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ABSTRACT 

Structural adhesive joints are being widely used in aerospace, automotive, biomedical, 

microelectronics and reliable methods are needed for predicting joint strength. Analytical solutions for 

the prediction of adhesive joint strength are limited in their ability to predict damage and failure as 

they are mostly applicable to simple geometries and may not consider the complex stress states 

experienced in service environments. Numerical techniques, specifically those based on the finite 

element method, have provided a means for analyzing and predicting the failure of adhesive joints 

under various loading conditions. Failure prediction may be classified as methods based on strength of 

materials, fracture mechanics, and damage mechanics [1]. 

Therefore, the use of adhesive joints in critical structural applications necessitates the 

developments of robust integrity assessment methodologies and testing procedures in order to tackle 

fracture events. A valuable approach for analyzing the fracture properties of adhesive bonded joints is 

represented by the Virtual Crack Closure Technique (VCCT) [2], or using cohesive finite elements [3-

7]. Delamination growth is predicted when a combination of the components of the energy release rate 

is equal to a critical value. There are some difficulties when using the VCCT in the simulation of 

progressive delamination. The calculation of fracture parameters requires nodal variables and 

topological information from the nodes ahead and behind the crack front. Such calculations are tedious 

to perform and may require remeshing for crack propagation. The use of cohesive finite elements can 

overcome some of these above difficulties. Cohesive finite elements can predict both the onset and the 

non-self-similar propagation of delamination. However, the simulation of progressive delamination 

using cohesive elements poses numerical difficulties related to the proper definition of the stiffness of 

the cohesive layer and a very fine mesh to avoid spurious oscillations in the load-displacement curve 

[8,9], which make analysis very time consuming and computationally expensive. 

  A less expensive method in terms of the CPU time requirement for studying adhesive joints and 

crack propagation of aircraft structures is the s-vision finite element method. As one of the mesh 

refinement technique, the s-version finite element method was firstly proposed by Fish [10]. The idea 

of this method is to overlay a fine local mesh into the concerned area, which is discretized as a rough 

global mesh. A re-meshing process is not needed by introducing the superimposed finite element 

method, and the performance is similar to a fine mesh. Due to this advantage, this method is applied to 

various fields such as laminated composites [11], elasto-dynamic problems [12], crack propagation 

[13], etc. Recently, an efficient superimposed finite element method has been proposed by Park et al. 

[14]. As the boundary in the global mesh coincides with the boundary in the local mesh, computational 

cost is reduced. This method is applied to adhesive joints for an efficient generation of a fine mesh in 

the thin adhesive layer. An initial global mesh is generated in the substrate. Then, a fine local mesh is 

overlaid on the global mesh located at the interface between the adhesive and the substrate. Finally, 

cohesive elements are generated in the adhesive layer using the global nodes and local nodes at the 

interface.  

  In the present study, CZM has been used in order to investigate fracture behaviour in a pre-

cracked double cantilever beam (DCB). In particular, finite element implementation of eight nodes 

cohesive elements is accomplished using the three dimensional s-version finite element method. The 

sensitivity of the cohesive zone parameters (i.e. fracture strength and critical energy release rate) in 
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predicting the overall mechanical response is first examined; subsequently, these parameters are tuned 

comparing numerically simulated load-displacement curves with experimental. 

In the study of the adhesively bonded DCB of aircraft structures using the s-version finite element 

method, it was observed that both the global and the global–local models produced very similar 

deformations in the area of the interest for every step of the total deformation. Considering the total 

degrees of freedom associated with every model, the data library size required to store the output file, 

and the CPU time required to simulate the model, the s-version method showed a considerable 

improvement over the global analysis. More than 80% data storage space and more than 65% CPU 

time requirement could be saved using the s-version method. 
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