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Optical impact hammer test

Laser replaces hammer: new method for testing  
the structural integrity of buildings     

Building inspection benefits from laser-based measuring systems providing 
quick and accurate digital measurement data. Laser scanners are already being 
used to measure building geometries or to detect surface damage. In the 
future, lasers will help detect subsurface damage, too. Up until now, the only 
way of detecting hidden defects was the so-called impact hammer test.

When it comes to assessing the condition of a building, visual inspections are still 
widely used. But what about damage below the surface? Hidden cavities or material 
delamination are often indicators of impending major damage. Detecting them as early 
as possible is part of the predictive maintenance of tunnels, bridges, dams, canals and 
other infrastructure buildings. But critical construction measures, such as the dismant-
ling of nuclear power plants, also depend on integrity tests. A research team at Fraun-
hofer IPM has developed a system that enables non-destructive delamination testing 
using a pulsed laser. 

Quantifiable measurement data for predictive maintenance 

The so-called impact hammer test is still the state of the art for the detection of hidden 
defects such as delamination. A special testing hammer is used to tap the entire 
surface, but considering the size of these surfaces this is extremely cumbersome. The 
only sensor used in the impact hammer test is the human ear, which perceives the 
resonance vibrations excited by the hammer. Apart from being time-consuming and 
therefore costly, this method does not provide objectively quantifiable measurement 
results, making comparisons over long periods of time, that would indicate emerging 
defects, virtually impossible. What’s more, modern condition monitoring based on 
Building Information Modeling (BIM) requires digital measurement data.
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The contactless process developed at Fraunhofer IPM uses a powerful pulsed laser 
substituting the mechanical hammering. The laser creates plasma in the air right above 
the object’s surface without damaging it, which will excite characteristic resonance 
vibrations on the surface – similarly to a hammer – if delaminations, cavities or defects 
are present underneath the surface. The resulting vibrations are detected using a 
second laser: A laser doppler vibrometer (LDV) measures the mechanical vibration of 
the concrete surface directly via the doppler shift of the backscattered light, which is 
evaluated by interferometry. The amplitudes and frequencies of the vibrations provide 
information about the size and depth of the cavities and defects. A rotating mirror 
deflects the laser beam along two axes above the surface. With the current system, it 
takes just 17 minutes to test around 100 m2 with a measuring grid of 10 cm, or even 
less time with a lower resolution. Parallelizing and optimizing system components can 
accelerate the process even more.

Reliable measurements from a distance of several meters

Evaluation measurements on a concrete block showed that, from a two meter distance, 
the laser-based system provided more accurate results than the classic impact hammer 
test. The laser-induced vibrations reliably detected defects of down to a few centime-
ters in size; the mechanical method had not been able to identify the same defects. The 
laser scanner was then tested under real conditions in several selected tunnels. The 
researchers are now working on upgrading the system for real life applications and 
setting up a productive system. 

F U R T H E R  I N F O R M AT I O N

The project “LaserBeat Impact hammer test using light – non-contact full inspection of tunnels 
on the basis of laser-induced vibrations” was financed by the Fraunhofer Gesellschaft, and 
developed in cooperation with the Fraunhofer Research Institution for Large Structures in 
Production Engineering IGP. Duration: April 1, 2019 – December 31, 2023 
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The Fraunhofer-Gesellschaft, based in Germany, is the world’s leading applied research organization. By prioritizing key technologies for the 
future and commercializing its findings in business and industry, it plays a major role in the innovation process. A trailblazer and trendsetter in 
innovative developments and research excellence, it is helping shape our society and our future. Founded in 1949, the Fraunhofer-Gesellschaft 
currently operates 76 institutes and research units throughout Germany. Around 30,800 employees, predominantly scientists and engineers, work 
with an annual research budget of roughly €3.0 billion, €2.6 billion of which is designated as contract research.
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Damage to concrete structures is often hidden underneath the surface. With laser-induced vibra-

tions, these subsurface defects can be efficiently detected and automatically evaluated – more 

accurately than the common impact hammer test can. Measurements have shown that this also 

works under real conditions inside a tunnel (here, underground research facility ZaB, Austria).  
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Test measurement on a concrete cube measuring 50 cm × 50 cm: AI-based software developed by 

Fraunhofer IGP identifies conspicuous measuring points, localizes areas of damage and immedia-

tely visualizes the results. Individual measuring points are visible; their color provides information 

about the intensity of the vibration. Bright areas indicate delamination in the center of the speci-

men. Each measurement signal can also be displayed in detail as a graph. © Fraunhofer IGP


