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EXECUTIVE SUMMARY

Maintaining, repairing and rehabilitating Illinois” more than 8,000 bridges in a cost
effective manner is critically dependent on reliable inspection and condition assessment data. In
the past few years advances in non-destructive testing and inspection data acquisition in the field
promise to improve the process considerably. This project explores these advances through a
literature review, interviews, surveys, field observation and field-testing. As a final task, the
project provides recommendations for Illinois Department of Transportation (IDOT) for the

acquisition and use of these technologies.

There is a wide variety of technologies applicable to bridge inspection and management
in various stages of development. As the technology is rapidly changing in this area, we must be
careful to balance the capabilities with the availability of ongoing support. While several articles
and promotional brochures proclaim the benefits of the technology, an historical overview
suggests that there are few experiences with stable technology. It is also clear that the adoption
of any new technology requires a comprehensive approach including training and planning for
future upgrades. The literature also suggests that each application must be tailored to the needs

of the particular agency.

In Illinois, the inspection process varies slightly by district. There are also many different
databases that include bridge inspection and assessment data. However, the overall inspection
and assessment process focuses on producing consistent data in compliance with the National
Bridge Inspection Standards (NBIS) and the inspection data input to the PONTIS® bridge

management system.

Based on interviews with bridge inspectors and bridge maintenance engineers in Illinois,
there are opportunities for change, but there are also clearly some constraints that are recognized

in the following guidelines for the bridge inspection process:

e All changes should be in the context of the current organizational structure.
e New technologies should replicate the existing process.
e New technologies should follow a well-defined process that includes hardware, software,

training, and ongoing maintenance and system upgrades.
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The fifty state departments of transportation in the United States were also surveyed to
identify innovative and relevant inspection practices and technologies. Twenty-seven states
responded to the survey. Of the responding states, fifteen indicated that they were using
innovative technologies. Follow-up phone calls were made to these fifteen states. Based on the
review of the literature, surveys, and telephone interviews, four states were identified has using

technology of relevance to Illinois:

e Maryland - Maryland is using laptops in the field to enter data. The data entry system is
linked to a process for managing photos and integrating the digital photos into the bridge
inspection report.

e Montana - Montana is using a web-based system for data entry and data management.
This system is similar to the proposed system in Illinois.

e New York -New York has the most advanced integrated system for data entry and
management. It is comprehensive and flexible so there are opportunities to include new
data from bridge monitoring or non-destructive testing. The process NYSDOT uses for
bridge inspection is very similar to IDOT.

e Pennsylvania - Pennsylvania is using handheld devices for data entry and transfer.
Finally, an XML (extensible Markup Language) version of the IDOT bridge inspection

forms was developed for use in the field. These forms were developed using a Java Inspection
Framework (JIF), which is a tool to support inspection. The end result of this application is an
interface for use by bridge inspectors in the field. This interface provides the inspector with
access to historical data and past inspections. Most importantly, it provides an electronic record
of field notes that is easily transportable and widely accessible. The data entry form was

developed with input from the District 1 bridge inspectors.

The literature review, interviews, surveys, field observation, software development and
field-testing presented in the previous chapters serve as a foundation for recommendations to
Illinois Department of Transportation regarding the processes, systems and hardware that support

bridge inspection and assessment.
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General observations related to technology

Field personnel are open to new technology and opportunities to improve the bridge
inspection process. However, any changes should be in the context of the existing process. That
is, they should not change how the inspectors do their job but make their work either easier or
provide tools to enhance the quality and consistency of the inspections, and communication of
information. Introduction of any new technology should include not just the acquisition of
technology but a well-defined plan to address: 1) interfacing the technology with existing
systems, 2) maintaining and updating the technology, and 3) providing initial and ongoing

training.

Observations related to non-destructive testing technology

With the exception of dye penetrant and mag-particle, non-destructive testing and
evaluation is seen with significant distrust and skepticism. This field is rapidly changing and it is
appropriate to explore new technologies, recognizing that adoption of such a technology must
follow the general recommendations outlined above. This requires developing new training
modules, exploring new methods, and exploring the integration of non-destructive testing data

into the databases.

Observations related to data acquisition technology

While a clipboard, paper and pen are the tried and true tools for data acquisition, there is
a genuine interest among inspectors to try a more sophisticated method for electronic data entry
that would support easy “uploading” of data, seamless access to historical data and appropriate
for field use. Many states reported positive experiences with the use of laptops and tablet PCs in

the field.

