16 identifying the gross axle weight of the semi-trailer in tons.

The H and HS vehicles do not represent actual vehicles, but can be considered as
“umbrella” loads. The wheel spacings, weight distributions, and clearance of the
Standard Design Vehicles were developed to give a simpler method of analysis,
based on a good approximation of actual live loads. These loads are used for the
design of bridge members. Depending on such items as highway classification,
truck usage and span classification, for example, an appropriate design load is
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chosen to determine the most economical member. Bridge posting is determined
by performing a load rating analysis using the current member condition of an in-
service bridge. Various rating methods will be discussed further in Topic 5.1.8.

AASHTO Lane Loadings

In addition to the standard truck loadings, a system of equivalent lane loadings
was developed in order to provide a simple method of calculating bridge response
to a series, or “train” of trucks. Lane loading consists of a uniform load per linear
foot of traffic lane combined with a concentrated truck load located on the span to
produce the most critical situation in the structure (see Figure 5.1.5).

For design and load capacity rating analysis, make an investigation of both a
truck loading and a lane loading to determine which produces the greatest stress
for each particular member. Lane loading will generally govern over truck
loading for longer spans. Both the H and HS loadings have corresponding lane
loads.

18,000 Ibs. for Moment

Concentrated Load - 26,000 Ibs. for Shear

Uniform Load of 640 Ibs. per linear foot

H20-44 Loading
HS20-44 Loading

* Use two concentrated loads for negative moment in continuous spans (Refer to
AASHTO LRFD Bridge Design Specifications 5™ edition, 2010 Interim; Article
3.6.1.2)

Figure5.1.5 AASHTO Lane Loadings

LRFD Live Loads

Under HS-20 loading as described earlier, the truck or lane load is applied to each
loaded lane. Under HL-93 loading, the design truck or tandem is combined with
the lane load and applied to each loaded lane.

The LRFD design truck is exactly the same as the AASHTO HS-20 design truck.
The LRFD design tandem, on the other hand, consists of a pair of 25 kip axles
spaced 4 feet apart. The transverse wheel spacing of all of the trucks is 6 feet.

The magnitude of the HL-93 lane load is equal to that of the HS-20 lane load.
The lane load is 0.64 kips per linear foot longitudinally and it is distributed
uniformly over a 10 foot width in the transverse direction. The difference
between the HL-93 lane load and the HS-20 lane load is that the HL-93 lane load
does not include a point load. The HL-93 design load consists of a combination
of the design truck or design tandem, and design lane load (see Figure 5.1.6).
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Finally, for LRFD live loading, the dynamic load allowance, or impact, is applied
to the design truck or tandem but is not applied to the design lane load. It is
typically 33 percent of the design vehicle.

k k k
1 14 33 v 3; Truck (HS20)
or or
k k
24 24 Tandem
E—é“'
plus plus

O.€:54.ki.ps per Iineaf foot: . Uniform (HS20 w/o

point load)

Figure5.1.6 AASHTO LRFD Loading

Alternate Military Loading

The Alternate Military Loading is a single unit vehicle with two axles spaced at 4
feet and weighing 12 tons (or 24 kips) each. It has been part of the AASHTO
Specifications since 1977. Bridges on interstate highways or other highways

which are potential defense routes are designed for whichever produces the
greatest stress (see Figure 5.1.7).

24 k 24 k

4I

E 3
w

Y Y

O O

Figure 5.1.7  Alternate Military Loading
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Permit Vehicles

Permit vehicles are overweight vehicles which, in order to travel a state’s
highways, must apply for a permit from that state. They are usually heavy trucks
(e.g., combination trucks, construction vehicles, or cranes) that have varying axle
weights and spacings depending upon the design of the individual truck. To ensure
that these vehicles can safely operate on existing highways and bridges, most states
require that bridges be designed for a permit vehicle or that the bridge be checked
to determine if it can carry a specific type of vehicle. For safe and legal operation,
agencies issue permits upon request that identify the required gross weight, number
of axles, axle spacing, and maximum axle weights for a designated route (see
Figure 5.1.8).

Figure5.1.8  Permit Vehicle
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In bridge applications, the transient loads are temporary dynamic loads and can
consist of the following:

>

>

>

>

Vehicular braking force - a force in the direction of the bridge caused by
braking of live load vehicles

Vehicular centrifugal force - an outward force that a live load vehicle
exerts on a curved bridge

Vehicular collision force — the force caused by the collision of a vehicle
into either the superstructure or substructure of a bridge

Vessel collision force — the force caused by the collision of a water vessel
into either the superstructure or substructure of a bridge

Earthquake load - bridge structures are built so that motion during an
earthquake will not cause a collapse

Friction load — a force that is due to friction based upon the friction
coefficient between the sliding surfaces

Ice load - a horizontal force created by static or floating ice jammed
against bridge components

Vehicular dynamic load allowance — loads that account for vibrations
and resonance between bridge, live load, and vibrations due to surface
discontinuities (i.e. deck joints, potholes, cracks)

Vehicular live load — AASHTO standard live loads placed upon the
bridge due to vehicles

Live load surcharge — a load where vehicular live load is expected on the
surface of backfill within a distance to one-half the wall height behind the
back face of the wall

Pedestrian live load — AASHTO standard live load placed upon a bridge
due to pedestrians which include sidewalks and other structures

Forces effect due to settlement - a horizontal force acting on earth-
retaining substructure units, such as abutments and retaining walls

Temperature - since materials expand as temperature increases and
contract as temperature decreases, the force caused by these dimensional
changes must be considered

Water load - a horizontal force acting on bridge components constructed
in flowing water

Wind load on live load - wind effects transferred through the live load
vehicles crossing the bridge

Wind load on structure - wind pressure on the exposed area of a bridge

A bridge may be subjected to several of these loads simultaneously. AASHTO
LRFD Specifications have established a table of Load Combination Limit States.
For each Limit State, a set of load combinations are considered with a load factor
to be applied to each particular load.
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Bridge Response to Each member of a bridge is intended to respond to loads in a particular way. Itis

Loadings

Equilibrium

Axial Forces

important to understand the manner in which loads are applied to each member in
order to evaluate if it functions as intended. Once the inspector understands a
bridge member’s response to loadings, the inspector will be able to determine if a
member defect has an adverse effect on the load-carrying capacity of that member.

Bridge members respond to various loadings by resisting four basic types of
forces. These are:

> Axial forces (compression and tension)
> Bending forces (flexure)

> Shear forces

> Torsional forces

In calculating these forces, the analysis is governed by equations of equilibrium.
Equilibrium equations represent a balanced force system and may be expressed as:

SV =0
SH =0
M =0

where: >, = summation of
V = vertical forces
H = horizontal forces
M = moments (bending forces)

An axial force is a push or pull type of force which acts parallel to the longitudinal
axis of a member. An axial force causes compression if it is pushing and tension if
it is pulling (see Figure 5.1.9). Axial forces are generally expressed in English
units of pounds or kips.

Axial Compression

Longitudinal Axis (typ.

Axial Tension
Figure5.1.9  Axial Forces
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Examples of axial forces: A man sitting on top of a fence post is exerting an
axial force that causes compression in the fence post. A group of people playing
tug-of-war exerts an axial force that causes tension in the rope.

Truss members are common bridge elements which carry axial loads. They are

designed for either compression or tension forces.. Cables are designed for axial
forces in tension.

True axial forces act uniformly over a cross-sectional area. Therefore, axial stress
can be calculated by dividing the force by the area on which it acts.

P
fqg =—
a7 A
where: fa = axial stress (Kips per square inch)
P = axial force (kips)
A = cross-sectional area (square inches)

When bridge members are designed to resist axial forces, the cross-sectional area
will vary depending on the magnitude of the force, whether the force is tensile or
compressive, and the type of material used.

For tension and compression members, the cross-sectional area has to satisfy the
previous equation for an acceptable axial stress. However, the acceptable axial
compressive stress is generally lower than that for tension because of a
phenomenon called buckling.

Bending forces in bridge members are caused when a load is applied
perpendicular to the longitudinal or neutral axis. A moment is commonly
developed by the perpendicular loading which causes a member to bend. The
greatest bending moment that a beam can resist is generally the governing factor
which determines the size and material of the member. Bending moments can be
positive or negative and produce both compression and tension forces at different
locations in the member (see Figure 5.1.10). Moments are generally expressed in
English units of pound-feet or kip-feet.

Example of bending moment: When a rectangular rubber eraser is bent, a
moment is produced in the eraser. If the ends are bent upwards, the top half of the
eraser can be seen to shorten, while the bottom half can be seen to lengthen.
Therefore, the moment produces compression forces in the top layers of the eraser
and tension forces in the bottom layers.
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Compression (C)

o N

Neutral Axis

R U o
- T -—

Tension (T)

1Y Positive Moment

— 1T — Tens%ﬂ
\\ ’) Neuz Axis (N.A.)

— C —

Compression (C)

f l Negative Moment

Figure 5.1.10 Positive and Negative Moment

Beams and girders are the most common bridge elements used to resist bending
moments. The flanges are most critical because they provide the greatest
resistance to the compressive and tensile forces developed by the moment (see
Figure 5.1.11).

Top Flange f,
Y g
eb C Compression
v Neutral Axis (N.A.)
Tension
Bottom Flange fy- Stress due to bending

C - Distance from N.A. to extreme fiber

Figure 5.1.11 Girder Cross Section Resisting Positive Moment

5.1.12



Shear Forces

CHAPTER 5: Bridge Mechanics
TOPIC 5.1: Bridge Mechanics

Bending stress is normally considered zero at the neutral axis. On a cross section
of a member, bending stresses vary linearly with respect to the distance from the
neutral axis (see Figures 5.1.10 and 5.1.11).

The formula for maximum bending stress is (see Figure 5.1.11):

Mc
b
where: f, =  bending stress on extreme fiber (or surface) of beam (kips
per square inch)
M= applied moment (inch - Ibf)

c = distance from neutral axis to extreme fiber (or surface) of
beam (inches)

I = moment of inertia (a property of the beam cross-sectional
area and shape) (Ibf - square inch)

Shear is a force, which results from equal but opposite transverse forces, which
tend to slide one section of a member past an adjacent section (see Figure 5.1.12).
Shear forces are generally expressed in English units of pounds or kips.

Example of shear: When scissors are used to cut a piece of paper, a shear force
has caused one side of the paper to separate from the other. Scissors are often
referred to as shears since they exert a shear force.

]

B

Abutment Abutment
Reaction Reaction

Vertical Shear Forces

Potential Crack Resultant Diagonal Tension

Horizontal Shear Forces

Figure 5.1.12 Shear Forces in a Member Element

Beams and girders are common shear resisting members. In an I- or T-beam,
most of the shear is resisted by the web (see Figures 5.1.11 and 5.1.12). The shear
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stress produced by the transverse forces is manifested in a horizontal shear stress
which is accompanied by a vertical shear stress of equal magnitude. The
horizontal shear forces are required to keep the member in equilibrium (not
moving). Vertical shear strength is generally considered in most design criteria.
The formula for vertical shear stress in I- or T-beams is:

\Y
f, =—
Ay
where: fy = shear stress (Kips per square inch)
\Y/ = vertical shear due to external loads (kips)
Ay = area of web (square inches)

Torsion is a force resulting from externally applied moments which tend to rotate
or twist a member about its longitudinal axis. Torsional force is commonly
referred to as torque and is generally expressed in English units of pound-feet or
Kip-feet.

