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Abstract:  Traditional bridge inspection requirements in the US have relied on uniform inspection intervals (time 
between inspections) to manage the more than 600,000 highway bridges. This paper will describe the development 
of a new, risk-based inspection practice that allows for variation in inspection intervals according to the inspection 
needs for a particular bridge.  A risk analysis conducted by bridge owners that considers the age, design, condition 
and materials of construction allows for inspection intervals of up to 72 months for certain bridges, a significant 
extension from the present requirements of 24 months.  This new methodology focuses inspection resources where 
most required, optimizing the use of resources and improving the safety and servicability of bridge overall.  
Verification testing of this new approach will also be described. 
Keywords: inspection, bridge, risk-based method, reliability, bridge management system  

 
1. Introduction  

Periodic inspection of the 605,000 highway bridges in the United States occur at a 
common maximum interval of 24 months.  These inspections are intended to assess the condition 
of the bridge, identify maintenance and rehabilitation needs, and ensure adequate serviceability.  
The National Bridge Inspection Standards (NBIS) mandate the inspection intervals and the scope 
and type of inspections to be completed [1].  The uniform 24 month interval mandated by the 
NBIS has been effective for ensuring an adequate level of safety and serviceability for highway 
bridges since inspection programs were initiated in the early 1970s.  However, there is 
significant variation in the age, design and condition of bridges.  Some bridges are old and in 
poor condition, requiring more frequent inspections while recently constructed bridges that are 
built to modern standards may require much less frequent inspection.   

Deterioration mechanisms that affect bridges are frequently slow-acting, such as 
corrosion, which can take many years to manifest in damage to the bridge.  Once damage 
initiates and deterioration of the bridge is observable to an inspector, the rate of deterioration 
typically increases.  For example, Figure 1 show the time-in-condition for bridge decks of 
bridges with prestressed superstructures in the State of Oregon.  These data were developed by 
examining 20 years of inspection results to determine the time period (i.e. no. of years) 
individual bridges remained in a certain condition rating[2, 3].  Condition ratings of 0-9 are used 
to describe the general condition of a bridge, with different values assigned to the superstructure, 
substructure and deck[4].  Weibull distributions were used to characterize the distribution of 
time-in-condition for this population of bridge decks.  The time in condition rating for bridge 
decks in the condition rating of 7 (“Good Condition”) has a mean value of greater than 10 years, 
indicating that a typical deck in this condition will stay in the same condition for a period 
significantly longer than 24 months.  Given a typical deterioration pattern, the deck would 
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subsequently be rated a six, then a five, etc. over the period of its service life.  Generally, the 
mean time in condition is reduced as condition deteriorates; for example, for condition rating of 
5, the mean time in condition is less than five years.  These data indicate that the uniform 
inspection interval may be appropriate for a bridge deck in condition rating of 5, but for a bridge 
deck in condition rating of 7, many inspections will occur without significant change in deck 
condition; these inspections may be unnecessary.  A risk-based inspection (RBI) practice seeks 
to address this issue by providing a systematic method for analyzing bridges to better match 
inspection requirements with inspection needs. 

 
 

 
Figure 1- Weibull distributions for time-in-condition for prestressed bridges in 

Oregon. 
 
 

2. Background 
 
Assessment of inspection needs using a risk-based approach has been adopted in many 

industries as a tool for inspection planning[5-8]. These existing procedures provided the 
technical foundation for the development of a system customized to address the specific needs of 
bridge inspection.  Risk is defined as the product of the frequency with which an event is 
anticipated to occur and the consequence of the event’s outcome.  This could be expressed 
mathematically as Equation 1: ���� = ���������� ×  �����������                                                            (1) 
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The proposed RBI practice for highway bridges constructs a semi-quantitative framework 

based on (1).  Expert elicitation and engineering judgment are used to analyze the reliability of 
bridge elements in a risk-based framework that provides a practical inspection planning tool.  A 
Reliability Assessment Panel (RAP) formed at the bridge-owner level is utilized to complete the 
analysis, and develop a data model for risk-ranking bridges to determine an appropriate 
inspection interval.  The following section offers a general description of the methodology 
proposed for risk-based inspection (RBI).  