System Development and Control

In all the states we visited, the bridge division played a leadership role in defining the
system needs, developing and maintaining the systems. The systems were developed to address
the needs of the bridge unit and each state worked around issues and problems to obtain a fully

functioning system.
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In all cases, the bridge unit claimed ownership of bridge data. This is data that they
produce or collect and that they use. In every state visited, they were committed to tying this data
to the decision making process, although the degree to which this is currently done varied
significantly and no state can honestly say that their bridge inspection data was fully supporting

the decision making process, although they all indicated that this was a goal.

Prototype Electronic Bridge Inspection Forms

The prototype XML based inspection forms were favorably received by District 1 bridge
inspections. Ideally we would have liked to test the field use of the forms using a PDA, a Tablet
PC and a laptop computer for data acquisition. However, IDOT contract restrictions precluded

the acquisition of the appropriate equipment.

Based on our discussions with the IDOT bridge inspectors and interactions with the
bridge inspectors in other states, we believe that the use of the Tablet PC or laptops in the field
offer the most flexible, accurate and reproducible approaches to data entry. The inspectors are
able to enter the data as soon as they collect it, they have a device that is easily moved between
the office and the field, and they have easy access to an array of historical data. Most bridge
inspectors will not take the data entry device onto the bridge with them because they like to keep
their hands free and they are concerned with dropping the device. Therefore, there is little to be

gained from the compactness of the PDA.

Training, System Support and Quality Control

Training and system support are key to ensuring the proper use and functioning of the
system. The initial introduction of a new system requires the acquisition and installation of
hardware and software, and training. It is important that all three components occur in a
coordinated timely manner rather than piecemeal. Consideration must also be given to system

upgrading and ongoing training. This includes access to technical support.

Based on discussions with several states, training and system support are believed to be

the critical elements of quality control.



Equipment

Properly functioning state of the art equipment is also essential to an efficient, consistent
and comprehensive bridge inspection program. All states that we visited provided their bridge
inspectors with offices on wheels. These “offices” included paper files, a laptop or other portable
computer, digital cameras, scanners, and printers, as well as the typical equipment required of a
bridge inspector (dye penetrant, ladders, hammers etc). Computer equipment was state of the art
with appropriate peripherals for connecting to the central office, delivering printed versions of
reports and photos, integration of sketches and photos into the bridge inspection report and

supporting data entry.

Our overall recommendations based on the research conducted for this project fall into
four categories. The first are recommendations related to technology and equipment. The second
are organizational issues that must be addressed before IDOT proceeds to develop additional
inspection support systems. The third is the process for implementing and supporting systems in
the field. The final category includes specific research questions that should be explored in the

context of an integrated interface for bridge inspection and assessment data.

Future Research

The inspection support systems explored in this project are just the preliminary steps in
the process of electronically collecting and recording information for IDOT bridge inspections.
The procedure can be further developed and simplified in the future as the technology advances.
Specific issues include report generation, pen-based application, voice recognition and the

development of a web application.
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1. INTRODUCTION

Maintaining, repairing and rehabilitating I1linois” more than 8,000 bridges in a cost
effective manner is critically dependent on reliable inspection and condition assessment data. In
the past few years advances in non-destructive testing and inspection data acquisition in the field
promise to improve the process considerably. This project explores these advances through a
literature review, interviews, surveys, field observation and field-testing. As a final task, the
project provides recommendations for Illinois Department of Transportation (IDOT) for the

acquisition and use of these technologies.

This introductory chapter provides some project background, presents an overview of the
research tasks, and finally an outline of the report. The research project was partially directed by
the Technical Review Panel (TRP) made up of six IDOT employees. Although the membership
of the TRP changed during our research, the TRP always consisted of individuals who worked as
bridge maintenance engineers or as bridge management decision makers. The TRP met quarterly.
The meetings included briefings on research progress through presentations, reports and
memoranda. In our interactions with the TRP, it became clear that the emphasis was on
electronic devices for recording inspection data, and less emphasis on non-destructive testing.

This report reflects this focus.

1.1. Background

The congressionally mandated National Bridge Inspection program requires States to
periodically inventory, inspect, and rate all highway bridges on public roads. The National
Bridge Inspection Standards (NBIS), implemented in 1971, prescribe minimum requirements for
the inspection of highway bridges in the United States (FHWA, 1995). The mandated inspections
provide data for monitoring bridge condition and provide an important input into the decision-

making process. They also serve as a safety inspection.

