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SUMMARY

This report documents the results of a survey of current practices and technology for the
evaluation and rehabilitation of historic metal truss bridges. It is intended to aid engineers in
identifying solutions to typical problems found in older metal truss bridges, including inadequate
strength, damage, deterioration, and inadequate height and width. This study included a literature
search as well as a survey of Departments of Transportation (DOTs). The literature search
yielded approximately 150 documents related to the evaluation and rehabilitation of metal truss
bridges, which are cataloged in this report in the form of an Annotated Bibliography. The survey
of DOTs was sent to 60 agencies to solicit information on current engineering trends in
addressing problems associated with historic metal truss bridges. Thirty-nine responses were
received and complied. The results of the literature search and the DOT survey are reported and
combined in a broad summary and synthesis of topics related to historic metal truss bridges.
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Chapter 1:

Introduction

1.1 BACKGROUND

Nearly 40% of the nations’ bridges are structurally and/or geometrically deficient [1.15].
Some of the deficient bridges are in service with speed and/or load restrictions and some are out
of service. Deficiencies that may be found in bridges are numerous, including uncertainty in load
carrying capacity, damage to bridge members due to accidents, excessive loss of the member
cross-sectional area due to corrosion, inadequate geometrical clearances, foundation deficiencies,
etc.

Options available for addressing the problems associated with a deficient bridge include
both rehabilitation and replacement. Many issues are involved in the decision of whether to
rehabilitate or to replace a deficient bridge. The decision becomes even more complex when the
bridge in question is of historic interest. Engineering, social and political factors may all play a
role when addressing such a bridge. When the decision is made to rehabilitate a bridge, further
questions arise as to the most cost effective rehabilitation options that maintain the historical
integrity of the bridge and that address the various engineering, social and political constraints.
One class of historic bridge that is frequently found to be either structurally or geometrically
deficient is historic metal truss bridges. Rehabilitation of historic metal truss bridges is the
subject of this report.

1.2 PROJECT DESCRIPTION

The work reported herein is part of a larger project conducted for the Texas Department
of Transportation (TxDOT) entitled: “Preservation Alternatives for Historic Metal Truss
Bridges.” (TxDOT Project 0-1741). The overall objectives of this larger project were to develop
information and tools to aid engineers and decision-makers involved with historic metal truss
bridges and to help maintain these bridges in vehicular service.

13

Historic metal truss bridges in Texas can be divided into two broad categories: “on-
system” bridges and “off-system™ bridges. On-system bridges are those on the state highway
system, and are found on state highways, US highways, farm-to-market routes, ranch-to-market
routes, interstate frontage roads, etc. The surviving on-system historic trusses were typically
constructed in the 1920s and 1930s, and were designed by TxDOT, for H10 to H15 loads.

The “off-system” bridges are those not on the sate highway system, and are typically
found on county roads or city streets. Many of the off-system historic truss bridges in Texas were
constructed in the late 1800s or early 1900s. These bridges were often designed and erected by
private bridge companies. The off-system bridges are typically constructed of light steel,
wrought iron or cast iron components and have timber decks. Many of the off-system trusses pre-
date the automobile, and originally carried horse traffic and livestock.



Research for Project 0-1741 was organized into the following tasks:

1. Conduct a survey of literature and of the practices of other Departments of
Transportation (DOTs) on metal truss bridge evaluation and rehabilitation.

2. Conduct a case study of an off-system historic metal truss bridge.

The bridge selected for this case study is located on County Road 188 in Shackelford
County, Texas. Constructed in 1885, this bridge crosses the Clear Fork of the Brazos
River, and is an example of a Pratt through-truss.

3. Conduct a case study of an on-system historic metal truss bridge.

The bridge selected for this case study is located on State Highway 16 in Llano,
Texas and crosses the Llano River. Also known as the Roy Inks Bridge, it was
constructed in 1936 and consists of four main spans. Each span is a 198 ft. long
Parker through-truss.

4. Conduct laboratory studies on floor systems representative of on-system historic truss
bridges in Texas.

5. Conduct studies on the application of historic preservation principles to projects
involving historic metal truss bridges.

1.3 SCOPE OF REPORT

This research report represents the completion of the first task identified above. To
successfully carry out this step, the task was separated into three segments. The first step was a
survey of DOTs to investigate current engineering practices for addressing problems associated
with older metal truss bridges. The second step involved assembling a collection of articles and
documents related to truss bridge evaluation and rehabilitation. Thirdly, the elements from the
first two steps were synthesized to provide a summary of current rehabilitation techniques,
supported with relevant literature and the experiences of other transportation agencies. In the
following paragraphs, a short introduction to each of these segments is provided.

1.3.1 Survey of DOTs

This task involved sending mail questionnaires to other DOTs on engineering practices
and experience with older metal truss bridge evaluation and rehabilitation. The first step in
completing this task involved the development of the survey. Through discussions with TxDOT
officials and other researchers at the University of Texas at Austin, a collection of nine questions
was assembled. This survey was mailed to sixty transportation agencies throughout the United
States and Canada. Thirty-nine responses were received and transcribed into a computer
database. A complete summary of the survey including the methodology and techniques utilized
may be found in Chapter 3. A copy of the survey is located in Appendix A along with a
complete listing of the responses from the DOTs in Appendix B.



1.3.2 Literature Review

The literature review sought to collect as much relevant information concerning metal
truss bridge rehabilitation as possible. The documents recovered include journal articles, books,
manuals, and product information. The results of this literature review are presented in the form
of an Annotated Bibliography in Appendix C.

1.3.3 Summary of Literature Review and DOT Survey

To collect the information gathered in the first two parts of the project into a useful
format, a synthesis of the information was undertaken. A collection of common rehabilitation
topics related to metal truss bridges was assembled. Materials from the survey of DOTs as well
as from relevant documents discovered in the literature search were assembled for each topic and
presented in Chapter 4. General topics such as the Analysis and Testing of Bridges, Structural
and Geometric Deficiencies, and Damage Repair are included in this chapter.






Chapter 2:
Literature Search

2.1 GOALS OF LITERATURE REVIEW

A major component of this study consisted of an in-depth literature search. The purpose
of this search was to collect, catalog, and summarize information related to metal truss bridge
evaluation and rehabilitation. This database of literature is intended to serve as a resource to
engineers involved with truss rehabilitation projects, providing sources of information on
technical issues pertinent to older truss bridges. The database also provides information on
rehabilitation techniques that have been successfully implemented in other states, and for which
experience and precedence of use already exist. Finally, the literature search served as a
resource for the other portions of this research study.

This chapter describes the methods used to conduct the literature review, provides a
summary of topics covered in the review, and provides guidance on methods to conduct more
detailed searches to obtain publications. The results of the literature survey are summarized in
the form of an Annotated Bibliography presented in Appendix C of this report. A synthesis and
discussion of information found in the literature is provided in Chapter 4.

2.2 METHODOLOGY

The methodology used during this phase of the project involved several steps to collect
the desired information. First, a list of topics and keywords related to steel truss bridge
rehabilitation was identified. The next step was to locate publications related to these topics.

The preliminary literature search was conducted using the University of Texas at Austin
library database (UTCAT) which is a computerized listing of books and articles available at the
university. A variety of publications were found using the UTCAT system and retrieved for the
database. A second database, namely the Engineering Index (EiCPX), was also extensively
utilized. This database, available over the world-wide-web, lists articles published related to
engineering topics from the 1970s to the present.

Pertinent articles located in the literature search are cataloged in the Annotated
Bibliography in Appendix C. Complete copies of most of the articles in the Annotated
Bibliography were also obtained and read. A summary of the article was then prepared for
inclusion in the Annotated Bibliography and for use in the discussion in Chapter 4. For several
articles, a copy of the complete article was not obtained. For these cases, the abstract of the
article available from the database was included in the Annotated Bibliography in Appendix C.



2.3 SUMMARY OF THE DATABASE

In order to facilitate the use of the literature database, the publications have been
categorized and cataloged into the following four major sections:

1. General References

2. Rehabilitation Techniques
3. Evaluation

4. Testing

Within each major section, articles were then further categorized according to topic areas.
To assist in locating articles in the database, a sequential numbering system is used. For
example, an article dealing with the evaluation of fatigue and fracture in a bridge can be found at
3.3.X referring to Section 3 (Evaluation), Topic 2 (Fracture and Fatigue). Many articles include
information pertinent to more than one topic area. For these, the article was placed under the
topic heading that most closely matched the contents of the article. However, the reader is
encouraged to review the entire Annotated Bibliography to locate articles of interest.

2.3.1 General References

The articles in this section provide an introductory or general presentation of bridge
preservation, problems present in metal truss bridges, and solutions to some common
deficiencies. Included are articles or books of a rather broad and general nature, or articles that
did not fit within the other topic categories.
2.3.2 Rehabilitation Techniques

This section contains articles that focus on individual rehabilitation techniques. Many
different techniques are included with a wide range of applications. Articles covering simple
rehabilitation solutions such as the addition of coverplates, to complex rehabilitation efforts
involving the replacement of pins in a truss are included. These articles should aid in
considering the full range of available options for truss rehabilitation, as well as provide details
of the various techniques. Topics in the Rehabilitation Techniques Section include:

1. General

2. Post Tensioning

3. Superimposed Truss

4. Coverplating

5. Rivet Replacement



6. Additional Members
7. Pin Replacement
8. Deck Replacement

9. Flame Straightening

2.3.3 Evaluation

The evaluation section is comprised of references dealing with the assessment of the
bridge structure. In a rehabilitation project, the key first steps include structural analysis and
load rating, as well as an inspection of the bridge. Articles in this section relate to appropriate
methods for structural analysis of truss bridges, as well as introductory information on non-
destructive inspection and evaluation techniques. Also included are articles on fatigue and
fracture concerns. Topics in the Evaluation Section include:

1. General

2. Corrosion

3. Fatigue and Fracture

4. Stability

5. Structural Analysis

6. Non-Destructive Testing

7. Reliability Analysis

2.3.4 Testing

The testing section of the catalog includes articles concerning either small or large-scale
load testing of the bridge structure. To fully understand the response of a truss bridge it may be
beneficial to load test either the entire structure or certain members. Articles in this section refer
to some of the situations that might be presented to an engineer who would like to test a bridge,
or individual members of a bridge. Topics contained in the Testing Section include:

1. Structure
2. Members
3. Connections

4. Deck



2.4 SEARCHING TIPS

The literature search required both finding pertinent references, as well as retrieving these
documents. This section provides a brief discussion of literature searching techniques that may
be useful to engineers that would like to search further in the literature for pertinent articles on
specific topics not included in Appendix C.

2.4.1 Finding Articles

As previously mentioned, the two main search engines used were the University of Texas
library system and the Engineering Index. Hundreds of article citations were identified and
examined to determine which would be most applicable to the research. The University of Texas
library resources may be accessed via the wold-wide-web at “www.utexas.edu”. By following
the links to the library, the UTNetCAT system may be referenced. More in-depth article listings
may be searched by linking to the “Indexes & Abstracts” then linking to the “Science/
Technology/ Health” page. The EiCPX may be accessed, as well as other article search engines
including.

e Applied Science and Technology Abstracts
e ArticleFirst

e OCLC WorldCat

e CARL UnCover

Unfortunately, the resources mentioned in the previous paragraph are available to
university students, faculty, or at the University of Texas Library. Therefore, engineers outside
the university must find alternate means of document location. For engineers within close
proximity of the University of Texas at Austin, access to many of these databases may be gained
by visiting the library and using the computer terminals inside the library. If the engineer is not
located near a library facility with search capabilities, another option is to utilize various state
databases and search engines. Engineers should check within the office for access to resources
such as TRIS and other transportation information databases available to state agencies. If these
services are not available, some databases are accessible for a charge, such as EiCPX.

2.4.2 Document Procurement

Once pertinent article or book citations were identified, it was necessary to obtain a hard
copy of the document. It was determined whether the article was available in The University of
Texas at Austin using the electronic card catalog. If an article was not at the university, a
document delivery service was employed. By completing a request form through the on-line
library system at the university, the articles were requested. If a book was not contained in the
university stacks, an Interlibrary Loan (ILL) form was completed. The ILL program lends books
between member libraries at little or no cost to the patrons.



The document delivery services might not be available to practicing engineers. To
collect articles, the following steps are suggested. The first task involves collecting a list of
citations that are relevant to the project at hand. Information such as journal name, issue,
number, and pages should be listed for each article. The second step would involve checking the
available sources for the articles. The University of Texas at Austin system, or other local
universities may house the articles. Typically the university catalogs may be accessed on-line,
saving a trip to the library. The articles, which cannot be found locally, may be retrieved using a
document delivery service. Many of the search engines listed in the previous section, including
the Engineering Index and ArticleFirst, provide article reprints. Usually a fee is charged for the
delivery of these documents.

To procure a copy of a specific book, the engineer may investigate ILL services at their
local library. A copy of the book might also be available through the publisher, provided that the
book is still in print.

A wealth of information is available within the published literature that can assist
engineers with solving problems associated with truss bridge evaluation and rehabilitation.
While much of this has been located and is cataloged in Appendix C, there are likely many
additional articles that may be helpful for addressing specific problem areas. In the past, locating
pertinent information was often quite difficult without access to a large university library.
However, useful articles can now be identified and obtained with much greater convenience
using on-line resources. Engineers are encouraged to become familiar with these resources as a
useful tool for addressing truss bridge rehabilitation problems.
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Chapter 3:
Survey of Departments of Transportation

3.1 SURVEY OBJECTIVES

A mail survey was conducted of Departments of Transportation (DOTs) and other
agencies on their experiences with historic steel truss bridges. The main objective of the survey
was to gather additional information on a variety of topics related to truss bridge evaluation and
rehabilitation. The survey was intended to document current trends and attitudes concerning
truss bridge rehabilitation, to identify practical application of rehabilitation techniques
documented in the literature, and to identify new or innovative rehabilitation techniques that
have not yet been documented in the literature. This chapter provides a summary of the
responses received in the survey. A copy of the actual survey is included in Appendix A, and a
listing of all responses is provided in Appendix B.

3.2 DESCRIPTION OF SURVEY

In assembling the survey, consideration was given to accommodate both the goals of this
study as well as the convenience of the survey recipients. The goal was to make the survey
sufficiently in-depth to be useful, but at the same time, brief enough such that the survey
recipients would not be burdened by a lengthy document. To this end, a short discussion will be
included of the considerations taken to develop the survey.

3.2.1 Survey Overview

The two components of the survey were the cover letter and the main body of the survey.
The cover letter summarized the goals of this research project and objectives of the survey. The
survey itself was designed to be easy to comprehend, and complete, but technically relevant to
the task at hand. Both the cover letter and the survey are reproduced in Appendix A.

3.2.1.1 Cover Letter

The cover letter, which accompanied each survey packet, served as an introduction of the
research to the surveyed DOTs. An important primary issue involved contacting the appropriate
individual at the various agencies. A book containing a listing of American Association of Sate
Highway and Transportation Officials (AASHTO) members working at DOTs was invaluable in
the creation of a mailing list for the survey [Ref. 1.25]. The survey was sent to individuals with
titles related to bridge design or repair. A total of 60 surveys were sent, including the 49 other
states, the District of Columbia, Puerto Rico, and 9 provinces in Canada.

The cover letter gave a short introduction to the research project, including its goals and

how the survey would aid in the successful completion of the project. The cover letter also
included contact persons at both The University of Texas at Austin and the Texas Department of
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Transportation. Inquiries about the survey could be made via phone, mail, or email to
accommodate as many people as possible.

3.2.1.2 Survey

A major consideration in designing the survey was to limit the number and complexity of
the questions so as to encourage the recipients to actually complete the survey. The questions
were written to allow for simple answers. However, adequate space was also included for a more
involved discussion.

Questions asked in the survey related to many facets of bridge rehabilitation. Topics
such as analysis techniques, non-destructive testing (NDT), railings, as well as general questions
related to geometric clearances and structural strengthening were included

3.3 RESULTS OF THE SURVEY

Responses to the survey were mailed to the researchers at the University of Texas at
Austin. The responses to the questions were compiled and may be found in Appendix B. Of the
60 surveys mailed, 39 responses were received, representing a 65% return rate. The responses
collected from the DOTs varied in content and substance. Some respondents gave brief answers
only consisting of checkmarks without elaborating on the answers. Other engineers thoroughly
discussed individual questions by introducing examples and possible contacts. The graphs and
charts in the following pages summarize the survey responses.

3.3.1 Question 1

Has your state developed any reports, guidelines, or other documents addressing the
evaluation or rehabilitation of steel truss bridges?

Guidelines
Written
No Guidelines 21%
Written
79%

Figure 3.1:  Response to Question 1

Figure 3.1 shows that a majority of DOTs have not developed standards or guidelines
related to historic metal truss bridges. The state with the most published work concerning truss
bridges was Iowa. They have documented experience in load testing, as well as a research
project produced by Iowa State University concerning the rehabilitation of truss bridges, [Ref.
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1.15]. Other states have produced reports, but on smaller levels such as Washington’s “Report
on Steel Bridge Cracking” or Minnesota’s “Bridge 4174 — Summary of Inspection for Reuse as a
Pedestrian Bridge”.

3.3.2 Question 2

Have you used advanced structural analysis techniques to provide improved estimates of
the structural capacity of steel truss bridges?

Advanced

_ Advanced
Structural Analysis Structural Analysis
Not Utilized Utilized
79% 21%

Figure 3.2: Response to Question 2

The most common structural analysis technique reported by agencies was two-
dimensional analysis. Only a few agencies, such as Connecticut, Arizona, and Newfoundland,
indicated that more advanced, three-dimensional analyses have been used. Analysis programs
used by these DOTs include GTSTRUDL, SAP90, and BRUFEM. Based on the survey
responses, conventional frame analysis, using either hand methods, or commercial structural
analysis programs, is the most common technique for analyzing truss bridges. A few agencies
have employed more advanced finite element programs or other advanced analysis techniques
for truss bridges.

3.3.3 Question 3

Have you used advanced non-destructive evaluation techniques (e.g. acoustic emission
monitoring) to assist in evaluating the condition of steel truss bridges?

Figure 3.3 shows that, most agencies have not conducted in-depth investigations by non-
destructive methods. The most common NDT method indicated in the survey was the use of
ultrasonic evaluation to test pins for flaws. Further discussion of this topic may be found in
Section 4.2.2.2.
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Non-Destructive

Testing Used
Non-Destructive 23%
Testing Not Used

79%

Figure 3.3: Response to Question 3

3.3.4 Question 4

Have you used load testing to assist in the evaluation of the structural capacity of steel truss
bridges?

Load Testing

) Utilized
Load Testing 15%
Not Utilized
85%

Figure 3.4: Response to Question 4

Load testing as a method of bridge evaluation is a very time-consuming and expensive
endeavor. Figure 3.4 demonstrates that very few agencies employ load testing to aid in the
evaluation of a bridge. A majority of load tests conducted in the United States were conducted
as part of research projects. Overall though, most DOTs in the United States do not appear to
perform load testing on a routine basis. However, most provinces in Canada use load testing to
rate their bridges. Many examples were found in the literature of “proof loading™ of truss
bridges. Further discussion of this topic can be found in Section 4.2.1.2.

3.3.5 Question 5

What are the most common structural strengthening techniques your department has used
in rehabilitating steel truss bridges?
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Figure 3.5: Response to Question 5

These responses indicate that most rehabilitation efforts focus on individual members
instead of the whole structure. In rehabilitating a structure, the most common techniques involve
repairs to the critical portions of the system. Very few responses indicated rehabilitation of an
entire system as the most common solution. This can likely be attributed to the fact that most
bridges are deficient in only a few locations, while other elements may be substantially
overstrength and do not require repair or strengthening. Most main truss members generally
appear to have adequate strength, while floorbeams and decks are frequently found deficient.
The rehabilitation of these members usually involves techniques such as replacement of
members, coverplating, or deck replacement.