Example of torsion: One end of a long rectangular bar is clamped horizontally in
a vise so that the long side is up and down. Using a large wrench, a moment is
applied to the other end, which causes it to rotate so that the long side is now left
to right. The steel bar is resisting a torsional force or torque which has twisted it
90° with respect to its original orientation (see Figure 5.1.13).

Torsional forces develop in bridge members, which are interconnected and
experience unbalanced loadings. Bridge elements are generally not designed as
torsional members. However, in some bridge superstructures where elements are
framed together, torsional forces can occur in longitudinal members. When these
members experience differential deflection, adjoining transverse members apply
twisting moments resulting in torsion. In addition, curved bridges are generally
subject to torsion (see Figure 5.1.14).

Figure 5.1.13 Torsion
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Figure 5.1.14 Torsional Distortion

A reaction is a force provided by a support that is equal but opposite to the force
transmitted from a member to its support (see Figure 5.1.15). Reactions are most
commonly vertical forces, but a reaction can also be a horizontal force. The
reaction at a support is the measure of force that it transmits to the ground. A
vertical reaction increases as the loads on the member are increased or as the
loads are moved closer to that particular support. Reactions are generally
expressed in English units of pounds or kips.

Example of reactions: Consider a bookshelf consisting of a piece of wood
supported at its two ends by bricks. The bricks serve as supports, and the reaction
is based on the weight of the shelf and the weight of the books on the shelf. As
more books are added, the reaction provided by the bricks will increase. As the
books are shifted to one side, the reaction provided by the bricks at that side will
increase, while the reaction at the other side will decrease.

M
R(H) —» R(HLG. g_
T RV) T - TR(V)

Pin

Roller
Resists horizontal Resist fical Resists horizontal
esists horizonta esists vertica and vertical forces
and vertical forces forces only

and moment
Figure 5.1.15 Types of Supports

The provided reactions at the bridge supports equal the applied permanent or
transient loads. The equilibrium keeps the bridge in place.
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Each bridge member has a unique purpose and function, which directly affects
the selection of material, shape, and size for that member. Certain terms are used
to describe the response of a bridge material to loads. A working knowledge of
these terms is essential for the bridge inspector to be effective in their job.

A force is the action that one body exerts on another body. Force has three
aspects: magnitude, direction and point of application (see Figure 5.1.16). Every
force can be divided into 3 distinct components or directions: vertical, transverse,
and longitudinal. The combination of these three can produce a resultant force.
Forces are generally expressed in English units of pounds or kips.

Fy

F — resultant force

F, — transverse force
F, — vertical force

F, — longitudinal force

Figure 5.1.16 Basic Force Components

Stress is a basic unit of measure used to denote the intensity of an internal force.
When a force is applied to a material, an internal stress is developed. Stress is
defined as a force per unit of cross-sectional area.

Force (F)

Stress (o) =
Area(A)

The basic English unit of measure for stress is pounds per square inch
(abbreviated as psi). However, stress can also be expressed in Kips per square
inch (ksi) or in any other units of force per unit area. An allowable unit stress is
generally established for a given material.

Example of a stress: If a 30,000 Ib. force acts uniformly over an area of 10
square inches, then the stress caused by this force is 3000 psi (or 3 ksi).

Deformation is the local distortion or change in shape of a material due to stress.

Strain

Strain is a basic unit of measure used to describe an amount of deformation. It
denotes the ratio of a material’s deformed dimension to a material’s original
dimensions. For example, strain in a longitudinal direction is computed by
dividing the change in length by the original length.
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Change in Length (AL)

Strain (¢) = —
Original Length (L)

Strain is a dimensionless quantity. However, it can also be expressed as a
percentage or in units of length per length (e.g., inch/inch).

Example of strain: If a force acting on a 20 foot long column causes an axial
deformation of 0.002 feet, then the resulting axial strain is 0.002 feet divided by
20 feet, or 0.0001 foot/foot. This strain can also be expressed simply as 0.0001
(with no units) or as 0.01%.

Elastic Deformation

Elastic deformation is the reversible distortion of a material. A member is
elastically deformed if it returns to its original shape upon removal of the force.
Elastic strain is sometimes termed reversible strain because it disappears after the
stress is removed. Bridges are designed to deform elastically and return to their
original shape after the live loads are removed.

Example of elastic deformation: A stretched rubber band will return to its
original shape after being released from a taut position. Generally, if the strain is
elastic, there is a direct proportion between the amount of strain and the applied
stress.

Plastic Deformation

Plastic deformation is the irreversible or permanent distortion of a material. A
material is plastically deformed if it retains a deformed shape upon removal of a
stress. Plastic strain is sometimes termed irreversible or permanent strain because
it remains after the stress is removed. Plastic strain is not directly proportional to
the given applied stress as is the case with the elastic strain.

Example of plastic deformation: If a car crashed into a brick wall, the fenders
and bumpers would deform. This deformation would remain even after the car is
backed away from the wall. Therefore, the fenders and bumpers have undergone
plastic deformation.

Creep

Creep is a form of plastic deformation that occurs gradually at stress levels
normally associated with elastic deformation. Creep is defined as the gradual,
continuing irreversible change in the dimensions of a member due to the
sustained application of load. It is caused by the molecular readjustments in a
material under constant load. The creep rate is the change in strain (plastic
deformation) over a certain period of time.

Example of creep: If heavy paint cans remain left untouched on a thin wooden
shelf for several months, the shelf will gradually deflect and change in shape.
This deformation is due to the sustained application of a constant dead load and
illustrates the effects of creep.
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Thermal Effects

In bridges, thermal effects are most commonly experienced in the longitudinal
expansion and contraction of the superstructure. It is possible to design for
deformations caused by thermal effects when members are free to expand and
contract. However, there may be members for which expansion and contraction is
inhibited or prevented in certain directions. Consider any thermal changes in
these members since they can cause significant stresses.

Materials expand as temperature increases and contract as temperature decreases.
The amount of thermal deformation in a member depends on:

> A coefficient of thermal expansion, unique for each material
> The temperature change
> The member length

Example of thermal effects: Most thermometers operate on the principle that
the material within the glass bulb expands as the temperature increases and
contracts as the temperature decreases.

For most structural materials, values of stress and strain are directly proportional
(see Figure 5.1.17). However, this proportionality exists only up to a particular
value of stress called the elastic limit. Two other frequently used terms, which
closely correspond with the elastic limit, are the proportional limit and the yield
point.

When applying stress up to the elastic limit, a material deforms elastically.
Beyond the elastic limit, deformation is plastic and strain is not directly
proportional to a given applied stress. The material property, which defines its
stress-strain relationship, is called the modulus of elasticity, or Young’s modulus.

Modulus of Elasticity

Each material has a unique modulus of elasticity, which defines the ratio of a
given stress to its corresponding strain. It is the slope of the elastic portion of the
stress-strain curve.

Stress (o)

Modulus of Elasticity (E) = _
Strain (&)

The modulus of elasticity applies only as long as the elastic limit of the material
has not been reached. The units for modulus of elasticity are the same as those
for stress (i.e., psi or ksi for English).
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Figure 5.1.17 Stress-Strain Diagram
Example of modulus of elasticity: If a stress of 2900 psi is below the elastic

limit and causes a strain of 0.0001 in/in, then the modulus of elasticity can be
computed based on these values of stress and strain.

£ - 2900Pst _ o4 000,000 psi = 29,000ksi
0.0001%in/in

This is approximately equal to the modulus of elasticity for steel. The modulus
of elasticity for concrete is approximately 3000 to 4500 ksi, and for commonly
used grades of timber it is approximately 1600 ksi.

Overload damage may occur when members are overstressed. Overload occurs
when the stresses applied are greater than the elastic limit for the material.

Buckling

Buckling is the tendency of a member to crush or bend out of plane when
subjected to a compressive force. As the length and slenderness of a
compression member increases, the likelihood of buckling also increases.

Compression members require additional cross-sectional area or bracing to resist
buckling.

Example of buckling: A paper or plastic straw compressed axially at both ends
with an increasing force will eventually buckle.

Elongation

Elongation is the tendency of a member to extend, stretch or crack when
subjected to a tensile force. Elongation can be either elastic or plastic.

Example of elongation: A piece of taffy pulled will stretch in a plastic manner.
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Critical Finding

An overload in a bridge member may be considered a critical finding. Critical
findings are presented in Topic 4.5 and defined as “a structural or safety related
deficiency that requires immediate follow-up inspection or action.”

Ductility is the measure of plastic (permanent) strain that a material can endure.
A ductile material will undergo a large amount of plastic deformation before
breaking. It will also have a greatly reduced cross-sectional area before
breaking.

Example of ductility: A baker working with pizza dough will find that the
dough can be stretched a great deal before it will break into two sections.
Therefore, pizza dough is a ductile material. When the dough finally does break,
it will have a greatly reduced cross-sectional area.

Structural materials for bridges that are generally ductile include:

> Steel > Copper
> Aluminum > Wood

Brittle, or non-ductile, materials will not undergo significant plastic deformation
before breaking. Failure of a brittle material occurs suddenly, with little or no
warning.

Example of brittleness: A glass table may be able to support several magazines
and books. However, if more and more weight is piled onto the table, the glass
will eventually break with little or no warning. Therefore, glass is a brittle
material.

Structural materials for bridges that are generally brittle include:

> Concrete > Stone
> Cast iron > Fiber Reinforced Polymer

Fatigue is a material response that describes the tendency of a material to break
when subjected to repeated loading. Fatigue failure occurs within the elastic
range of a material after a certain number and magnitude of stress cycles have
been applied.

Each material has a hypothetical maximum stress value to which it can be loaded
and unloaded an infinite number of times. This stress value is referred to as the
fatigue limit and is usually lower than the breaking strength for infrequently
applied loads.

Ductile materials such as steel and aluminum have high fatigue limits, while
brittle materials such as concrete have low fatigue limits. Wood has a high
fatigue limit.

Example of fatigue: If a rubber band is stretched and then allowed to return to
its original position (elastic deformation), it is unlikely that the rubber band will
break. However, if this action is repeated many times, the rubber band will
eventually break. The rubber band failure is analogous to a fatigue failure.

5.1.20



Isotropy

5.1.5

Mechanics of
Materials
Yield Strength

Tensile Strength

Toughness

5.1.6

Bridge Movements

Live Load Deflections

CHAPTER 5: Bridge Mechanics
TOPIC 5.1: Bridge Mechanics

For a description of fatigue categories for various steel details, refer to Topic 6.4.

A material that has the same mechanical properties regardless of which direction
it is loaded is said to be isotropic.

Example of isotropy: Plain, unreinforced concrete, and steel.

For a description of isotropic materials, refer to Topics 6.2 and 6.3.

Materials respond to loadings in a manner dependent on their mechanical
properties. In characterizing materials, define certain mechanical properties.

The ability of a material to resist plastic (permanent) deformation is called the
yield strength. Yield strength corresponds to stress level defined by a material’s
yield point.

The tensile strength of a material is the stress level defined by the maximum
tensile load that it can resist without failure. Tensile strength corresponds to the
highest ordinate on the stress-strain curve and is sometimes referred to as the
ultimate strength.