At the same time, up-to-date, accurate and informative data representing the current
condition of bridges in the system inventory is critical to the effective use of Bridge Management
Systems (BMS). This data allows for proper development of maintenance, repair and

rehabilitation programs including those addressing preventive care. Bridge management systems
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are inherently reliant on the bridge assessment program. As shown in Figure 1, inspection
programs are comprised of various time sensitive elements requiring significant investment in

time and money, in terms of personnel, as well as instrumentation and training programs.

Elements of Bridge Inspection

— Inspection requirements

—] Frequency & level of inspection

— Records

— Inventory

—] Bridge rating

—] Limiting vehicle weights

— Regulatory signing

Figure 1. Typical Elements and Processes in a Bridge Inspection Program

Bridge inspection programs have evolved in response to Federal requirements and State
needs. Unfortunately, limited budgets of the state Departments of Transportation (DOTs) do not
encourage innovation or provide for radical changes in process. When fulfilling the federal
requirements is the main concern, there tends to be more “tunnel vision” and an opposition to
new methods among the staff. Yet, the information technology revolution has been making small
strides. Several states have implemented sweeping reforms that bring their bridge inspection

information systems in line with the rest of the business world.

Inefficient data collection efforts have proven costly over time and have slowed progress
towards an effective BMS in most DOTs. New technology for data collection, storage and
transfer not only addresses many of the constraints and concerns with the existing processes but
provides additional condition data needed to make good decisions regarding the tradeoffs among

maintenance, repair and rehabilitation strategies. Automated field data collection systems,
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including hand-held computers, and real-time access to bridge history by field inspectors
comprise some of these new technologies. Also, field inspectors need to use enhanced imaging
technologies and wearable computers in order to make unrestricted use of their hands for
inspection activities. The quicker transferring and updating of field data will provide the bridge
authorities with real-time data for the bridges within the inventory. These technologies will
result in effective implementation of the BMS and tremendous cost savings for the DOT
associated with a proper running BMS. Of course, cost savings should never come at the

expense of data quality.

Records must be explicit, complete, and detailed to the extent that they can be fully and
correctly interpreted when a complete report is prepared. Inventory reports normally contain the
general structure description, history, plans, and inspection data including any structural analysis,
which may reflect and best describe conditions and recommendations regarding the bridge and

its location.

Data that is not entered into the BMS will not be effectively used. This for the most part
occurs due to the fact that additional time consuming and laborious steps are necessary to
transfer handwritten information into the digital format to be uploaded into the BMS. Data must
be recorded in a format that is useful to the State DOT’s in the evaluation of maintenance and

repair needs.

Bridge maintenance costs can be astronomical, not to mention that the life of the bridge
can be significantly shortened due to inadequacies in the data to support the decision-making
process and delays in acquisition, processing and analysis of inspection data. These
inefficiencies render preventive care virtually nonexistent, turning the BMS into an ineffective
tool. In the final analysis, a goal of a BMS is to make and support strategic, tactical and

operational decisions using reliable data.

It is believed that the current state-of-the art bridge inspection technology has matured to
the point where it is possible to develop effective and complementary procedures for inspection,
data acquisition, reporting, and archiving. The methodologies should allow for a system that
easily updates bridge information pertaining to the physical condition of bridges, and provides

access to individual bridge histories.



1.2. Research Tasks

The research tasks and objectives for this project were clearly defined by the Illinois

Transportation Research Center (ITRC) request for proposals, as outlined below.

Task 1. Literature Review

Literature on inventory, condition assessment and inspection technologies, as well as data
management was reviewed and synthesized to provide an overall picture of the state of the art

practices and serve as a foundation for subsequent stages of this work.
The areas of interest of the literature review were:

e Manuals

e Tools and Techniques

o Inspection Data and BMS

e Technologies from Other Areas
e Data Management

e Other sources

Task 2. Questionnaire to IDOT Personnel

Understanding the needs of IDOT personnel was critical to the success of this project.
Both field and office personnel have concerns, issues and needs. This task helped us identify
these elements. Phone interviews were used to administer the questionnaire initially and some

follow up visits to specific districts of interest were made.

Task 3. Questionnaires to State DOT’s

This task documents experiences in other states that are not documented in the literature.
The state DOT’s were sent by email a questionnaire that assessed various aspects of their bridge

inspection program such as non-destructive evaluation (NDE) use and data collection methods.