3.3.6 Question 6

Please check any other structural strengthening techniques you have used.

Superimposed trusses _____Addition of longitudinal beams
Post-tensioning bottom chord _____ Providing additional supports
Joining simple spans into _______Adding king or queen posts
continuous span post-tensioned tendons
Replace floor deck with a _____ Pinreplacement

lighter system

Attach cover plates to Other (please explain)
members
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Figure 3.6: Response to Question 6

Figure 3.6 shows that a wide variety of techniques have been used successfully.
Coverplating and deck replacement are the two most common rehabilitation techniques. The
coverplating technique is useful when a few members are understrength. By utilizing a lighter
deck system, the dead load of the structure is reduced and the live load capacity is increased.
However, deck replacement might also be warranted to repair a deficient deck.

3.3.7 Question 7

For bridges with geometric deficiencies, either inadequate height or width, please check
any solutions you have used:

Relaxing geometric standards for historic bridges

_____ Widening bridge
Increasing portal height by removing or altering overhead members
Convert bridge to one-way traffic

Other (please explain)
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Figure 3.7:  Response to Question 7

The issue of geometric deficiencies, as they relate to historic truss bridges, is highly
problematic issue. Figure 3.7 shows that many agencies have altered the portal dimensions to
address height clearance problems. A larger problem is the issue of bridge width. Figure 3.7
also shows that conversion to one-way traffic and relaxing geometric standards are the most
common solutions for width problems. Some states such as Arizona, Nevada, and Oklahoma,
have widened truss bridges to meet with current requirements. Further discussion of this topic
can be found in Sections 4.3.1.1 and 4.3.1.2.

3.3.8 Question 8

What methods, if any, have you used to improve railings on historic steel truss bridges?
We are particularly interested in information on crash tested railings which have been
added to historic steel truss bridge.

The responses to this question were varied. Sixteen of the DOTs that returned their
survey did not respond to this question. In comparison, for questions 5, 6, and 7 no response was
given by only 6, 5, and 5 DOTs respectively. This suggests that the issue of railings is a difficult
rehabilitation topic. Of the 23 DOTs which did respond, no clear solution was evident. Figure
3.8 indicates that the W-shape was the most popular retrofit, but not a majority solution. This
topic will be discussed further in Section 4.2.1.3.

After the results of the survey were compiled some of the respondents, who indicated the
use of new railing techniques in their survey response, were contacted. From these follow-up
calls, some innovative solutions were discovered; a hollow tube railing used in Vermont, insight
on methods to attach the bridge railings to the deck, and a method of utilizing a concrete barrier
with a simulated rail. These solutions are discussed further in Section 4.3.1.3.
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Figure 3.8: Response to Question 8

3.3.9 Question 9

What methods have you used to deal with the presence of lead based paints on historic steel
truss bridges:

Remove old lead paint (with appropriate disposal techniques) and repaint bridge
Apply sealer to encapsulate lead based paint

Other (please explain)

Number of Responses

Remove & Repaint Apply Sealer Other

Lead Paint Solutions

Figure 3.9: Response to Question 9
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Lead paints are often a problem for older metal bridges. Figure 3.9 shows that the most
common solution involves removing the existing paint and repainting the structure. The
responders who indicated “Other” included comments concerning the first two options and other
suggestions such as spot painting.

3.4 FINAL COMMENTS

A wide range of information and examples were gathered on a variety of topics related to
metal truss bridge rehabilitation. Information collected in the survey is also used in Chapter 4, to
provide practical applications of the rehabilitation techniques. The survey also uncovered new
rehabilitation techniques that are also discusses in Chapter 4.
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Chapter 4:
Summary of Literature Review and DOT Survey

4.1 INTRODUCTION

The objective of this chapter is to summarize and synthesize the information obtained in
the survey of Departments of Transportation (DOTs) with information found in the literature
review. The discussion in this chapter will involve the division of the problems present in truss
bridge rehabilitation into discrete topics. Each topic will consist of an explanation of the
problem, pertinent references in the literature, experience of other DOTs from the survey, and a
discussion. The topics presented in this section are presented from a structural engineer’s point
of view. It is important to note that other factors might determine a suitable rehabilitation
technique besides structural engineering issues, including cost, historical integrity, and
community acceptance. This chapter presents a variety of options for truss bridge rehabilitation
so that engineers can be informed of a full range of possible rehabilitation alternatives. The
topics covered in this chapter are divided into two sections; Analysis and Testing of Structures,
and Deficiencies in Structures.

4.2 ANALYSIS AND TESTING OF STRUCTURES

A primary step in the rehabilitation of structures involves an investigation, evaluation,
and understanding of the entire structure. This calls for an understanding of both the structural
system and an understanding of material properties. This section will discuss the analysis and
testing of both the structural system and individual components of the bridge. A rehabilitation
project might be completed by simply performing a more exact analysis or by using an actual
yield stress derived from a material test.

4.2.1 Structure

There are several levels of structural analysis and evaluation that may be used for historic
truss bridges, including an elementary structural analysis, a more advanced structural analysis,
and a load test. Each of these options has benefits and disadvantages. For example, older
bridges may have reserve capacity beyond that indicated by an elementary analysis. The source
and reliability of factors providing additional strength must be identified. The following section
will provide an introduction into analysis techniques for truss bridges and the load testing of
bridges. Information from related articles, as well as, responses to questions 2, 3, and 4 of the
survey will provide the experiences of DOTs and other researchers.

4.2.1.1 Structural Analysis
Structural analysis of historic truss bridges must not only consider the normal limitations

of analysis, but also the added uncertainty of a structure that can be over one hundred years old.
The goal is to predict the actual response, and thereby account for it in the rehabilitation process.
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Phenomenon must be considered which may not have been originally considered in the design,
such as composite action and the stability of the structure. Therefore the calculation of a
reasonable but conservative load rating of the structure may be a difficult task.

There are a number of issues that must be addressed related to the analysis of an older
truss bridge. There has been much discussion whether a bridge should be analyzed as a two or
three-dimensional structure. Stability analysis of the structure and fatigue analysis are other
topics that should also be addressed. This section aims to provide background information on
the topics of analysis, stability, and fatigue.

4.2.1.1.1 Analysis

When these trusses were designed, it is assumed that only two-dimensional analysis was
used. However, gusseted connections do represent a degree of fixity in the joints of these
structures in more than two dimensions. A three-dimensional analysis will predict some of the
interaction between orthogonal members such as the wind bracing or deck, and the main truss
members. Whether or not the extra effort to conduct a three-dimensional analysis is warranted
must be established.

The survey responses provided some examples of common structural analysis methods
for historic truss bridges. The Kentucky DOT uses the computer program, STRUDL, to analyze
their bridges. The Florida DOT has developed their own program, for deck and girder analysis,
called BRUFEM. Six other DOTs stated that they had used advanced structural analysis which
may be interpreted as three-dimensional analysis. The literature search uncovered articles
related to this topic. Reference [3.5.3] presents the analysis of a truss bridge, modeled using 2-D
truss, 2-D truss and beam, 3-D truss and beam, and 3-D beam, truss, and deck elements. A
discussion of the results is included for the first two models. Article [3.5.4] describes a similar
theoretical research effort and concluded that 3-D frame elements predict the behavior of truss
bridges most accurately compared to field measurements. Reference [3.3.4] conclusions agree
that 3-D analysis provides the best representation of bridge behavior.

4.2.1.1.2 Stability

The issue of stability relates to the capacity of compression members, both individual and
global, and their response to load. Compression members are rated with respect to their
slenderness ratio, which is calculated as the unbraced length divided by the radius of gyration.
Reducing the unbraced length or increasing the radius of gyration of the member increases the
compressive strength of a member. The global stability of the structure should also be
considered. Because the upper chords of pony trusses do not have out-of-plane bracing, the
effective buckling length extends beyond the length of the individual member. The buckling
resistance of the overall system must therefore be considered. The stability of through trusses is
dependent on the portal bracing connecting the two trusses. Any modifications to the portal
bracing (i.e. to increase portal height) should take into account the global stability of the
structure.

The survey of DOTs produced few comments related to the stability of truss structures.
The Towa DOT indicated they had added new bracing to decrease the slenderness ratio of
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compressive members. The related literature provides some guidance in stability issues. Article
[2.4.1] examines possible modifications to a pony truss, and the corresponding effect on the
stability of the structure. Reference [3.4.1] also provides an introduction to stability
considerations. The calculation of buckling loads of members with uncertain end restraints is
examined in reference [3.4.3]. This reference, along with articles [3.4.4] and [3.4.5], describe
more complicated analysis for stability situations. Discussion of methods to improve the
compressive capacity of truss members may be found in section 4.3.3.3.

4.2.1.1.3 Fatigue & Fracture

Phenomena that may not have been included in the original design of older metal truss
bridges include fatigue and fracture. In elementary terms, fatigue refers to damage that arises in
a structure when repeated low levels of stress are applied. The fatigue and fracture resistance
characteristics of older bridge steels are often much different than their modern counterparts,
which were designed with fatigue and fracture in mind. To address this problem, supplementary
members are often added to reduce the stresses in a particular member. Bridge members may
also experience premature failure due to poor fracture details. Certain members and connections
are susceptible to fracture due to poor geometry and low-toughness material. Since the tragic
collapse of the Point Pleasant Bridge, much research has been completed in this area. Section
4.3.3.2 provides further discussion of fatigue and fracture with respect to the rehabilitation of
truss members.

The responses of DOTs were limited in this area. The Washington DOT stated that they
had rehabilitated fracture critical hanger connections by adding a second hanger. The Minnesota
DOT commissioned the Sverdrup Corporation to investigate the fatigue capacity of the Wabasha
Street Bridge. A copy of this report may be found with the survey responses. The literature
search yielded many references related to this subject. Articles [3.3.1], [3.3.4], and [3.3.2]
discuss the evaluation of historic railroad bridges related to fatigue and fracture concerns.
References [3.3.3] and [3.3.5] both discuss the fatigue evaluation of highway bridge structures.

4.2.1.2 Load Testing

An alternative approach to aid in load rating a bridge structure is the load test. Simply
stated, strain gauges and other instruments are attached to a bridge and loads are applied to
induce stresses and deformations in the instrumented members. A load rating is then
extrapolated from these measurements. If it can be shown through load testing that the bridge is
much stronger and stiffer than calculated by structural analysis, then using ratings based on load
tests may allow the bridge to remain in service. There are three general levels of loads that may
be applied in a test including diagnostic, proof, and ultimate. Diagnostic loading relates to low
applied loads, which induce small stresses in the members, to measure the elastic response of the
bridge. Proof loading involves loading the bridge to first yield, and thereby establishing a
maximum load that can be applied to the bridge. Ultimate loading is used to examine failure
mechanisms in the bridge under extreme loads. Ultimate load testing is reserved for bridges
which are to be decommissioned. However, load testing of bridges is expensive and the results
are often difficult to interpret.
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The survey of DOTs revealed that a number of agencies have utilized load testing to
assess their bridges. The Minnesota and Nebraska DOTs have sponsored investigations of
bridges using load testing. The Arizona DOT stated that they had “used observation of behavior
under load, but no formal testing procedure” on bridges in their state. The DOTs of Maryland
and Ohio also indicated the use of load testing to rate their bridges. During the literature search,
many references related to load testing were found. Article [4.1.6] describes diagnostic testing
on a truss bridge. Reference [4.1.5] provides general guidance on load testing of truss bridges
and common characteristics of truss bridges including unequal sharing of load by eyebar tensile
members, and the rigidity of flooring systems. Article [4.1.7] describes the proof loading of a
pin-connected truss. Articles [4.1.1] and [4.1.3] provide further examples of load testing bridges.

4.2.2 Material Testing and Non-Destructive Testing

An alternative to testing the entire structure is the testing of individual members of the
system. Two classes of testing include physical and non-destructive testing. Material testing can
determine properties such as yield and ultimate strength, toughness, and weldability. When
information on the specifications of steel is not available, AASHTO provides assumed allowable
stresses based on date of construction that may be used for load rating a bridge. Testing of a
metal sample, or coupon, may reveal a higher allowable stress usable in the analysis of a
structure. Chemical tests can provide information on other properties such as weldability. Non-
destructive techniques may also be used to estimate corrosion loss of a member or to identify
cracks or other discontinuities. Discussions of both types of testing are included in the following

pages.

4.2.2.1 Material Testing

To accurately assess the capacity of a truss bridge, it is necessary to begin the analysis
with accurate estimates of the physical properties of the metal. Taking coupon specimens from
the bridge can aid in better characterizing in-situ material properties. Values of yield strength,
toughness, ductility, and ultimate strength may be found from a sample of the material.

The survey of DOTs only provided one example of physical member testing. The
Maryland DOT indicated that they had “tak[en] coupons from batten plates and have then tested
for yield strength”. The literature search, however, provided many examples of both material
testing and member testing. Articles [4.2.2] and [2.4.2] describe projects which investigated the
material properties of older bridge metals. References [4.1.2] and [4.2.3] discuss the testing of
truss bridge stringers and girders. Articles [4.2.1] and [4.3.3] both investigate riveted connection
behavior as compared to bolted.

4.2.2.2 Non-Destructive Testing

Another option for investigating the integrity of truss members is non-destructive testing
(NDT). For bridge structures, NDT methods must be transportable, cost-effective, and easy to
complete. This section will discuss some of the NDT methods that are applicable for truss
bridge inspection and evaluation. Two categories of testing are used in bridge inspection
including geometry and integrity. Geometric testing involve tasks such as measuring thickness
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or corrosion loss of sections. NDT techniques that measure quantities such as crack length and
detect defects may be classified as integrity tests. In the following sections, six NDT methods
will be briefly discussed along with common applications, advantages, and disadvantages.

4.2.2.2.1 Dye-Penetrant

This technique is used to verify and measure existing surface cracks on a member. The
surface to be examined is first cleaned and a dye is applied to the member. A developer is
administered which reveals the cracks on the exterior of the member. Dye-penetrant is an
inexpensive NDT that does not require a trained professional to successfully examine the
member. For these reasons, it is a common method used in bridge inspection. However, a time
consuming visual inspection must first be completed to identify the potential cracked areas.
Dye-penetrant also does not reveal cracks or flaws in the interior of the member.

4.2.2.2.2 Magnetic Particle

Induced magnetic fields may also be used to examine the integrity of truss bridge
members. Applying a current to the member, through the area to be examined, magnetizes the
member. Fine, iron powder flakes are applied to the magnetized zone and affix themselves to the
member. The iron powder accumulates along flux lines and at locations where discontinuities in
the material prevent the smooth flow of current. This method can be used to identify surface
flaws, similar to dye-penetrant, but does not locate internal flaws. This method may require
professional assistance, raising the cost of the procedure.

4.2.2.2.3 Ultrasonic Testing

The use of sound waves to examine the integrity of the material has become well-
established practice. The sound waves are passed through the material and recorded using
transducers on the opposite side. Discontinuities, both internal and external, can be identified by
variations in the transducer signal. Ultrasonic testing can also be used to measure section
thickness or corrosion loss of members. Many inspections of truss pins have been completed
using ultrasonic testing. This method is a powerful inspection tool but requires trained
professionals to perform the testing.

4.2.2.2.4 Radiography

Radiography operates on a similar concept to ultrasonic testing. Instead or sound waves,
X-rays are passed through the member. Film is placed on the opposite side and developed by the
X-rays striking the film. Examining the “photograph” can identify discontinuities, since the X-
rays are absorbed at different rates in flaws and sound material. Radiography is a powerful tool
however it does not reveal the depth of the flaw, and special care must be given when using
radioactive materials, especially while examining thick metal plates.
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4.2.2.2.5 Magnetic Flux Leakage (MFL)

This method uses the principles, relied upon in Magnetic Particle examination, taken to
another level. As discussed previously, discontinuities in the material cause distortions in the
flux lines of a magnetized member. The Hall Effect sensor, an electronic device, can be used to
identify these discontinuities. MFL has the added advantage of revealing both internal and
external flaws in the material. However, the special equipment involved and interpretation of the
data tend to elevate the cost of this method.

4.2.2.2.6 Acoustic Emission (AE)

Acoustic Emission monitors the release of energy caused by events occurring in the
member. Yielding of the metal, micro-cracking, and other phenomena can be recorded by
sensors attached to the material. Noise, such as paint flaking, traffic, and rainfall, is also
recorded by the sensors causing difficulties in data interpretation. Filtering programs have been
developed to remove much of this noise. The author suggests that this method might be used in
monitoring critical connections or members and warning of possible failures.

4.2.2.2.7 Summary

Of the responding agencies, nine stated that they had used NDT in the evaluation of their
bridges. A majority of the departments, six, have used ultrasonic testing to verify the condition
of pins. The New York DOT has used X-ray diffraction to investigate the stresses present in
some members. The Arizona DOT has used hardness testing to verify the metal present in the
bridge structure. From the responses, it was inferred that NDT has been reserved for special
circumstances and larger projects. As the cost of NDT decreases, more widespread utilization of
these techniques will probably occur.

The literature search uncovered some introductory materials related to common NDT
practices and applications. Article [3.6.1] provides a thorough introduction to the testing
methods as well as a short discussion of the advantages and limitations. Reference [2.1.1]
discusses NDT methods such as ultrasonics, magnetic particle, and dye penetration. Reference
[3.6.2] gives an example of ultrasonics used to locate lamellar tears in weldments. Reference
[3.6.3] is a manual compiled by the National Research Council of Canada to introduce non-
destructive methods for the evaluation of structures. Although this document is geared towards
building structures, it provides a very thorough discussion of current NDT methods which may
also be applied to bridge structures.

4.2.3 Discussion of Analysis and Testing of Structures

Understanding the structural system of a bridge is a key element of a rehabilitation effort.
The structure must be closely examined to uncover distressed members, relevant load paths, and
how the entire structure will respond to the applied loads. In the structural analysis, the
assumptions made in the original design should be check, as well as assumptions used in modern
computer analysis of the structure. Special attention should be given to phenomena such as
lateral stability, fatigue, and fracture details which may not have been considered in the original
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design. Taking coupon samples can be a valuable aid in characterizing material properties.
Before any welding occurs on the structure, a chemical analysis should be performed to establish
the material’s weldablility. NDT should be utilized in critical areas such as non-redundant pin
connections or fracture critical tensile members.

4.3 DEFICIENCIES IN STRUCTURES

The repair of historic bridges requires knowledge of many types of retrofit techniques
and considerations. This section contains information related to functional deficiencies, damage
to structures, and structural deficiencies. These topics cover the majority of difficulties inherent
in bridge rehabilitation. The contents of this section include:

Functional Deficiencies

1. Width
2. Height
3. Railings
Damage

1. Corrosion

2. Impact

3. Fire

Structural Members

1. Floor-beams, Girders, and Stringers
2. Tension Members

3. Compression Members

4. Pin Connections

5. Riveted Connections

Structural System

1. Deck

2. Post-Tensioning

3. Additional Load Bearing System

4. Additional Continuity
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4.3.1 Functional Adequacy

Functional adequacy deals with the prevention of accidents and fatalities by providing
adequate geometric and safety features on a bridge. Functional requirements are thus somewhat
different from structural requirements, which deal with strength, load carrying capacity, and the
potential for catastrophic collapse. Modification of the metal truss superstructure to correct
functional deficiencies such as inadequate horizontal and vertical clearance, or obsolete bridge
railings may present greater difficulty than remediation of structural deficiencies. Obstacles to
clear in geometric issues might be more complicated than other bridge rehabilitation problems,
primarily since changing the shape of a bridge is complicated in a construction sense and may
pose difficulties in maintaining the historical integrity of the bridge. A good reference in the
thought process involved in solving geometric problems can be found in the report conducted for
the Vermont DOT by A.G. Lichtenstein. This report may be found in the collection of DOTs
responses. Railing rehabilitation is also frequently a major difficulty in historic bridges. This
section will discuss common functional deficiencies such as geometric clearances, both height
and width, and railing issues. Information gathered from the survey questions seven and eight as
well as literature related to these topics will be presented in each section.