Toughness is a measure of the energy required to break a material. It is related
to ductility. Toughness is not necessarily related to strength. A material might
have high strength but little toughness. A ductile material with the same strength
as a non-ductile material will require more energy to break and thus exhibit more
toughness. For highway bridges, the CVN (Charpy V-notch) toughness is the
toughness value usually used. It is an indicator of the ability of the steel to resist
crack propagation in the presence of a notch or flaw. The unit for toughness is
ft-Ibs @ degrees F.

Bridges move because of many factors; some are anticipated, but others are not.
Unanticipated movements generally result from settlement, sliding, and rotation
of foundations. Anticipated movements include live load deflections, thermal
expansions and contractions, shrinkage and creep, earthquakes, rotations, wind
drifting, and vibrations. Of these movements, the three major anticipated
movements are live load deflections, thermal movements. and rotational
movements.

Deflection produced by live loading should not be excessive because of
aesthetics, user discomfort, and possible damage to the whole structure. Several
factors control the amount of deflection: strength of material, depth and shape of
structural member, and length of a member

In the absence of other criteria, the following limitations may be considered:

Limitations are generally expressed as a deflection-to-span ratio. AASHTO
generally limits live load bridge deflection for steel and concrete bridges to
1/800 (i.e.,Llinch vertical movement per 67 feet of span length). For bridges that
have sidewalks, AASHTO limits live load bridge deflection to 1/1000 (i.e., 1-
inch vertical movement per 83 feet of span length).
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The longitudinal expansion and contraction of a bridge is dependent on the range
of temperature change, material, and most importantly, length of bridge used in
construction.  Thermal movements are frequently accommodated using
expansion joints and movable bearings. To accommodate thermal movements, it
is recommended the designer allow 1-1/4 inches of movement for each 100 feet
of span length for steel bridges and 1-3/16 inches of movement for each 100 feet
of span length for concrete bridges.

Rotational movement in bridges is a direct result of live load deflection and
occurs with the greatest magnitude at the bridge supports. This movement can be
accommodated using bearing devices that permit rotation.

Bridge engineers use various design methods that incorporate safety factors to
account for uncertainties and random deviations in material strength, fabrication,
construction, durability, and loadings.

The Allowable Stress Design (ASD) or Working Stress Design (WSD) is a
method in which the maximum stress a particular member may carry is limited to
an allowable or working stress. The allowable or working stress is determined
by applying an appropriate factor of safety to the limiting stress of the material.
For example, the allowable tensile stress for a steel tension member is 0.55 times
the steel yield stress. This results in a safety factor of 1.8. The capacity of the
member is based on either the inventory rating level or the operating rating level.
AASHTO currently has ten possible WSD group loadings. See Topic 5.1.8 for
inventory and operating rating levels.

Load Factor Design (LFD) is a method in which the ultimate strength of a
material is limited to the combined effect of the factored loads. The factored
loads are determined from the applied loadings, which are increased by selected
multipliers that provide a factor of safety. The load factors for AASHTO Group
I are 1.3(DL+1.67(LL+1)). AASHTO currently has ten possible LFD group
loadings.

Load and Resistance Factor Design (LRFD) is a design procedure based on the
actual strength, rather than on an arbitrary calculated stress. It is an ultimate
strength concept where both working loads and resistance are multiplied by
factors, and the design performed by assuming the strength exceeds the load.
(The load multipliers used in LRFD are not the same multipliers that are used in
LFD.)

These design methods are conservative due to safety factors and limit the stress
in bridge members to a level well within the material’s elastic range, provided
that the structural members are in good condition. That is why it is important for
inspectors to accurately report any deficiency found in the members.

One of the primary functions of a bridge inspection is to collect information
necessary for a bridge load capacity rating. Therefore, understand the principles
of bridge load ratings. Bridge load rating methods and guidelines are provided
by AASHTO in the AASHTO Manual for Bridge Evaluation.
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A bridge load rating is used to determine the usable live load capacity of a bridge.
Each member of a bridge has a unique load rating, and the bridge load rating
represents the most critical one. Bridge load rating is generally expressed in units
of tons, and it is computed based on the following basic formula:

C-AD

Bridge Rating Factor (RF) =
J J (RF) ALL+1)

Py
I

where: the rating factor for the live-load carrying capacity; the
rating factor multiplied by the rating vehicle in tons
gives the rating of the structure

the capacity of the member

the dead load effect on the member

the live load effect on the member

the impact factor to be used with the live load effect
factor for dead loads

factor for live loads

>"roo

1

A

Bridge load rating for Load and Resistance Factor Rating (LRFR) is computed
based on the following basic formula:

C —(75c)(DC) = (7ow )(BW) £ (5 )(P)

Bridge Rating Factor (RF) =
(7 )(LL+1M)

where: RF=  rating factor

C = capacity

DC = dead load effect due to structural components and
attachments

DW= dead load effect due to wearing surface and utilities

P = permanent load other than dead loads

LL = live load effect

IM = dynamic load allowance

Yoc = LRFD load factor for structural components and
attachments

yow= LRFD load factor for wearing surfaces and utilities

v» = LRFD load factor for permanent loads other than dead
loads = 1.0

yo = evaluation live-load factor

Both of the formulas above determine a rating factor for the controlling member
of the bridge. For either case, the safe load capacity in tons can be calculated as
follows:

RT = RF xW
where: RT= rating in tons for truck used in computing live-load effect
RF=  rating factor
W = weight in tons of truck used in computing live-load

effect

Note that when LRFR lane loading controls the rating, the equivalent truck
weight (W) to be used in calculating the safe load capacity in tons is 40 tons.
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The inventory rating level generally corresponds to the customary design level of
stresses but reflects the existing bridge and material conditions with regard to
deterioration and loss of section. Load ratings based on the inventory level allow
comparisons with the capacity for new structures and, therefore, results in a live
load, which can safely utilize an existing structure for an indefinite period of
time. For the allowable stress method, the inventory rating for steel used to be
based on 55% of the yield stress. Inventory ratings have been refined to reflect
the various material and load types. See the AASHTO Manual for Bridge
Evaluation (Section 6B.6.2 for Allowable Stress Inventory Ratings and Section
6B.6.3 for Load Factor Inventory Ratings).

The LRFD design level is comparable to the traditional Inventory rating. Bridges
that pass HL-93 screening at the Inventory level are capable of carrying
AASHTO legal loads and state legal loads within the AASHTO exclusion limits
described in the LRFD Bridge Design Specifications.

Load ratings based on the operating rating level generally describe the maximum
permissible live load to which the structure may be subjected. Allowing
unlimited numbers of vehicles to use the bridge at operating level may shorten
the life of the bridge. For steel, the allowable stress for operating rating used to
be 75% of the yield stress. Operating ratings have been refined to reflect the
various material and load types. See the AASHTO Manual for Bridge Evaluation
(Section 6B.6.2 for Allowable Stress Operating Ratings and Section 6B.6.3 for
Load Factor Operating Ratings).

Special permits for heavier than normal vehicles may occasionally be issued by a
governing agency. The load produced by the permit vehicle is to not exceed the
structural capacity determined by the operating rating.

The second level rating is a legal load rating providing a single safe load capacity
for a specific truck configuration. The second level rating is comparable to the
traditional Operating rating. Bridges that pass HL-93 screening at the Operating
level are capable of carrying AASHTO legal loads, but may not rate for state
legal loads especially those that are considerably heavier than AASHTO trucks.

The third level rating is used to check the serviceability and safety of bridges in
the review of permit applications. Permits are required for vehicles above the
legal load. Only apply this third level rating to bridges with sufficient capacity
for AASHTO legal loads. Calibrated load factors by permit type and traffic
conditions are specified for checking the effect of the overweight vehicle.
Guidance on checking serviceability criteria are also given.

Rating vehicles are truck loads applied to the bridge to establish the inventory
and operating ratings. These rating vehicles (see Figure 5.1.18) include:

H loading

HS loading

HL-93

Alternate Interstate Loading (Military Loading)

Type 3 unit

Type 3-S2 unit

YV V. V V VYV V

5.1.24



CHAPTER 5: Bridge Mechanics
TOPIC 5.1: Bridge Mechanics

»  Type 3-3 unit
»  The maximum legal load vehicles of the state
»  State routine permit loads

H20 Loading HS20 Loading
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d:=En
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24K 24K

=

Alternate Interstate Loading
(Military Loading) Type 3 Unit
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Figure 5.1.18 Rating Vehicles
The axle spacing and weights of the Type 3 unit, Type 3-S2 unit, and Type 3-3

unit are based on actual vehicles. However, as described previously, the H and
HS loadings do not represent actual vehicles.
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These standard rating vehicles were chosen based on load regulations of most
states and governing agencies. However, individual states and agencies may also
establish their own unique rating vehicles.

Bridge loads are posted to warn the public of the load capacity of a bridge, to
avoid safety hazards, and to adhere to federal law. Federal regulation requires
highway bridges on public roads to be inspected every twenty-four months for
lengths greater than 20 feet. Post or restrict the bridge in accordance with the
AASHTO Manual or in accordance with State law, when the maximum
unrestricted legal loads or State routine permit loads exceed that allowed under
the operating rating or equivalent rating factor.. It is the inspector’s
responsibility to gather and provide information that the structural engineer can
use to analyze and rate the bridge.

The safe load-carrying capacity of a bridge considers the following criteria:

> Physical condition

> Potential for fatigue damage
> Type of structure/configuration
> Truck traffic data (include State legal loads and routine permit loads)

Bridge postings show the maximum allowable load by law for single vehicles and
combinations while still maintaining an adequate safety margin (see Figure
5.1.19).

WEIGHT]
LiMIT (|8
W 10 :
| TONS [

Figure 5.1.19 Bridge Weight Limit Posting
Failure to comply with bridge posting may result in fines, tort suits/financial

liabilities, accidents, or even death. In addition, bridges may be damaged when
postings are ignored (see Figure 5.1.20).
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Figure 5.1.20 Damaged Bridge due to Failure to Comply with Bridge Posting

5.1.9

Span Classifications Bridges are classified into three span classifications that are based on the nature of
the supports and the interrelationship between spans. These classifications are:

> Simple
> Continuous
> Cantilever
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Simple A simple span is a span with only two supports, each of which is at or near the end
of the span (see Figure 5.1.21).

YV ¥ V¥ VY g
A A

Deflection
Diagram
See Detail A

l\
\l Shear Diagram

Diagram

g ]
. T C -compression
N el T - tension

N.A. - neutral axis

Detail A

Figure 5.1.21 Simple Bridge

A simple span bridge can have a single span supported at the ends by two
abutments or multiple spans with each span behaving independently of the others.
Some characteristics of simple span bridges are:

> When loaded, the span deflects downward and rotates at the supports

> The sum of the reactions provided by the two supports equals the entire
load

> Shear forces are maximum at the supports and zero at or near the middle

of the spans

> Bending moment throughout the span is positive and maximum at or near
the middle of the span (the same location at which shear is zero); bending
moment is zero at the supports

> The part of the superstructure below the neutral axis is in tension while
the portion above the neutral axis is in compression

A simple span bridge is easily analyzed using equilibrium equations. However, it
does not always provide the most economical design solution.
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A continuous span is a configuration in which a bridge has one or more
intermediate supports and the behavior of each individual span is dependent on its
adjacent spans (see Figure 5.1.22).