Task 4. Conduct in-depth Interviews with selected states

Four states were visited, and a detailed review and evaluation of their experiences based
on the data collected in the preceding tasks was conducted. Also included in this decision were
the needs of IDOT, as expressed by the TRP and their desires for data collection systems in the
future. In the field, the research team observed and documented various approaches to data
collection as explained by system developers, bridge inspectors and decision makers. The
observations including the attributes of the systems, strengths and weaknesses were critically
evaluated and formed the basis of a recommendation to IDOT regarding the acquisition of

equipment and procedures for this use.

Task 5. Field Evaluation

Based on the data collected in the preceding tasks including the needs of IDOT, the
research team focused on technologies to support data entry. Since no existing system addressed
IDOT's specific situation, the research team developed data entry screens that mimicked IDOT’s
data entry forms. The forms were field-tested with District 1 personnel. This experience provided

several insights that were relevant to our recommendations.

Task 6. Final Report.

This final report documents the research methods and findings. The report is intended not

only to serve as a useful document for IDOT but as a resource for both IDOT and other states.

1.3. Overview of the Report

This written report includes seven chapters and ten appendices. The following chapter is
a review of the literature. Subsequent chapters document the methodology and procedures used,
and report the results of the research. The final three chapters are a discussion of results,
conclusions, and recommendations. These parts are composed of the work done from the tasks
outlined above. The recommendations focus on strategies for streamlining the data collection

and recording process for bridge inspection and assessment in Illinois.



There are also ten appendices. Appendix A is a list of acronyms and abbreviations used
throughout the report. Appendix B is a detailed literature review including an annotated
bibliography. Appendix C includes cover letters and questions used for soliciting information.
Appendix D documents IDOT practices. Appendix E documents practices in other states.
Appendix F documents practices in states using handhelds and laptops. Finally Appendices G, H,
I, and J provide a detailed overview of the processes used in Maryland, Montana, New York and

Pennsylvania respectively.



2. LITERATURE REVIEW

A comprehensive literature review of bridge inspection and assessment procedures
covering inventory, condition assessment and inspection technologies, as well as data
management, was undertaken to document and comprehend the issues surrounding bridge
inspection. The sources were grouped into four categories: 1) Manuals of Inspection, 2) Tools
and Techniques, 3) Technologies from Other Areas, and 4) Non-Destructive Testing. After
reviewing documents identified as relevant to this study, a summary was written to highlight
experiences and approaches useful for evaluating and assessing bridge inspection in Illinois. The
following brief synthesis is intended to provide an overview of the state of the art and practice.
The current state of the art and practice is the foundation for the data gathering and synthesis

tasks of this project. A more thorough literature review may be found in APPENDIX B.

2.1. Manuals

To obtain a sense of the practice of bridge inspection in other states, manuals were
collected from five states in addition to Illinois (State of California; State of Florida; State of
[llinois; State of New York, 1997; State of North Carolina; State of Texas, 2001). Since the size
and scope of these manuals vary, the scope and focus of the manuals are summarized in Table 1.
For each state’s bridge inspection manuals, the strategies employed by the state were identified

and compiled in Table 1. The following observations were made:

1. Data Collection:
All of the State DOTs perform routine inspection every two years following the FHWA
requirement. Although some State DOTs do not collect National Bridge Inventory (NBI)
data, all of them collect bridge inventory data and additional information that exceeds
that required by NBI. States not collecting NBI data derive the ratings from other
information. In all states, the data and information collected is entered into a database that

can be updated.

2. Non-Destructive Evaluation (NDE):
Only the States of New York, Florida and North Carolina have NDE procedures in their

inspection manual, but not in detail. Among them, New York has the clearest description
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though they only list two types of NDE: Dye-Penetrant Testing and Magnetic Particle
Testing. Other State DOTs encourage or allow the use of NDE but no inspection

trigger/requirement is documented.

BMS:
Each State DOT enters the collected data and information into databases, but not all of
them have the link to bridge management system. Some of the states merely use the

database to perform queries and develop rankings in their inventories.



Table 1. Comparison of State Inspection Procedures
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Notes on Table 1

The Area Bridge Maintenance Engineer is encouraged to employ services to perform appropriate NDT to help locate and

identify potential problems. No NDT procedures are mentioned in Caltrans Manual. (State of California)

. Non-destructive testing (NDT) can be used to augment visual inspection. Generally, NDT is not practical for large-scale use on

a bridge unless a defect has first been detected by visual means. NDT can be used to highlight or define the extent of the
defect. (State of Florida)

The condition of a bridge's components, major features and the bridge posting rating establishes the frequency of inspection.
Specifically, a rating of 5 or greater requires inspection every two years, 4 require inspection every year, and 3 or less requires

inspection every 6 months.