4.3.1.1 Width

Truss bridges frequently do not meet current ASSHTO requirements for width. Solution
options include:

e Relaxing Standards
e Widening
e Convert to One-Way Traffic

e Speed Restrictions

4.3.1.1.1 Relaxing Standards

Truss bridges that are not wide enough, according to current standards, are often located
on roads with very low traffic volumes. Of the DOTs surveyed, ten have used the option of
relaxing standards to deal with width deficiencies. No examples could be found in the literature
related to this topic.

4.3.1.1.2 Widening

An alternative solution to width deficiencies involves widening the bridge to comply with
current standards. This is primarily done on pony truss bridges rather than through truss bridges
whose upper bracing would present further difficulties. States which have successfully widened
a bridge include Arizona, Nevada, and Oklahoma. A research project conducted at the
University of Nebraska-Lincoln studied the effects of widening of a pony truss. The Virginia
Department of Transportation has also considered widening a truss bridge to comply with current
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standards [1.10]. Although it is not common practice, an example of widening a through truss
bridge has been found [1.6]. The question of lateral stability in a widened truss bridge is
examined in reference [2.4.1]. The rehabilitation of a cast iron bridge in England involved
widening the walkways and parapets using “hidden portals™ [2.6.2]. The figures below show
two of the options in widening a bridge. The procedure shown in Figure 4.1 uses supplementary
girders to aid in the distribution of loads. Figure 4.2 relies on strengthening of floor beams to
distribute the loads to the trusses.
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Figure 4.1:  Widening of Pony Truss [Ref. 2.4.1]

CROSS SECTION OF EXISTING BRIDGE

CROSS SECTION OF WIDENED BRIDGE

Figure 4.2: Widening Floorbeams of a Pony Truss [Ref. 2.4.1]
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4.3.1.1.3 Convert to One-Way

Another common solution involves converting the bridge to one-way traffic. This might
involve using alternating one-way traffic, or dividing the road and building a second bridge. In
response to the survey, ten states indicated the use of this technique. The literature also supports
this option. A bridge in Hawaii was converted to alternating one-way traffic [1.6]. A train
bridge in Europe was reduced to one lane of traffic to accommodate future travel [3.3.1]. In the
report by Virginia University, conversion to one-way traffic was given a favorable
recommendation [1.10].

4.3.1.1.4 Speed Restrictions

A technique for addressing inadequate width is to post a lower speed limit on the bridge.
In the survey, California and Oklahoma indicated the use of this method. A reduction in the
posted speed limit on a bridge may provide the basis for granting design exceptions for certain
functional deficiencies. The engineer may find more information on current AASHTO standards
in “A Policy on Geometric Design of Highways and Streets” AASHTO 1990.
4.3.1.1.5 Discussion of Width Deficiencies

From a historic preservation perspective, altering the overall appearance of the bridge
should be a last resort. To this end, the three options of relaxing geometric standards, conversion
to one-way traffic, or speed restrictions are preferred. Although width requirements do not
change with conversion to one-way operations, or with reduction of the posted speed limit, the
inherent improvement in safety provided by these measures may form the justification for
granting design exceptions for width deficiencies.

4.3.1.2 Height Deficiencies

The portal bracing on the bridge may not provide adequate height clearance according to
current standards. Solution options include:

e Remove or Alter Bracing
e Relax Current Standards
e Post height clearance

e Install electronic sensors

e Install warning system
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4.3.1.2.1 Remove or alter bracing

The most common solution to height deficiencies is removing or altering the portal
bracing. In the survey, twenty-four of the responding states indicated use of this method.
NCHRP Report 222, “Bridges on Secondary Highways and Local Roads”, provides good
examples for common portal modifications, reference [1.14]. Figures 4.3, 4.4, and 4.5 ,
represent three of the options available in removing or altering portal bracing. Since the bracing
members serve to stabilize the frame, allowances should be made to provide adequate stiffness
and strength to the altered system. Changes to a truss bridge usually involve altering only a few
portals which make stability concerns less of an issue. The report also recommends the use of
bolts to replace rivets.

Option 1: Remove all bracing and install new bracing

Figure 4.3:  Alteration of Portal Bracing 1

Option 2: Shorten existing bracing and utilize existing horizontal member

’ .
N N
7 \/\// N

Figure 4.4:  Alteration of Portal Bracing 2

31



Option 3: Removal of knee bracing

Figure 4.5:  Alteration of Portal Bracing 3

4.3.1.2.2 Relaxing Standards

Another option in dealing with overheight deficiencies involves relaxing the standards by
the DOT. Eleven of the states surveyed have granted such exceptions. This solution should not
be a problem if the bridge has a low daily traffic volume. The bridge should also be posted
and/or a warning system implemented to alert drivers if their vehicle might collide with the
bridge members.

4.3.1.2.3 Posting

A third option to address an insufficient height clearance is to post a clearance warning
sign. The Georgia DOT has used this technique to reduce the chance of overheight collisions on
their bridges. It should be noted that often bridge wearing surfaces are repaired be applying a
new layer of asphalt or concrete without removing the existing surface. Care should be taken to
verify any existing height postings as they might have been placed prior to re-decking.

4.3.1.2.4 Other Warning Systems

The California DOT indicated in their response to the survey the use of electronic sensors
placed prior to the bridge to warn any overheight vehicles. Another warning system could
involve a physical system placed prior to the bridge. Structures such as parking garages have
utilized systems consisting of a sign or chains hanging prior to the entrance, which replicate the
maximum height allowable in the structure. A similar system, shown in Figure 4.6, constructed
of a simple frame placed before the bridge, would warn drivers if their vehicle has a risk of
striking the portal bracing.

32



| Height Restriction |

Figure 4.6:  Portal Height Warning System

4.3.1.2.5 Discussion of Height Deficiencies

Height clearances should be addressed in bridge rehabilitation projects. Failure to do so
might lead to a major accident as demonstrated in reference [2.4.2]. The options for solving
height problems fall under two categories; active and passive. The active approach involves
changing the bridge layout, while the passive approach keeps the bridge in its original state and
warns the approaching vehicles of possible collisions. A method to increase the portal height
without altering the bracing might involve replacing the thick concrete or timber deck with a
thinner, lightweight concrete or orthotropic deck. This solution may only yield an increase of a
few inches, but could prevent a future collision.

4.3.1.3 Railing

A problem that plagues many historic bridges is an inadequate railing system. Often,
existing railing systems consist of a negligible member, sometimes only an angle carried across
the structure, to serve as a railing. Acceptance criteria for bridge railings are established in
NCHRP 350 “Recommended Procedures for the Safety Performance Evaluation of Highway
Features’ published in 1993. Current FHWA and TxDOT policy with respect to bridge railings
are guided by this document. Installing a retrofit railing, which meets current standards but does
not interfere with the historic integrity of the bridge, may be difficult. The inclusion of a new
railing system often decreases the existing width of the portal, another common deficiency of
older truss bridges. The attachment between the new railing system and the existing bridge must
be carefully considered. The railing might be fixed to the bridge superstructure, or the deck.
There has been very little published material concerning this subject, and even less agreement
between DOTs concerning their handling of the situation. During the literature search, a
research report was identified titled “Retrofit Railings for Narrow Through Truss and Other
Obsolete Bridge Structures™ sponsored by the Federal Highway Administration (FHWA) [2.1.5].
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This was the only substantial document uncovered, which dealt with the issue of retrofit railings
as applied to truss bridges.

The issue of retrofit railings has been broken down into two approaches, including
granting exceptions and applying conventional railing systems to the bridge. The railing systems
developed in the FHWA research should also be considered. Following the discussion of the two
classes of railing repair, a summary of the findings from the FHWA research will be presented.

4.3.1.3.1 Granting Exceptions

One of the options, which appears to be frequently applied, is granting design exceptions
for the bridge. This might be justified if very little traffic crosses the bridge each day (e.g. VPD
of 50 or less), or is not used by large vehicles such as trucks or school buses. Preservation
officials might also object to the use of a standard railing system due to the alteration of the
historical characteristics of the bridge. The survey revealed that the Oklahoma and
Newfoundland DOTs have exercised the option of not rehabilitating the railings on a truss
bridge.

4.3.1.3.2 Conventional Railing

A popular alternative is to apply a conventional railing system, used in new bridge
construction, to the rehabilitation of a truss bridge. During the research project, four such railing
systems were identified including:

e Thrie Beam

e Concrete Jersey Barrier
e Box Beam

e Timber

In the following paragraphs, each system will be discussed and applications of each will
be presented.

4.3.1.3.2.1 Thrie Beam

The thrie beam, also called a W-beam guardrail, is the most popular railing system used
in rehabilitating truss bridges. This system has been used in many forms, from attaching the
thrie beam to the truss members, to welding reinforcing plates to the back of the plate, and fixing
it to the deck. Special consideration must be given to the attachment of the system to the bridge,
and how this will affect the bridge in the event of a collision. Attachment to the deck will allow
the railing to deform in the event of a collision and may reduce the damage incurred by the truss
members. However, attachment of the railing to the deck may decrease the travelable width.
The literature search provided a few examples of thrie beam railing systems and their application
to truss bridges. NCHRP 222 presents two guidelines for this type of system, reference [1.14].
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Repair R-1 titled “Addition of Bridge Rails to Through Truss”, shown in Figure 4.7, describes a
procedure in which a supplementary frame is constructed below the floor beams to channel the
impact forces into the deck system, instead of the superstructure. However, the report cautions
that this system has not been crash tested.

/Symmettical About Centerline

Existing Truss %:—- l

Céx 8.2

Figure 4.7:  NCHRP 222, System R-1 Retrofit Railing [Ref. 1.14]

A second option presented in NCHRP 222, System M-5, is connected to the bridge at the
deck and the first two longitudinal beams, reference [1.14]. Figure 4.8 shows this system as
applied to an existing bridge. There has been little guidance provided on the applicability of
these systems and their responses to crash scenarios.

12 Goge Steel Rail
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Figure 4.8: NCHRP 222, System M-5 Retrofit Railing [Ref. 1.14]
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4.3.1.3.2.2 Concrete Jersey Barrier

This common railing system has been applied to truss bridges to attain a crash tested
system. The author assumes that the barrier is typically attached to the deck of the truss similar
to new bridge construction. The concrete barrier reduces the clear width of the bridge and
significantly impacts the appearance of the bridge. However, the concrete barrier should provide
excellent protection to the truss structure. In response to the survey, the Alaska, Arizona, and
Connecticut DOTs indicated their agencies had used this system on truss bridges. A design
guideline in NCHRP 222 System R-5 describes the application of a concrete barrier to an
existing bridge deck, reference [1.14]. Figure 4.9 displays the implementation of a concrete
barrier to an existing bridge deck.

Grouted Voldx

#8 Bar
Mortar Bed
Reinforcing Bar —

Figure 4.9: NCHRP 222, System R-5 Retrofit Concrete Railing [Ref. 1.14]

4.3.1.3.2.3 Box Beam

The use of box beam members as a railing system is another option in the rehabilitation
of truss bridges. The system is similar to the thrie beam, but instead uses a tubular steel member
to span between the posts. This railing system may be more acceptable from a historic
preservation perspective, since the box section would merge better with the existing structure.
The survey of DOTs revealed that three agencies including Montana, Vermont, and Rhode Island
have used box beam railing on truss bridges. Figures 4.10 and 4.11 show box beam railing
systems used by Vermont and Rhode Island, respectively, in the rehabilitation of a pony truss.
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Figure 4.11: Rhode Island Box Beam Railing [Rhode Island DOT]
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4.3.1.3.2.4 Timber

Railing systems using timber products are not as popular as other systems, but may
provide a more aesthetically pleasing solution. The Delaware DOT stated that their state has
used timber railings in the rehabilitation of their truss bridges. The Maryland DOT indicated
their agency has used a timber rubrail to “take the brunt of the wheel load and deflect the vehicle
back into the roadway before striking truss members or hand railing.” No crash tested timber
systems could be found. However NCHRP 222 System M-5 provides an example of this system
applied to a bridge structure as seen in Figure 4.12, reference [1.14].
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Figure 4.12: Timber Railing System [Ref. 1.14]

4.3.1.3.3 Findings of FHWA RD-82/099 [2.1.9]

The Southwest Research Institute investigated two railings. The first, a high performance
railing (HP), was to be designed so a 20,000 1b. vehicle traveling at 55 mph, impacting the
railing at 15°, would not damage the truss. The second, a low performance system (LP), was
designed for a 4,500 Ib. vehicle traveling at 60mph with an incident angle of 15°. The objective
was to design a rigid system to reduce deflections, and therefore clearance requirements, and one
that weighed less than a standard concrete barrier (300 Ib./ft). The connection between the railing
and the bridge deck was found to be very important. The research report provides further details
concerning the crash testing.

The HP railing consisted of a lower and upper barrier that would both deflect the vehicle
and prevent overturning. A battery of tests was completed on the HP railing system. A
modification of the original design introduced a self-restoring lower rail as shown in Figure 4.13.
The modified HP railing performed very well (under previous standards of acceptance for bridge
railing) under a series of crash scenarios.
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Figure 4.13: High Performance Railing System [Ref. 2.1.9]

The LP railing, shown in Figure 4.14, was comprised of a thrie beam attached to a
W6x8.5 section and fixed to the deck with a baseplate. After extensive testing, it was concluded
that the LP railing also responded satisfactorily (under previous standards of acceptance for
bridge railing) to various crash situations. It was recommended that the LP railing be used only
in cases of:

e Single lane bridges

e Narrow two-way bridges (less than 20 ft.)

e Bridges with only automobile traffic

e Bridges posted for less than 35mph with truck or bus traffic

>
>
>

Figure 4.14: Low Performance Railing [Ref. 2.1.9]
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4.3.2 Damage

A phenomenon present in older bridges is damage that has occurred throughout the life of
the structure. This damage might be due to collisions with vehicles, acts of nature, or other
incidents. Collisions with vehicles might have resulted in fractured or severely deformed
members. Corrosion might have occurred on the bridge due to harsh environmental conditions,
or the bridge’s age. There have even been instances in which fire has damaged the bridge
structure. In all of these cases, it is necessary to have the tools to assess the damage as well as
rehabilitation techniques to repair the damaged bridge members.

In addressing any damage scenario three steps must be completed prior to undertaking
rehabilitation:

1. Identification of member damaged (including metal type and properties)
2. Determination of extent of damage
3. Choice of rehabilitation technique

The first step involves deciding what type of member is damaged (e.g. tension,
compression, fracture critical, etc.). The steel type and properties should also be quantified.
This might be as simple as examining the construction records for the bridge, or as complicated
as taking samples for chemical analysis. The use of non-destructive testing could also aid in this
step. Further discussion of these techniques can be found in section 4.2.2.2.

The determination of the extent of damage is dependent upon the type of damage.
Section loss should be evaluated on corroded members. Strain calculations may be necessary in
impact or fire scenarios. A discussion of evaluation methods specific to each type of damage is
included in the following sections.

The choice of rehabilitation technique is also damage type dependent. To resolve a
damage situation there are three options to consider including:

e Do nothing

e Repair member

e Replace member

The solution might be as simple as a more in-depth analysis, or as complicated as
providing temporary support and replacement of a member. In the subsequent sections,
discussions of rehabilitation techniques will be included for each damage type.
4.3.2.1 Corrosion Damage

Extensive corrosion might have occurred to one or many members due to environmental

conditions or age of the structure. Corrosion, by definition, involves the oxidation of a metal, or
in other words, the conversion of a solid metal into ions of the metal, which in turn combine with
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other elements to form rust. A more complete discussion of the mechanisms involved in
corrosion may be found in reference [3.2.1]. There are many types of corrosion that might be
present in bridge members including galvanic, pitting, and crevice. The mechanisms for these
varieties of corrosion may differ. However, the end result is identical, a net loss in available
section to carry the applied loads. Common areas in which corrosion can be exacerbated
include:

e Top flange of floor-beams due to roadway leakage
e Bottom flanges of members due to debris build-up
e Lacing bars

e Pinned connections where small relative movements might trap moisture

4.3.2.1.1 Evaluation

The first step in dealing with corrosion is to measure the section loss in the member. The
member may be measured using calipers or other appropriate methods for totally exposed
sections. If in the case of floor-beams, in which a portion of the member might be imbedded in
concrete, NDT methods such as ultrasonic inspection might be employed to evaluate the
remaining section. An excellent reference for the evaluation of corroded members can be found
in reference [3.2.1]. In this article, a series of tests were completed to quantify the performance
and remaining strength of corroded bridge members. This research confirmed the common
approximation that the strength of a member can be determined by multiplying the remaining
area by the ultimate stress. The researchers also found that corrosion did not affect ductility.

Fatigue tests were also completed to quantify the influence of corrosion on fatigue
strength. It was found that if the corrosion loss was less than 50%, notch effects rather than
section loss governed fatigue capacity. Other articles, which discuss properties and evaluation
of corroded members, include [4.1.2], [4.1.3], and [4.2.1].

4.3.2.1.2 Solution — Do Nothing [Section loss < 15%]

Although this option might seem elementary, a common solution to corrosion problems is
to leave the situation alone. It might be advantageous to take a sample of the steel to confirm the
strength of the material in question. Often, the tensile tests will produce yield strengths higher
than assumed, which in turn provides extra confidence in the existing structure, and justifies the
“Do Nothing” option.

4.3.2.1.3 Solution — Repair Member [Section loss < 40%]

If the corroded member is moderately deteriorated, a repair of the member might be
warranted. The type of member also plays a part in the determination of rehabilitation technique.
For example, adding new steel plates can strengthen a corroded tension member. Conversely, a
compression member can be reinforced using coverplates, or by post-tensioning the system.
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Although repair of corroded members was not explicitly asked in the survey, two states,
Connecticut and New York indicated they had repaired corroded members. Corroded
connections may also be strengthened by member repair. Examples of these techniques may be
found in NCHRP 222, Repairs S-4 and S-3, reference [1.14].

Repair S-4 provides an example of the repair of an end of a beam member deteriorated by
corrosion. The method involves cutting out the corroded area and welding new material in its
place. It should be noted that welding of older steels is a complicated issue. The older metals
such as wrought iron and pre-A7 steel were produced before welding became commonplace and
may not be as weldable as A36 and other current metals.

Repair S-3 documents a rehabilitation of one channel in a two-channel built-up bridge
member, a common occurrence in older bridges. The weakened area is bridged with a splice
plate and attached to existing members with high strength bolts which replace the existing rivets.
Reference [2.4.3] describes the repair of the historic Eads Bridge in St. Louis whose floor system
had been badly deteriorated by corrosion. A feasibility study was conducted on different
rehabilitation techniques. The final solution involved a combination of replacement of the
bottom flange and coverplating less corroded flanges. Some examples of coverplated, bolted
repairs for bridge members are shown in Figure 4.15.