A continuous span bridge is one which is supported at the ends by two abutments
and which spans uninterrupted over one or more intermediate supports. Some
characteristics of continuous span bridges are:

> When loaded, the spans deflect downward and rotate at the supports

> The reactions provided by the supports depend on the span configuration
and the distribution of the loads

> Shear forces are maximum at the supports and zero at or near the middle
of the spans

> Positive bending moment is greatest at or near the middle of each span

> Negative bending moment is greatest at the intermediate supports; the

bending moment is zero at the end supports; there are also two locations
per intermediate support at which bending moment is zero, known as
inflection points

> For positive bending moments, compression occurs on the top portion of
the bridge member and tension occurs on the bottom portion of the bridge
member

> For negative bending moments, tension occurs on the top portion of the

bridge member and compression occurs on the bottom portion of the
bridge member

Hr&#Hri###*#vath Span
)

Diagram
— — Deflection
‘-..._________/'_ \/vﬂ—/’-n\k/ :
See Detail A See Detail B Diagram
* I\ |\ Shear
\l \I \l Diagram
- + — Moment

~ @~ Diagram
N@ T C -compression T(@'\‘NA
-~ T - tension gl

N.A. - neutral axis
Detail A Detail B

Figure 5.1.22 Continuous Bridge

A continuous span bridge allows longer spans and is more economical than a
bridge consisting of many simple spans. This is due to its efficient design with
members that are shallower. However, a continuous bridge is more difficult to
analyze than a simple span bridge and is more susceptible to overstress conditions
if the supports experience differential settlement.
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A cantilever span is a span with one end restrained against rotation and deflection
and the other end completely free (see Figure 5.1.23). The restrained end is also
known as a fixed support.

While a cantilever generally does not form an entire bridge, portions of a bridge
can behave as a cantilever (e.g., cantilever bridges and bascule bridges). Some
characteristics of cantilevers are:

>

When loaded, the span deflects downward, but there is no rotation or
deflection at the support
The fixed support reaction consists of a vertical force and a resisting
moment
The shear is maximum at the fixed support and is zero at the free end
The bending moment throughout the span is negative and maximum at the
fixed support; bending moment is zero at the free end

/! {1t spanDi

A Y L Span Diagram

7

e

7~

Deflection Diagram
See Detail A

+

Shear Diagram
Moment Diagram

A—

N.A.

—

& \ C -compression
\ T T - tension
N.A. - neutral axis
Detail A

Figure 5.1.23 Cantilever Span
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Composite
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When cantilever spans are incorporated into a bridge, they are generally extensions
of a continuous span. Therefore, moment and rotation at the cantilever support
will be dependent on the adjacent span (see Figure 5.1.24).

Cantilever
: Anchor Span _ Suspended Anchor Span

Y

= | Span | >
Y * * * 4' ¢ Y * ‘ Y ly ¥ ¢ Jv ¢ * * Y Span
T T Diagram
: : Deflection
\T\_/T‘h; See Detail A Diagram
[\ |+ : : |+ Shear
_| | \‘\_I N Diagram
| |
ll : Moment

s

_+ '
\-/ \-/ Diagram
™ .
~ N.A. C - compression
¥ NT & T - tension
Ve

N.A. - neutral axis

Detail A
Figure 5.1.24 Cantilever Bridge

Bridges also have four classifications that are based on the relationship between
the deck and the superstructure. These classifications are:

> Non-composite
> Composite

> Integral

> Orthotropic

A non-composite structure is one in which the superstructure acts independently of
the deck. Therefore, the superstructure alone resists all of the loads applied to
them, including the permanent loads and the transient loads.

A composite structure is one in which the deck acts together with the
superstructure to resist the loads (see Figure 5.1.25). The deck material is strong
enough to contribute significantly to the overall strength of the section. The deck
material is different than the superstructure material. The most common
combinations are concrete deck on steel superstructure and concrete deck on
prestressed concrete superstructure. Shear connectors such as studs, spirals,
channels, or stirrups that are attached to the superstructure and are embedded in a
deck provide composite action. This ensures that the superstructure and the deck
will act as a unit by preventing slippage between the two when a load is applied.
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Non-Composite Composite

4~ 1

Non-Composite Composite

Figure 5.1.25 Non-Composite or Composite Concrete Deck on Steel Beams
and Pretressed Concrete Beams

Composite action is achieved only after the concrete deck has hardened.
Therefore, some of the permanent load is resisted by the non-composite action of
the superstructure alone. These permanent loads include the weight of:

> The superstructure itself

> Any diaphragms and cross-bracing

> The concrete deck

> Any concrete haunch between the superstructure and the deck

> Any other loads which are applied before the concrete deck has hardened

Other permanent loads, known as superimposed dead loads, are resisted by the
superstructure and the concrete deck acting compositely. Superimposed dead
loads include the weight of:

> Any anticipated future deck pavement

> Parapets

> Railings

> Any other loads which are applied after the concrete deck has hardened

Since live loads are applied to the bridge only after the deck has hardened, they
are also resisted by the composite section.
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The bridge inspector can identify a simple span, a continuous span, and a
cantilever span based on their configuration. However, the bridge inspector can
not identify the relationship between the deck and the superstructure while at the
bridge site. Therefore, review the bridge plans to determine whether a structure is
non-composite or composite.

On an integral bridge deck, the deck portion of the beam is constructed to act
integrally with the stem, providing greater stiffness and allowing increased span
lengths (see Figures 5.1.26 and 5.1.27).

Integral configurations are similar to composite decks in that the deck contributes
to the superstructure capacity. However, integral decks are not considered
composite since the deck (or top flange) is constructed of the same material.
Example of an integral bridge is a conventionally reinforced T-beam and is
described in detail in Topic 9.2.

\ “ . = '-.'.‘ o,
“ 4 S Ll o Wi - U, T

Figure 5.1.26 Integral Bridge

Optional Wearing Surface

e_o ¢ e_eo 9o

Figure 5.1.27 Cross Section of an Integral Bridge

5.1.33



Orthotropic

5.1.11

CHAPTER 5: Bridge Mechanics
TOPIC 5.1: Bridge Mechanics

An orthotropic deck consists of a flat, thin steel plate stiffened by a series of
closely spaced longitudinal ribs at right angles to their supports. The deck acts
integrally with the steel superstructure. An orthotropic deck becomes the top
flange of the entire floor system. Orthotropic decks are occasionally used on large
bridges (see Figure 5.1.28).

Epoxy Asphalt
Wearing Surface 3"
to 2" Thick

Steel Plate Deck

A AWA
/ Types of Closed
Ribs

Figure 5.1.28 Orthotropic Bridge Deck

Redundancy

According to AASHTO Manual for Bridge Evaluation, bridge redundancy is the
capability of a bridge structural system to carry loads after damage to or the
failure of one or more of its members.

There are three types of redundancy in bridge design.
Load Path Redundancy

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

Structural Redundancy

Most bridge designs, which provide continuity of load path from span to span are
referred to as structurally redundant. Some continuous span two-girder bridge
designs are structurally redundant. In the event of a member failure, loading from
that span can be redistributed to the adjacent spans and total bridge failure may
not occur. A minimum of three continuous spans are needed to achieve structural
redundancy in the interior spans.
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Internal Redundancy

Internal redundancy is when a bridge member contains three or more elements
that are mechanically fastened together so that multiple independent load paths
are formed. Failure of one member element would not cause total failure of the
member.

Nonredundant Configuration

Bridge inspectors are concerned primarily with load path redundancy and can
neglect structural and internal redundancy when identifying fracture critical
members. Nonredundant bridge configurations in tension contain fracture critical
members. Many states currently perform 3-dimensional finite element analysis to
help determine redundancy.

Redundancy is discussed in greater detail in Topic 6.4.

Foundations are critical to the stability of the bridge since the foundation
ultimately supports the entire structure. There are two basic types of bridge
foundations:

> Shallow foundations commonly referred to as spread footings
> Deep foundations

Spread Footings

A spread footing is used when the bedrock layers are close to the ground surface
or when the soil is capable of supporting the bridge. A spread footing is typically
a rectangular slab made of reinforced concrete. This type of foundation "spreads
out" the loads from the bridge to the underlying rock or well-compacted soil.
While a spread footing is usually buried, it is generally covered with a minimal
amount of soil. In cold regions, the bottom of a spread footing will be just below
the recognized maximum frost line depth for that area (see Figure 5.1.29).

Deep Foundations

A deep foundation is used when the soil is not suited for supporting the bridge or
when the bedrock is not close to the ground surface. A pile is a long, slender
support that is typically driven into the ground but can be partially exposed. It is
made from steel, concrete, or timber. Various numbers and configurations of
piles can be used to support a bridge foundation. This type of foundation transfers
load to sound material well below the surface or, in the case of friction piles, to
the surrounding soil (see Figure 5.1.30). “Caissons”, “drilled caissons”, and
“drilled shafts” are frequently used to transmit loads to bedrock in a manner
similar to piles.
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Figure 5.1.29 Spread Footing

Figure 5.1.30 Deep Foundation
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DESIGN VALUES FOR WOOD CONSTRUCTION - NDS SUPPLEMENT
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Table 4C Design Values for Mechanically Graded Dimension Lumberi23

(Tabulated design values are for normal load duration and dry service conditions, unless specified
otherwise. See NDS 2.3 for a comprehensive description of design value acijustmen'r factors.)

USE WITH TABLE 4C ADJUSTMENT FACTORS

Specias and
commercial grade

S00f-1.0E
1200f-1.2E
1250f-1.4E
1350f-1.3E
1400f-1.2E
1450f-1.3E

1500f-1.3E
1500f-1.4E
1600f-1.4E
1650f-1.3E
1650f-1.5E
1650f-1.6E

1700f-1.6E
1750f-2.0E
1800f-1.5E
1800f-1.6E
1950f-1.5E
1950f-1.7E

2000f-1.6E
2100f-1.8E
2250f-1.TE
2250f-1.8E
2250f-1.8E
2400f-1.8E
2400f-2.0E

2500f-2.2E
2550f-2.1E
2700f-2.0E
2700f-2.2E
2850f-2.3E
3000f-2.4E

-5
M-G
M-7
M-8
M-8
M-10
h-11
M-12
M-13
14
M-15
M-16
M- 1781
M-15
M-12
M-201
M-21
M-22
M-23
M-24
M-25
M-26
M-27H]
M-28
M-29

Size
classification

2"& less in thickness

2"& wider

MACHINE EVALUATED LUMBER (MEL)

2"&less inthickness

2"8 wider

Dasignvalues in pounds persquareinch (psi)