. Requirements for in-depth inspections refer to "Inspecting Steel Bridge for Fatigue Damage" by John W. Fisher, Research

Project No. 72-3 "Manual for Inspecting Bridges for Fatigue Damage Conditions", by John W. Fisher, Research Project No.
85-02, and "Inspection of Fracture Critical Bridge Members" FHWA-IP-86-26.

. Although not documented in the Bridge Inspection Manual, Illinois follows similar practices to Florida with respect to NDT.

This frequency indicates the number of months between fracture critical inspections of a structure that has been designated as
having fracture critical members. In practice these may actually be between 12 and 60 months. The actual frequency depends

on the condition of the structure. (State of Illinois)

This database identifies all bridges and identifies all pertinent information about the bridges including dimensional and weight

limitations and a record of all bridge inspections.
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8. Special feature inspections for Ultrasonic and Non Destructive Testing are reported separately with a cover sheet that

references this type of inspection. (State of North Carolina)

9. Texas captures additional information exceeding that required by the NBI. The data are also used to update the National Bridge
Inventory File (NBI) for the FHWA. Once a year the complete Bridge Inventory Files for off- and on-system bridges are
converted to the actual NBI format and submitted to the FHWA. (State of Texas)

10. As 0of 2001, TxDOT has no formal Bridge Management System (BMS) in place. Some beta testing of the PONTIS® system,

which is sanctioned by AASHTO, has taken place, but full implementation of this system is not imminent’. (State of Texas)



2.2. Tools

To obtain an idea of tools used during bridge inspection and maintenance activities,
papers describing devices and equipment to aid and assist the inspector were reviewed. The tools
identified in the literature review fall into one of two categories: 1) tools used as data storage
devices, and 2) non-destructive evaluation (NDE) devices. Section 2.5 is devoted to NDE. This

section explores data entry devices.

Before exploring the technologies, the advantages in using data entry and NDE tools, and
the reasons for their use are reviewed. Many papers set forth a goal to discuss the reliability and
accuracy of visual inspection and to study the influence of human and environmental factors on
inspection reliability. Much of this research was conducted using questionnaires distributed to
the different state DOT’s (Washer 2001). These researchers found that visual inspection is
inherently unreliable as a result of the use of multiple inspectors. However, these problems may

be reduced using NDE tools to provide objective measures.

Visual inspection techniques are the primary methods used to evaluate the condition of
the majority of the nation’s highway bridges. Although all bridge inspectors receive a common
NBIS training course, several factors such as environmental conditions, the human physical
condition, inspectors’ experience and performance can affect the inspection result. The Non-
Destructive Evaluation Validation Center (NDEVC) of the Turner Fairbanks Laboratory
conducted an investigation on the reliability of visual inspection. According to this investigation,
in routine inspections, there are large variations in the element-level inspection results,
inspection notes, and photographs taken by different inspectors, especially in condition rating. In
the in-depth inspection part, the inspection may not yield any findings beyond those that could be
noted during a routine inspection when an in-depth inspection is prescribed. The investigation
showed that the inspection results were not consistently accurate and need significant

improvement (Phares et al, 2000; Phares et al, 2001).

Data storage devices that can in the field store visual inspection data and provide access
to past inspection reports to use as a comparison while rating the current conditions may also

improve the reliability of visual inspection (Leung, 1997; Hartle et al, 2001; Elzarka, 1999). The
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data storage device most widely researched is the personal digital assistant (PDA) but all systems

are pen-based.

The basic concept is to digitize the inspection form so that the bridge inspector inspects
the bridge; stores data and can call up past inspection forms for comparison (Leung 1997). These
papers all point out that this type of device can reduce errors because data can be transferred
automatically without the threat of transcription errors. Time savings are another big benefit of
this type of system. Notes and sketches have been integrated into the PDA to allow for the same
capabilities as a paper based system. Most authors give some background on the training
required for pen-based systems but do not present a long-term evaluation of the system and the
level of satisfaction with the system from the inspectors. An important point made is that the
digital forms should not differ drastically from the paper-based inspection forms in order to gain

acceptance from the users (Elzarka 1999).

