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INTRODUCTION
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• Static and dynamic strain could result 

into Structural failures

• Surface strain sensors, such as linear 

variable differential transformers, Fiber 

Bragg gratings, and resistive strain 

gauges, have seen significant use for 

monitoring concrete infrastructure

• Limited by area covered

https://i0.wp.com/theconstructor.org/wp-content/uploads/2016/10/structural-failures-of-concrete-structures.jpg?fit=675%2C364&ssl=1

https://www.geokon.com/Bridges

https://en.wikipedia.org/wiki/Strain_gauge

https://www.rp-photonics.com/bg/products/hbk_fibersensing/fiber_bragg_gratings.jpg

Fiber Bragg gratingsResistive strain gauge

linear variable differential transformers

HEALTH MONITORING OF CIVIL STRUCTURES

https://www.megatron.de/fileadmin/user_upload/Produktbilder/Wegsensoren/Induktive_Wegsensoren/Induktiver-LVDT-Wegsensor-MDC-Detail.png
https://www.rp-photonics.com/bg/products/hbk_fibersensing/fiber_bragg_gratings.jpg
https://www.google.com/url?sa=i&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FStrain_gauge&psig=AOvVaw3foFTmNxY1S9mTh92V3ST3&ust=1677949655475000&source=images&cd=vfe&ved=2ahUKEwiuiczan8D9AhUGazABHWuNDM8QjRx6BAgAEAo
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.geokon.com%2FBridges&psig=AOvVaw0Hi7wGUnEaybWVw4LqE_im&ust=1677952560738000&source=images&cd=vfe&ved=0CA8QjRxqFwoTCJC0rsSqwP0CFQAAAAAdAAAAABAS
https://i0.wp.com/theconstructor.org/wp-content/uploads/2016/10/structural-failures-of-concrete-structures.jpg?fit=675%2C364&ssl=1
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Laflamme, Simon, et al. "Soft capacitive sensor for structural health monitoring of large‐scale systems." Structural Control and Health 

Monitoring 19.1 (2012): 70-81.

The sensor has the following features: 

• Low cost, 

• Great ultra flexibility, 

• Mechanical robustness, 

• Ease of installation, and 

• Low power consumption 

required for sensing 

SOFT ELASTOMERIC SENSOR (SEC)
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Functions as a parallel plate capacitor

• Respond to changes in the sensor geometry

• Linearly in sensor area and inversely to 

thickness

• Inherits the mechanical properties of an 

elastomer

Laflamme, Simon, et al. "Soft capacitive sensor for structural health monitoring of large‐scale systems." Structural Control and Health 

Monitoring 19.1 (2012): 70-81.

SENSING PRINCIPLE
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BACKGROUND: Electromechanical model



9

BACKGROUND: Electromechanical model
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BACKGROUND

Structural health monitoring of fatigue cracks for steel 

bridges with wireless large-area strain sensors

Taher, S. A., Li, J., Jeong, J.-H., Laflamme, S., Jo, H., Bennett, C., Collins, W. N., and Downey, A. R. J., “Structural health monitoring of 

fatigue cracks for steel bridges with wireless large-area strain sensors,” Sensors 22, 5076 (jul 2022) 



12

Yan, Jin, et al. "Concrete crack detection and monitoring using a capacitive dense sensor array." Sensors 19.8 (2019): 1843.

Concrete Crack Detection and Monitoring Using a Capacitive 

Dense Sensor Array

BACKGROUND
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Yan, Jin, et al. "Concrete crack detection and monitoring using a capacitive dense sensor array." Sensors 19.8 (2019): 1843.

Concrete Crack Detection and Monitoring Using a Capacitive 

Dense Sensor Array

BACKGROUND
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BACKGROUND: Challenge in concrete monitoring

• SEC/Concrete capacitance coupling causing signal amplification even after electrical grounding
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INVESTIGATION 1
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Reducing SEC/Concrete capacitance coupling via isolation

• Two rubber isolators (Natural rubber and 

Neoprene) were selected because their 

Poisson ratios are close to 0.5, similar to 

SEC’s Poisson ratio. 
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Isolation Principle

Rubber, SEC and concrete schematic
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Experimental setup and loading
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DIC setup
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DIC strain investigation
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Ogunniyi, Emmanuel, et al. "Investigation of electrically isolated capacitive sensing skins on concrete to reduce structure/sensor capacitive 

coupling." Measurement Science and Technology (2023).

Initial result
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Isolation Thickness
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Performance metric

Highest SNR and lowest MAE at 0.397 mm
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Strain range
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Performance metric

Data shows SEC is more suitable 

for monitoring strain above 25 

microstrain on concrete structures
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Bridge deck test

Ogunniyi, Emmanuel, et al. "Investigation of electrically isolated capacitive sensing skins on concrete to reduce structure/sensor capacitive 

coupling." Measurement Science and Technology (2023).

No isolation

0.397 mm

0.794 mm

Rubber thickness
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INVESTIGATION 2
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Why and How

SEC modification to achieve a robust and compact sensor 
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Fabrication Procedure : Extended SEC
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Material, Setup and Loading
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Nominal Capacitance

• Lower nominal capacitance achieved
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SEC Extended SEC

Capacitance as a function of load
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INVESTIGATION 2 : Strain data from three concrete samples
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Results and Discussion : DIC Setup and strain data
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DIC strain investigation
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DIC strain data
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extended

SEC

speckled

surface with

extended SEC

Extended SEC for crack detection/monitoring
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Extended SEC: Response to load
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Extended SEC: Crack detection/monitoring
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DIC setup for crack monitoring
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No crack form

0.01-inch concrete deflection
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No crack form

0.015-inch concrete deflection
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Crack formed at 11 seconds indicated by the jump in capacitance value on the SEC and DIC strain

0.02-inch concrete deflection
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INVESTIGATION 3
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Why and How

Carbon black solution JB weld bi-component adhesive

SEC Adhesion investigation

• Straightforward and cost-effective method

• Expedites sensor deployment (can be sprayed to surface)

• No extra material needed
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Carbon Black painted SEC
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Painting process
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Electromechanical behavior

Quasi-static test

Free vibration test
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Strain results on different concrete size
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Thickness investigation

• Dielectric layer thickness vs Epoxy SEC thickness

CB-painted SEC Epoxy SEC

dielectric thickness (mm)



51

Shear test
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Shear test

Static signal

dynamic signal
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ONGOING WORKS
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Ongoing works: Bridge sensor deployment
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Preliminary results

Traffic monitoring on bridge
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CONCLUSION
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CONCLUSION

• Effective Reduction of Capacitance Coupling:
▪ Successful implementation of a solution to significantly minimize capacitance coupling between the SEC (Strain-Embedded 

Capacitor) and concrete, leading to enhanced accuracy in strain monitoring.

• Advantages of Modified SEC Design:
▪ This study has deepened our understanding of the benefits associated with the modified SEC design, particularly with the 

incorporation of the extended SEBS (Styrene-Ethylene-Butadiene-Styrene) polymer matrix.

• Lowered Nominal Capacitance:
▪ Our investigation has demonstrated that the addition of an extra layer of SEBS results in a notable reduction in the nominal 

capacitance of the sensor.

• Validation Through Digital Image Correlation:
▪ The extended SEC design was rigorously validated using Digital Image Correlation techniques, conclusively illustrating the 

substantial reduction in capacitive coupling between the sensor and the concrete interface.

• Comparative Analysis for Application Suitability:
▪ We have provided comparative insights into the performance of two attachment methods: direct painting and epoxy 

bonding. This analysis serves as a guide to determine the most suitable method based on specific application needs.
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