SANTVYA NDIS3A

Tension Comprassion Modulus
parallel paraliel af Grading
Bending to grain tagrain Elastidity Rulzs
Fy Fi Fe E Agancy
aon 380 1050 1,000,000 WCLIB, WWPA
1200 &00 1400 1,200,000 NLGA, WCLIB, WWPA
1250 B00 1475 1,400,000 WCLIB
1250 750 1600 1,300,000 NLGA, WCLIB, WWWPA
1400 A00 16800 1,200,000 MLGA
1450 a00 1625 1,300,000 NLGA, WCLIB, WWPA
1800 200 1650 1,300,000 WWPA
1500 Q00 1650 1,400,000 NLGA, WCLIB, WWPA
1800 Q50 16875 1,400,000 MLGA
1650 1020 1700 1,300,000 MLGA, WWPA
1650 1020 1700 1,500,000 NLGA, SPIB, WCLIB, WWPA
1650 1175 1700 1,600,000 WCLIB, WWPA
1700 1175 1725 1,600,000 WCLIB
1750 1125 1725 2,000,000 WCLIB
1800 1300 1750 1,500,000 MLGA, WWPA
1800 1178 1750 1,600,000 NLGA, SPIB, WCLIB, WWPA
1950 1375 1800 1,500,000 SPIBE, WWPA
1950 1375 1800 1,700,000 NLGA, SPIE, WCLIB, WWPA
2000 1300 1825 1,600,000 MLGA
2100 1678 1875 1,800,000 NLGA, SPIB, WCLIB, WWPA
2250 1750 1925 1,700,000 MLGA, WWPA
2250 1750 1925 1,800,000 NLGA, WCLIB, WWPA
2250 1750 1925 800, NLGA, SPIE, WCLIB, WWPA
2400 1925 1975 1,800,000 MLGA, WWPA
2400 1925 1975 2,000,000 NLGA, SPIB, WCLIB, WWPA
2500 1750 2000 2,200,000 WCLIB
2550 2050 2025 2,100,000 NLGA, SPIE, WCLIB, WWPA
2700 1800 2100 2,000,000 WCLIB, WWPA
2700 2150 2100 2,200,000 NLGA, SPIE, WCLIB, WWPA
2850 2300 2150 2,300,000 NLGA, SPIB, WCLIB, WWPA
3000 2400 2200 2,400,000 MLGA, SPIB
aon 500 1050 1,100,000 SPIB
1100 &00 1200 1,000,000 SPIB
1200 &850 1400 1,100,000 SPIB
1200 700 1500 1,300,000 SPIB
1400 A00 1800 1,400,000 SPIB
1400 a00 1600 1,200,000 MLGA, SPIB
1550 A50 1675 1,500,000 MLGA, SPIB
1600 850 1675 1,600,000 MLGA, SPIB
1600 950 1675 1,400,000 MLGA, SPIB
1800 1000 1750 1,700,000 MLGA, SPIB
1800 1100 1750 1,500,000 MLGA, SPIB
1800 1200 1750 1,500,000 SPIB
1950 1300 2050 1,700,000 SPIB
2000 1200 1825 1,800,000 MLGA, SPIB
2000 1300 1825 1,600,000 MLGA, SPIB
2000 1800 2100 1,900,000 SPIB
2300 1400 1950 1,900,000 MLGA, SPIB
2350 1500 1950 1,700,000 MLGA, SPIB
2400 1900 1975 1,800,000 MLGA, SPIB
2700 1800 2100 1,900,000 MLGA, SPIB
2750 2000 2100 2,200,000 MLGA, SPIB
2800 1800 2150 2,000,000 MLGA, SPIB
3000 2000 2400 2,100,000 SPIB
2200 1800 1900 1,700,000 SPIB
1550 850 1650 1,700,000 SPIB
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DESIGN VALUES

Table 4D Design Values for Visually Graded Timbers (5" x 5" and larger)

(Tabulated design values are for normal load duration and dry service conditions, unless specified
otherwise. See NDS 2.3 for a comprehensive description of design value adjustment factors.)

USE WITH TAELE 4D ADJUSTMENT FACTORS

Diesign walues in pounds per square inch (psi)
Tension Shear Compression Compression Modulus
parallel parallel perpendicular parallel of Grading
Species and Size Banding to grain to grain to grain to grain Elasticity Rules
commearcial grade classification Fy Fy Fy Foy F. E Agancy
Select Structural Beams and 1350 200 G5 305 a50 1,400 000
Ma.1 Stringers 1100 750 65 205 800 1,400,000
Mo.2 725 380 65 305 500 1,100,000 MELMA
Select Structural Posts and 1250 825 65 305 1000 1,400,000 MSLE
Ma.1 Timbers 1000 675 65 305 a7s 1,400,000
Mo.2 575 375 65 305 400 1,100,000
B BIR OR
Select Structural Beams and 1650 ars 20 715 a7rs 1,500,000
Ma.1 Stringers 1400 700 a0 715 825 1,500,000
Mo.2 900 450 a0 715 525 1,200,000 MELMA
Select Structural Posts and 1550 1050 a0 715 1050 1,500,000
Mo.1 Timbers 1250 850 20 715 200 1,500,000
Mo.2 725 475 0 715 425 1,200,000
L) A fi PR
Select Structural Beams and 1150 675 [a] 455 Tis 1,500 000
Mo.1 Stringers 50 475 60 455 650 1,500,000
Mo.2 625 325 60 455 425 1,200,000 HLGA
Select Structural Posts and 1100 725 60 455 8625 1,500,000
Mao.1 Timbers a7s 575 &0 455 725 1,500,000
Mo.2 525 350 60 455 500 1,200,000
DO A R-LAR
Dense Select Structural 1900 1100 a5 720 1300 1,700,000
Select Structural Beams and 1600 Q50 a5 625 1100 1,600,000
Dense No.1 Stringers 1550 775 a5 730 1100 1,700,000
Ma.1 1350 75 85 625 Q25 1,600,00
Mo.2 a7s 425 a5 625 800 1,300,000 WCLIB
Dense Select Structural 1750 1150 a5 720 1350 1,700,000
Select Structural Posts and 1500 1000 a5 625 1150 1,600,000
Dense Mo.1 Timbers 1400 Q50 a5 730 1200 1,700,000
Ma.1 1200 825 a5 625 1000 1,600,000
Mo.2 750 475 a5 G625 o0 1,300,000
Dense Select Structural 1850 1100 a5 730 1300 1,700,000
Select Structural 1600 Q50 85 625 1100 1,600,000
Dense Mo Beams and 1550 775 a5 730 1100 1,700,000
Mol Stringers 1250 675 85 625 225 1,600,000
Dense Mo.2 1000 500 85 730 Too 1,400,000
Mo.2 ars 425 a5 625 &0 1,300,000 WINPA
Dense Select Structural 1750 1150 as 720 1250 1,700,000
Select Structural 1500 1000 a5 625 1150 1,600,000
Dense Mo.1 Posts and 1400 Q50 85 730 1200 1,700,000
Mo Timbers 1200 825 a5 G625 1000 1,600,000
Dense No.2 a00 550 85 730 550 1,400,000
Mo, 2 700 475 85 G525 475 1,300,000
00 n 01 AR R
Select Structural Beams and 1600 980 a5 G625 1100 1,600,000
Mo 1 Stringers 12300 675 85 625 Q25 1,600,000
Mo.2 a7s 425 a5 625 600 1,300,000 HLGA
Select Structural Posts and 1500 1000 a5 G625 1150 1,600,000
Mao.1 Timbers 1200 825 85 625 1000 1,600,000
Mo.2 725 475 85 G525 700 1,300,000
DO A R O
Select Structural Beams and 1550 00 fits] 520 1000 200000
Mo Stringers 1200 625 a5 520 850
Mo.2 825 425 a5 520 525 WWPA
Select Structural Posts and 1400 980 a5 520 1050
Mo.1 Timbers 1150 775 85 520 Q25
Mo.2 650 400 a5 520 425

COPYRIGHT © 1997 AMERICAN FOREST & PAPER ASSOCIATION
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Chapter 6
Bridge Materials

Topic 6.1 Timber

6.1.1

Introduction

Approximately 4% of the bridges listed in the National Bridge Inventory (NBI) are
classified as timber bridges. Many of these bridges are very old, but the use of
timber structures is gaining new popularity with the use of engineered wood
products. (see Figure 6.1.1). To preserve and maintain them, it is important that
the bridge inspector understand the basic characteristics of wood. Timber Bridges
Design, Construction, Inspection and Maintenance April 2005 manual published
by the United States Department of Agriculture, Forest Service is an excellent
reference to supplement timber information in this manual and is available for
purchase. For other publications from Forest Products Laboratory in PDF format,
access the following link: http://spfnic.fs.fed.us/werc/resources/PubSearch.cfm.

For detailed information concerning the design and analysis of timber structures,
contact the American Wood Council for the National Design Specifications (NDS)
for Wood construction at http://www.awc.org/standards/nds.html. Some useful
information that can be obtained to assist bridge designers and inspectors includes:

> Nominal and minimum dressed sizes of sawn lumber

Section properties of standard dressed (S4S) sawn lumber

Section properties of structural glued laminated timber

Reference design values for visually graded dimension lumber
Reference design values for mechanically graded dimension lumber
Reference design values for visually graded decking

YV V V V V V

Reference design values for structural glued laminated timber
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Basic Shapes Used
in Bridge
Construction

Round

Rectangular
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Figure 6.1.1  Glued-laminated Modern Timber Bridge

Depending on the required structural capacities and geometric constraints, wood
can be cut into various shapes.

Because sawmills were not created yet, most early timber bridge members were
made from solid round logs. Logs were generally used as beams, or stacked and
used as abutments and foundations. Round timber members have been used as
piles driven into the ground or channel (See Figure 6.1.2). Logs have also been
used as retaining devices for embankment material.

Once sawmill operations gained prominence, rectangular timber members became
commonplace. Rectangular timber members were easier to connect together due
to the flat sides and can be used for decking, superstructure beams, arches and
truss elements, and curbs or railings (see Figure 6.1.2).
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Figure 6.1.2  Timber Shapes

Built-up Shapes Modern timber bridge members are fabricated from basic rectangular shapes to
create built-up shapes, which perform at high capacities. A fundamental example
of these are rectangular or deck/slab beams. Two other common examples are T-
shaped and box-shaped beams (see Figure 6.1.3). Using glue-laminate technology
and stress timber design, these shapes enable modern timber bridges to carry
current legal loads.

Refer to Chapter 8 for further information on timber superstructures and Topic 7.1
for timber decks.

Rectangular Beam Deck or Slab

Tee Beam Box Beam

Figure 6.1.3  Built-up Timber Shapes
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Properties of
Timber

Physical Properties
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Because of its physical characteristics, timber is in many ways an excellent
engineering material for use in bridges. Perhaps foremost is that it is a renewable
resource. In addition, timber is:

> Strong, with a high strength to weight ratio

Economical

Aesthetically pleasing

Readily available in many locations

Easy to fabricate and construct

Resistant to deicing agents

Resistant to damage from freezing and thawing

YV V. V V V V V

Able to sustain overloads for short periods of time (shock resistant)

However, timber also has some negative properties:

> Excessive creep under sustained loads
> Vulnerable to insect attack
> Vulnerable to fire

These characteristics stem from the unique physical and mechanical properties,
which vary with the species and grade of the timber.

There are four basic physical properties that define timber behavior. These
properties are timber classification, anatomy, growth features, and moisture
content.

Timber Classification

Wood may be classified as hardwood or softwood. Hardwoods have broad leaves
and lose their leaves at the end of each growing season. Softwoods, or conifers,
have needle-like or scale-like leaves and are evergreens. The terms "hardwood"
and "softwood" are misleading because they do not necessarily indicate the
hardness or softness of the wood. Some hardwoods are softer than certain
softwoods and vice versa.

