
  

  1395165 271 -280
                

  

    

     
mme.modares.ac.ir

  

    

    

    

    
                

 

  
:  Please cite this article using:

A. Kariman Moghadam, S. Rahnama, S. Maleki, Experimental and numerical investigation of crack growth in adhesive bonding of two composite plates under mode I, Modares
Mechanical Engineering Vol. 16 No. 5, pp. 271-280, 2016 (in Persian)

               I 
 

  1  2*  3  

1-           
2-        
3-          
 *   97175/615 srahnama@birjand.ac.ir  

      
  

 :15  1394  
 :06  1395  

 :05 1395  

                           
     .      2011          

                         
   .                   .

                        
  .     –                 

                   –   
     –      –       –      

   –        .  

  
  

   
      
   
     

  

  

Experimental and numerical investigation of crack growth in adhesive bonding 
of two composite plates under mode I 

Amir Kariman Moghadam1, Saeed Rahnama1*, Sattar Maleki2 

1- Department of Mechanical Engineering, Birjand University, Birjand, Iran  
2- Department of Mechanical Engineering, Advanced Technologies Engineering University, Quchan, Iran  
* P.O.B. 97175/615, Birjand, Iran, srahnama@birjand.ac.ir 

ARTICLE INFORMATION  ABSTRACT 
Original Research Paper 
Received 04 February 2016 
Accepted 25 March 2016 
Available Online 25 May 2016
 

 In this paper, the strain energy release rate of first mode of failure in the adhesive bonding of two 
composite plates composed of unidirectional glass fiber is calculated using double cantilever beam 
specimen. Araldite 2011 adhesive connection which is widely used in the aerospace industry has been 
employed. Strain energy release rate is calculated by the modified beam method, compliance calibration 
method and modified compliance calibration method from experimental results. For modeling crack 
growth in adhesive bonding of two composite plates, the Extended Finite Element Method has been 
employed. Average value of critical strain energy release rate calculated by the modified compliance 
calibration method is considered as software input. After comparing force - displacement curve obtained 
from experimental data and numerical solution that represents good precision of the Extended Finite 
Element Method in calculating the maximum force and corresponding displacement and also linear part 
of force-displacement curve, strain energy release rate - force curve, stress intensity factor – force curve, 
strain energy release rate – displacement of the load effective point and failure stress - stress intensity 
factor curve are evaluated. 
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Fig. 1 Schematic representation of the DCB specimen [4] 

1 DCB [4] 

1 Modified beam theory 
2 Compliance Calibration Method 
3 Modified Compliance Calibration Method 
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Fig. 2 DCB specimen  
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Table 1 Elastic properties of glass–epoxy 

   = =  = =  
(GPa) (GPa) (GPa)  (GPa) 

30 3 2 0.3 4 

2 2011 [16]  
Table 2 Elastic properties of adhesive Araldite 2011 

   
(GPa)  (MPa) 
1.8532 0.37 36.3 
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Fig. 3 DCB specimen under tensile test 
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Fig. 4 Crack growth initiation criteria [17] 
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Fig. 5 Meshing view model DCB 
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Fig. 6 DCB specimens boundary conditions 
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Fig. 7 Experimental load-displacement curves of the DCB specimens 
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Fig. 8 /   vs. crack length for DCB specimens 
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Fig. 9 log  vs. log  curve for DCB specimens 
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Fig. 11 Experimental R-curves obtained by the MBT, CCM & MCCM 
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Fig. 12 Failure surfaces for DCB sample 
12  DCB 

 

Fig. 13 Crack growth path in the DCB sample 
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Table 3 The values of critical strain energy release rate 

 
) J/m( 

 )mm( 
  

 
 

40 677.27 677.626 652.22 
50 651.964 650.045 671.452 
60 754.824 743.311 762.992 
70 828.77 808.842 720.918 
80 825.615 800.318 830.855 

 747.68 739.945 727.68 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 14 crack growth in specimens DCB 
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Fig. 15 Load – displacement curve with crack length 40 mm 
15  – 40  

 

Fig. 16 Load – displacement curve with crack length 50 mm 
16 – 50  

  
Fig. 17 Load – displacement curve with crack length 60 m 
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Fig. 18 Load – displacement curve with crack length 70 m 
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Fig. 19 Load – displacement curve with crack length 80 m 
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Fig. 20 Strain energy release rate – Load curve for DCB specimens 
with different crack length  
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Fig. 21 Strain energy release rate – displacement curve for DCB 
specimens with different crack length 

21 – DCB 
 

Fig. 22 Stress intensity factor – Load curve for DCB specimens with 
different crack length 
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Fig. 23 Failure stress - Stress intensity factor curve 
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