
Non-Contact measurements in Structural health Monitoring 

Non-contact sensors are increasingly utilized in Structural Health Monitoring (SHM) due to their 
ability to assess structural integrity without physically interacting with the structure. This approach 
minimizes the risk of damage to the structure while providing valuable data on its condition. Below 
are various types of non-contact sensors and measurement techniques used in SHM, along with 
their applications and benefits. 

Types of Non-Contact Sensors for SHM 

1. Laser Doppler Vibrometers (LDV): 

o Description: LDVs use laser beams to measure the vibration of structures by 
detecting the frequency shift (Doppler effect) of reflected light. 

o Applications: Monitoring dynamic response, modal analysis, and assessing 
structural vibrations under various load conditions. 

o Benefits: High precision and sensitivity, ability to measure in hard-to-reach areas, 
and non-intrusive. 

2. Digital Image Correlation (DIC): 

o Description: DIC uses digital imaging techniques to measure deformation by 
comparing images of the structure before and after loading. 

o Applications: Strain measurement, displacement tracking, and full-field 
deformation analysis. 

o Benefits: Provides detailed spatial resolution, can cover large areas, and requires no 
physical contact with the structure. 

3. Terrestrial Laser Scanning (TLS): 

o Description: TLS involves using laser scanners to create 3D models of structures by 
measuring the distance to points on the surface. 

o Applications: Geometric analysis, structural deformation monitoring, and condition 
assessment. 

o Benefits: High-resolution 3D data, rapid data acquisition, and ability to capture 
complex geometries. 

4. Thermal Imaging Cameras: 

o Description: Thermal cameras detect infrared radiation to identify temperature 
variations on a structure's surface. 

o Applications: Detecting moisture ingress, identifying thermal anomalies, and 
assessing insulation integrity. 



o Benefits: Non-invasive, quick to deploy, and provides immediate visual feedback on 
thermal conditions. 

5. Optical Fiber Sensors: 

o Description: Optical fibers can measure strain, temperature, and other parameters 
based on light transmission changes. 

o Applications: Continuous monitoring of structural strain, temperature variations, 
and load changes. 

o Benefits: Lightweight, immune to electromagnetic interference, and capable of 
monitoring large structures over long distances. 

6. Radar Sensors: 

o Description: Radar systems use radio waves to measure the distance to an object 
and can detect movement and displacement. 

o Applications: Monitoring displacements, detecting structural shifts, and assessing 
deformation over time. 

o Benefits: Penetrates through materials, can operate in various environmental 
conditions, and offers real-time data. 

7. Acoustic Emission (AE) Sensors: 

o Description: AE sensors detect high-frequency stress waves generated by the rapid 
release of energy (e.g., crack formation). 

o Applications: Early detection of cracking, monitoring fatigue damage, and assessing 
material integrity. 

o Benefits: Real-time monitoring capabilities, sensitivity to small changes, and non-
intrusive operation. 

8. Ultrasonic Sensors: 

o Description: Ultrasonic sensors use high-frequency sound waves to detect flaws and 
measure thickness without contact. 

o Applications: Detecting cracks, delaminations, and measuring wall thickness in 
structures. 

o Benefits: High accuracy, ability to detect subsurface flaws, and minimal disruption 
to the structure. 

9. Remote Sensing Technologies: 

o Description: Satellite-based or aerial imaging technologies can provide data on 
large-scale structural changes. 



o Applications: Monitoring land subsidence, structural shifts, and the effects of 
natural disasters. 

o Benefits: Wide area coverage, long-term monitoring capabilities, and accessibility to 
remote locations. 

Advantages of Non-Contact Sensors in SHM 

• Safety: Non-contact methods reduce the risk of damage to structures during inspection, 
ensuring that monitoring does not compromise structural integrity. 

• Accessibility: They can reach areas that are difficult or unsafe for traditional sensors and 
inspection methods, such as tall structures, bridges, and offshore installations. 

• Real-Time Monitoring: Many non-contact sensors provide continuous monitoring, allowing 
for immediate detection of changes in structural health. 

• Data Richness: These sensors often provide extensive data that can be used for detailed 
analysis and modeling of structural behavior under various conditions. 

Applications of Non-Contact Measurements in SHM 

1. Bridges: Monitoring vibrations and deformations to assess the effects of traffic loads and 
environmental conditions. 

2. Buildings: Evaluating structural response to earthquakes, wind loads, and thermal 
expansion. 

3. Tunnels: Detecting ground movement and structural shifts due to geological changes. 

4. Communication Towers: Assessing structural integrity under wind loads and dynamic 
conditions. 

5. Dams and Hydraulic Structures: Monitoring deformation and integrity under water pressure 
and environmental factors. 

Conclusion 

Non-contact sensors are revolutionizing Structural Health Monitoring by providing accurate, real-
time data on the condition of structures without direct interaction. These technologies enhance 
safety, accessibility, and data richness, making them invaluable for maintaining the integrity of 
critical infrastructure. As SHM technology continues to evolve, the integration of non-contact 
measurement techniques will play a vital role in ensuring the long-term sustainability and reliability 
of structures. 

 