Timber Anatomy

Wood is a non-homogeneous material. Wood, although an extremely complex
organic material, has dominant and fundamental patterns to its cell structure.
Some of the physical properties of this cell structure include (see Figures 6.1.4 and
6.1.5):

> Hollow cell composition - cell walls consist of cellulose and lignin, and
are formed in an oval or rectangular shape which accounts for the high
strength-to-weight ratio of wood; wood with thick cell walls is dense and
strong; lignin bonds the cells together
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Growth rings - revealed in the cross section of a tree are distinct rings of
wood produced during a tree’s growing season. One annual ring is
composed of a ring of earlywood or springwood (light in color, cells have
thin walls and large diameter) and a ring of latewood or summerwood
(dark in color, cells have thick walls and small diameter). The rings can
be easily seen in some trees (Douglas fir and southern pine) and exhibit
little color difference in other species (spruces and true firs).

Sapwood - the active, outer part of the tree that carries sap and stores food
throughout the tree; is generally permeable and easier to treat with
preservatives; sapwood is of lighter color than heartwood

Heartwood - the inactive, inner part of the tree that does not carry sap;
serves to support the tree; may be resistant to decay due to toxic materials
deposited in the heartwood cells; usually of darker color than sapwood

Grain - the wood fibers oriented along the long axis of logs and timbers;
the direction of greatest strength

Wood rays - groups of cells, running from the center of the tree
horizontally to the bark, which are responsible for cross grain strength

Pith - center of the tree, representing the earliest growth of the tree. The
pith is more resistant to rot.

Resin canal - tubular passageways lined with living cells producing resin
or "pitch". Hardwoods do not contain resin canals.

Bark - outer layer of a tree. The outer bark is composed of mostly dead
cells that form a protective barrier for the tree. The inner bark is made
from living cells which transport sugars, and may also protect the tree
from contaminants.

Latewood
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Figure 6.1.4  Anatomy of Timber
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Figure 6.1.5  3-D Close-up of Softwood Timber Anatomy

(Source: Society of Wood Science and Technology)

Growth Features

A variety of growth features adversely affect the strength of wood. Some of these
features include:

>

Knots and knot holes - due to growth around an embedded limb and
associated grain deviation. Knots may be small or large, round or
elongated

Sloping grain - caused by the normal taper of a tree or by sawing in a
direction other than parallel to the grain

Splits, checks, and shakes - separation of the cells along the grain,
primarily due to rapid or uneven drying and differential shrinkage in the
radial and tangential directions during seasoning; checks and splits occur
across the growth rings; a shake occurs between the growth rings

Reaction wood - a type of abnormal wood that is formed in leaning trees;
the pith is off center; the wood is gelatinous and displays cross grain
shrinkage checks when seasoned
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Moisture Content

Moisture content affects dimensional instability and fluctuations of weight and
affects the strength and decay resistance of wood. It is most desirable for wood to
have the least moisture content as is possible. This is done naturally over time
(seasoning) or using kiln drying.

There are four basic mechanical properties that define timber behavior: orthotropic
behavior, fatigue characteristics, impact resistance and creep characteristics.

Orthotropic Behavior

Wood is considered a non-homogeneous and an orthotropic material. It is non-
homogeneous because of the random occurrences of knots, splits, checks, and the
variance in cell size and shape. It is orthotropic because wood has mechanical
properties that are unique or different to its three principal axes of anatomical
symmetry (longitudinal, radial, and tangential). This orthotropic behavior is due to
the orientation of the cell fibers in wood (see Figure 6.1.6).

RADIAL
Z >

—#ﬁk\ﬁ/// FIBER

DIRECTION
LONGITUDINAL  'ANGENTIAL

Figure 6.1.6  Three Principal Axes of Wood

As a result of its orthotropy, wood has three distinct sets of strength properties.
Because timber members are longitudinal sections of wood, strength properties are
commonly defined for the longitudinal axis. American Society for Testing and
Materials (ASTM) Standards and American Forest and Paper Association
(AF&PA) Standards are issued which present strength properties for various types
of wood.

Fatigue Characteristics
Because wood is a fibrous material, it tends to be less sensitive than steel or iron to
repeated loads. Therefore, it is somewhat fatigue resistant. The presence of knots

and sloping grain reduces the strength of wood considerably more than does
fatigue; therefore, fatigue is generally not a limiting factor in timber design.
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Timber Grading
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Impact Resistance

Wood is able to sustain short-term loads of approximately twice the level it can
bear on a permanent basis, provided the cumulative duration of such loads is
limited.

Creep Characteristics

Creep occurs when a load is maintained on the timber member. That is, the initial
deflection of the member increases with time. Unseasoned or "green™ timbers may
sag appreciably, if allowed to season under load. Initial deflection of unseasoned
wood under permanent loading can be expected to double with the passage of
time. Therefore, to accommodate creep, twice the initial elastic deformation is
often assumed for design. Partially seasoned material may also creep to some
extent. However, thoroughly seasoned timber members will exhibit little
permanent increase in deflection with time.

Douglas fir and southern pines are the most widely used species of wood for
bridge construction. The southern pines include several species graded and
marketed under identical grading rules. Other species, such as western hemlock
and eastern spruce, are suitable for bridge construction if appropriate design
stresses are used. Some hardwoods are also used for bridge construction.

Timber is given a grading so that the following can be established:

Modulus of elasticity

Tensile stress parallel to grain
Compressive stress parallel to grain
Compressive stress perpendicular to grain

Shear stress parallel to grain (horizontal shear)

YV V V V V V

Bending stress

The ultimate strength properties of wood in the tables at the beginning of this topic
are for air-dried wood, which is clear, straight grained, and free of strength-
reducing deficiencies. Reduction factors need to be applied to these values based
on specific application.

Timber used for outdoor applications needs to be designed for wet service
conditions. This is often done with the use of a wet service reduction factor. For
certain species of timber, such as Southern Pine, this factor may already be
incorporated into the design strength of the wood regardless of a wet or dry service
condition..

Other application-based reduction factors include temperature, member size and
length, member volume, member orientation, load duration, and specific use. For
more information, refer to the National Design Specifications for Wood
Construction, American Forest & Paper Association, American Wood Council.
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Sawn Lumber

Glued-Laminated
Lumber
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Preservative treatment for decay resistance does not alter the design strength of
wood, provided any moisture associated with the treatment process is removed.

Unlike steel, the elastic modulus of wood varies with the grades and species.

The grading of sawn timber is accomplished by either a visual grading or a
mechanical stress grading (MSR). Refer to the tables at the beginning of this
topic.

Visual Grading

This type of grading is the most common and is performed by a certified lumber
grader. The lumber grader inspects each sawn and surfaced piece of lumber. The
individual pieces of lumber must meet particular grade description requirements in
order to be classified at a certain grade. If the requirements are not met, the piece
of sawn and surfaced lumber is compared to lower grade description requirements
until the piece of lumber fits into the appropriate grade. Mechanical properties are
predetermined for each grade. Therefore, once the piece of lumber has been
graded, the mechanical properties have been established.

Mechanical Stress Grading

Mechanical stress grading or mechanical stress rating (MSR) grades lumber by the
relationship between the modulus of elasticity and the bending strength of lumber.
A machine measures the bending strength and then assigns an elastic modulus.
The grading mainly depends on the elastic modulus but can be changed by visual
observance of edge knots, checks, shakes, splits, and warps. Mechanical stress
grading has a different set of grading symbols than visual grading.

Glued-laminated lumber or glulam is not graded in the same way as sawn lumber
(see the tables at the beginning of this topic). Members have a combination
symbol that represents the combination of lamination grades used to manufacture
the member. The symbols are divided into two general classifications which are
bending combinations or axial (tension or compression) combinations. The
classifications are based in the anticipated use of the member, either in bending as
a beam or axial combination as a column or tension member.

Bending combinations are used for resisting bending stress caused by loads
applied perpendicular to the wide faces of the laminations. In this case, a lower
grade lamination is used for the center portion of the member (near the neutral
axis) while a higher grade lamination is placed on the outside faces where bending
stresses are higher.

Axial combinations are used for resisting axial forces and bending stress applied

parallel to the wide faces of the laminations. In this case, the same grade
lamination is used throughout the member.
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Anticipated Modes
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Although timber is an excellent material for use in bridges, untreated timber is
vulnerable to damage from fungi, parasites, and other sources. The untreated inner
cores of surface treated timber are vulnerable to these predators if they can gain
access through the outer treated shell. The degree of vulnerability varies with the
species and grade of the timber. It is important for bridge inspectors to recognize
the signs of the various types of damage and evaluate their effect on the structure.

Defects that form from growth features introduced in Topic 6.1.3 or from the
lumber drying process include (see Figure 6.1.7):

> Checks - separations of the wood fibers, normally occurring across or
through the annual growth rings, and generally parallel to the grain
direction

> Splits - advanced checks that extend completely through the piece of

wood. A splitis also known as a through check

> Shakes - separations of the wood fibers parallel to the grain which occur
between the annual growth rings

> Knots — separations of the wood fibers due to the trunk growing around an
embedded limb. Knots may be small or large, round or elongated

Timber can crack, check or split due to differential shrinkage. Differential
shrinkage occurs because the outer fibers in the shell dry first and begin to shrink.
However, the core has not yet begun to dry and shrink, and consequently the shell
is restrained from shrinking by the core. Thus the shell goes into tension and the
core into compression. With the stresses from the shell and the core pulling in
opposite directions the wood fibers break and a crack forms. The larger the timber
member, the more stress is exerted to the timber member. This is the reason why to
dry timber materials before using them where their final moisture content will be
15% or less.

These four inherent defects provide openings for decay to begin and in some cases
indicate reduced strength in the member when the defect is in an advanced state.
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Split (thru check)

Knot

Surface
check

End check
Figure 6.1.7  Inherent Timber Defects

Fungi Decay is the primary cause of timber bridge replacement. Decay is the process of
living fungi, which are plants feeding on the cell walls of wood (see Figure 6.1.8).
The initial process is started by the deposition of spores or microscopic seeds.
Fruiting bodies (e.g., mushrooms and conks) produce these spores by the billions.
The spores are distributed by wind, water, or insects.

Figure 6.1.8  Decay of Wood by Fungi

Spores that survive and experience favorable growth conditions can penetrate
timber members in a few weeks. Favorable conditions for fungi to grow can only
occur when these four requirements exist:

> Oxygen - Sufficient oxygen must be available for the fungi to breathe. A
minimal amount of free oxygen can sustain them in a dormant state, but at
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least 20 percent of the volume of wood must be occupied by air for fungi
to become active. Absence of oxygen in bridge members would only
occur in piling or bents placed below the permanent low water elevation or
water table, or buried in the ground.

Temperature - A favorable temperature range must be available for the
growth of fungi to occur. Below freezing, 32°F, the fungi become
dormant but resumes its growth as the temperature rises above freezing to
the 75°F to 85°F range, where growth is at its maximum. Above 90°F,
growth tapers off rapidly, and temperatures in excess of 120°F become
lethal to the fungi. These killing temperatures could only occur in bridge
members during kiln drying or preservative treating.

Food - An adequate food supply must be available for the fungus to feed
on. As the entire bridge serves as the food supply, the only prevention is
to protect the wood supply with preservatives.

Moisture - The fourth and probably the most controlling requirement is an
adequate supply of moisture. The term "dry-rot" is misleading because
dry wood will not rot. Wood must have a minimum moisture content of
20 percent to support fungi. Growth occurs when the moisture content is
between 25 and 30 percent, with rapid growth of fungi above 30 percent.
Rain or snow is the main source of moisture. Secondary sources are
condensation, ground water, and stream water. Exposed surfaces allow
moisture to evaporate harmlessly. However seasoning shakes, checks and
splits, interfaces between timber members, and fastener holes are ideal for
localized moisture accumulation which promotes the growth of fungi.