 

3.  Methodology 
The RBI process involves an owner (e.g., state) establishing a RAP to define and assess 

the durability and reliability characteristics of bridges within their state. The RAP uses 
engineering rationale, experience and typical deterioration patterns to evaluate the reliability 
characteristics of bridges and the potential outcomes of damage.  This is done by answering three 
following questions: 
1- What can go wrong 
2- How likely is it?   
3- What are the consequences? 

To answer the first question we need to identify possible damage modes for the elements 
of a selected bridge type.  For example, a bridge deck will typically be affected by the damage 
mode of spalling.  The likelihood of the damage modes occurring depends on the deterioration 
mechanism causing the damage, for example, corrosion of reinforcing steel that leads to the 
spalling damage modes.  Considering the deterioration mechanism of corrosion of the bridge 
deck, attributes of the bridge can be identified that effect the likelihood of the damage mode 
occurring during the next 72 months.  Design characteristics such as the amount of concrete 
cover, use of epoxy coated bars, etc. are identified.  Loading and condition characteristics 
(attributes) of the element are also considered.  For spalling damage on a bridge deck, loading 
patterns such as the amount of truck traffic and the use of deicing chemicals may be considered.   
These attributes are used to categorize the damage into one of four Occurrence Factors (OF) 
ranging from remote (very unlikely) to high (very likely).   

In the third step, the consequences are assessed in terms of safety and serviceability 
assuming the given damage modes occur.  The consequence may depend on the typical traffic 
patterns for the bridge, for example, is there high Average Daily Traffic (ADT) or is the ADT 
very low; the consequence is likely higher for a bridge in an urban environment than a bridge on 
a country road that may have very low ADT.  These data are used to categorize the potential 
consequences into one of four Consequence Factors (CF) ranging from low (minor effect on 
serviceability) through severe (i.e. bridge collapse, loss of life).  

This process is repeated for each likely damage mode for each bridge element to analyze 
the risk.  Finally, we use a simple risk matrix to prioritize inspection needs and assign an 
inspection interval for the bridge, based on the results of Steps 1 - 3.  Damage modes that are 
likely to occur and have high consequences are prioritized over damage modes that are unlikely 
to occur or are of little consequence in terms of safety.  An RBI procedure is developed based on 
the assessment of typical damage modes for the bridges being assessed that specifies the 
maximum inspection interval and identifies key damage modes based on the RAP results.   

The OF and CF are relatively broad categories that reflect the complexities of analyzing 
and predicting the deterioration patterns for bridge components, and allow for sufficiently 
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conservative analysis in the absence of detailed, specific data on the rates of failure and 
consequences.  The use of only four categories is intended to support practical application of the 
technology within realistic boundaries.    

Figure 2A illustrates the method of determining the inspection interval. The interval is 
based on the RAP assessment of the OF and CF, plotted on a simple two-dimensional risk matrix 
as shown in the Figure.  The OF and CF are used to place typical damage modes in an 
appropriate location on the matrix.  In this Figure, the vertical axis represents the outcome of the 
Occurrence Factor assessment for a given damage mode for the given element.  The horizontal 
axis represents the CF as determined for a particular damage mode for a given bridge element.  
For instance, damage modes that tend toward the upper right corner of the matrix are likely to 
occur and have significant consequences associated with the damage modes, meaning the 
inspection needs are greater.  Damage modes that are unlikely to occur and are of little 
consequence tend toward the lower left corner of the matrix, meaning their inspection needs are 
less.  Each damage mode for each element is plotted on the risk matrix, and the damage mode 
resulting in the greatest risk governs the inspection interval for the bridge.  

This is simply a rational approach to focusing inspection efforts; inspections are most 
beneficial when damage is likely to occur and is important to the safety and/or serviceability of 
the bridge; inspections are less beneficial for damage that is very unlikely to occur, or are not 
important to the safety or serviceability of the bridge.  In this manner, inspection needs for a 
bridge can be identified based on an engineering assessment of needs.  

 
Figure 2.  Risk matrices for RBI showing A) conceptual risk matrix and B) matrix showing 

different inspection intervals. 

 
Figure 2B shows a matrix of inspection intervals ranging from 12 months (I) for bridges 

where damage is likely to occur and consequences are high, to 96 months were likelihood of 
damage is remote and consequences are benign(V).  The matrix is based on engineering 
judgement and provides a uniform and systematic process for decision making.  Such a matrix 
can be modified to address specific owner needs.  For example, shorter inspection intervals for 
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critical structures may be assigned to reduce risk.  For bridges identified as having a required 
interval of 12 months, additional analysis may be necessary to ensure continued safety and 
serviceably.  