Other data collection devices that were reviewed in the literature were speech recognition
systems. These systems have only been used in the laboratory environment and are somewhat
promising because they make hands free inspection possible. The initial research showed a high
level of reliability of the speech recognition system that compared with the reliability of the pen-
based system. The studies, though promising, cannot be generalized as the number of tests were
insufficient to be statistically significant and were not done in a controlled environment

(Sunkpho 2000).

The papers reviewed provide a clear view of the state of the art and practice and initiated
a discussion among the group members and the TRP as to which path the project would take to

address IDOT’s needs.

2.3. Inspection Data and BMS

Accurate and informative data representing the real-time condition of the bridges in the
system inventory is critical to the effective use of bridge management systems (BMS). New
technology for data collection, storage and transfer not only addresses many of the constraints

and concerns with the existing processes but provides additional condition data needed to make
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good decisions regarding the tradeoffs among maintenance, repair and rehabilitation strategies

(Hearn, 1998).

Non-destructive evaluation provides additional assessment data not available using visual
inspection, and that data is more reliable and less subjective than visual inspection. This
technology is employed in conjunction with the three predominant materials used in most
bridges: concrete, steel and timber. Hearn (1998) and Hadavi (1998) have developed strategies to
integrate non-destructive evaluations (NDE) data into bridge management systems. Researchers

have also developed deterioration models for BMS using NDE data.

The integration of NDE methods and BMS provide information on condition to the
management systems, and allows the management systems to precisely identify changes in
condition of elements. Five condition ratings; ‘protected, exposed, vulnerable, attacked and
damaged’ were introduced (Hearn, 1998) to label the condition of Commonly Recognized
(CoRe) elements. Thresholds were defined for the raw NDE data in a standard way to mark
barriers to different condition states. Hearn’s deterioration model considered transition
probability for a condition state that is inversely related to the endurance of the stage of service
life and the variability and uncertainty in the meaning of measurement. Hadavi also suggested
the use of NDE to quantitatively measure condition (Hadavi, 1998). The justification is that
quantitative measures can be compared with a limit state standard that uniquely determines the

repair or maintenance strategy (Sanford et al, 1997).

BMS is used to manage and organize bridge inspection reports and keep track of
inventory records to facilitate better decisions for both maintenance and rehabilitation. Currently,
there are gaps in the data collection efforts, data that is collected but not recorded, and data
collection efforts that are duplicated. BMS does not provide any systematic procedures for
selecting inspection tools. Hearn’s strategy aims to integrate NDE data into or with condition

ratings, and demonstrates that it is possible to develop a link between BMS and analysis tools.

2.4. Technologies in Use

The technologies that are in use in various field environments provide insights that help
us develop realistic plans for IDOT Bridge Maintenance offices. One field that widely accepted
the PDA technology is the medical community. The fact that old records are extremely helpful to
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the health care provider and to the bridge maintenance crew is one of the many strong

similarities between the two fields.

In the ambulatory health care field, Electronic Medical Records (EMR) are accessed
using PDAs (Barbash 2001). In the past EMR were limited because they were not portable and
user friendly. With the addition of a PDA device, the EMR became a more effective tool. No
longer would the doctor have to go to desktops connected to the system and read the file or get a
print out of what he thought was important. He or she would have all the information in front of
him while interacting with the patient, making the decision process for him or her easier.
Likewise, the bridge inspector would benefit from this same level of information on the bridge
site. Another benefit that the PDA provides to the health care field is improved information
sharing and faster requests for work. After the information is collected, it can, since it is already
in a digital format, be transferred to many different destinations without having to enter the data
into a particular database. For example, data can be sent to medical records, or to the pharmacist
taking care of this patient’s needs. In terms of request for work, a doctor can make an
appointment for a patient if he or she deemed it necessary for x-rays or other tests. Also in this
EMR paper the different needs of small and large clinics are explored. They suggest a degree of

freedom for the user.

These ideas can easily apply to IDOT needs. The information collected at the bridge site
is needed in more than one database and if this transfer can occur automatically, it can eliminate
transcription errors transferring data from paper form to electronic database. It is easy to envision
an inspector requesting emergency repairs for a bridge. This request can be e-mailed to the
proper officials from a PDA. This application also recognizes that each IDOT district is different

and has its own set patterns.