Bolted
Reinforcement
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Reinforcement Plate
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Figure 4.15: Bolted Repairs for Corroded Members [Ref. 1.12]
4.3.2.1.4 Solution — Replace Member [Section loss > 40%)]

If the member has been severely corroded, replacement might be the in order. Steps in
replacing a member include:
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1. Support structural system before removing member

2. Remove damaged member
3. Add replacement member
4. Remove supporting system

Examples of these steps can be found

in NCHRP 222, reference [1.14].
rehabilitation schemes could also be used for severely impacted or fire damaged members.
Repair S-1 outlines the replacement of a diagonal tension member in a truss shown in Figure
4.16. Repair S-2 provides an example of a replacement scheme for a vertical tension member. If
a floor beam has been attacked by corrosion and requires replacement, repair S-5 furnishes an
example of such a repair.
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4 Wraps Min.

Note: Cable For Wraps To Be
Same Size As Main Cable.

Bilockl For Cable To CI
Flangengot Floorbeam o Clear

Cable: 4 Wraps Min.

See Section AA OrBB
1 Loop Cable
1 Turnbuckle

Burn Holes In Lateral Plate For Cable ) [\ %

_.‘/

\
34 Round Wood Block /—-]—\lj-

\

3

Cable: 4 Wraps Min.

Figure 4.16: Replacement of Diagonal Tension Member [Ref. 1.14]

4.3.2.2 Impact Damage

Bridge member has been struck and damaged by a vehicle. An example of a impact
damaged bridge is shown below in Figure 4.17.
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Figure 4.17: Impact Damage to Truss Bridge [Ref. 1.13]

4.3.2.2.1 Evaluation

In approaching an impact-damaged member, the steps outlined in section 4.3.2 should be
followed. After the type and properties of the member have been established, an estimate the
damage suffered by the member should be calculated. NCHRP 271 titled “Guidelines for
Evaluation and Repair of Damaged Steel Bridge Members” provides a detailed discussion of
methods to determine strains associated with impacts, reference [1.13]. These calculations
provide information which aids in choosing a suitable repair method. Once the damage has been
assessed, the solution to the damaged situation must be decided upon. The three options of “Do

9% <6

nothing”, “Repair member”, or “Replace member”, must again be considered.

4.3.2.2.2 Do Nothing
As in the corrosion case, there are certain situations in which it is acceptable to not repair
the damaged member. For example, a tension member which has been bent, but not cracked,

would probably present no threat to the continued service of the bridge structure. Minor impact
damage to secondary members or portal bracing might also not warrant repair or replacement.

4.3.2.2.3 Repair member

If the damage is judged severe, but repairable, an appropriate method must be chosen.
Possible techniques to repair impact damaged members include:
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e Flame Straightening

e Cold Mechanical Straightening
e Welding

e Bolting

In the following pages, an explanation of each technique will be given. Since some of
these methods are only recommended for certain members, a discussion of limitations and
examples of each will also be provided.

4.3.2.2.3.1 Flame Straightening

This repair method utilizes the property of thermal expansion to straighten a member. If
the member is heated, using a torch, to temperatures below 1200 °F, the member may be repaired
without degrading the physical properties of the steel. The restraint provided by the unheated
portion of the member, coupled with the number and pattern of heating cycles, work to straighten
the member. In general all types of truss members may be repaired using flame straightening.
The literature suggests a few limitations on the use of flame straightening including:

e Do not apply to fracture critical members
e Use caution with primary tension members
e Do not use in cases of excessive curvature, wrinkling, or kinking

e AS514 and A517 steels should not be flame straightened

This technique is supported both in the literature and by the DOTs surveyed. Reference
[2.9.2] describes an application of flame straightening on a damaged bridge member in Boston.
In chapter 5 of NCHRP 271 a detailed description of possible repair scenarios is presented,
reference [1.13]. Examples of repairs to three impacted bridges are given in the chapter. All
three examples stem from the experiences of the Washington DOT. One repair involved a deck
truss that had been impacted by a barge-mounted crane passing beneath the bridge. The repair
was completed in three weeks at substantial savings as compared to a more conventional repair.
In the survey of DOTs, there was no explicit question concerning flame straightening. However
the Rhode Island DOT indicated the use of flame straightening in the past. NCHRP 271 also
indicated that the Alaska DOT had successfully used flame straightening in repairs of their
bridges, reference [1.13].

4.3.2.2.3.2 Cold Mechanical Straightening
An applied force, without the inclusion of heat, can be used to straighten a damaged

member. Research has been conducted which indicates that a member may be repaired once
using this technique without degrading the physical properties of the steel, see reference [2.1.4].
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NCHRP 271, reference [1.13], provides guidelines in the use cold straightening including
recommendations of damage limits which can be summarized in the following manner:

There is no damage limitation on the use of cold straightening in:
e Compression members
e Secondary members

If the plastic strain is estimated to be less than 5% of the normal strain, than cold
straightening can be used in:

e Tension members

e Fracture Critical members

Cold Mechanical Straightening should not be used in the cases of:

e Cracks, nicks, or gouges in the member

e Steels with low Charpy values

e Twisted or rotated members

The Texas DOT has performed cold straightening on damaged members. NCHRP 271
indicated that the Transportation Departments of Illinois, New York, and Washington have also
used cold mechanical straightening to repair damaged members, reference [1.13]. No other
responses were found in the survey of applications of this technique.
4.3.2.2.3.3 Welding

The use of welded plates to repair damaged bridge members is a complicated issue.
Older bridges were often constructed of pre-A7 steels or possibly wrought iron. These metals
were created before the advent of welding technology and therefore the materials were not
designed specifically for welding. There has been much discussion concerning appropriate
situations for the use of welding repairs. Reference [2.1.1] discusses the possible problem
associated with welding older steels. The author states that the intense heat present in welding
might cause cracking in the lamellar structure of older steels. This could lead to fracture of the

member, eclipsing the benefits of the welded plate. It is the recommended that the following
guidelines be followed in the welding of older steel structures:

e A36, and other current weldable steels may be repaired using welding

e A7 compressive members may be repaired but only by experienced individuals

Welding should be approached with caution for:

e Wrought iron or pre A7 steels
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e Steels with low Charpy values

Welding of plates to damaged or understrength members is a common practice as
demonstrated by articles and the responses of the DOTs. NCHRP 271 indicated that Illinois had
successfully removed a damaged portion of a girder and welded a replacement plate in its place,
reference [1.13]. In the survey, the Georgia DOT explicitly stated that they had used
“coverplates for damaged areas”. Four other DOTs indicated they had welded plates in
strengthening or repairing damaged members.

4.3.2.2.3.4 Bolting

The repair of impact damaged members using bolted splices is a common technique.
Bolting may be used on any member provided that both net and gross section failure mechanisms
are checked. Many instances of bolting repair of impacted members were found in the literature.
Reference [2.4.2] describes a Warren truss whose bottom tension chord fractured due to a
progressive failure initiated by an impact. The bottom chord was repaired using a bolted splice
across the fracture. Reference [2.4.4] is an account of a girder which cracked and was repaired
using bolting. Reference [2.4.5] is another example of a bolted repair of an impact damaged
member. Figures 4.18 and 4.19 show the member before and after the bolting repair. The
survey of DOTs revealed that many of the agencies have used bolted coverplates for member
repair. While only four DOTs stated specifically the use of bolting, many others indicated use of
coverplates to strengthen members. Bolting additional plates to a member is also a technique
often used in strengthening inadequate members. Further discussion of bolting repairs and their
relation to strengthening can be found in section 4.3.3.1-3.

Figure 4.18: Impact Damaged Member [Ref. 2.4.5]

47



WEB _REINFORCING PLATES
NI ——am”

N /

Tig WER REINFORCING PLATES

n S BOLTS \

Figure 4.19: Bolted Repair of Impact Damaged Member [Ref. 2.4.5]

4.3.2.2.4 Replace Member

As in the case of severely corroded members, replacement might be the only viable
option. The replacement of impact damaged members is no different than corroded members.
Section 4.3.2.1 provides guidance for these circumstances.

4.3.2.3 Fire Damage

A third form of damage, which occurs to bridge members, is fire. If steel members have
been exposed to temperatures greater than 1200 °F, the properties of the metal might be altered.
Plastic deformations in tensile members and premature buckling in compression members can
result.

4.3.2.3.1 Evaluation

Fire damage results in deformations of the member due to the intense heat. An
evaluation of fire damage should determine which section of the member has experienced high
temperatures. The literature suggests sampling the area in question to determine if the material
properties have been affected. After an assessment of the damage, one of the three options
discussed previously should be chosen.

4.3.2.3.2 Do Nothing

If coupon tests indicate than no significant loss in strength is present, then the member
may be left in place.
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4.3.2.3.3 Repair Member

More serious damage might require a utilization of one of the repair techniques discussed
in the impact repair section. Ironically, flame straightening has been used, with success, to repair
fire damaged members, as described in reference [2.9.1]. Partial replacement has also been used
to rehabilitate fire-damaged members as shown in reference [2.1.3]. In this rehabilitation, the
fire-damaged area of the bridge was removed and new material was welded in its place.

4.3.2.3.4 Replace Member

As a final option, total replacement of the member might be necessary. Replacement
methods described in Section 4.3.2.2 are applicable to fire damaged members.

4.3.3 Strengthening Structural Members

It is often the case that historic bridges are understrength, relative to the current
standards. These bridges were often constructed prior to development of national standards, or
designed using outdated capacities such as H-10 or H-15 loadings. In addressing structurally
deficient bridges either a system or member approach may be taken. If the entire structure is
inadequate, altering the entire structural system might be in order. On the other hand, if one or a
few members are understrength, then rehabilitation might address only those members. The
three options of do nothing, strengthen member, and replace member, are available in dealing
with structural deficiencies. For the purposes of this discussion, options to strengthen the
deficient bridge members will be presented, as replacement should be the last option.

Another decision necessary is the extent of the structural rehabilitation. Three
strengthening levels are available including original design, better than original design, or current
standards. The decision of the extent of the rehabilitation is dependent on location of the bridge,
use of the bridge, and available funds. If the bridge is on a major highway, the rehabilitation
should likely increase the capacity to current standards. Strengthening to a lower capacity,
appropriate to its usage, may be in order for a truss bridge on a county road.

In the following pages, strengthening techniques applicable to different truss members
are presented. Examples of these techniques in practice will be supported both in the literature
and from responses to the survey. The techniques presented are intended to provide a starting
point for an engineer approaching a rehabilitation project. =~ The historic preservation
ramifications of each technique must also be addressed. The types of structural members and
connections that will be discussed include:

1. Floor Beams, Girders, and Stringers

2. Tension Members

3. Compression Members

4. Pinned Connections

5. Riveted Connections
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4.3.3.1 Floor Beams, Girders, and Stringers

Possibly the most common structural deficiency in older truss bridges are floor beams
and other flexural members with inadequate strength. These members were primarily designed
as simply supported members to accept distributed loads and transfer them to the main truss
members. Loading requirements now call for heavier loads, more complicated loading patterns,
and more severe point loads. It is under these point loads that flexural members frequently do
not exhibit adequate strength. There has been some disagreement on the behavior of these
flexural members pertaining to their apparent fixity with the main members of the truss. One of
the references investigated this phenomenon and concluded that though some fixity is present,
the overall behavior should be categorized as simply supported [4.1.6]. To strengthen existing
flexural members, there are many options available. An important question for all strengthening
techniques is, if dead, live, or both types of stress will be reduced. The interaction of the flexural
members with other elements in the structure should also be considered. Five strengthening
methods will be discussed in the following sections including:

e (Coverplating

e Post-Tensioning

e King Post

e Composite Action

e Additional Members

4.3.3.1.1 Coverplating

Coverplating is a well-recognized method of increasing the flexural capacity of a
member. The coverplates are either bolted or welded to the existing member to increase the
section modulus of the member, thereby decreasing the stresses present in the member. Again,
welding of older steels must be approached with caution. Welding might cause delamination of
wrought iron or fatigue cracking at the ends of coverplates. In the survey of DOTs, twenty of the
agencies indicated that they had used coverplating in the strengthening of flexural members. Of
the DOTs, three specifically indicated using welding of the plates, while two designated bolting.
The Maryland DOT used channels bolted to the web of the flexural member to increase its
capacity.

The literature search uncovered many examples of coverplating weak flexural members.
NCHRP 293 provides a general overview of coveplating techniques and examples of these
methods, reference [1.15]. Included in this report are examples from Iowa of a bolted coverplate
repair using angles. Article [2.4.3] described a rehabilitation effort in which the bottom flanges
of floor-beams were strengthened using coverplates. Reference [4.1.3] related a repair in which
coverplates were welded onto existing members. Although the steel was pre-A7, the effort was
successfully completed. In a report published by the Virginia DOT, bolted coverplates were
recommended, reference [1.16]. An actual repair guideline is available in NCHRP 222 Repair
R-2, reference [1.14]. This guideline utilizes welding. However the report specifically requires
only applying this technique to weldable steels.
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4.3.3.1.2 Post-Tensioning

This technique relies on a supplementary element to apply a negative moment thereby
reducing the flexural stresses in the member. Post-tensioning bars or pre-stressing tendons are
often used to apply the tensile forces to the system. These systems increase the allowable service
loads in the member, but do not significantly affect the ultimate capacity of the element since
there is a small amount of added material. A simple diagram of a typical post-tensioning system
applied to a flexural member can be seen in Figure 4.20. Special consideration should be given
to the concentrated forces present at the anchorage locations and how these forces might affect
the member. In response to the survey only one agency, the New York DOT, indicated the use
of post-tensioning for floor beams.

The literature search exposed more examples of the use of post-tensioning for floor
beams. In NCHRP 293, examples of different tendon patterns and a design example for a typical
retrofit are presented, reference [1.15]. Article [2.2.4] presents an investigation into stress
calculations for a variety of post-tensioned floor beam systems. An increase of capacity of up to
90% was realized in their calculations.

/Floor-beam

| — \  —

N\

Tendon

Figure 4.20: Post-tensioned Floorbeam

4.3.3.1.3 King Post

The application of a king post utilizes the principles of post-tensioning, but applied in a
different geometry. King posts form a triangular shape stemming from a bracket located at
midspan of the beam separating the tendon from the flexural member. The primary benefit of
the king post is the small axial force in the tendon, relative to the high negative moment applied
to the beam. The king post method has been used on timber bridges since the 19" century. A
limitation of the king post technique is the reduction of clearance under the beam. None of the
responding DOTs had used king posts to strengthen their members.

The literature provides some credence to the application of king posts to flexural
members. In a research report by the Virginia DOT, reference [1.16], this method was suggested
as an option and references to king posts being used in practice were included. In NCHRP 222
Repair R-5, a guideline for king posts applied to flexural members is presented, reference [1.14].
Figure 4.21 shows a king post arrangement used in strengthening a floorbeam.

51



Technique A View

Existing Beam

.

Post - Tensioning Truss Rods
Provide Corrosion Protection

King-Post Support
WT Sections

Provide Rounded Edges On
Bottom Of WT Webs To
Prevent Corner Bearings (See Figure 30)

End

Technique B View

Existing Beam
= —:— = T
King-Post Support —_— Post - Tensioning Truss Rod:l
Side Elevation of a King-Post Strengthened Beam. Two Techniques are Shown

Figure 4.21: King Post Arrangements for Floorbeams [Ref. 1.13]

4.3.3.1.4 Composite Action

The use of composite construction was not developed until the middle of the 20™ century.
For this reason, almost every historic truss bridge was not designed with composite action in
mind. In elementary terms, composite action is present when shear is transferred between a
concrete slab and steel beams. Shear is transferred using a mechanical system, usually welded
studs. The composite beam is much stiffer and the resultant flexural stresses in the steel are less
than a non-composite beam. There has been much discussion on the presence, or lack, of
composite action in older bridges due to the apparent bond between the concrete and steel
girders. A research project conducted in Canada addressed this issue as well as other topics in
bridge testing [4.1.5]. The researchers found that composite action was present at service level
loads, while the bond between the concrete and steel was complete. However, as more severe
loadings were applied (e.g. ultimate loads), the bond was compromised, and the system behaved
as non-composite construction. Therefore, to ensure composite action in rehabilitating older
bridges throughout the loading spectrum, a shear transfer mechanism must be provided. The
most common way to accomplish this requires removing the existing deck, attaching shear studs
to the flexural members, and placing a new concrete deck. It should be noted that welding of
older bridge steels might deteriorate the material. However, welding of old steel, in this case, is
not as critical since the welded area is in compression. Of the DOTs surveyed, four indicated
that they had used composite action to strengthen their truss bridges.

The literature also provides examples of this method in practice. NCHRP 222 discusses
providing composite action, and gives a procedure for removing an existing deck, attaching
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studs, and placing a new deck (see Repair S-3), reference [1.13]. The report states that a
reduction of 15-30% might be realized in the flexural stresses of the member. NCHRP 293 also
reviews the procedure involved in making a deck composite, reference [1.15]. The report also
outlines two additional methods in achieving composite action. The first involved removing the
existing deck, attaching shear studs, and placing pre-cast panels with holes in them onto the
girders. The holes are then grouted to complete the process. Figure 4.22 displays this technique
as applied to existing girders. The second technique requires holes to be drilled through the
existing concrete deck to expose the girder. Shear studs are then welded to the girder and grout
is placed in the holes.

Void Filled with Epoxy Mortar
Grouted Keyway
Bituminous Overlay

Figure 4.22: Composite Action Using Pre-cast Concrete Panels [Ref. 1.14]

4.3.3.1.5 Additional Flexural Members

Another option in reducing stresses present in flexural members is the addition of new
members. The new members act to reduce the applied loads in the existing members and also
will distribute the forces more evenly to other bridge elements. An important consideration is
the stiffness of the new members. Similar stiffness should be present in the old and new
members so that the applied loads will be resisted equally. The addition of new members is most
commonly undertaken during a deck replacement. With the deck removed, easier access is
available to the existing flexural members. It is recommended that if additional stringers are
added as a part of a deck replacement, they should be made composite with the new deck.
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The survey of DOTs revealed that the technique of adding flexural members is widely
accepted. Ten agencies indicated the use of additional flexural members in the rehabilitation of
bridges. The Saskatchewan, North Carolina and California DOTs specifically stated that they
had installed additional stringers to bridges, while the other seven DOTs indicated the use of
additional longitudinal beams. The literature provides added information about the use of
additional flexural members. NCHRP 293 presents a thorough discussion of the advantages and
difficulties in adding flexural members, reference [1.15]. The Virginia DOT, in their research
report, reference [1.16], also recommends this technique as a viable option. Reference [2.6.2]
describes a bridge in England whose sidewalks and parapets were strengthened using additional
flexural members.

4.3.3.2 Tension and other Fracture Critical Members

The capacity and reliability of tension members in a truss is essential in the continued
service of the structure. The repair of these members should be undertaken with special care and
consideration. In older truss structures very little redundancy was typically included in their
design. Many of the truss bridges rely on eye-bar tension members that require strengthening to
comply with current standards. From investigations of the literature and current trends of DOTs,
two rehabilitation techniques are recommended. The most popular decreases the stress in the
tension members with the use of supplementary post-tensioning cables or rods. A second option
is coverplating.

4.3.3.2.1 Adding Post-tensioning Cables or Rods, or Supplementary Members

The addition of post-tensioned cables or rods can be used to reduce stresses in tension
members of a truss. From the data collected in the survey of DOTs, nine agencies indicated the
use of post-tensioning to reduce stresses. For example, the Kentucky DOT stated that they had
used “tension tighteners on eyebars”. The Alberta DOT responded that their agency had used
Dywidag rods to post-tension the bottom chord on a truss bridge. The available literature also
strongly supports this technique. NCHPR 293 [1.15] provides a detailed discussion of
advantages and disadvantages of this system, reference [1.15].