Reliability Assessment Panel (RAP) 
The RBI assessment is conducted by a RAP at the owner level, as mentioned, and 

additional details regarding this panel are noted here. The RAP is an expert panel assembled to 
conduct analysis to support RBI by assessing the reliability characteristics of bridges within a 
particular operational environment, and the potential consequences of damage.  The performance 
characteristics of bridges and bridge elements vary widely across the bridge inventory due to a 
number of factors.  Variations in the ambient environmental conditions obviously have a 
significant effect.  Some states have significant snowfall, and as a result apply deicing chemicals 
to bridges frequently, while other states are arid and warm, such that deicing chemicals may be 
infrequently or never applied.  Obviously, damage modes associated with the deterioration 
mechanism of corrosion will be influenced by the operational environment.  Design and 
construction specifications also vary between states.  As shown in Figure 1, time in condition for 
a given condition rating follows a distribution rather than just a point estimate for time in 
condition rating. In other words, some bridges with good attributes have a longer time in 
condition rating and bridges with poor design characteristics have a shorter time in condition 
rating.  As a result, knowledge and expertise of the operational environment, historical 
performance characteristics, bridge management and maintenance practices, and design 
requirements for bridges and bridge elements is essential for conducting risk-based assessments.  
Individuals with experience within the specific operational environment of the bridges are 
needed to conduct a semi-quantitative analysis of the OF and the CF.  As such, the RAP panel 
should include engineers from the owner-agency (or working for the owner agency) that have 
direct experience with the bridge population being analyzed.   

Specific expert elicitation processes are used to support the systematic analysis of the OF 
and CF, and to develop criteria for assigning values to these factors[2].  In this way, the RBI 
process provides a systematic methodology to assemble expert knowledge and experience of the 
bridge owner, and use that data to assign a more rational inspection interval than that offered by 
a standard, 24 month mandated interval.     

Verification  
The procedures for implementing RBI were verified through trials in two States, Oregon 

and Texas.  In each state, a family of bridges was selected for analysis; bridges with prestressed 
concrete superstructures were analyzed in Oregon and bridges with steel superstructures were 
analyzed in Texas.  A RAP was formed to conduct the risk analysis using expert elicitation tools 
developed through the research.  Each RAP developed a data model for ranking the OF and CF 
for bridges, and these data models were applied to bridges within the state.  Data from inspection 
reports was utilized.  To verify the effectiveness of the data models developed by the RAP, a 
back-casting procedure was used in which the data model developed by the RAP was applied to 
historical bridge inspection results.  For example, the bridge inspection report from 1998 was 
reviewed and the data model developed by the RAP was applied.  The RBI interval for the bridge 
was determined based on this analysis; this was the inspection interval that would have been 
applied if the RBI process was in-place in 1998.  The inspection report for subsequent years, i.e. 
2000, 2002, 2004, etc. were then reviewed to determine if the RBI inspection interval, which is 
often greater than the maximum 24 month interval currently mandated, would have resulted in 
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any negative consequences.  For example, inspection results were reviewed to determine if the 
rate of deterioration was greater than anticipated, if there were any emergency repairs required, 
etc.  This analysis was repeated for each bridge, for each inspection conducted over a period of 
10-12 years, depending on the available historical records.  The outcome of this analysis 
indicated that the RBI procedures were effective for determining a suitable inspection interval 
for bridges[2].   

4.  Conclusions and Discussion 
This paper provides a brief overview of a new framework for inspection planning using 

RBI as a tool to determine the appropriate inspection interval for a bridge.  This methodology 
was developed to meet the goals of improving the safety and reliability of bridges and optimizing 
the use of resources.  As discussed in the paper, the current inspection requirements include a 
uniform inspection interval of 24 months.  However, analysis of NBI data showed that this 
inspection interval may result in unnecessary inspections when bridges are in good condition.  
The RBI practices developed provide a framework for assembling expert knowledge and data to 
form a rational approach to bridge inspection.  Verification testing of the procedures developed 
indicated that the RBI approach was successful in identifying suitable inspection intervals for 
bridges.  Better utilization of resources can be achieved by focusing inspection resources where 
inspection needs are greatest.  RBI planning provides tools for these types of analyses.   
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