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Abstract. Structural health monitoring and damage localization using non-destructive techniques 
have long been key research topics, aimed at detecting defects that may evolve into critical failures if  
left unnoticed. In this context, reference-free approaches are particularly important, since information 
about the undamaged state is often unavailable. 

Among the various techniques, vibration-based methods, and in particular the analysis of mode 
shapes, have been widely investigated. The curvature method, based on the second derivative of mode 
shapes, has attracted significant attention, proving to be one of the most reliable and established 
techniques for identifying localized stiffness reductions associated with damage without requiring 
baseline data. However, the use of second- or higher-order derivatives poses notable challenges when 
dealing with experimental data, as these operations tend to amplify measurement noise and complicate 
the estimation process. To overcome these limitations, the authors have proposed an extension of  
traditional  curvature-based  methods  by  introducing  a  novel  damage  indicator  based  on  the  first 
derivative of mode shapes, combined with appropriate filtering techniques [1-2]. 

The aim of this manuscript is to provide an experimental validation of this previously developed 
approach, showing how it simplifies the computational procedure while preserving, and in some cases 
enhancing, the accuracy of damage detection and localization. As in conventional curvature-based 
methods, damage is identified through the presence of localized peaks in the derived indicators. The 
effectiveness of the proposed approach is demonstrated both numerically, through a case study of a  
stepped beam with a circular cross-section, and experimentally on a real structure. Fig. 1 shows the 
results related to the application of the first-derivative-based method on the mode shape of a stepped 
beam with a circular cross section, displaying both derivatives without noise (in red) and with noise (in 
black).  The damage scenario was simulated by introducing a 30% reduction in the radius of the  
intermediate beam section over a length of 2 mm, between x1=320mm and x2=322mm. The resulting 
peak clearly and correctly identifies and localizes the presence of damage.

Figure 1: Example of the damage localization results obtained from the application of the first-derivative-based 
method to the circular cross-section beam case study.
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