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Introduction 
Fatigue cracks that develop in steel highway bridges under repetitive traffic loads are one 
of the major mechanisms that degrade structural integrity. If bridges are not appropriately 
inspected and maintained, fatigue cracks can eventually lead to catastrophic failures, 
in particular for fracture-critical bridges. Bridge owners, such as state Departments of 
Transportation (DOTs), typically rely on trained bridge inspectors to visually inspect 
steel bridges for fatigue cracking so that appropriate repairs can be applied before cracks 
reach critical sizes. However, visual inspections can be prone to error due to inconsistent 
skills and result interpretation among inspectors. Advanced approaches for detecting 
and/or monitoring of fatigue cracks have been investigated in both the structural health 
monitoring (SHM) and nondestructive testing (NDT) communities. An important 
challenge with the existing methods is their reliance on extensive human operations to 
collect critical measurements in the field, making it challenging to implement long-term 
continuous crack monitoring of steel bridges. 

Project Description 
In this report, a wireless elastomeric skin sensor is proposed to monitor fatigue cracks in 
steel bridges. The wireless elastomeric skin sensor consists of three components: (1) a 
large-area strain-based skin sensor, termed soft elastomeric capacitor (SEC), serving as 
the fundamental sensing unit for crack monitoring; (2) a newly-developed data acquisition 
(DAQ) board for measuring the small capacitance change from the SEC under fatigue 
cracking; and (3) a wireless sensing platform (Xnode) for transferring SEC’s signal from 
the DAQ board to the base station in the field. Validation of the wireless elastomeric skin 
sensor is completed through several numerical and experimental investigations of the 
fundamental sensing unit, SEC, for fatigue crack monitoring. We validate the integrated 
monitoring system through a field deployment on a steel highway bridge. 



  
  
  
   

 

Project Results 
Compared with the off-the-shelf DAQ system, the newly-developed sensor board can collect SEC measurements 
with better noise performance. More importantly, the developed sensor board can be integrated with the wireless 
sensing platform Xnode to transfer the collected SEC signals to the base station through wireless communication. 
This capability will significantly improve the flexibility of the monitoring system by reducing the cabling work 
in the field. As a result, the integration of wireless capacitive sensing and the SEC technology enables a wireless 
elastomeric skin sensor for fatigue sensing of steel bridges. 
Data collected in the field showed that, through the trigger-based sensing mechanism, the wireless crack monitoring 
system was able to collect data continuously and autonomously from the SEC sensors and the strain gauge under 
the traffic loading. By processing the raw measurements using the proposed algorithm, CGIs of each monitored 
location could be continuously collected and statistically monitored for long-term monitoring of fatigue cracks 
of steel bridges. 
Several further development needs were identified to achieve more robust, accurate, and flexible crack monitoring. 
First, an improved understanding of the SEC sensor behavior under folded configuration is needed to strategically 
adjust the CGI algorithm when the SECs are attached to corners and joints. Second, the capacitance sensor board 
is currently based on analogy circuits, meaning the balancing and shunt calibration are performed manually. 
Converting the analog circuit to a digital one will enable software control and automation of these processes, hence 
greatly improving the efficiency and flexibility of the wireless sensing. Third, deployment of the sensor network 
at more diverse structural configurations and more extensive analyses of long-term field data are necessary to 
ensure adaptability of the proposed CGI algorithm. 

Project Information 
For information on this report, please contact Jian Li, Ph.D., P.E., University of Kansas, 1530 W. 15th St, Lawrence, 
KS 66045; (785) 864-6850 phone; jianli@ku.edu. 

Directions for Downloading the Full Report 
To download the full report, visit https://kdotapp.ksdot.org/kdotlib/kdotlib2.aspx and do the following: 

1. Enter FHWA-KS-19-01 in the search box. 
2. Click the Search button to the right of the search box. 
3. You may have to scroll to find the specific report. 
4. To download the report, click on the title of the report to open the PDF file and save it to 

your hard drive. 

If you have any questions, please email us at KDOT#Research.Library@ks.gov. 
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