In another paper, the Massachusetts Highway Department (MHD) explored electronic
bridge inspection. The paper reported satisfaction with a paperless inspection process. They
ambitiously wanted to digitize the old data and make it available to the inspector. Also the plans
called for MHD central in Boston to download and store all collected information to be
disseminated to the regional districts. The information collected would consist of bridge data,

video, photo, and CAD drawings. PDA were again used to collect bridge information but only
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for the PONTIS® bridge management system (Cambridge Systematics, Inc, 2001) information at
this point. Also, past bridge information was made available in the field to the inspectors (Leung

1997).

2.5. Nondestructive Testing (NDT) Techniques

Nondestructive testing (NDT) techniques are those test methods used to examine an
object, material or system without impairing its future usefulness. This is in contrast with
destructive testing where the item being tested experiences some type of damage that requires
repair. It can be easily seen why NDT methods are preferable to destructive methods. They can
also be advantageous to the owner of the facility from the point of view of cost (Xanthakos,

1996).

The NDE tools that the research team reviewed (based on the literature review) revealed
that many of these devices were developed to help infrastructure assessment. The Federal
Highway Administration (FHWA) has supported the development of this technology because of
the problem of reliability in visual inspection. These technologies also allow for detecting
deterioration in its early stages. These technologies can assist in the management of the bridge

system by accurately determining maintenance and repair requirements (Washer 2000).

The NDE tools reviewed are the HERMES Ground-Penetrating Radar System and Laser
Bridge-Deflection Measurements. HERMES (High-Speed Electromagnetic Roadway
Measurement and Evaluation System), although not developed specifically for bridges, has the
potential to evaluate decks and identify flaws not noticeable by visual inspection. Bridge deck
deterioration in the form of delaminations and spalling can seriously diminish the deck’s
structural value and lessen the life span of the deck. Detecting these flaws earlier in the bridge
life cycle is advantageous, as repairs can be made before more serious deterioration takes place.
HERMES uses ultra-wide-band microwaves for flaw detection. The data collected and received

is similar to Ground Penetrating Radar for detecting flaws (Washer 2000).

Laser Bridge-Deflection Measurement measures the actual deflection experienced by a
bridge in the field. It uses laser to measure bridge deflection from a distance of 30 meters. A

computer monitoring system controls the laser and allows the system to scan a large area of a
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structure for various measurements. The system has a resolution of around one-millimeter, and
no special preparation is necessary. This data collected can later be used to estimate the structural

load carrying capacity, thus helping to classify the bridge condition (Washer 2000).

Many other tools are being developed and the bridge maintenance office must stay alert

to these developments in order to have the highest quality inspection possible.

2.6. Summary

There is a wide variety of technologies applicable to bridge inspection and management
in various stages of development. As the technology is rapidly changing in this area, any
evaluation must be careful to balance the capabilities with the availability of ongoing support.
While several articles and promotional brochures proclaim the benefits of the technology, an
historical overview suggests that there are few experiences with stable technology. It is also
clear that the adoption of any new technology requires a comprehensive approach including
training and planning for future upgrades. The literature also suggests that each application must

be tailored to the needs of the particular agency.

17



3. METHODOLOGY

The research was organized around four areas:

o Data and information gathering
o Information structuring
e Development of prototype software
o Field tests
The approach used for each of the areas is described below. These areas should not be
considered to be discrete and independent. For example, insights gained from the information

structuring area informed the data and information gathering efforts.

3.1. Data and Information Gathering

Data and information were gathered from paper and electronic media, questionnaires,
interviews, field visits and surveys. Interviews and field visits used a series of structured
questions to ensure consistency and completeness. The process occurred in several stages. The

target source of data and strategy at each stage were:

o IDOT Personnel — interviews and field visits

o State DOTs — email survey

o Selected state DOTs - follow up telephone calls
o Targeted state DOTs - field visits

Each is described in more detail in the following sections.

IDOT Personnel — interviews and field visits

Understanding the needs of IDOT personnel is critical to the success of this project. Both
field and office personnel have concerns, issues and needs. This task identified these elements.
One-on-one meetings, field visits and telephone interviews were used to explore the needs of
IDOT with respect to bridge inspection and assessment. The questions used for the telephone

interviews area included in APPENDIX C. In summary, the report draws on:

e Visits to Districts 1, 2, 3 and 8 including field inspections

e Telephone interviews with all district bridge maintenance engineers.
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e Telephone interviews with 15 bridge inspectors
e Participation in inspection of I-55 bridge across Des Plaines River.
e Meetings with Central Office BMS personnel
e Meeting with Bureau of Information Procession personnel
e Reviews of IDOT reports
State DOTSs — email survey
To understand what is happening in other states and go beyond what is documented in the
literature, the research team developed a survey that was administered by IDOT. The survey was
developed with input from the Technical Review Panel. Members of the Technical Review Panel

pretested the survey. The survey and cover letter are included in APPENDIX C.

