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Table 1  Factors and levels of heat treatment 

Level 1 2 3 4 

Holding temperature, T/� 500 540 580 620 

Holding time, t/h 1 2 4 6 

Rate of temperature, ν/�·h

-1

 30 60 90 120 

 



�1138�                                          �^
���1,4                                           � 47� 

�ª�gÈ��½��­®1ãïðñ

[9]

�ò%

MTS-880 óô2õ�­®ö÷:©-ª��=�«¬

NOrø�NO�¶ù,úû 17ä«¬­®�­®g

-üýþ�& 

��������

���������	�

¨-©-ª���'-./0,3�4��<=�

�����ÄÒ����������m����	


�a��û�����
@����&<=C�(

���ä����*Å��\OÀ�(-./0Þ%

}~�4�½ÃË�ÃÄ��[3,10]À�a 0.1 mm&

��m�Tðñ GB/T6396-2008î���gÈ��½

��­®1ãïMo«¬­ê�m��ë:µ�&D

E�¯°i���m�T[��uv�«¬­®M�

«¬­êm�µ����m�ÜÝ 2Þß& 

 

 ,""-./01234567"

Table 2  Dimension of finite element model of shear specimen (mm) 

Specimen length Length of interface Length of crack TA2 thickness Q345R thickness Zr702 thickness Thickness of interface 

65 3 3 2 12 2 0.1 
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  1  XYZ�`¡ 

Fig.1  Finite element model of shear test 
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Fig.2  Local mesh refinement of shear cutter 
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Table 3  Parameters of cohesive zone model 
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  3  XYZ�Zªrsh4 

Fig.3  Damage process of shear test specimen: (a) U

I

=0.0160 mm, (b) U

I

=0.0186 mm, (c) U

I

=0.0262 mm, and (d) U

I

=0.0360 mm 
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Fig.4  Comparison between finite element simulation result 

and test result 
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Fig.5  Relationship between the damage variable and 

displacement of a node in the interface layer 
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Fig.6  Length of damaged interface layer under different 

cohesive strength 
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Fig.7  Effect of cohesion strength on shear displacement 
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Fig.8  Effect of fracture energy on shear force- 

displacement curve 
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Fig.9  Comparison between finite element simulation result and 

additional test result 
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Simulation of Shear Force Test for Zirconium-Titanium-Steel 

Clad Plate by Cohesive Element Method 
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Abstract: Based on bilinear force displacement law, finite element simulation of shear force test on zirconium-titanium-steel clad plate was 

carried out using cohesive zone unit of ABAQUS. Then, the effect of cohesive strength and fracture energy on the damage of interface layer 

was studied. The correctness of the prediction formula of shear strength was also verified. The results show that cohesive element can simulate 

the fracture process of clad plate interface layer and agree very well with the results of shear force tests. Shearing displacement and cohesive 

strength is positively correlated. With the increase of fracture energy, shearing displacement, characteristic displacement and maximum shear 

force increase. The fitting formula of shear strength can predict shear strength under different heat treatments.  

Key words: cohesive zone model; finite element simulation; zirconium-titanium-steel clad plate; shear test 
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