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Research Needs: 
  The large stock of aging bridges in the US transportation system combined with tight 
repair and maintenance budgets make efficient bridge asset management imperative for 
improving upon (or even maintaining) current levels of safety and service.  There are three key 
components to the management of bridges and other types of infrastructure 1) inspection of 
assets, 2) decision making about maintenance and repair programs, and 3) the conduct of 
maintenance and repair activities. This research project specifically considers the inspection 
phase of the process. 

Currently visual inspection is the most common inspection method (Phares et. al., 2004), 
and most visual inspections are conducted on a deterministic two year cycle as required by the 
National Bridge Inspection Standards, NBIS, (Hearn, 2007).  In the aftermath of the I-35W 
bridge collapse in Minneapolis, US bridge inspection practice received close scrutiny.  A recent 
White Paper on Bridge Inspection and Rating produced by an Ad-Hoc Group of  the American 
Society of Civil Engineers Structural Engineering Institute (ASCE-SEI) and AASHTO (2009) 
developed a listing of several deficiencies in existing inspection practice.  One of this group’s 
recommendations was: “A more rational, risk-based approach to determining the appropriate 
inspection intervals for bridges is needed, as opposed to a set twenty-four month cycle for all 
bridges.”  This paper went on to note “A more detailed inspection conducted less frequently may 
have a positive impact on the overall safety and maintenance of bridges in the U.S., allowing for 
broader application of Nondestructive Evaluation (NDE) technologies and a better understanding 
of the condition of individual bridges” (2009). 

In response to these calls for improvement, the principal investigators have developed a 
model for Performance-Based Inspection planning, wherein inspection scheduling considers the 
level of uncertainty present in knowledge about the current condition of a structure and the risk 
posed by the structure to the network.  In order to assess the uncertainty present in knowledge 
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about the current condition of a structure, information about the accuracy of various bridge 
inspection methods is critical.  Kim and Frangopol (2011) recently showed that optimal 
inspection and monitoring plans could be developed to minimize the cost of inspection and the 
time to defect detection (the length of time the damage exists on the structure before it is 
identified by some type of inspection). However, their work was based on idealized 
representations of inspection uncertainty.  The real uncertainty present in different inspection 
techniques needs to be quantified in order to make these optimized plans relevant to real 
structures.  Information about nondestructive techniques is especially needed in order to promote 
the more frequent use of these methods. 
 
Research Objectives: 
The objectives of this project are to: 
 1. Compile existing information quantifying the accuracy of various NDE techniques 
appropriate for bridge inspection. 
 2. Use the compiled information to develop statistical descriptions of uncertainty in various 
inspection techniques.  These descriptions will be formulated in such a way that they can then be 
used in the Performance-Based Inspection methodology developed by the investigators and by 
other researchers interested in risk-based bridge inspection planning.   
 
Research Methods: 
  The project will begin with an extensive literature review.  While summary information 
on the accuracy of various NDE methods is not readily available in the literature, there are 
numerous papers describing specific applications and case studies. When considered 
independently these specific applications are not necessarily helpful from a statistical 
perspective.  However, when considered together, the information in these papers can be 
synthesized to provide qualitative and preliminary quantitative descriptions of the accuracy of 
different NDE methods. 
  The literature review will also be used to compile a list of companies and researchers 
specializing in different NDE methods.  These experts will be interviewed/surveyed about the 
accuracy present in various NDE methods.  This expert information will be used to supplement 
the qualitative and quantitative information found in the literature. 
  After the available data has been collected it will be analyzed to determine appropriate 
statistical models to describe the uncertainty in different NDE methods.  In cases where there is 
adequate numerical data a variety of statistical distributions will be used to describe the 
uncertainty in the data and goodness-of-fit techniques will be used to help judge the best 
distributions.  In other cases, with more limited data it may not be reasonable to select a 
statistical distribution, but a mean and coefficient of variation for a bias factor will be 
determined. 
 
Expected Outcomes: 

This project will produce a collection of statistical descriptions to describe the accuracy 
of different NDE methods applied to inspection of bridges.  These descriptions will be valuable 
to the principal investigators, who are developing a Performance-Based approach to inspection 
planning, but it will also be useful to many other researchers who are considering risk or 
reliability based bridge inspection planning where uncertainty must be described.   
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Although practitioners may not have a direct use for the statistical distributions, the 
information produced by this project can also be used to compare different inspection options 
helping agencies interested in supplementing their visual inspections to pick appropriate NDE 
methods.   Quantifying the uncertainty present in inspection is also useful to other parts of the 
bridge management process, for example, decision makers should understand the accuracy of 
different inspection methods before basing planning decisions on the results of inspection. 
 
Relevance to Strategic Goals: 

Effective bridge management providing for timely preventative maintenance and repair is 
fundamental to achieving a state of good repair in the aging US bridge inventory. Inspection is 
an important information gathering step in the bridge management process, but in existing bridge 
management research biennial visual inspections are often taken as a given.  The results of this 
research will be directly applicable to efforts to improve bridge inspection practice by allowing 
researchers to accurately describe the uncertainty present in different NDE methods.   This will 
facilitate the use and comparison of different NDE methods and allow for risk-based scheduling 
of inspections.  An enhanced inspection process will produce better information upon which to 
make management decisions.  
 
Educational Benefits: 
A graduate student will be hired as a research assistant to work on this project.  Although the 
findings of the research will not be directly used in a specific class, they will inform class 
activities in courses taught by the investigators.  For example, Dr. Atadero teaches an 
undergraduate course in civil engineering materials where material deterioration and non-
destructive evaluation are discussed.  This research will be used to strengthen and enhance this 
portion of the course. Furthermore, the information gathered in this research will be used by Dr. 
Ozbek and Dr. Atadero in supplementing a “Transportation Asset Management” course, making 
this type of important information available to future engineers and transportation 
professionals/policy-makers. 
 
Work Plan: 
Task 1: Literature Review 
 In this task an extensive collection of articles, reports and proceedings describing 
experimental efforts with NDE methods commonly used on bridges will be gathered and 
specific, quantitative information about these methods will be collected from the papers.  A list 
of experts in the field will be compiled. 
 
Task 2: Gather Expert Opinions 
 Expert opinions will be gathered from surveys and interviews.  In an effort to enhance 
both the quantity and quality of data collected we plan to utilize phone interviews as the main 
data collection method. 
 
Task 3: Create Statistical Models 
 Statistical distributions will be fit to the data gathered in Tasks 1 and 2.  When the 
available data is not adequate to support a full distribution, estimates of a mean and coefficient of 
variation for an error or bias will be produced. 
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Task 4: Reporting and Dissemination 
  A final report will be produced describing the results of the research.  A TLN seminar 
will be developed and presented.  This seminar will be based on the research results most 
relevant to practicing engineers.  The results will also be disseminated through publication in 
scholarly journals such as the Transportation Research Record and conferences such as the 
Transportation Research Board’s Annual Meeting. 
 
Time Line: 
 
 Months 

Task 1-3 4-6 7-9 10-12 13-15 16-18 19-21 22-24 
1         
2         
3         
4         

 
Project Cost: 
Total Project Costs:   $100,000 
MPC Funds Requested:  $ 50,000 
Matching Funds:  $   50,000                      
Source of Matching Funds:  Faculty time and effort,  
 
TRB Keywords: Bridges, Inspection, Nondestructive Testing, Management 
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