
UNIVERSITY OF CALIFORNIA – SAN DIEGO

Damage Characterization using 

Nanocomposite Sensors and Tomography

`

Han-Joo Lee and Ken Loh*

*Professor and Vice Chair

Department of Structural Engineering

Materials Science & Engineering Program

2019 IEEE International Conference on Wireless for Space and Extreme Environments

Ottawa, Canada

October 16, 2019



Structures Defined

Structure?
Materials + Geometry + Function

Civil Geotechnical Automotive

Aerospace Marine Biological



Damage and Degradation

Environment Repeated loading Impulse-type events

Natural disasters Extreme events Manmade





ARMOR Lab Mission

To safeguard and advance the capabilities of our structural and 

human assets by designing stimuli-responsive materials 

coupled with novel excitation, interrogation, and analytical 

methods

Asset Sustainment 

- Sensing skins and meshes

for distributed sensing

- Nondestructive damage 

imaging

Enhancing Warfighter 

Performance

- Soft robotics

- Active skins 

Warfighter Protection

- Wearable fabric-/tattoo-like sensors

- Field-deployable medical imaging

- Smart and flexible armor



1. Asset Sustainment

STRAIN SENSING RESPONSE



Tomographic Methods



Impact Damage 

Quantification

Sensing Skins

Crack Localization

Corrosion Monitoring



Real-Time Distributed Sensing



2. Warfighter and Asset Protection

Wearable Nanocomposites

- Fabric-/tattoo-like sensors

- Graphene and carbon 

nanotube coatings

Deployable Medical Imaging

- Electrical capacitance 

tomography (ECT)



Wearable Sensors

Physiological Monitoring
Vitals Monitoring

Eye Blinking

Smart Armor



Patterning for Performance



Mapping Complex 

Strain Fields

Crack Localization



Civil Infrastructure Applications

 Sensing mesh instrumented on column of 7-story reinforced concrete 

building subjected to earthquake ground motion testing

 Ground motions increased progressively 

 Goal: Induce catastrophic structural failure

Before During After



Electrical Capacitance Tomography

 Soft-field imaging technique that can reconstruct the permittivity distribution 

using capacitance measurements obtained at boundary



Forward-Deployed Medical Imaging



pH 1 pH 3 pH 5 pH 7 pH 9 pH 11 pH 13

Amputee Health



Corrosion

 Accelerated corrosion tests performed on mortar cylinder specimens
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ECT image C-Scan image



3. Enhancing Warfighter Performance

Flexible Armor

- Additive manufacturing

- Stimuli-responsive 

materials

Active Skins

- Unmanned robotic systems

- Adaptable camouflage



Soft Robotics



Flexible Armor



Multifunctional Active Skins (MAS)
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