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Summary.  The feasibility of a vibration based damage identification method is shown. The 
Modal Strain Energy method is applied to a T-joint structure. Both finite element analysis and 
experimental validation of an undamaged and delaminated structure are presented. 

 
1 INTRODUCTION 

Vibration based Structural Health Monitoring is a promising method, which proposes an 
alternative for time consuming and costly Non–Destructive Testing methods currently 
available. Measured change of the dynamic properties is employed to identify damage such as 
delaminations. It can also reduce the amount of sensors used in traditional health monitoring 
techniques. In this paper, localization of damage in a carbon fibre reinforced composite is 
added to the damage detection research using Fibre Bragg Gratings of Grouve [1] by 
implementing the Modal Strain Energy method [2]. 

Initially, a beam is modelled, both analytically and numerically. In this paper, the 
numerical model is employed to perform the analysis on a T-joint beam component, taking 
into account torsion vibration modes. The main issue addressed is the minimum number of 
measuring points required to detect and localise the damage in a 3D component. This will set 
the requirements to the method or devices employed to measure the dynamic response. 
Experiments on a co-consolidated beam are performed to evaluate the validity of the Modal 
Strain Energy method. 

2 MODEL DESCRIPTION 
A 3D numerical model of a T-Joint beam is built in order to evaluate the Modal Strain 

Energy Method for varying delaminations. Both flexural modes and torsion are taken into 
account. A parametric study gives valuable input for the experiments to be performed, like the 
amount of modes to be considered as well as the amount of sensors necessary. A damage 
index based on the difference in modal strain energy is computed, after measurements of the 
dynamic response of an undamaged as well as a delaminated beam. 

  

mailto:l.warnet@utwente.nl
http://www.pt.ctw.utwente.nl


T.H. Ooijevaar, R. Loendersloot, L.L. Warnet, A. de Boer, R. Akkerman 

 2

3 RESULTS & DISCUSSION 
A parametric study is performed to analyse the effect of the size and location of the 

delamination. The sensitivity to recognize multiple, differently sized delaminations is studied, 
also indicating the minimum size of the damage that can be detected. Moreover, the number 
of evaluation points required to obtain a sufficiently accurate prediction of the size and 
location of the damage is investigated. 

 
 

Figure 1: FE results (left), showing the fifth mode shape and comparison of the second derivative, used to 
calculate the strain energy, of the fifth mode shape of a virgin T-joint and one with a delamination (right), 

showing the capability of detecting as well as localizing the damage (between 0.15 and 0.25). 

 
Experimental validation of the T–joint using a co-consolidated Carbon reinforced PEKK is 

currently ongoing. Two methods are used to evaluate the dynamic response, a laser 
vibrometer able to scan the entire surface, as well as Fibre Bragg Gratings placed on distinct 
places, as prescribed by the numerical analysis. 

4 CONCLUSIONS 
The Modal Strain Energy method is shown to be a suitable method to detect and localise 

delaminations in fibre reinforced composite components. The current numerical analysis 
shows that it can also be extended to more complex structures, such as T-joints. Moreover, the 
FE model allows to determine the minimum number of FBG’s required. Experimental 
validation is now being performed and will allow to conclude on the possibilities to actually 
measure the difference in dynamic behaviour.  
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