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 In this paper, a new model called connective layer is developed for simulation of linear dynamical 
behavior of bolted lap joints and model updating in 3D models. Connective layer unifies neighboring 
zones on sides of common surfaces of substructures in joint region. The constitutive relation of 
connective elements is defined by decomposing it into its normal and shear components. Unknown and 
different elastic properties with respect to the neighboring solid elements are defined for connective 
layer and the unknown parameters of the model are identified by a finite element model updating 
technique using modal test data. The frequency response of the structure is measured by exciting the 
structure using an impact hammer. Using an optimization algorithm in ANSYS, the difference between 
the experimentally measured frequencies and the predictions of the parametric model is minimized as 
objective function. The connective element performance is demonstrated by application to an actual 
structure containing a single lap bolted joint coupling two identical aluminum alloy 7075-T651 beams 
and, finally, comparison of results to those of interface elements. The outcomes of presented model 
have good correlation with the experimental results. The proposed method predicts the higher mode 
frequencies which do not participate in model updating process with minimum error in comparison to 
those of interface element. Due to simplicity, accurate and computationally efficient manner, this model 
can be incorporated into commercial finite element codes to simulate bolted joints in large and complex 
structures. 
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Fig. 1 Dimensions of the investigated structure (AL Alloy 7075-T651) 
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Fig. 2 Initial FE model with merged nodes 
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Fig. 3 Comparison of interface layer (a) and connective layer (b) 
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Fig. 4 Total thickness of the connective layer is taken equal to the 
neutral planes offset of two bolted beams 
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Fig. 5 YE6268-36 analyzer 
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Fig. 7 Frequency response function 
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Table 1 A comparison of natural frequencies observed from Test and predicted by updated FE model (Connective and interface layers) 

 )  
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)  (%)  )  (%)  )  (%)  
1 71.81 78.61 6.80 71.62 -0.26 72.71 1.41 
2 205.86 209.02 1.54 207.36 0.73 208.26 1.17 
3 389.68 417.27 7.08 389.71 0.01 387.09 -0.66 
4 660.69 671.93 1.70 659.69 -0.15 653.18 -1.14 
5 984.52 1041.40 5.78 982.29 -0.23 974.95 -0.97 
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Fig. 6 Test set-up 
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Fig. 8 ANSYS/Excel interplay in joint identification process 
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Table 2 Optimum values of connective layer parameters 

 
  

 (GPa) 
  

  
  

(GPa) 

 8.37 0.33 3.15 
 

 
Fig. 9 Thickness of the interface layer elements is equal to the neutral 
planes offset of two bolted beams 
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Fig. 10 ANSYS output for optimization of connective layer model 
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