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Methodology for 
Uncertainty-Based 
Inspection Planning of 
Concrete Bridge Decks 
Using Mechanistic Models 
of Crack Formation and 
Propagation

the ISSUE
Bridge inspection is an important part of bridge management. Currently most bridges are visually 
inspected every two years, as required by federal law. This approach to inspection is not very efficient 
and a different means of planning inspections might give better information about bridge condition 
while also reducing costs. 

the RESEARCH
This research investigates a new approach for planning inspections. The premise of the approach is 
that inspections are conducted to gather information about bridge condition for decision making 
about bridge maintenance. Therefore, inspections only need to be conducted when the bridge 
condition is not well understood (i.e. the level of uncertainty in bridge condition is high). For this 
project, researchers considered the particular case of reinforced concrete bridge decks subject to 
cracking and delamination. An uncertainty-based approach to inspection planning is investigated 
using an analytical model to predict the condition of the bridge deck in the future. Probabilistic 
inputs are used in the model and when the predicted condition of the bridge deck has a high 
degree of uncertainty, it is time to plan an inspection. The research also considers the application of 
nondestructive evaluation methods in a preliminary way. Reasonable values for inspection uncertainty 
are assumed for different NDE techniques, and the reduction in bridge condition uncertainty resulting 
from an inspection is predicted using Bayes Theorem. Only those inspection techniques that are 
capable of effectively reducing the uncertainty in bridge condition should be considered as suitable 
methods of inspection. 
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the FINDINGS
The research report demonstrates that an uncertainty-based 
approach to inspection planning is viable and has the potential 
to better allocate inspection resources. However, the research 
also brought to light many factors that limit our current ability 
to apply such an inspection planning technique. These factors 
include limitations in current models for predicting bridge deck 
deterioration and in understanding the accuracy of various NDE 
methods for bridges.  

the IMPACT
The anticipated impact of this research is a new means of 
planning inspections that will save money while also providing 
a better understanding of bridge condition. A follow-up study 
investigating life-cycle costs associated with inspection is 
expected to provide a quantitative measure of the potential 
benefits.
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