Reference [2.6.3] describes a rehabilitation of a truss bridge in which a third member was

added to a two eye-bar system to reduce the tensile stresses and provide added redundancy.
Figure 4.23 shows the supplementary members added to the tension chords.
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4.3.3.2.2 Coverplates

The use of coverplates on tension members requires special considerations. As in
coverplating compressive members, it may be desirable to partially induce the dead loads present
in the existing structure into the new plates. Therefore, it may be necessary to utilize a jacking
system that can apply a compressive force to the existing member while the new member is
bolted in place. It should be noted that the stability of the tension member should be considered
if a compressive stress is to be applied.

4.3.3.3 Compression Members

The two most common strengthening techniques for compression members involve
coverplating or adding supplementary bracing to reduce the slenderness ratio. In the following
paragraphs, a discussion of each method, and examples of each will be presented.

4.3.3.3.1 Coverplating

The added material of coverplates reduces the stresses in the compressive member. To
add coverplates to a built up member, the rivets may be removed and replaced with high strength
bolts. In a coverplating repair, the dead loads stresses present in the structure should be
considered. If the dead load stresses in the existing member are to be relieved, a load transfer
mechanism must be utilized. In the literature two methods of transferring dead load stresses
were discussed. The fist option requires the stress in the member to be removed using a jacking
system as a primary step. The coverplate is attached to the existing member in the elongated
position, and the jack removed. As a result, both the original member, and the new coverplates
resist the dead loads in the structure. The second option involves offsetting the bolt-holes of the
coverplate and existing member in such a manner that as the coverplate is bolted into place, a
compressive stress in induced in the coverplate. Common arrangements for coverplates applied
to existing compressive members can be seen in Figure 4.24.
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Figure 4.24: Coverplate Options for Compressive Members [Ref. 1.15]

In response to the survey of DOTs, twenty agencies indicated a use of coverplating to
increase the strength of members in general. The Maryland DOT explicitly stated the use of
bolting plates or rolled shapes to the webs of understrength compressive members. A similar
application was found in the literature, in which hidden members were placed in the compressive
chord of a truss [1.6]. Reference [2.4.1] describes another strengthening effort which added
coverplates to the top chord of a pony truss. NCHRP 293 provides a step by step design example
of this technique including outlining the calculations involved in applying this method, reference
[1.15].
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Figure 4.25: Bracing Compression Chord of Truss

4.3.3.4 Pinned Connections

Pin-connections are common in historic truss bridges. Because of the non-redundant
nature of pin-connected bridges, caution should be taken in the rehabilitation of these members.
A primary step involves determining the material properties of the pin. The Maryland DOT
stated “We typically increase the allowable stress by 50% over what was determined by testing
batten plate material.” The calculation of stresses in the pin must also be carefully examined
since they are usually based on beam theory, which might not be valid for the short cylindrical
pin members.

Two common problems associated with pinned connections are corrosion and cracking.
Corrosion damage might be critical due to the loss of section or the freezing of the pin to
connecting members inducing bending stresses. It may be necessary to apply chemicals to
loosen the seizing between the pin and eye-bar. If excessive corrosion has damaged the pin,
replacement might be warranted. The new pin can be inserted, with appropriate lubrication, to
protect the joint from debris and future corrosion.

Cracks may occur in the pins due to a combination of many factors including excessive
loads, corrosion, or poor material. To evaluate the integrity of the pins, a common technique
involves using non-destructive testing methods. In response to the survey, seven of the DOTs
indicated the use of ultrasonic testing to check the pins of trusses.

If the pin is severely corroded or cracked it should be replaced. The stresses must be
relieved usually with the use of false work or other load transferring mechanism. The survey
revealed that ten of the DOTs had replaced pins in trusses. Many examples of pin replacement
were also found in the literature. References [1.15] and [1.12] both provide introductory material
on this topic. Reference [2.7.1] describes a rehabilitation that involved dismantling the truss and
replacing the pins. Article [2.7.2] relates a pin replacement effort of a wrought iron bridge built
in 1884. A detailed description of the procedure is included. The new pins were longer than the
originals, to accommodate supplementary members. Articles [4.1.5] and [4.1.6] discuss the
holistic behavior of pin connected bridges. Reference [4.1.7] investigates the phenomenon of
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unequal sharing of tensile loads in eye-bar members and reemphasizes the non-redundancy of
pin connected trusses.

4.3.3.5 Riveted Connections

The connections of older truss bridges are often susceptible to corrosion due to the built
up nature of the elements. Large areas of rivets and the intersection of plate elements often
collect debris and exacerbate corrosion problems. Approaching a connection repair requires
attention to many details. The repair should allow for drainage and reduce the presence of built
up debris. When the connection was originally designed, fatigue may not have been considered.
A connection repair should address fatigue and be designed accordingly. Common methods
include bolting or welding additional plates to the existing connection. Welding should only be
considered if the material is weldable. Often, high strength bolts are used to replace rivets in
rehabilitated connections. The clamping force imposed by the bolts act to increase the shear
capacity of the connection and the fatigue life.

The survey of DOTs revealed that some of the agencies had strengthened connections on
their truss bridges. The Georgia DOT indicated the use of bolts to replace rivets. The
Saskatchewan DOT stated that one of their repairs has “..involved replacement of rivets with
longer high strength bolts to accommodate the additional members”. The Nova Scotia DOT
echoed the other two DOTs by reporting they had strengthened existing connections. The
literature search produced many articles related to this topic. References [1.15] and [1.12]
provide introductory information on the rehabilitation of connections. Reference [2.1.1] presents
a chart of common connection deficiencies and possible solutions. The article also recommends
bolting for older steels and discusses the possibility of using composite laminates to repair
connections. Articles were also found which investigated the strength and fatigue life of riveted
or rehabilitated connections. Reference [2.5.3] investigated the behavior of manufactured riveted
and bolted connections as well as a sample connection from a bridge. Article [2.5.2] examined
the fatigue life of connections whose rivets were replaced with bolts. This article also
investigates repairing connections with small cracks already present. Other articles, which could
be helpful, include [4.1.2], [2.4.2], [4.3.1], [4.3.2], and [4.3.4].

4.3.4 Structural System

4.3.4.1 Deck Rehabilitation

The replacement of the deck system presents many options and considerations.
Replacement of a deck is often an attractive proposal as the high dead load associated with a
concrete deck can be replaced with a much lighter system. In the survey of DOTs, twenty-one of
the agencies indicated the use of a lighter deck system in the rehabilitation of their truss bridges.
This reduction in dead load increases the bridge’s live load capacity and often significantly
increases the load rating of the bridge. Deck replacement is a good option when the existing
floor beams and/or stringers are in good repair, but understrength.

A primary concern is the interaction of the bridge with the new deck. If the deck system
is stiff, compared to the truss, forces in the structure may be resisted by the deck. It is of utmost
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importance to check the connections of the deck to the floor-beams, stringers, and other
elements. The new deck may be made composite with the structure, which will also alter
stresses in members. A general design guideline for deck replacement is presented in NCHRP
293, reference [1.15].

Six classes of deck replacement systems were identified and are presented in the
following pages. It should be noted that it is possible to combine systems, such as the use of
lightweight concrete and aluminum extruded deck. The six major system types discussed
include:

e (ast-in-place Concrete
e Pre-cast Concrete

e Open Grid

e Filled Grid

e Plate Decks

e Timber

4.3.4.1.1 Cast-in-place Concrete

The most common replacement option, for concrete decks, is to replicate the existing
system of cast-in-place concrete. Lightweight concrete that weighs approximately 20% less than
standard concrete might be chosen. Another option is to create composite action between the
existing steel members and the new concrete deck. This may be accomplished by attaching shear
studs to the steel floor-beams and stringers. These studs may be welded, if the steel is weldable,
or bolted through the top flange of the member. An advantage of cast-in-place concrete is the
widespread use of the technique. This translates into ease of construction and a lower cost of the
system. Disadvantages of this system include the high unit weight of concrete and the delay
involved with the curing time.

In response to the survey, many of the DOTs indicated that they had used this technique.
Four specifically stated the use of cast-in-place concrete. In the literature many examples of
cast-in-place concrete decks were found. Reference [1.12] presented four examples of this
technique. NCHRP 222 describes a procedure for deck rehabilitation titled "Replacement S-9
Site-Cast Deck on Steel Beams”, reference [1.14]. The Virginia DOT also supported this deck
replacement option in their report, reference [1.16].

4.3.4.1.2 Pre-Cast Concrete

The use of pre-cast elements in structural engineering has become a well-established
technique. In the bridge rehabilitation area, this method was first implemented in the late sixties
and continues to be popular. As in cast-in-place concrete, the new system may be made
composite with the existing structure to further increase the performance of the system. The
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quality of the pre-cast elements can be closely controlled during the manufacturing process,
resulting in quality concrete members. Other advantages include ease of construction and the
wide use of the technique. Disadvantages of this system include the high unit weight of
concrete, increased costs as compared to conventional concrete, and more detailing. The weight
issue may be diminished by the use of lightweight concrete, but even this might not provide an
adequate decrease in dead load.

Only one DOT indicated the use of pre-cast panels in truss bridge rehabilitation. The
Connecticut DOT stated that their agency had used concrete panels during off-peak hours to
expedite the replacement of an existing structure. The literature search uncovered more
examples of this method. Reference [1.12] relayed examples of pre-cast deck replacement in
New York, Pennsylvania, and the District of Columbia. NCHRP 222 “Replacement S-3 Pre-
Cast Deck Slabs on Steel Beams” describes many different design scenarios and solutions to
each, reference [1.14]. The report illustrates three options in the use of pre-cast panels. The first
uses panels with stringers cast into the concrete that are attached to the floor-beams. The second
replacement utilizes clamps to attach the pre-cast panels to the existing stringers. The final
procedure employs panels with holes formed in them that are grouted when placed over the
existing stringers which have shear studs attached to the top flange. Section of 4.3.3.1,
Composite Action, provides further discussion of this system.

4.3.4.1.3 Open Grid

Open metal deck is another option in replacing an existing deck. The replacement system
rests on the existing stringers and floor-beams. The deck is usually welded to the elements, but
this should only be done if the bridge metal has been approved for welding. If welding is not
viable, then the deck may be bolted to the structural system. Special consideration must be given
to construction details to ensure adequate continuity between the deck and floor system. These
systems are very lightweight and will reduce the dead loads on the structure substantially.
Another advantage in this technique is the speed of construction. The metal decks are modular
in nature, expediting their installation. Water drainage is very good in these systems because of
the openings in the deck. However, the good drainage properties do not protect the supporting
elements from corrosive attack. The skid resistance of open grid decks is low. Open decks have
also been subject to weld failures in some circumstances. A typical open grid deck panel can be
seen in Figure 4.26.
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Figure 4.26: Open Grid Deck [Ref. 1.15]

From the responses of the surveys, it was discovered that this method has been
implemented in some states. The Iowa DOT stated that their agency had used a steel grid system
to replace a concrete deck. The Kansas and Ohio DOTs also indicated the use of metal gridding
in the rehabilitation of their truss bridges. The literature also provided examples of this
technique in practice. Reference [1.12] provides an overview of the technique. NCHRP 293
gives examples of open decking used in West Virginia, Illinois, and New Jersey, reference
[1.15]. The report also states that some agencies placed concrete in the grids to improve the skid
resistance of the deck. Replacement S-6 in NCHRP 222 is a description of metal grid decking
being placed on exiting stringers and floor-beams, reference [1.14].

4.3.4.1.4 Filled Grids

Filled grid systems usually involve a steel gridding system filled with concrete. The
concrete provides a better wearing surface but increases the dead weight of the system. Typical
concrete filled steel grids weigh 75-80 psf. These systems have most of the advantages of open
steel grids. However, the curing time of concrete will extend the construction time. Another
disadvantage is a phenomenon called deck growth. Deck growth occurs due to corrosion of the
steel gridding causing the system to expand. This can result in connection failures and
unnecessary stresses formed in the concrete. To alleviate this problem, an overlayment or other
protection for the concrete may be employed. A picture of a filled grid deck can be seen in
Figure 4.27.
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Figure 4.27: Concrete Filled Deck [Ref. 1.15]

Another type of filled grid is the exodermic grid. This system uses a steel gridding with a
thinner concrete topping rather than a filled grid. These systems are lighter, from 40-60 psf, and
also have better skidding resistance, similar to filled systems. Exodermic grids do not experience
deck growth like filled grids since the concrete topping protects the steel components.
Exodermic panels can also be pre-fabricated providing better quality control and quicker
installation.

In response to the survey, no DOTs stated that they had used steel filled decks. The
literature, however, provided some examples of this technique in practice. NCHRP 222
Replacement S-7 outlines a procedure for using concrete filled steel decking, reference [1.14].
The report indicated that Ohio, Colorado, and Virginia had used this method with success. A
report from the Exodermic Bridge Deck Institute, reference [2.8.4], provides additional
information on this technique.

The literature uncovered another form of filled deck, which utilizes extruded aluminum
panels, upon which the concrete is placed. Reference [2.8.1] provides an example of this system
on a truss bridge. In response to the survey, the Connecticut DOT stated that their agency had
used “Alumadeck” which the appears to be similar to the system described in reference [2.8.1].

4.3.4.1.5 Plate Decks

Another modular decking system, which has become popular in the last few decades, is
the plate deck. Also called orthotropic systems, these decking schemes are designed to distribute
loads according to plate theory instead of isotropic behavior typical of most deck systems.
Orthotropic systems often replace the stringers as well as the deck, which further lowers the dead
loads. Span lengths may vary from 15-40 feet, which make orthotropic plates practical for many
applications. The weight of this system may vary from 45-130 psf depending on the span. The
deck is typically covered with a bituminous surface to provide adequate skid protection. Figure
4.28 shows a plate deck system.
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Figure 4.28: Plate Deck [Ref. 1.15]

Although none of the responses to the survey indicated the use of orthotropic systems,
examples of the method were found in the literature. NCHRP 293 provides an introductory
discussion of this system, reference [1.15]. Reference [1.12] further discusses the technique and
described applications in Vancouver, New York, and on the Golden Gate Bridge. Information
from a company named BGFMA outlines examples of orthotropic systems in practice and design
specifications for their product in reference [2.8.8]. NCHRP 222 Replacement S-8 presents the
use of orthotropic plates in deck rehabilitation and cites the Maryland DOT as a case study for
this method, reference [1.14].

4.3.4.1.6 Timber

The use of timber to replace existing decks has undergone a very beneficial change over
the past years, with the advent of laminated wood technology. Laminated timber utilizes normal
dimensional lumber which is glued together to form a stronger system. The result is a material
with more continuous properties than normal lumber, which translates into higher allowable
stresses. Laminated material may take the form of beams, columns, or decking systems. Timber
decks made of laminated wood consist of panels, which are joined with dowels to form a
continuous deck system. The panels speed construction time, making this system very practical.
These decks may also be made composite with the existing steel girders. Another advantage is
the weight of laminated decks, which average between 10-25 psf. Deicing chemicals do not
harm the decking materials and laminated decks may be treated to resist fire damage. Like other
timber products laminated decking in subject to decay, however this can be reduced with the use
of pressure treated wood.

Two states responded favorably to the use of timber decking in the rehabilitation of truss
bridges. The Vermont DOT stated their agency had replaced an existing concrete deck with a
timber deck. The Maryland DOT has considered the use of these systems in the restoration of
their bridges. Many examples of this technique were also found in the literature. An
introductory discussion of timber decking can be found in NCHRP 293, reference [1.15].
NCHRP 222 provides two replacement examples, reference [1.14]. Replacement S-4 describes
laminated decking on existing stringers with case examples from Alaska and Virginia.
Replacement S-1 offers the use of laminated deck and beams to replace the deck and existing
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stringers. Additional information on laminated bridge decking may be found in references
[2.8.7]. An example of a typical laminated timber deck, applied to an existing structure can be
seen below in Figure 4.29.

Timber 810"
Stes! Stringer Depth 2'to 3" Spaced 8'%
Dowsl 1% Diameter x 1-7% Spaced 12°%
Lateral Bracing
Dlaphragm Bracket

RE ~—————Bituminous Wearing Surface

R Lag Boit % Diameter x 12

Laminated Timber Deck 63’ Thick
3% & Boit through boister and top fisnge of stringer

Laminated Timber Deck on
Steel Stringers

Figure 4.29: Laminated Timber [Ref. 1.15]

4.3.4.2 Post-Tensioning

Post-tensioning, as a system strengthening technique, has been used for approximately
thirty years. A tendon or tendons are placed on the structure and loaded in tension to reduce the
stresses in the members. There are four different post-tensioning arrangements, which can be
seen in Figure 4.30.

e Tendons concentric with members

e Tendons not concentric with members

e Tendon with compression strut

e King post
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Figure 4.30: Post-Tensioning Options for Truss Structure [Ref. 1.15]

Concentric tendon layouts reduce the stresses in the members with tendons. This
approach could be used if a few members are understrength, and require rehabilitation. Non-
concentric tendons improve the performance of members close to the tendons. The final two
arrangements apply a negative moment to the entire structure, thereby reducing the stresses.
Post-tension repairs often require few traffic disruptions and allow for fabrication off-site. The
tendons also increase the allowable stress range of the system. This method can also reduce the
displacements in the structure and add a level of redundancy to the structure.

There are a few disadvantages to this method. A primary one is the high local stresses
induced, where the tendons are attached to the structure. Careful consideration must be given to
the resistance of these local stresses. Strengthening of the joints might be necessary to
accommodate for the higher stresses. Another concern with these systems is the corrosion of the
tendons. The tendons are often hidden inside the tension chord of the structure, a prime location
for the build up of debris and other corrosive agents. A final concern is the reduction in safety
factor of the bridge. The tendons increase the allowable stress range of the elements, but do not
add a proportional increase in ultimate strength of the members. This leads to a less ductile
response.
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This technique has been embraced by many agencies across the world. The survey
responses reinforce this statement. Seven of the agencies indicated the use of this method. The
Alberta and Oklahoma DOTs stated that their department had used a threaded bar system (i.e.
Dwyidag) to relieve the stresses in the bottom chord of bridges. The literature also provides
many examples of this practice. NCHRP 293 describes six cases of this technique in locations
such as England, Switzerland, and Italy, reference [1.15]. The report also provides an example
of beam strengthening using post-tensioning and a general discussion of the entire topic.
Reference [2.2.1], describes a research project dealing with the analysis of post-tensioned
systems. A discussion of concentric and non-concentric tendon layouts is discussed, as well as,
structural response to their inclusion. Article [2.2.2] relates a rehabilitation in which a concentric
post-tensioned system provided the safe rehabilitation of the truss bridge and reduced the budget
of the repair as compared to member replacement. Reference [2.2.3] discussed the added
redundancy of the post-tensioned method. Articles [2.1.1], [2.7.1], and [1.10] support this
technique as a viable option in the strengthening of a truss.