Although there are numerous types and species of fungi, only a few cause decay in
timber bridge members. Some fungi types that do not cause damage include:

>

Molds - cottony or powdery circular growths varying from white or light
colors to black; molds themselves do not cause decay but their presence is
an indication that conditions favorable to the growth of fungi exist (see
Figure 6.1.9)

Stains - specks, spots, streaks, or patches, varying in color, which
penetrate the sap wood; sapstain is harmless to wood; it is usually a
surface phenomenon and, like molds, implies conditions where harmful
fungi can flourish (see Figure 6.1.9)

Soft rot - attacks the wood, making it soft and spongy; only the surface
wood is affected, and thus it does not significantly weaken the member;
occurs mostly in wood of high water content and high nitrogen content
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Figure 6.1.9  Mold and Stain on Underside of Timber Bridge

Some fungi types that weaken or cause damage to timber include:

> Brown rot - degrades the cellulose and hemi-cellulose leaving the lignin as
a framework which makes the wood dark brown and crumbly (see Figure
6.1.10)

> White rot - feeds upon the cellulose, hemi-cellulose, and the lignin and

makes the wood white and stringy (see Figure 6.1.10).

VT v T,
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Figure 6.1.10 Brown and White Rot
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Brown and white rots are responsible for structural damage to wood.

The natural decay resistance of wood exposed under conditions favorable for
decay is distinctly variable, and it can be an important factor in the service life of
timber bridges.

The heartwood of many tree species possesses a considerable degree of natural
decay resistance, while the sapwood of all commercial species is vulnerable to
decay.

Each year, when an inner layer or ring of sapwood dies and becomes heartwood,
fungi-toxic compounds are deposited. These compounds provide natural decay
resistance and are not present in living sapwood.

Most existing timber bridges in this country have been constructed from either
Douglas fir or southern pine. Older bridges may contain such additional species as
larch, various pines, and red oak. The above named species are classified as
moderately decay resistant. Western red cedar and white oak are considered very
decay resistant.

In the last 40 years, bridge materials have been obtained increasingly from smaller
trees in young-growth timber stands. As a result, recent supplies of lumber and
timbers have contained increased percentages of decay-susceptible sapwood.

Insects tunnel in and hollow out the insides of timber members for food or shelter.
Common types of insects that damage bridges include:

> Termites
Powder-post beetles or lyctus beetles

>
> Carpenter ants
> Caddisflies

Termites

Termites are pale-colored, soft-bodied insects that feed on wood (see Figure
6.1.11). All damage is inside the surface of the wood; hence, it is not visible. The
only visible signs of infestation are white mud shelter tubes or runways extending
up from the earth to the wood and on the sides of masonry substructures. Termite
attack of bridge members, however, is rare in bridges throughout most of the
country due to the constant vibration caused by traffic travelling over timber
bridges.
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Figure 6.1.11 Termites

Powder-post Beetles or Lyctus Beetles

Powder-post beetles (see Figure 6.1.12) also hollow out the insides of timber
members and leave the outer surface pocked with small holes. Often a powdery
dust is dislodged from the holes. The inside may be completely excavated as the
larvae of these beetles bore through the wood for food and shelter.

Figure 6.1.12 Powder Post Beetle
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Carpenter Ants

Carpenter ants are large, black ants up to 3/4 inches long that gnaw galleries in soft
or decayed wood (see Figure 6.1.13). The ants may be seen in the vicinity of the
infested wood, but the accumulation of sawdust on the ground at the base of the
timber is also an indicator of their presence. The ants do not use the wood for food
but build their galleries in the moist and soft or partially decayed wood.

Figure 6.1.13 Carpenter Ants
Caddisflies

The caddisfly is another insect that can damage timber piles. It is generally found
in fresh water but can also be found in brackish water. Bacterial and fungal decay
make the timber attractive to the caddisfly.

The caddisfly is an aquatic insect that is closely related to the moth and butterfly
(see Figure 6.1.14). During the larva and pupa stage of their life cycle, they can
dig small holes in the timber for protection. The larvae do not feed on the timber,
but rather use it as a foundation for their shelters. This explains why caddisfly
larvae have been known to exist on creosote treated timber.
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Figure 6.1.14 Caddisfly Larva

Marine borers are found in sea water and brackish water only and cause severe
damage to timber members in the area between high and low water, although
damage may extend to the mud line (see Figure 6.1.15). They can be very
destructive to wood and have been known to consume piles and framing in just a
few months.

One type of marine borer is the mollusk borer, or shipworm (see Figure 6.1.16).
The shipworm is one of the most serious enemies of marine timber installations.
The teredo is the most common species of shipworm. This shipworm enters the
timber in an early stage of life and remains there for the rest of its life. Teredos are
gray and slimy and can typically reach a length of 15 inches and a diameter of 3/8
inch. Some species of shipworm have been known to grow to a length of 6 feet and
up to 1 inch in diameter. The teredo maintains a small opening in the surface of
the wood to obtain nourishment from the sea water.
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Figure 6.1.15 Marine Borer Damage to Wood Piling

Figure 6.1.16 Shipworm (Mollusk)
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Another type of marine borer is the crustacean borer. The most commonly
encountered crustacean borer is the limnoria or wood louse (see Figure 6.1.17). It
bores into the surface of the wood to a shallow depth. Wave action or floating
debris breaks down the thin shell of timber outside the borers’ burrows, causing
the limnoria to burrow deeper. The continuous burrowing results in a progressive
deterioration of the timber pile cross section, which will be noticeable by an
hourglass shape developed between the tide levels. These borers are about 1/8 to
1/4 inches long and 1/16 to 1/8 inches wide.

Figure 6.1.17 Limnoria (Wood Louse)

Most petroleum based products and chemicals do not cause structural degradation
to wood. However, animal waste can cause some damage, and strong alkalis will
destroy wood fairly rapidly. Highway bridges are seldom exposed to these
substances. Timber structures normally do not come in contact with damaging
chemicals unless an accidental spill occurs.

Acids

Wood resists the effects of certain acids better than many materials and is often
used for acid storage tanks. However, strong acids that have oxidizing properties,
such as sulphuric and sulphureous acid, are able to slowly remove a timber
structure’s fiber by attacking the cellulose and hemi-cellulose. Acid damaged
wood has weight and strength losses and looks as if it has been burned by fire.

Bases or Alkalis
Strong bases or alkalis attack and weaken the hemi-cellulose and lignin in the

timber structure. Attack by strong bases leaves the wood a bleached white color.
Mild alkalis do little harm to wood.
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Other Types and Sources Delaminations

of Deterioration

Delaminations occur in glued-laminated members when the layers separate due to
failure within the adhesive or at the bond between the adhesive and the laminate.
They provide openings for decay to begin and may cause a reduction in strength
(see Figure 6.1.18).

¥

Figure 6.1.18 Delamination in a Glue Laminated Timber Member

Loose connections

Loose connections may be due to shrinkage of the wood, crushing of the wood
around the fastener, or from repetitive impact loading (working) of the connection.
Loose connections can reduce the bridge’s load-carrying capacity (see Figure
6.1.19).

Figure 6.1.19 Loose Hanger Connection Between the Timber Truss and
Floorbeam
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Surface depressions
Surface depressions indicate internal collapse, which could be caused by decay.
Fire

Fire consumes wood at a rate of about 0.05 inches per minute during the first 30
minutes of exposure, and 0.021 inches per minute thereafter (see Figure 6.1.20).
Large timbers build a protective coating of char (carbon) after the first 30 minutes
of exposure. Small size timbers do not have enough volume to do this before they
are, for all practical purposes, consumed by fire. Preservative treatments are
available to retard fire damage.

Figure 6.1.20 Fire Damaged Timber Members
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Impact or Collisions

Severe damage can occur to truss members, railings, and columns when an errant
vehicle strikes them (see Figure 6.1.21).

Figure 6.1.21 Impact/Collision Damage to a Timber Member

Wear, Abrasion and Mechanical Wear

Vehicular traffic is the main source of wear on timber decks (see Figure 6.1.22).
Abrasion occurs on timber piles that are subjected to tidal flows. Mechanical wear
of timber members sometimes occurs due to movement of the fasteners against
their holes when connections become loose.

Figure 6.1.22 Wear of a Timber Deck
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Overstress

Each timber member has a certain ultimate load capacity. If this load capacity is
exceeded, the member will fail. Failure modes include horizontal shear failure,
bending moment or flexural failure, and crushing (see Figures 6.1.23, 6.1.24, and
6.1.25).

F

Figure 6.1.23 Horizontal Shear Failure in Timber Member

Figure 6.1.24 Failed Timber Floorbeam due to Excessive Bending Moment
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Figure 6.1.25 Timber Substructure Member Subjected to Crushing and
Overstress

Weathering or Warping

Weathering is the affect of sunlight, water, and heat. Weathering can change the
equilibrium moisture content in the wood in a non-uniform fashion, thereby
resulting in changes in the strength and dimensions of the wood. Uneven
reduction in moisture content causes localized shrinkage, which can lead to
warping, checking, splitting, or loosening of connectors (see Figure 6.1.26).

Figure 6.1.26 Weathering on Timber Deck
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The following paint failures are common on timber structures:

> Cracking and peeling extend with the grain of the wood. They are caused
by different shrinkage and swell rates of expansion and contraction
between springwood and denser summerwood.

> Decay fungi penetrate through cracks in the paint to cause wood to decay.

> Blistering is caused by paint applied over an improperly cleaned surface.
Water, oil, or grease typically are responsible for blistering.

> Chalking is a degradation of the paint, usually by the ultraviolet rays of
sunlight, leaving a powdery residue.

> Erosion is general thinning of the paint due to chalking, weathering, or
abrasion.

> Mold fungi and stain fungi grow on the surface of paint, usually in warm,
humid, shaded areas with low air flow. They appear as small green or
black spots.

Protective systems are a necessity when using timber for bridge construction.
Proper preparation of the timber surface is required for the protective system to
penetrate the wood surface and perform adequately.

Water Repellents

Water repellents slow or retard water absorption and maintain low moisture
content in wood. This helps to prevent decay by molds and to slow the weathering
process. Laminated wood (plywood) is particularly susceptible to moisture
variations, which cause stress between layers due to swelling and shrinkage.

Preservatives

Wood preservatives prevent biological deterioration that can penetrate into timber.
To be effective, the preservatives have to be applied to wood by vacuum-pressure
treatment. This is done by placing the timber to be treated in a sealed chamber up
to 8 feet in diameter and 140 feet long. The chamber is placed under a vacuum,
drawing the air from the wood pores and cells. The treatment chemical is then fed
into the chamber and pressure up to 200 psi is applied, forcing the chemical into
the wood (see Figure 6.1.27). Preservatives are the best means to prevent decay
but do not prevent weathering. A paint or water repellent coating is required for
this. Treated timber generally has a unit weight of about 50 pounds per cubic foot
(pcf) compared to approximately 40-45 pcf for untreated timber.
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Figure 6.1.27 Bridge Timber Member Showing Penetration Depth of
Preservative Treatment

Coal tar-creosote is a dark, oily protectant used in structural timber such as pilings
and beams. Coal tar-creosote treated timber has a dark, oily appearance (see
Figure 6.1.28). Unless it has weathered for several years, it cannot be painted,
since paint adheres poorly to the oily surface, and the oils bleed through paint.
Due to environmental and health concerns, new bridge construction practices do
not allow the use of creosote.