The survey was emailed to the American Association of State Highway and
Transportation Official’s (AASHTO) Research Advisory Committee (RAC) listserv contact in
each state. They were asked to forward the email to those in the state that are responsible for

bridge inspection and rating assessments.
The survey focused on the following areas:

e Type of routine inspection

¢ Who conducts inspections

e Time taken for a typical inspection

e Where the data entry is done

e Time required for data entry

e Number of inspectors and number of bridges
e Size of typical inspection team

¢ Qualifications of inspectors

e Databases used

e Bridge management system used

e Devices used for data collection

e Non-destructive testing technologies

e Use of bridge monitoring and remote monitoring

¢ Ongoing research
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The survey was designed to be completed in less than 15 minutes. IDOT initially received
responses from 26 states and one additional state responded after a reminder had been sent out.

Response data for Illinois was also added. Table 2 lists these 28 states.

Table 2. States Responding to the Survey

States Responding

Alaska Maryland Ohio
Arizona Michigan Oregon
Arkansas Mississippi Pennsylvania
Connecticut Missouri Rhode Island
Delaware Montana South Carolina
Georgia Nebraska Utah

[llinois Nevada Virginia
Indiana New Hampshire Washington
Iowa New Mexico

Kansas New York

Follow up telephone calls

Based on the survey results, the research team identified fifteen states that were using
“interesting” technology in the field such as laptops and handheld devices. The follow up
telephone calls obtained more specific information. No new non-destructive testing technologies

or bridge monitoring activities were revealed in the survey.
The questions used for the telephone interviews can also be found in APPENDIX C.
All the telephone interviews addressed the following areas:

e Technology used

e Location of data entry
e Data interface

e Duration of use

e Use of customized software
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Targeted state DOTs - field visits

Based on the telephone interviews, four states were identified for field visits. The field
visits focused on determining if the technology is appropriate for use in Illinois, and the

suitability of the technology for field evaluation in Illinois.
The original proposal identified the following criteria for selecting states:

e Does the state use specific technologies of interest to IDOT?

e Does the state use technology appropriate for export?

o Does the state have experience with specific technologies that may provide insight into
acquiring a technology for IDOT?

e Are the procedures used relevant to IDOT?

e Is the environment in which the technology operates and the context in which the agency
does business pose any constraints for IDOT?

All states identified had systems rather than particular types of technology or hardware
that is relevant to Illinois. Visits were scheduled to include interviews with personnel at different
levels in the organization, and if possible, field observations. Checklists and structured
interviews were used to ensure a comprehensive and consistent approach. A typical itinerary

included:

e Meeting with original contact

e Meeting with bridge engineer or assistant

e Meeting with personnel responsible for bridge inspection

e Meeting with personnel responsible for bridge management
e Meeting with bridge inspector

e Field bridge inspection

The questions used for the interviews can also be found in 0.

3.2. Information Structuring

The results of the data and information gathering were organized into summary tables,

and charts in the “Results” chapter of the final report. In general the results of surveys are
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entered into spreadsheets for easy analysis, and categorization. Photographs and schematics are

also used to illustrate the concepts and provide a visual image of specific pieces of equipment.

3.3. Development of Prototype Software

Prototype software was developed to demonstrate the utility of field data entry of
inspection data. The XML software runs on a laptop computer and can be ported to a tablet PC
or PDA. The software was developed to produce an electronic version of the IDOT inspection

form from which data can be automatically uploaded into the databases.

3.4. Field Tests

The field tests were designed to test the capabilities of the software, and assess its
limitations. The field tests were conducted in two stages. The first stage explored the utility of
the software for the field inspectors. The second stage explored its application to multiple
bridges following some simple modifications to address concerns identified during the first

stage.

3.5. Development of Recommendations

Based on the results obtained from each of the stages findings were synthesized and

assembled into recommendations for IDOT.
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4. PROJECT RESULTS

This chapter presents the project results. The first section describes IDOT practices. The
second section presents the results of the survey of other states with the third section
documenting the results of the more intensive review of states using hand held devices and
laptops in the field. The fourth section describes the field visits to Maryland, Montana, New

York, and Pennsylvania. The final section presents the