4.3.4.3 Additional Load Bearing System

If the load capacity of the truss bridge requires a major increase, a superimposed system
might be required. The new system usually accepts the entire live load once applied to the truss,
and requires the existing truss to carry its own weight and aid in the bracing of the new structure.
In the discussion of this method, three supplementary systems will be described including:

e Superposition of an arch
e Bailey Truss

e Hidden Beams

4.3.4.3.1 Superposition of an arch

This technique uses the advantages of an arch as a load bearing structure in the
rehabilitation of a truss bridge. An arch is constructed on the exterior of the existing bridge and
is attached to the bridge. The pre-existing truss provides lateral stability to the arch. Floor-
beams connect the bottom chords of the arches with the exiting deck system. This method has
the advantages of simple construction where no jacking or shoring is usually necessary. Traffic
disruption is minimal since most of the work is on the exterior of the structure. Two main
difficulties include support conditions and architectural concerns. The substructure might
require widening to support the new system, and should be checked for the thrusting forces that
are associated with an arch system. Figure 4.31 shows an arch system attached to an existing
through truss.

The survey of DOTs revealed that this rehabilitation technique has been put into practice.
Four of the agencies, including New York, Hawaii, California, and Alberta, stated that they had
used a superimposed system. The literature also provided examples of this method. References
[1.12], [1.15], and [1.16] all provide introductory information on this topic. The NCHRP report,
reference [1.15], provides examples in Europe dating back to the 19" century. Article [2.3.1]
also gives a general overview of this technique. References [2.3.2] and [2.3.4] both discuss the
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rehabilitation of the same truss bridge using an arch system. Article [2.3.3] describes a research
project that investigated superimposed arches attached to a metal truss.

NEW
HANGER
- - T /]
ARCH - |
- )
e | |
. I
ﬁ, /1 1 1 1 I }
NEW FLOORBEAMS (TYPICAL) \ |
EXISTING FLOORBEAMS (TYPICAL) ¢
|
SYMETRICAL
ABOUT

----- COMPONENTS OF ARCH SUPERPOSITION SCHEME
— EXISTING TRUSS COMPONENTS

Figure 4.31: Superimposed Arch Applied to Truss Structure [Ref. 1.15]

4.3.4.3.2 Bailey Truss

A Bailey truss is a pre-fabricated truss element that is typically used in the repair of truss
bridges. Bailey trusses have been used extensively in the military as a quick method of bridging
spans. The truss is attached to the existing floor beams with hangers and is braced by the
existing truss. These systems have the advantages of easy construction and wide availability.
However, the Bailey truss is often placed on the interior of the existing bridge, reducing the
width of the bridge. Figure 4.32 shows a Bailey truss attached to the interior of a pony truss to
increase the capacity of the bridge.

None of the responding DOTs indicated the use of this technique in their jurisdictions.
The few references found in the literature include NCHRP and article [2.4.1]. The NCHRP
report provides background information on this system. Reference [2.4.1] refers to the Bailey
truss as a possible solution to the strengthening of a pony truss bridge. However, the reduction
in width eliminated the Bailey truss from construction.

4.3.4.3.3 Hidden Beams

An innovative technique to repair truss bridges is the replacement of the existing support
system with longitudinal beams. With the advances in technology, higher strength steels are able
to span further than previously. The new support system must be independent of the original
trusses, to accept the entire live load applied to the structure. The truss remains to aid in bracing
the longitudinal beams. The existing substructure might have to be altered, as the existing
system might have only been designed to support the truss.
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Figure 4.32: Bailey Truss Applied to Pony Truss Bridge [Ref. 1.15]

The survey revealed that seven DOTs had used longitudinal beams in the rehabilitation of
their trusses. It is unknown if these beams act as the entire load bearing system, or aid the truss
in resisting loads. The literature search provided additional information on the use of this
method. Article [2.6.1] described the rehabilitation of two truss bridges, in Rhode Island, with
spans of 58 and 98 feet. Reference [2.6.2] used “hidden portals” to strengthen the existing
system. The author of these articles commented on the necessity of considering the stability of
the additional beams.

4.3.4.4 Additional Continuity and Support

This method of rehabilitation includes two options, adding additional supports and
converting simply supported systems into continuous systems. Both techniques reduce the
stresses in the system. However, extensive analysis should accompany the consideration of these
methods.

4.3.4.4.1 Additional supports

This method reduces the span length, drastically reducing the stresses in the bottom
chord. However, members that acted in tension before the new supports, may undergo stress
reversals and be placed in compression. Careful consideration should also be given to the
placement of the new substructure elements. The type of soil present, as well as flow
characteristics of any waterways should also be considered. A simple example of constructing
additional supports can be seen in Figure 4.33 below.
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Figure 4.33: Additional Supports Added to Truss Bridge

Of the responding DOTs, six indicated they had used additional supports in the
rehabilitation of their bridges. In the literature search, little information could be found
pertaining to this topic. NCHRP 293 provides a discussion of this method and provides a few
examples of this option in practice, reference [1.15]. Reference [1.16] analyzed this option and
its effects on a truss bridge. The researchers reported a general lowering of the stresses but noted
that some members would require additional strengthening. Article [1.10] also suggests this
option in the rehabilitation of bridges.

4.3.4.4.2 Simply Supported to Continuous

This technique requires the addition of struts on the upper chord of the bridge to form a
continuous member. Again, careful consideration to stress reversals should be realized.
Strengthening of tensile members might be necessary to accommodate for these reversals.

Two of the responding DOTs indicated the use of this technique. Only two references
were found in the literature relative to this method. The NCHRP 293 report discusses this
option, but suggests the use of it be reserved for steel girder bridges or concrete bridges,
reference [1.15]. The report published by the Virginia DOT, reference [1.16], attempted this
technique on a bridge without success. The bridge did not respond as expected, and stress
reductions were minimal.
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Chapter 5:

Conclusions

This report has documented the results of a study on current practices and available
literature on the evaluation and rehabilitation of historic metal truss bridges. This study included
a literature search; a survey of Departments of Transportation (DOT)s; and the development of a
summary and synthesis of information found in the literature review and DOT survey.

The literature search yielded approximately 150 documents related to the evaluation and
rehabilitation of metal truss bridges. The literature was cataloged in the form of an Annotated
Bibliography and is organized so as to facilitate inclusion of additional references in the future.

The survey of DOTs was sent to 60 agencies to solicit information on current engineering
trends in addressing problems associated with historic metal truss bridges. Thirty-nine responses
were received and complied. This information was used to provide practical examples of
rehabilitation techniques documented in the literature. The survey also uncovered some
rehabilitation techniques that have not yet been documented in the literature.

The results of the literature search and the DOT survey were combined in a broad
summary and synthesis of topics related to historic metal truss bridges. This synthesis should
prove useful to engineers involved in metal truss bridge evaluation or rehabilitation projects by
providing information on a wide variety of engineering approaches and solutions.
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Appendix A:
Survey of Departments of Transporation

The following letter was mailed to 49 state Departments of Transportation, as well as,
Washington D.C, and 10 Canadian provinces. The words enclosed in double arrows are fields
from a mail merge that included the names and addresses of the parties to be contacted at the
transportation agency. A copy of the survey sent to each agency follows the letter. Survey
responses are summarized in Appendix B. Further discussion of the survey can be found in
Chapter 3.

April 27, 1997
«FirstName» «LastName»
«JobTitle»
«Company»
«Address1»
«Address2»
«City_State»
«PostalCode»

Dear «FirstName» «LastName»:

The Texas Department of Transportation (TxDOT) is currently sponsoring a research project through
the University of Texas at Austin to investigate preservation alternatives for historic metal truss
bridges. The bridges under consideration were constructed in the late 19" to early 20™ centuries, and
often suffer from structural and geometric deficiencies. The goal of this project is to research typical
historic metal truss bridges in Texas and provide guidance for future rehabilitation efforts undertaken
by TxDOT that will permit these bridges to remain in vehicular service.

As a preliminary step in this project, our team is currently collecting information concerning all
aspects of metal truss bridge investigation and rehabilitation projects in other states. Any information
you can provide on this subject would greatly help our project. This information will aid our research
team to create a database of knowledge to be used in rehabilitating historic metal truss bridges.

If you would please fill out the enclosed survey and return it to us by June 30,1997, it would be of
tremendous help to our project. If you do not have the information or time to complete all portions of
the survey, please feel free to return the form only partially completed. We would prefer to have a
partial response, rather than none at all.

If you have any questions, please feel free to call Matthew Thiel, research assistant at (512) 323-5934;
Dr. Michael Engelhardt, research supervisor at (512) 471-0837; or Barbara Stocklin, TxDOT point of
contact at (512) 416-2628. The researchers may also be reached via email at mthiel @mail.utexas.edu
and mde@uts.cc.utexas.edu respectively. We would be happy to send you a copy of our final report
at the completion of our project.

Thank you for your attention.
Sincerely,

Dianna F. Noble, P.E.
Director of Environmental Affairs
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Preservation of Historic Metal Truss Bridges Survey

The University of Texas at Austin is currently investigating preservation of steel truss bridges
under a project sponsored by the Texas Department of Transportation. To this end, we are
asking your assistance in providing information which will aid our research team, and provide
guidance for future rehabilitation efforts undertaken by TxDOT. A variety of issues have been
identified as particularly relevant to our investigation including: 1) structural evaluation, repair,
and strengthening techniques 2) dealing with geometric deficiencies 3) funding of rehabilitation
projects 4) obtaining design exceptions for rehabilitation efforts.

As a preliminary step in this project, our team is currently collecting information concerning all
aspects of steel truss preservation underway in other states. As such, we would appreciate your
time and effort in filling out this survey. If you do not have the information or time to complete
all portions of the survey, please feel free to return the form only partially completed. We would
prefer to have a partial response , rather than none at all. In exchange for your assistance, we
would be happy to send you a copy of our final report at the completion of our project.

Note: For any question which falls outside of your specialty, instead of providing an answer,
would you please indicate the name and phone number of an individual we can contact for
further information.

1. Has your state developed any reports, guidelines, or other documents addressing the
evaluation or rehabilitation of steel truss bridges?

Yes No

If yes, we would greatly appreciate receiving a copy of any pertinent reports returned with this
survey.

Name, address or phone number of
Report Name & Date individual to contact to obtain a copy of
the report
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2. Have you used advanced structural analysis techniques to provide improved estimates of the
structural capacity of steel truss bridges?

Yes No

If yes, please explain or provide contact for additional information.

3. Have you used advanced non-destructive evaluation techniques (e.g. acoustic emission
monitoring) to assist in evaluating the condition of steel truss bridges?

Yes No

If yes, please explain or provide contact for additional information.
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4. Have you used load testing to assist in evaluation the structural capacity of steel truss
bridges?

Yes No

If yes, please explain or provide contact for additional information.

5. What are the most common structural strengthening techniques your department has used in
rehabilitating steel truss bridges?
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6. Please check any other structural strengthening techniques you have used.

Superimposed trusses Addition of longitudinal beams
Post-tensioning bottom chord Providing additional supports
Joining simple spans into Adding king or queen posts and
continuous span post-tensioned tendons

Replace floor deck with a Pin replacement

lighter system Attach cover plates to members
Other (please explain)

7. For bridges with geometric deficiencies, either inadequate height or width, please check any
solutions you have used:

Relaxing geometric standards for historic bridges

Widening bridge

Increasing portal height by removing or altering overhead members

Convert bridge to one-way traffic

Other (please explain)
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8. What methods, if any, have you used to improve railings on historic steel truss bridges? We
are particularly interested in information on crash tested railings which have been added to
historic steel truss bridges?

9. What methods have you used to deal with the presence of lead based paints on historic steel
truss bridges:

Remove old lead paint (with appropriate disposal techniques) and repaint
bridge.

Apply sealer to encapsulate lead based paint

Other (please explain)
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10. Has your department been involved with the rehabilitation of a historic steel truss bridge
that has involved a particularly interesting, unique, or innovative approach?

Yes No -

If yes, please state the name or location of the bridge, and the name and phone number of an
individual that can provide additional information.

11. At the completion of our project on the rehabilitation of historic steel truss bridges for
TxDOT, would you like to receive a copy of the reports?

Yes No _

If yes, please provide a name and address to which the reports should be sent.
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12. Additional Comments:

13. Please provide your name, address, and phone number
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Appendix B:
Responses to Survey of Departments of Transporation

This appendix contains the responses received from the survey. The responses for each
question have been grouped together for convenience. Any phrase or word surrounded with
square brackets [] indicate notes or modifications made by the authors. Summaries and
discussion of these survey responses is provided in Chapter 3.

QUESTION 1:

Has your state developed any reports, guidelines, or other documents addressing the evaluation
or rehabilitation of steel truss bridges?

Yes:

AZ : In-Depth Steel Bridge Inspection Program, July 20, 1996

IA : Ultimate Load Behavior of Full Scale Highway Truss Bridges, Aug. 1975, Sept. 1975

MN : Bridge 4175 - Summary of Inspection for Reuse as a Pedestrian Bridge, 4/97 Wabasha
Street Bridge Fatigue Analysis, 8/89

NE: [“Evaluation and Retofitting of Historic Truss Bridge”, University of Nebraksa at Lincoln,
1996]

VT : [see Additional Comments]

WA : Research project w/ U. Of W. “Steel Bridge Cracking” Report due Phase I August, 1997,
Phase II, 1999; Contact Harvey Coffman (360) 753-6076

[Alberta] AB : Bridge Truss Rating System - A computer system for load capacity rating of truss
bridges; Contact Raymond Yu (403) 415-1016 email: ryu@tu.gov.ab.ca

[Nova Scotia] NS : We use Clause 12 of the Canadian Highway Bridge Design Code to evaluate
our structures.

No (with note):

MD : We haven’t developed any official guidelines pertaining to truss rehabilitation since the
State of Maryland doesn’t have any pin connected, iron or steel trusses, however several counties
in Maryland do have pin connected trusses. We get involved in the review of ISTEA funded,
local government projects and suggest, on a case by case basis, a similar theme. The major
points that we suggest are as follows: [see question 12 additional comments]

No: AK, AL, AR, CA, CT, DE, DC, FL, GA, HI, IN, KS, KY, MS, MO, MT, NV, NH, NJ, NM,

NY, NC, OH, OK, RI, TN, [Manitoba] MB, [New Brunswick] NB, [Newfoundland] NF,
[Saskatchewan] SK
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QUESTION 2:

Have you used advanced structural analysis techniques to provide improved estimates of the
structural capacity of steel truss bridges?

Yes:

AL: Developed a truss analysis program that used the stiffness method of analysis. Accounts for
stiffness at each joint and performs analysis

CT: BAR 7 - Analysis for rating; On occasion GTSTRUDL has been used for 3-D finite element
modeling

FL: Bridge Rating of Girder - Slab Bridger Using Automated Finite Element Technology
(BRUFEM) was used to analyze the deck girder portion of the bridge. Space frame analysis was
used to determine forces in secondary and primary members.

KY: We have used STRUDL and analyzed trusses as a space frame for LL distribution.

NE: [BARS, SAP 90 utilized in research project]

No (with note):

AZ: Used conventional 2D & 3D elastic analysis methods to verify behavior and load
distribution

OH: ODOT has accepted finite element from a consultant for truss rating. We don’t normally do
it.

NF: Normal methods. M-STRUDL.

No: AK, AR, CA, DE, DC, GA, HI, IN, IA, KS, MD, MN, MS, MO, MT, NV, NH, NJ, NM,
NY, NC, OK, RI, TN, VT, WA, AB, MB, NB, NS, SK

QUESTION 3:

Have you used advanced non-destructive evaluation techniques (e.g. acoustic emission
monitoring) to assist in evaluating the condition of steel truss bridges?

Yes:

AK: We use ultrasonic testing equipment to check the pins at connections

CT: Ultrasonic testing of pins for a truss bridge carrying metro-north railroad over Washington
and Main Street in Norwalk Conn. Was performed in 1996. Contact Mr. Robert Brown at
ConnDOT (860) 594-3207.

Eye bars have also been tested. Contact Mr. Richard Van Allen (860) 594-3172.

MD: We use ultrasonic testing to determine if defects are present in pins.

MN: Ultrasonic testing of pins and welds.

NJ: Non-destructive testing of pins.

NY: New York City DOT did use non-destructive “X-ray Diffraction Technique” to determine
the load distribution in the eyebars at specified pin locations. The testing was done by PROTO
Manufacturing Limited, 2175 Solar Crescent, Oldcastle, Ontario, NOR 1.0 Canada. The contact
person is R. Mayrbaurl, Weidlinger Associates, 375 Hudson St., New York, N.Y. 10014-3656.
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OH: No, specifically on a Ohio DOT bridge but did assist a county (Sandusky) with a truss
bridge. This structure was load tested to validate the finite element results; the finite element
revised; recommendations made for strengthening; and a final rating defined for the structure.
OK: We use Ultrasonic Testing to inspect the pins of pin-connected trusses.

No (with note):

AZ: Used conventional non-destructive testing techniques such as ultrasonic testing of pins,
eyebars and impacted members; ultrasonic techniques for determining member thickness; and
electronic in-situ hardness testing for material confirmation. Also used pachometer testing and
coring for evaluation of concrete substructure, and seismic refraction methods and geotechnical
borings to evaluate subgrade conditions for seismic and scour vulnerability. Contact : Rob
Turton at Cannon & Associates (602) 470-8477

No: AL, AR, CA, DE, DC, FL, GA, HI, IN, IA, KS, KY, MS, MO, MT, NV, NH, NM, NC, RI,
TN, VT, WA, AB, MB, NB, NF, NS, SK

QUESTION 4:

Have you used load testing to assist in evaluation the structural capacity of steel truss bridges?

Yes:

MD: We used load testing to evaluate the capacity of a gusset connected, steel truss in addition
to concrete girder and slab bridges and an open spandrel, concrete arch. URS Greiner of
Baltimore, MD completed the study in 1996.

MN: The Wabasha Bridge (see report) was instrumented and load tested to determine stress
ranges.

NE: [see research report]

OH: [See answer for question 3]

No (with note):

AZ: Used observation of behavior under load, but no formal testing procedure

MO: Years ago a heavily used truss bridge was load tested with strain gauges on the floor
system. (The floor system nearly always control our ratings) As I recall the capacity was
determined to be appreciably higher than the theoretical values. It was thought at the time that
the concrete slab which replaced the timber floor was acting compositly even though shear
connectors were not present.

No: AK, AL, AR, CA, CT, DE, DC, FL, GA, HI, IN, IA, KS, KY, MS, MT, NV, NH, NJ, NM,
NY, NC, OK, RI, TN, VT, WA, AB, MB, NB, NF, NS, SK

QUESTION 5:

What are the most common structural strengthening techniques your department has used in
rehabilitating steel truss bridges?

AK: Replacement in kind of damaged or corroded members
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AL: Addition of cover plates. Attached by longitudinal welds to increase the section.
AZ: Old Colorado River Bridge in Yuma County (SN 08533) [Report included]

Airport Road Wash Bridge in Cochise County (SN )08116) [Report included]

Cedar Canyon Bridge in Navajo County (SN 00215) - Though an arch bridge an identical
historic arch (Corduroy Creek) was disassembled and reassembled to create a stronger wider
bridge.

CA: Cover Plates

CT: Plating to replace lost section. Member replacement. Bearing replacement to decrease
bottom chord longitudinal stresses due to thermal forces. Reinforcing eye bars. Light weight
deck replacement to reduce dead load.

DE: Use of heavier or higher strength steel components.

FL: Replacing members and adding section as needed.

GA: Member replacement for damaged members, cover plates for damaged areas, etc. High
strength bolts to replace rivets, etc.

IA: Bolting/Welding new material to existing members. Replace concrete deck with lighter
weight steel grid deck. Add new bracing to reduce L/R of compression members. Add wire
rope and turnbuckles to strengthen pin-connected eye-bar tension members.

KS: Lighten load by replacing concrete deck with metal grid deck.

KY: Tension tighteners on eye bar members. Additional members added. Building up of
members using plating.