Figure 6.1.28 Coal-Tar Creosote Treated Timber Beams (Source: Barry
Dickson, West Virginia University)
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Pentachlorophenol (in a light oil solvent) is an organic solvent solution used as an
above-ground decay inhibitor. It also leaves an oily surface, like creosote, but can
be painted after all of the solvent has evaporated, usually in one or two years of
normal service, though this practice is not usually recommended.

Copper naphthenate is an organic solvent solution suitable for above-ground,
ground contact, or freshwater applications. It is not standardized for salt water
uses. When applied, copper naphthenate stains the wood to a light green color
which weathers to a light brown. It leaves an oily surface and should not be used
for frequent human contact. Timber members treated with this preservative may
be painted several weeks after weathering. Cuts or holes may be treated in the
field with copper naphthenate.

Oxine copper is an organometallic compound that is used for above-ground
applications (when dissolved in a heavy oil). Examples include difficult-to-treat
species such as Douglas-fir for bridges and railings. The effectiveness of oxine
copper is significantly reduced when used in direct contact with ground or water,
and has therefore not been standardized for those applications. Oxine copper is
also used to pressure-treat wood and may used to control fungi and insects.

Chromated copper arsenate (CCA) was the most popular timber preservative from
the late 1970's until 2004. CCA is an excellent waterborne salt decay inhibitor, but
can also be used for above-ground, ground contact, and freshwater applications.
CCA is applied by vacuum-pressure treatment and comes in three standard
formulations: CCA Type A, CCA Type B, and CCA Type C (most common).
Timber treated with CCA has a green appearance, but readily accepts painting.
CCA also provides limited protection against the ultraviolet rays in sunlight. This
compound has been voluntarily phased out for residential and other human contact
applications and is restricted by the EPA.

Ammoniacal copper zinc arsenate (ACZA) is a refined variant of ammoniacal
copper arsenate (ACA), which is no longer available in the United States. The
color of ACZA treated wood ranges from olive to bluish green and has a slight
ammonia odor until it has cured. This preservative is effective against fungi and
insect attack over a wide range of exposures and applications, including ground
and water contact. Despite accelerating fastener corrosion, many agencies require
treatment with ACZA for highway structures and other critical structural
components. This preservative is especially common in the Western United
States.

Alkaline copper quaternary (ACQ) compounds have recently been developed and
marketed in response to the rapidly declining use of CCA, despite the inability to
be used in saltwater environments. Similar to CCA, ACQ has several different
variations including ACQ Type B, ACQ Type C, and ACQ Type D. Treatment
with ACQ-B is used for difficult-to-treat Western species, as this compound is
more effective than other waterborne preservatives. ACQ-B gives off a dark
greenish-brown color which later fades to a lighter brown. Treatment with ACQ-
D is used for most other easy-to-treat applications, especially for pressure-treated
lumber. ACQ-D gives off a lighter greenish-brown color. Applications for ACQ-
C are still limited, as this variant is the most recently standardized. Overall, ACQ
compounds have proven effective against fungi and insects for ground contact
applications. Similar to treatment with ACZA, ACQ compounds accelerate
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corrosion of metal fasteners.

Copper azole is another recently developed compound marketed as an alternative
to CCA. This chemical is designed to protect wood from decay and insect attack
and comes in two different formulations, copper azole type A (CBA-A) and copper
azole type B (CA-B). With CBA-A no longer used in the United States, CA-B is
also frequently used for pressure-treated applications along with ACQ-D. For
difficult-to-treat Western species, ammonia may be added to CA-B, though this
addition darkens the otherwise greenish-brown color. As with ACZA and ACQ
compounds, copper azole formulations increase corrosion rates of metal fasteners.
Copper azole compounds cannot be used for saltwater applications.

Fire Retardants

Fire retardants will not indefinitely prevent wood from burning but will slow or
retard the spread of fire and prolong the time to ignite wood. The two main classes
of fire retardants are pressure impregnated fire retardant salts and intumescent
coatings (paints). The intumescent paints expand upon intense heat exposure,
forming a thick, puffy, charred coating which insulates the wood from the intense
heat. Application of fire retardants may change some wood properties of glued-
laminated timber.

Paint

Wood must be sufficiently dry to permit painting. A few months of seasoning will
satisfactorily dry new wood enough to paint. The wood surface must be free of
dirt and debris prior to painting. Old, poorly adherent paint must be removed and
the edges of intact paint feathered for a smooth finish. Mildew shows up as green
or black spots on bare wood or paint. It is a fungus which typically grows in
warm, humid, shaded areas with low air movement. In order for paint to adhere,
mildew is removed with a solution of sodium hypochlorite (bleach) and water.

There are several common methods to prepare wood for painting:

> Hand tool cleaning is the simplest but slowest method. Sandpaper,
scrapers, and wire brushes are used to clean small areas.

> Power tool cleaning utilizes powerized versions of the hand tools. They
are faster than hand tools, but care must be exercised not to damage the
wood substrate.

> Heat application with an electric heat gun softens old paint for easier
removal to bare wood.

> Solvent-based and caustic chemical paint removers can efficiently clean
large areas quickly. Some of the chemicals may, however, present serious
fire or exposure hazards. Extreme caution must be exercised when
working around chemical paint removers.

> Open nozzle abrasive blast cleaning and water blast cleaning remove old
paint and foreign material, leaving bare wood. However, they can easily
damage wood unless used carefully.

Paint protects wood from both moisture and weathering. By precluding moisture
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from wood, paint prevents decay. However, paint applied over unseasoned wood
seals in moisture, accelerating, rather than retarding, decay. Oil-based paint and
latex paint are both commonly used on wood bridges.

Oil-based paint provides the best shield from moisture. It is not, however, the most
durable. It does not expand and contract as well as latex, and it is more prone to
cracking. Oil/alkyd paints cure by air oxidation. These paints are low cost, with
good durability, flexibility, and gloss retention. They are resistant to heat and
solvents. Alkyd paints often contain lead pigments, known to cause numerous
health hazards. The removal and disposal of lead paint is a regulated activity in all
states.

Latex paint consists of a latex emulsion in water. Latex paint is often referred to
as water-based paint. There are many types of latex paint, each formulated for a
different application. They have excellent flexibility and color retention, with
good adhesion, hardness, and resistance to chemicals.

There are three basic methods used to inspect a timber member. Depending on the
type of inspection, the inspector may be required to use only one individual
method or all methods. They include:

> Visual
> Physical
> Advanced inspection methods

There are two types of visual inspections that may be required of an inspector.
The first, called a routine inspection, involves reviewing the previous inspection
report and visually examining the members from beneath the bridge. A routine
inspection involves a visual assessment to identify obvious deficiencies.

The second type of visual inspection is called an in-depth inspection. An in-depth
inspection is an inspection of one or more members above or below the water level
to identify any deficiencies not readily detectable using routine methods. Hands-in
inspection may be necessary at some locations. This type of visual inspection
requires the inspector to visually assess all defective timber surfaces at a distance
no further than an arm’s length.  The timber surfaces are given close visual
attention to quantify and qualify any deficiencies. The hands-on inspection
method may be supplemented by nondestructive testing.

For timber members, visual inspections reveal areas that need further investigation
such as checks, splits, shakes, fungus decay, deflection, or loose fasteners.

Once the deficiencies are identified visually, physical methods must be used to
verify the extent of the deficiency. Most physical inspection methods for timber
members involve destructive methods. An inspection hammer, on the other hand,
does not damage timber and can be used to tap on areas and determine the extent
of internal decay. This is done by listening to the sound the hammer makes. If it
sounds hollow, internal decay may be present.
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Sounding the wood surface by striking it with a hammer or other object is one of
the oldest and most commonly used inspection methods for detecting interior
deterioration. Based on the tonal quality of the ensuing sounds, a trained inspector
can interpret dull or hollow sounds that may indicate the presence of large interior
voids or decay. Although sounding is widely used, it is often difficult to interpret
because factors other than decay can contribute to variations in sound quality. In
addition, because sounding will reveal only serious internal deficiencies, it is never
to be the only method used. Sounding provides only a partial picture of the extent
of decay present and will not detect wood in the incipient or intermediate stages of
decay. Nevertheless, sounding still has its place in inspection and can quickly
identify seriously decayed structures. When suspected decay is encountered, it
must be verified by other methods such as boring or coring.

Some methods or areas of physical examination include:
Pick or Penetration Test
A pick or penetration test involves lifting a small sliver of wood with a pick or

pocketknife and observing whether or not it splinters or breaks abruptly (see
Figure 6.1.29). Sound wood splinters, while decayed wood breaks abruptly.

" am < -
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Figure 6.1.29 Inspector Performing a Pick Test

Timber Boring and Drilling Locations

The following are common timber boring and drilling locations (see Figure
6.1.30):

> Deck planks - in the bottom, next to a beam.

> Beams - in sides near the deck and in the bottom over the bent cap.
> Cap - under the beams and over posts and piles.

> Post/pile - top under cap and bottom just above ground or water line.
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These locations are suspect areas where moisture accumulates and could lead to
decay.

An inspector may be required to take samples to determine the condition of the
wood. When drilling or boring vertical faces, always drill at a slight upward angle
so that any drainage will flow away from the plugged hole. Apply repairs to any
drilled holes once the drilling and boring is complete.
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Figure 6.1.30 Timber Boring and Drilling Locations

Protective Coatings

When inspecting timber bridges, keep in mind the environment surrounding the
bridge and how this can cause failures leading to rapid decay of the underlying
wood members. Check the condition of the protective coatings.

Paint Adhesion

Probe the paint with the point of a knife to test paint adhesion to wood. Attempt to
lift the paint. Adhesion failure may occur between wood and paint or between
layers of paint.

Another paint adhesion assessment method is performed in accordance with
American Society for Testing and Materials (ASTM) D-3359 "Measuring
Adhesion by Tape Test" which is used primarily for metal substrates. An "X" is
cut through the paint to the wood surface. Adhesive test tape is applied over the
"X" and removed in a continuous motion. The amount of paint (if any) removed is
noted. Adhesion is rated on a scale of 0 to 5. Refer to ASTM D-3359 for the rating
criteria.
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Paint Dry Film Thickness

Paint dry film thickness can be directly measured with a special gage (see Figure
6.1.31). With this instrument, a groove is cut at a known angle with the grain
through the paint to expose the wood substrate. The thickness of each layer of
paint is measured through a 50-power microscope built into the gage.

Figure 6.1.31 Gage Used to Measure Coating Dry Film Thickness
Repainting
If the coating is to be repainted, the type of paint in the existing topcoat must be

known, since paints of different type may not adhere well to each other. Two
methods to determine the type of existing paint are:

> Check historical records of previous painting
> Obtain paint samples from the bridge for laboratory analysis

Alternately, a test patch may be coated with new paint over intact existing paint.
After the paint thoroughly dries in accordance with the manufacturer's
specification, inspect the appearance and adhesion of the new paint.
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In addition, several advanced methods are available for timber inspection.
Nondestructive methods, described in Topic 15.1.1, include:

>
>
>
>

Sonic testing
Spectral analysis
Ultrasonic testing
Vibration

Other methods, described in Topic 15.1.3, include:

>

>
>
>

Boring or drilling
Moisture content
Probing

Field Ohmmeter
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