MD: Frequently, floorbeams and compression members in the truss have been strengthened by
bolting plates or rolled shapes to their weds.

MN: Replacing members. Reinforcing members with additional plates and angles

MO: Most truss bridges in Missouri are functionally obsolete (too narrow, low overhead
clearance) and many are posted. General practice is to replace these structures. We have a
major river crossing currently being rehabbed and redecked. The longitudinal stringers are being
made composite to increase the load rating.

MT: replacing deck, stringer and floorbeams

NE: [post-tensioning used in research project]

NV: We have manually rated a metal truss bridge and then widened it to one side using different
truss members but the same truss configuration.

NH: Replace deck and deteriorated members.

NIJ: Replace deck system with a lighter system. Install coverplates to strengthen members.

NM: We have done very little work in strengthening old trusses.

NY: An individual evaluation of each structure must be made to determine if one or more of the
following techniques is (are) appropriate.

e Decrease dead load to provide additional live load capacity

e Repair or replace deteriorated material

e Post-tensioning elements which have low load capacity (i.e. floor beams)

e Adding a superimposed load carrying system (i.e. steel arches)

Generally these techniques are used to restore lost load carrying capability rather than add
additional capability to the original design.

NC: Bridge replacement.

OH: Add plates, reconstruct, when required. Have not used composites or post tensioning. Have
pulled a concrete deck to use open grid for increasing live load capacity.

OK: Redecking with a composite concrete deck. Welding steel plates to truss chords.

RI: Heat Straightening. Replace Members and Pins.

TN: Replace members. Add section to members for strengthening. Replace gusset plates.
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VT: Replace weak or deteriorated members. Weld additional metal to weak members. Replace
existing concrete decks with lighter timber decks.

WA: Replacement of decks (making them composite in some cases)

AB: Cover plates. Post-tension bottom chord with Dywidag rods. Member replacement.

MB: Replace deficient or damaged members. Add cover plates.

NB: Lightweight concrete deck. Composite floor action with concrete decks. Post-tensioning
bottom chords. Member replacement, strengthening.

NS: Replacement or strengthening of members and connections is commonly used.

SK: installed additional longitudinal stringers. Installed additional members to lower chord and
verticals/diagonals to strengthen deficient members. Gusset plates have generally been adequate,
so involved replacement of rivets with longer high strength bolts to accommodate the additional
members.

No Response: AR, DC, HI, IN, MS, NF

QUESTION 6:

Please check any other structural strengthening techniques you have used.

Superimposed trusses: CA, HI, NY*, AB

* Superimposed arch/hanger/transverse floorbeam system

Post-tensioning bottom chord: CT, KS*, [NE], VT, AB, NB

*This method was considered and analysis was done but final decision was to replace structure.
Joining simple spans into continuous span: KY, NY

Replace floor deck with a lighter system: AR, AZ, CA, CT, DE, FL, IA, KS, KY, MD, MT,
[NE], NH, NJ, NY, NC, OH, TN, AB, NB, NF, NS

Addition of longitudinal beams: AZ, CT, NJ, RI, TN, AB, SK
Providing additional supports: CA, CT, NJ, RI, TN, NB
Adding king or queen posts and post-tensioned tendons:
Pin replacement : CT, FL, GA, KY, MD, MN, NJ, NY, RI, NS

Attach cover plates to members : AL, AZ, CA, CT, FL, GA, IA, KY, MD, MN, [NE], NH, NJ,
OH, OK, RI, TN, AB, MB, NS, SK

Other:

AZ : Considered or proposed: Airport Wash Bridge draft documentation attached for reference
but County chose to replace bridge due to cost of rehabilitation. Old Colorado River Bridge
structural rehabilitation recommendations are presently being considered. (Drafts are attached

85



for reference) Other techniques include strengthening existing deck by removing existing AC
and providing structural concrete (reinforced) overlay and seismic retrofitting (bearing
anchorages and pier strengthening).

CA: The strengthening techniques used above have mostly been used on local agency bridges.
MD: It has been our goal in working with the Maryland Historical Trust that we do as little
modification to the truss as possible. When needed we will strengthen or replace members, use a
lighter floor system, and replace pins but shy away from superimposed arches and trusses and
post-tensioning.

MO: Although I am unaware of any trusses rehabbed with cover plates we have strengthened a
number of beam bridges using this method.

NM: We’ve replaced floor decks but not to add strength.

NY: Post-tensioning of floorbeam.

NC: Additional stringers.

OK: Attaching threaded rebar to lower chord. Placing shims under floorbeams at abutments.
WA: Elimination of fracture critical hangers by adding secondary hangers.

NB: Composite stringers with concrete deck.

No Response: AK, DC, IN, MS, NV

QUESTION 7:

For bridges with geometric deficiencies, either inadequate height or width, please check any
solutions you have used:

Relaxing geometric standards for historic bridges: CT, FL, IN, KY, [MD (see other)], NH,
NJ,NY, OH, VT, NF

Widening bridge: AZ, [NE (tested in research)], NV, OK

Increasing portal height by removing or altering overhead members: AK, CA, DE, FL, GA,
IA, KS, KY, MN, MO, MT, NH, NC, OH, OK, TN, VT, WA, AB, MB, NB, NF, NS, SK

Convert bridge to one-way traffic: AZ (Considered or proposed on Old Colorado bridge), [CT
(see other)], FL, [MO (see other)], NJ, OK, RI, WA, AB, NB

Other:

AK: Replaced highway bridge and retained truss bridge for pedestrian use

CA: Placing speed restrictions. Placing electronic sensing devices prior to bridges to prevent
overheight loads from entering bridge

CT: Convert to pedestrian traffic. Alternating one-way traffic.

GA: Posted low clearances. Relocation of truss.

MD: We believe that narrow structures having low speed limits are not vulnerable to the railing
loads prescribed in AASHTO, therefore we grant design exceptions on those trusses having low
incidence of accidents.

MO: On some low traffic roadways we have limited some structures to one lane. These bridges
are usually narrow and re-striped to direct traffic to the center of the structure.

NM: Build an adjacent bridge and preserve the existing structure. This is what we usually do.
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NY: Convert the bridge to alternate uses such as cars only, pedestrian and/or bicycle use.
OK: Post a reduced speed limit.

No Response: AL, AR, DC, HI, MS

QUESTION 8:

What methods, if any, have you used to improve railings on historic steel truss bridges? We are
particularly interested in information on crash tested railings which have been added to historic
steel truss bridges?

AK: We have added the “f”” shape concrete barrier

AL: Have added 12” metal W-beam guardrail on inside

AZ: On Cedar Canyon used concrete jersey shaped barrier with architectural treatment on the
outside to simulate metal rail

Considered or proposed: Extension of existing concrete curbs; concrete jersey-type barriers
where feasible from loading standpoint (and acceptable to SHPO); crash-tested open metal
railing system; non-standard open metal railing systems that may suit existing framing; and
strengthening or providing additional members in existing system where operations permit (such
as with one-way traffic of low volume/lowspeed/no truck facilities.

CA: We have used thrie-beam railing. Some 2 members high and blocked out a small amount.
CT: We have used W-beam rail systems with backing plates and rub rails and concrete
AASHTO safety shapes.

DE: We have used glue-laminated timber rails as shown on the enclosed drawing. This detail is
not crash tested. [Drawing can be found in collection of responses]

FL: Replace rail and post with lowa Block railing.

KY: We use Ohio’s curb & guardrail details when they will fit.

MD: We feel that the railing should be in harmony with the truss’ appearance, however we
recommend adequate protection for the endposts and smooth transition between approach barrier
and the railing on the structure. We also recommend a heavy 12 inch tall timber rubrail attached
to the deck to take the brunt of the wheel load and deflect the vehicle back into the roadway
before striking truss members or hand railing.

MN: We added thrie beam rail to one truss to achieve a crash tested design.

MO: We have used thrie beams on truss bridges

MT: We have used the Texas T101 and Wyoming box beam.

NH: No crash tested rails used.

NIJ: Guide rail carried across structure.

NY: No new crash tested railing systems have been used. However, by reducing speed limits,
introducing higher curb/barrier curb lines and eliminating all but delivery and necessary access
vehicles to a historic area, new and similar to original steel railing and parapet details have been
used.

NC: Add 12” guardrail to pony truss.

OK: We have not improved the railings on historic metal trusses.

RI: Bolt guardrail thru deck.

TN: If we repair the structure by contract, we will specify the 10 gauge W shape guardrail be
mounted to the lattice rail in the truss section of the structure. To my knowledge this application
has not been crash tested. However, we feel that it is better than the existing condition.
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VT: We have used steel box beam tube rails and also W-beam guard rail sections to supplement
existing rails. None have been crash tested.

AB: HSS 6” x 8” rail.

NF: None. We use steel beam W guide rail or none. We do have some damaged truss members.
SK: We do not have any historic metal truss bridges. On some older bridges we have installed a
heavy angle along the traffic face of lattice type railing, and then installed W. Beam in front of
the angle.

No Response: AR, DC, GA, HI, IN, IA, KS, MS, [NE], NV, NM, OH, WA, MB, NB, NS

QUESTION 9:

What methods have you used to deal with the presence of lead based paints on historic steel truss
bridges:

Remove old lead paint (with appropriate disposal techniques) and repaint bridge: AK, AL,
AZ, CA, CT, DE, FL, GA, IN, IA, KY, MN, MO, NH, NJ, NM, NY, OH, OK, RI, TN, VT, WA,
AB, MB, NB, NS

Apply sealer to encapsulate lead based paint: AZ, CT, IN, KY, MO, NH, NM, OH, OK, RI,
TN, WA, AB

Other:

AZ: Considered or proposed. Also considered scrape bad areas with proper containment (partial
removal) and overcoat.

Cedar Canyon Bridge - existing members were steam cleaned and painted over.

CA: Preventive Maintenance painting is also used to overcoat existing coating.

CT: Sealers are not used anymore

KS: We have no trusses on the State Highway System now classified as historic, but if we did we
would recommend removal with appropriate disposal. The county system has some historic
trusses, but they rarely get painted. We would recommend paint removal and appropriate
disposal also.

KY: Currently we are hand cleaning loose paint & rust and encapsulating most of our bridges.
MD: We have been successfully using a moisture cured urethane coating that does not require
100% removal or near white cleaning. We remove the existing coating down to sound paint and
tight mill scale. Lead abatement, containment, and worker protection is our highest priority.

MN: We have spot painted with primer and top coat.

MO: We have used both systems depending on life expectancy of bridge. Aluminum or calcium
sulfanate overcoats are used for short term bridges.

MT: We tried to let one contract to fully remove the lead paint. The cost was so high that we
rejected all bids. We have one more project that we will try full removal on. This will go to
contract in early 1998.

NV: Have not yet had to repaint a metal truss bridge.

NM: We have done both. Encapsulation is the most common.

NC: Spot clean (hand tools) and paint as necessary.
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OK: A combination of removal and encapsulation. We did removal at the joint regions for the
stringers and floor beams and we did full removal for the lower portion of the truss (bottom 10’)
and encapsulation every where else.
TN: Removal & Repaint: Normal Abrasive blast (SSPC SP-10) of steel followed with an
inorganic zinc, epoxy tie coat and a urethane topcoat. Total containment with negative pressure.
Encapsulation: Surface prep. Include pressure washing (3000-4000 psi) existing steel and
grinding rusted areas. The waste is collected, tested and disposed according to EPA standards.
Overcoating is done with universal primers or epoxy mastics based on existing paint system.
SK: No recent projects. Some repainting projects in the past involved removal of old paint and
repainting but without containment. We would have to use different procedures if we were to
handle these projects today.

No Response: AR, DC, HI, MS, [NE], NF

QUESTION 10:

Has your department been involved with the rehabilitation of a historic steel truss bridge that has
involved a particularly interesting, unique, or innovative approach?

Yes:
CA: Our department administered H.B.R.R. funds on a local agency bridge project where the
structure was historic; it was unique in that the bridge was essentially replaced in kind, element
by element.
Bridge Name : Deer Creek (#17C-0001) @ Pine St., Nevada City, CA. (Gault Bridge)
Type : Three Hinged Deck Truss Arch (150’ Main span)
Date of Construction : 1903
Owner : City of Nevada City
Contact : William Falconi, City Engineer & Project Resident Engineer
Ph. (916) 265-2496
317 Broad St.
Nevada City, CA 95959

CT:

e We replaced the deck of bridge #1487 with precast concrete panels during off peak hours
(nightly) to accommodate high traffic flows.

e Some have been left in place but no longer support traffic.

e Route 17Patchogue River, Westbrook #349. This truss was scheduled for rehabilitation
under a painting project. Department of Environmental Planning regulations made the
painting cost prohibitive so a larger truss will be built and swapped with the existing. Bob
Zaffetti or Sowatei Lomotey (860) 594-3402.

e FEast Haddam swing bridge #1138 - proposed deck replacement on a 456’ swing span.
Replacing the existing light-weight concrete filled steel grid with “Alumadeck” (A light-
weight extruded aluminum decking system).

FL: Yes, but simply utilizing more advanced analyses.

NM:

e NM -502/ Rio Grande
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e San Juan Pueblo Rio Grande Bridge
e Montezuma Bridge
e Old US-66/ Rio Puerco Bridge
Jose Rojas NMSH&TD Bridge Engineer
(505) 827-5465
TN: Walnut Street Bridge over Tennessee Rive, Chattanooga, TN
A.G. Lichtenstein & Assoc., Inc.
45 Eisenhower Drive
Paramus, NJ 07652

No (with comments):

AL: Just deck replacement, member replacement and cleaning and painting

AZ: Cedar Canyon Bridge was an innovative solution but was a steel arch not a truss bridge.
The bridge is located on US 60 at mile post 323.44 south of ShowLow. Contact James R. Pyne
(602) 255-8601

MD: Frederick County in Maryland has performed many ground up restorations of historic
trusses. Contact Mr. Tom Meunier, Divsion Chief at (301) 696-2950. Also, Baltimore County,
Mayland has rehabbed several trusses. Contact Mr. James Arford, Division Chief at (410) 887-
3764. These gentlemen, being directly responsible for the projects should provide you with the
information desired. We consult frequently with Mr. Aba G. Lichtenstein of Tenafly, NJ. He
can be reached at (201) 567-7381

NY: See the attached article on Stuyvesant Falls Bridge.

Ryan - Biggs Associates P.C. Jai B. Kim, P.E., PhD

291 River Street Bucknell University

Troy, New York 12180 Department of Civil Engineering
Contact : H. Daniel Rogers Lewisburg, Pennsylvania 17837
Phone: (518) 272-6266 Phone: (717) 524-1112

No: AK, AR, DE, DC, GA, HI, IN, IA, KS, KY, MN, MS, MO, MT, [NE], NV, NH, NJ, NC,
OH, OK, RI, VT, WA, AB, MB, NB, NF, NS, SK

QUESTION 12:

Additional Comments:

AR: In general, when metal truss bridges are retained for historical purposes vehicular traffic is
prohibited.

CA: The most extensive work Caltrans has done was by the Toll Bridge Unit on the San
Francisco-Oakland Bay Bridge in 1960-61. The upper deck was designed for H10 with trucks
and rail transit on the lower deck. The rails were removed and the decks were converted to 5
lanes each direction. The upper deck was strengthened by adding high strength cover plates to
the floor beams and adding stringers between the existing stringers. The decks are lightweight
concrete.

IN: Indiana has on the state highway system: 64 steel thru trusses, 22 steel pony truss, 3 deck
trusses, 1 Bailey truss. This does not include metal truss bridges on city or county roadways.

KS: The State Highway System had one bridge removed several years ago and had to document,
photograph and preserve it in the records. The counties have done this a few times.
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MD:

e Replace only those members that do not rate out to desired load. Since most trusses were
designed for 100 psf of deck, the top and bottom chords almost always rate out at or higher
than H15 in the inventory stress range. Intermediate vertical members typically rate out well
above HI15 also. Take coupons from batten plates and have them tested for yield strength.
The allowable stress derived from the yield values are typically higher than those
recommended in AASHTO and other texts. Diagonals, hip verticals and pins are
occasionally under capacity as joint loads from concentrated axle loads often exceed those
resulting from the original, uniform design load even when using higher allowable values.

e Consider using glue-laminated timber decking in the replacement deck. This type of deck
matches or exceeds the life span of plank decking, is typically less thick and therefore lighter
than plank decking and virtually eliminates debris and moisture build-up on the steel
framing below.

e When replacing the existing stringers, design the new ones as continuous. The design is
slightly more economical and adds an additional level of redundancy to the bottom chord.

e Reuse the floorbeams by bolting channels to their webs provided they are in good condition.
Floor beams will typically fail in bending due to axle loads not originally designed for.
However, when you decide to replace the floorbeams, it becomes necessary to dismantle the
bottom diagonal bracing and the U-hangers to the pins. By salvaging the floorbeams the
overall project cost can be reduced and the number of original members to be incorporated
in the rehabilitated structure increased.

e Try to salvage pins. Ultrasonically test them beforehand to verify that excessive wear or
grooving is not a problem. Rate them for bending and shear. We typically increase the
allowable stress by 50% over what was determined by testing batten plate material.

e Avoid truss disassembly as much as possible. Many trusses are especially unique as a result
of odd details which are often destroyed in the dismantling process. The contractor’s
methods must be carefully reviewed to ensure that in the process of completing necessary
repairs, the integrity of these details is not compromised.

MS: Sorry that we could not be of help.

MT: We have rehabilitated 2 truss bridges but have several more in the future. We look forward

to your final report.

NM: We’ve had a fair amount of discussion about these bridges lately. We’ve mainly been

building a parallel new bridge & rehabilitating the existing bridge for pedestrian and horses.

We’ve tried to build up a large enough bank of this type of bridge so that we can remove &

destroy the existing bridge where building a parallel bridge isn’t possible.

NY: A list of persons that may provide additional information follows:

Abba Lichtenstein William P. Chamberlain

26 Trafalgar St. 1046 Shave Court

Tenafly, New Jersey Schenectady, New York 12303

07670 Project Manager NCHRP Topics 28-08
“Historic Highway Bridge Preservation
Practices”

NC: There are approximately 100 truss bridges in North Carolina most of which are small 1 lane
bridges. Fifty of these are scheduled to be replaced within the next 5 or 6 years. Only 5 truss
bridges are of any size (i.e. large), and are not scheduled for replacement or repair.

VT: We have had a consultant study done on approximately 110 truss bridges. This study, at a
cost of approx. $10,000 per bridge, did not include a detailed structural capacity study of each
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bridge but did give overall recommendations for each site. Enclosed is a copy of a draft of one
report. Obviously, it is not practical to send you a copy of all 110 reports, but this one will give
you an idea of what was done.

WA: [on enclosed letter]

Our Department commissioned a multi-discipline independent team (HAER-Historic
American Engineering Record) to conduct a Historic Washington Bridge Recording project in
1993 that documented 30 of the most historically significant bridges in the state. The majority of
these historic bridges have steel truss construction and pre-date 1940. While “historic”
rehabilitation has not been commonplace, timely maintenance and painting of mainspans to
extend bridge service life; such a project is currently under development for the 1911 City
Waterway Bridge in the city of Tacoma, Washington.

Aside from providing redundancy to certain fracture critical bridge elements, and

replacement of deteriorated decks (and some steel members where section loss due to corrosion
warrants), our Department does not have a policy or program to perform bridge strengthening to
improve live load capacity. The Department does not have guidelines regarding the preservation
of historically aesthetic features of these older steel structures (such as ornamental rails).
NF: We have no historic steel trusses on the present Highway System - just some trusses built in
the sixties which are in the main galvanized and have served us well. However we have a now
deficient railway with many trusses. These are now the responsibility of the Province and this is
why we have an interest in rehabilitation of old trusses. Some of these trusses could be classed
as historic.
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Appendix C:
Annotated Bibliography

1. GENERAL REFERENCES
General Reference [1.1]

Burke, Martin P., Jr. “Enduring Symbol of American Endeavor.” Transportation Research News,
March-April 1989, 3-8.

This article describes the first cast iron bridge built in America. The bridge was built on
the National Road (Cumberland), originally built to encourage settlement to the west. The
author tells the history of the design and construction of the bridge.

General Reference [1.2]

Nichols, G., and R. McGee. “A Management Plan for Richmond Bridge, Tasmania.” Road &
Transport Research 4, No. 2, June 1995, 4-14.

Summary of the management plan developed for Australia’s historic bridges. This article
outlines the following topics which are included in a typical historical report: 1) Historical
record: includes construction, repairs, and major events 2) Statement of Significance:
significance of bridge to national and local history 3) Condition of bridge: material conditions
and properties 4) Terrestrial Photogrammetry: pictures to measure quantities on and around
bridge 5) Hydraulic Analysis: assessing flood risks at bridge 6) Structural Analysis: bridge
analyzed for different types of loading on superstructure and substructure 7) Review Process:
request for outside agencies or committees to comment on findings and make recommendations
8) Recommendations: recommended immediate, continual, and future work on the bridge.

General Reference [1.3]

Bigelow, Lawrence N. “Fifty-Year Development-Construction of Steel Truss Bridges.” Journal
of the Construction Division, Proceedings of American Society of Civil Engineers 101,
No. C02, June 1975, 239-257.

This article provides general background information for the history of metal truss
bridges in America. The author discusses many bridge types and construction techniques.
Simple, Cantilever, and Continuous truss bridges are also described in this article.
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General Reference [1.4]

Lichtenstein, Abba G., and Mary Elizabeth McCahon. “Historic American Bridges.” In
Structural Preservation of the Architectural Heritage: Proceedings of the Symposium in

Rome, Italy, 1993, by the International Association of Bridge and Structural Engineering.
Italy, 1993 573-80.

In this paper, the author gives a brief overview of bridge preservation in America.
Firstly, a discussion of what constitutes a historic bridge is presented along with examples of
historic bridges. Secondly, examples of bridges that were repaired and some that were destroyed
are given. In conclusion, the author states that the preservation of bridges should be dealt with
on a case-by-case basis.

General Reference [1.5]

Watson, Sarah Ruth. “Some Historic Bridges in the United States.” Journal of Professional
Activities, Proceedings of the American Society of Civil Engineering 101, no. 3, July
1975, 383-390.

This article is a brief checklist of famous bridges in America. The author discusses the
requirements for a bridge to be deemed historic. In eloquent language, the author describes the
significance of many bridges that relate to not only engineering feats, but also significant times
in U.S. history. The author also focuses on the symbol of a bridge being used in many cultures,
folklore, and history.

General Reference [1.6]

Lichtenstein, Abba G. “Historic Bridges: Conflict Ahead.” Civil Engineering 7, no. 5, May 1987,
64-6.

This article briefs a few preservation conflicts/solutions the author has been involved
with. A 75 year old steel truss in Hawaii, after much input from the public, was converted to a
one-way bridge, two-way traffic pattern. A 90 year old lenticular truss in Somerset County New
Jersey was rehabbed by replacing some deteriorated members and adding high strength beams
inside existing built up members. A bridge in Califon, New Jersey was widened by cutting it in
half and new floorbeams were added. A bridge in West Virginia was dismantled and moved to a
golf course. The worst case was a chain link suspension bridge in New York which was judged
structurally deficient and was removed for fear of sudden collapse due to flooding. Detailed
drawings and certain details were saved for future reference. A list of “rules of thumb” of bridge
preservation are given.

General Reference [1.7]

Lichtenstein, Abba. “Impact Fracture in Historic Bridges.” In Structures Congress XIII:
Proceedings of papers presented at the Structures Congress '94, Atlanta, Georgia, April
24-28, 1994, sponsored by the Structural Division of the American Society of Civil
Engineers. Atlanta, Georgia, 1994, 1289-1292.
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This article outlines failures that have occurred to historic truss bridges and the outcome
of each situation. The first bridge discussed was a suspension truss bridge that collapsed after a
car impact. Pieces of the bridge were salvaged from the river and an investigation into
reconstructing the bridge was undertaken. Because of monetary constraints, the bridge was not
restored. The second bridge, a wrought iron Phoenix truss, suffered extensive damage to one
truss but did not collapse due to the other truss accepting the additional dead load. The bridge
was repaired at a minimal cost compared to a new structure. The last bridge suffered a partial
collapse due to an overload caused by a power generator placed on the bridge during a repair.
The rehabilitation involved hiding new members inside the old members to reduce the stresses.

General Reference [1.8]

Report of the Secretary of Transportation to the United States Congress. The Status of the
Nation’s Highways and Bridges: Condition and Performance and Highway Replacement
and Rehabilitation Program 1989. Washington D.C.: Government Printing Office, June
1989.

This report outlines many factors which effect the nations bridges. Chapters on Highway
Finance, Conditions and Performance, and Highway and Bridge Needs for the Future are
presented. These chapters detail the inner workings of how the national government views the
status of the bridges on the highway system. A second part of the report focuses on the bridge
replacement and rehabilitation program. An explanation of the goals and methodology of the
replacement program is included. The report also describes the various funding types available
for bridge rehabilitation or replacement. This report was very helpful in explaining how the
government is dealing with the problem of deficient bridges.

General Reference [1.9]

Sanders, Wallace W. “Bridge Repair and Rehabilitation, North American Codes and Practice.”
In Structural Faults and Repairs: Proceedings of the 5™ International Conference on
Structural Faults and Repairs at the University of Edinburgh, July 1, 1993, by the
International Conference on Structural Faults and Repairs, 1993, 9-12.

This article provides an introduction to the codes that govern or provide guidance for
bridge repair. References to strengthening both concrete and steel bridges are given. A
discussion of whether existing codes should apply to old structures is presented. An extensive
bibliography lists research projects relating to various topics in bridge repair and rehabilitation.

General Reference [1.10]

Zuk, William, and Wallace T. McKeel, Jr. “Adaptive Use of Historic Metal Truss Bridges.”
Transportation Research Record 834, 1-6.

Twenty bridges in Virginia were surveyed for different methods of preservation. Two
major options were proposed: (a) continued vehicular use (b) convert to non-vehicular use. Four
sub-options for continued use include: (1) upgrade by strengthening (2) widening (3) convert to
on way traffic and build secondary bridge (4) move bridge to less demanding traffic location.
Article focused on strengthening techniques which included: (1) join simple spans to form
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continuous span (2) add pylons and cable stays to bridge (3) posttension bottom chord of
individual trusses (4) add queen post under individual trusses (5) place additional supports under
trusses (6) add longitudinal beams under trusses (7) add an additional truss on the outside of old
truss. A discussion of non-vehicular options such as conversion to a footbridge, restaurant,
museum, etc. was offered in the article.

General Reference [1.11]

NATO Advanced Research Workshop on Bridge Evaluation, Repair, and Rehabilitation; A.S.
Nowa, ed. Bridge Evaluation, Repair and Rehabilitation. Dordrecht, Boston: Kluwer
Academic, 1990.

This book presents articles related to different topics in bridge repair. Major issues
covered include: Bridge Management, Diagnostics and Monitoring, Loads and Analysis,
Evaluation and Tests, and Repair and Rehabilitation. Only a few of the articles use metal truss
bridges as case studies. The most informative article related to truss bridges is titled
“Rehabilitation of Steel Truss Bridges in Ontario”. The article outlines four bridges and the
solution to each of the bridges’ deficiencies. The Burlington Skyway Bridge’s floorbeam trusses
were strengthened using Dywidag bars. The South Muskota River Bridge was rehabilitated by
adding a new deck truss to halve the existing span. The Buskegau River Bridge was replaced
after extensive cost analysis was completed. A new bridge was found to be much more
economical. The Confederation Drive Bridge was rehabilitated by removing the existing deck
and replacing it with a lightweight, pre-stressed timber bridge.

General Reference [1.12]

Silano, Louis G., ed. Bridee Inspection and Rehabilitation: A Practical Guide. New York: John
Wiley & Sons Inc., 1993.

This book discussed many topics concerning the repair of concrete and steel bridges.
Chapters on Bridge Inspection, Steel Structures, and Deck Reconstruction, would be of particular
interest for an engineer working on a rehabilitation project. The Steel Structures chapter
provides an introductory discussion of topics including damage and strengthening, as related to
bridges. This book is an excellent reference for an explanation of repair schemes used in steel
bridges.

General Reference [1.13]

Horn, W. B., G. O. Shanafelt. Guidelines for Evaluation and Repair of Damaged Steel Bridge
Members. Washington, D.C.: Transportation Research Board, National Cooperative
Highway Research Program 271, June 1984.

This report is a very good review of repair methods for members subject to impact, fire,
or other damage. Chapters dealing with inspection, assessment, repair selection, and guidelines
of repair methods, are included. Repair techniques such as flame straightening, welding, hot
mechanical straightening, and bolting are covered as repair techniques. This document was
referred to extensively during the writing of this thesis, and the author would strongly
recommend any engineer approaching a rehabilitation to have a copy of this document on hand.
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General Reference [1.14]

University of Virginia Civil Engineering Department, Virginia Highway and Transportation
Research Council, and the Virginia Department of Highways and Transportation. Bridges
on Secondary Highways and Local Roads. Washington, D.C.: Transportation Research
Board, National Cooperative Highway Research Program 222, 1980.

This report deals with common bridge deficiencies on secondary roads or highways. This
report included repair and replacement procedures for concrete, steel, and timber bridges. Topics
such as railing retrofits, and geometric clearances are discussed. Information is also given on the
repair of bridge substructures. A complete section of replacement schemes is also included for a
variety of bridge members. During the writing of this thesis, many examples, and figures were
taken from this report. The author would strongly recommend any engineer approaching a
rehabilitation to have a copy of this document on hand.

General Reference [1.15]

Klaiber, F. W., K. F. Dunker, T. J. Wipf, and W. W. Sanders, Jr. Methods of Strengthening
Existing Highway Bridges. Washington, D. C.: Transportation Research Board, National
Cooperative Highway Research Program 293, 1987.

This report is an excellent reference for any engineer seeking information on a wide
range of rehabilitations. The authors examined over 300 references related to bridge repair. The
referenced were grouped into general classifications including member replacement, stiffness
modification, member additions, and post-stressing. The authors also discuss economic analysis
as related to bridge replacement versus repair. A bibliography is included of references used,
and would be helpful to an engineer.

General Reference [1.16]

Zuk, William, Howard Newlon, Jr., and Wallace T. McKeel, Jr. Methods of Modifying Historic
Bridges for Contemporary Use. Charlottesville, Virginia: Virginia Highways &
Transportation Research Council, 1980.

This report focuses on the rehabilitation options for 21 bridges in Virginia. A detailed
investigation into each bridge structure was undertaken including history, architecture, and
structural aspects. Continued vehicular service as well as conversion to non-vehicular uses were
investigated. A bibliography of related articles is also included. This report provides a good
introduction to bridge preservation.

General Reference [1.17]

Xanthakos, Petros. Bridge Strengthening and Rehabilitation. Upper Saddle River, Ney
Jersey: Prentice Hall PTR, 1996.

This book provides a wide variety of information on bridge strengthening, rehabilitation
and replacement, for a number of different types of bridges, including trusses.
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General Reference [1.18]

Farago, B. “Rehabilitation of Steel Bridges in Ontario,” in Bridge Evaluation, Repair and
Rehabilitation. Dordrecht, Boston: Kluwer Academic, 1990, p.555-566 [Ref. 1.11]

The paper deals with the rehabilitation of truss bridges, which often involves
strengthening as well. The key question, whether to rehabilitate or replace a bridge is complex.
The engineer must have a good knowledge of the condition of the bridge, the actual load
capacity and reliable cost estimates for rehabilitation. Increasingly present value based on life
cycle costing is used in the decision making. Alternative methods of strengthening and the
decision process followed in Ontario are illustrated through case histories.

General Reference [1.19]

Danko, George Michael “The Evolution of the Simple Truss Bridge 1790-1850: From
Empiricism to Scientific Construction” University of Pennsylvania, Ph.D. Dissertation,
1979.

This work has placed the evaluation of simple truss bridge within the context of the
social, economic, technical, and scientific changes which were occurring in America during the
late eighteenth century and first half of the nineteenth. In choosing this approach, it was
recognised that this type of bridge and its antecedents are more than their mere structural entities.
On the contrary, because the early development of the simple truss spans the breath of one of the
important periods of American history, it can be used as a vehicle to explore those changes,
which influenced its growth.

General Reference [1.20]

Bucak, Omer; Mang, Friedrich. “Erfahrungen mit alten stahlkonstruktionen (Experiences with
old steel structures)” Stahlbau 67, p. 46-60, 1998.

Since their development, numerous steel structures of the 19™ century, especially railroad
bridges are continuously in operation for some decades partly for reasons of monument
preservation, partly for economical reasons. Nowadays, the knowledge of steel applied at that
time and of rivet technology as most important connections is mastered only by a few experts. In
the first part a report about rivet technology and some information about some new knowledge
are given. In the second part it will be reported about the fatigue behaviour, strengthening
measures and also about corrosion state of old structures.

General Reference [1.21]

Ingram, Michael N.; Hill, Sean M. “Rehabilitating a Steel Truss Bridge for under $50, 000”
Public Works v.124, May 1993, p. 60-61.

Inexpensive rehabilitation of a steel truss bridge owned by Atlantic County, New Jersey,
has kept the county bridge in service. The bridge had a previous sufficiency rating of 28 percent
and was not in good overall condition. It was decided to rehabilitate the bridge by converting it
from a single —span truss to a 4 —span trestle.
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General Reference [1.22]

Wallsgrove; J. J.; “Aesthetic Aspect of Widening and Rehabilitating Historic Bridges” in: Bridge
Management 3 : Inspection, Maintenance, Assessment, and Repair, edited by J.E.
Harding, G.E.R. Parke and M.J. Ryall, Published by E & FN Spon, 1996.

This paper gives basic principles and detailed advises on aspects of the appearance of
bridges when they are being altered or refurbished. It applies particularly to historic bridges, but
the advice should be useful to designers working on the refurbishment of all structures.

General Reference [1.23]

Gasparini, Dario, Simmons, David “American Truss Bridge Connections in the 19 Century 1II:
1850-1900” Journal of Performance of Constructed Facilities, ASCE Vol. 11, No. 3,
August 1997, 130-140.

Following the introduction of iron in the 1840s, bridge companies came to dominate
bridge procurement. Their designs featured proprietary compressive elements and joint details.
As analysis of statically determinate trusses evolved into an ordinary skill, statically
indeterminate forms and prestressing fell into disuse. The statically determinate “American
pinned truss” with built-up compressive elements and eyebars became the mainstream design.
American fabricators produce ductile eyebars with extraordinary dimensional accuracy.
However, all-riveted lattice trusses, principally designed by New York Central Railroad
engineers, provided competition. In general, such designs performed satisfactorily and helped to
calibrate approximate design procedures for riveted joints. The development of shop and field
riveting equipment finally made riveted, gusset-plate connections practical by the turn of the
century.

General Reference [1.24]

“Historic Highway Bridge Preservation Practices,” Synthesis of Highway Practice 275,
Transportation Research Board, 1999.

This synthesis report will be of interest to state highway design engineers and structural
engineers, as well as environmental and historic preservation personnel in transportation
agencies. It will also be of interest to state historic preservation offices, federal historic
preservation agencies, and engineering preservation consultants. It describes the current state of
the practice and experience of state and local transportation agencies dealing with the
preservation of historic bridges in their jurisdictions. Information for the synthesis was collected
by surveying U.S. state and federal transportation agencies and by conducting a literature
search.) The synthesis is intended to complement NCHRP Synthesis 101, Historic Bridges -
Criteria for Decision Making (1983), and draws on that work by reference. This report of the
Transportation Research Board provides information on the policies, decision criteria (or
models), and administrative practices used to determine which historic bridges to preserve and
the specific preservation option to be employed with each. It also emphasizes the experience of
highway agencies in administering these policies and practices, describes a number of successful
examples, and identifies some unresolved issues. Several case studies are included to highlight
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the differences between the policies and practices of state transportation agencies and
preservation agencies.

General Reference [1.25]

American Association of State Highway and Transportation Officials. AASHTO Reference
Book of Member Department Personnel and Committees. Washington, D.C., 1996-1997.
This book contains names and addresses of individuals who work at transportation

departments. Information is also included for transportation departments in Canada. This
document was used to compile a mailing list for the survey.

2. REHABILITATION TECHNIQUES
Rehabilitation: General [2.1.1]

Morf, Ulrich. “Investigation of Obsolete Structural Elements and Retrofit of Old Steel
Structures.” International Association of Bridge and Structural Engineering: 547-52.

The characteristics of old steel structures are different than modern steels making
evaluation of such structures difficult. This article suggests methods of repairing a variety of
joints using high strength bolts, welding, and external prestressing. However, first an evaluation
of the material must be completed to determine its properties. The author suggests ultrasonic,
magnetic particle or penetration testing. A discussion of the fracture characteristics of old bridge
steel is included with formulae to quantify Charpy tests.

Rehabilitation: General [2.1.2]

“Bridge Rehabilitation Saves a Lost Art.” Modern Steel Construction, October 1997, 58-62.

This article describes a rehabilitation effort completed on a lenticular truss built in 1886.
The wrought iron bridge had been closed to vehicles in 1969 and converted into a pedestrian
bridge. Repairs to the bridge included: replacement of fracture critical elements with high
strength steel, replacement of bearings at abutments, substructure repair, removal of existing
concrete deck and replacement with concrete filled steel grid deck, floorbeam repairs, and
repainting.

Rehabilitation: General [2.1.3]

Stolldorf, Dennis W. “Fire Damaged Bridge Requires Major Repair.” Public Works 121, no. 12,
December 1990, 32-3.

A bridge in Washington D.C. was badly damaged due to a ruptured fuel tanker below the
bridge. Concrete of the piers was spalled, as well as severe damage to many of the steel
components. The repair consisted of demolishing the damaged concrete and replacing it.
Damaged portions of the steel girder were removed and new plates welded in their place. It
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should be noted that the bridge was not historic, therefore welding was not difficult on the
modern materials.

Rehabilitation: General [2.1.4]

Mishler, H. W., and B. N. Leis. Evaluation of Repair Techniques for Damaged Steel Bridge
Members. Washington, D. C.: Transportation Research Board, National Cooperative
Highway Research Program 12-17, 1981.

This report provides information on four common techniques of repairing damaged
bridge members including welding, cold mechanical straightening, hot mechanical straightening,
and flame straightening. A majority of the document investigates hot mechanical straightening
and flame straightening. The authors concluded that the effects of these procedures are very
variable and rely primarily on the skill and expertise of the person using the technique.

Rehabilitation: General [2.1.5]

Griggs, Francis E. “1864 Moseley Wrought-Iron Arch bridge: Its Rehabilitation” Practice
Periodical on Structural Design and Construction, May 1997, 61-72.

The rehabilitation of a Moseley wrought iron arch is described along with a history of the
development of the arch and its builder. The bridge, originally built in 1864 over the North Canal
in Lawrence, Mass., is the last bridge of i