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Abstract  
In this article, failure and damage in second mode of adhesive composite joint was investigated according to the bending in end-
notch flexure specimen. To create an adhesive joint between two composite plates made of unidirectional glass fiber, Araldite 2011 
resin was used which is widely capable in manufacturing turbine blades and aerospace industries. At the first, failure of second mode 
fracture of adhesive joint mechanisms has experimentally investigated. Then with considering this result with strain energy release 
rate on mode II of fracture in specimen for Araldite 2011, 776.22 J/m2 was calculated. In the following calculating critical strain 
energy release rate on mode II by using experimental results, XFEM method used for modeling crack growing in adhesive joint by 
using Abaqus software. At the end the amount of mode II fracture toughness for Araldite 2011 is calculated from numerical method 
which is 40.53MPa√m. 
Keywords : Failure, Adhesive Joint, End-Notch Flexure Specimen, Extended Finite Element Method, Fracture. 
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2 Cohesive Failure 
3 Adherent Failure 
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 Unidirectional Glass Fiber 
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��, ����B�����<� .���  �	��– �1�0 � �6�2/���>� ��� >� WI�X ���0

@��4�	�� 5��J<6 � �^= 
<�8 �� 4>�- ���	G1 �1�0 � ���0

 �1 ����<� 5�� �� .��
�6 q�^�� 	2���� �1 4���> ���X �� 3� 	���
�  

�1�0 @�<V��1�0 � �	�� ����<� �1 ���0 d��O � �^= [��I �1 ���0

�� 3��-� �1 ���1��Q�6�  ��= ���	G1 ���B� �1 �/�	� 4R	�� ���6�

�1�0 D� �� ���<V� �	���� 
 � ���.;�� ��K �1 
1�z ���0 �� ��� 5��

�� U	� �,� �]X	� ��]X	� �	�� 4�6����<� �� .�,�1– �1�0 ���0

�1�0 @	
�� [��I �1 4��);��1 W���1�1�0 D� �� U	� �,� ���0 -

�1�0 D� �� U	� �,� g�	, �1 ��T� �
-� ���
 � k�B�� 
1�z ���0-

�� d6�� @�X �� ���	G1 ��1 
1�z ���0.�,�1 
   

  
 <��14 -  *;
� �20.��– ���� �
D*2 :;/ 8.Y �� �(��20 ��
�;+�  

  

  
 <��15-  *;
� �20.��– ���� �
D*2 :;/ 8.Y �� �(��30 ��
�;+�  

  

 
 <��16 -  *;
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D*2 :;/ 8.Y �� �(��40 ��
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 <��18-  *;
� �20.��– ���� �
D*2 :;/ 8.Y �� �(��60 ��
�;+�  

  

 W�,19  ����<�Q�6�  �/�	� 4R	�� ���6�–  3�/� �� �	��

�� ����<� 5�� �� .�6� Q�6� Q�6�  4R	�� ���6� 5���� �� �/�	�

�� �,� �1 g�	, 3� �� U	� �� ���<�� ��1 @�<V� �]X	� 	6 �� ���

 ���<V� ��1 d��O � �1 ����<� 5�� �� .
-� �
 	; ��	8 �-�	1 ����Q�6� 

�� d��O � ��G�� [��I �1 �/�	� 4R	�� ���6� 3��-� �1 .�1��Q�6� 

	� �,� g�	, � ��= ���	G1 3�O�� �1 �/�	� 4R	�� ���6� �	�� U

�� d6�� �1 g�	, ��� ����Q�6�  ���B� D� �� �/�	� 4R	�� ���6�

�� �8�1 
1�z.����  

  

  
 <��19- �20.��P	=&  �?�;B 1E;�2 1�=�– ��.�� 12;� *;
� 1�=

ENF :;/ 8.Y ��\�+V� 1�=  

  

 W�, ����<� �1 �0�� �119  ���B�Q�6�  �/�	� 4R	�� ���6�

 ���<� ���	G1ENF @�� � 
-� �
1�z ���B� 4���� �,� �]X	� ��-

�� �^= D�
-h� 
��, D����� 4��s� ��-� 	1 4>�-.�,�1  

 @��0 ��4  	���B�Q�6� R	�� ���6� 
-�1 ���	G1 �/�	� 4

��, ����B� 	2���� �1 �6�2/���>� [��6�/� � 4��V WX >� ���� .���

�0 �1 �0�� �1 @�4  5�2���� ���B� �� W��� 5�� �1Q�6� 	�� ���6�R 4

 4���� 3���V �1 �6�2/���>� [��6�/� >� ���� 
-�1  ���	G1 �/�	�

N	����<� �� 
-� ��, �
 	; 	p� �� ��O �@�K �1 �6 [��H
� U	� 4�6

 ���B�Q�6�  WX P��
� >� ���� 
-�1 ���	G1 �/�	� 4R	�� ���6�

�� ������ ���B� 4��V ���B� >� 	
/�1 �<� ��V 5�� �� .�,�1

.
-� �6�2/���>� P��
� >� ��, ��-�G�  

    

 8*��4 –  ;(0�)� �'(�)�P	=&  A*0 0.� ��2;�� �?�;B 1E;�2 �(�=�

�=�>?(��5& @(�+� * 10�] <Z 52 ���& O��� O'��  

  Q�6� ) N�� ��� �/�	� 4R	�� ���6�J/m2(  

 U	� @�K

) �����mm(  

 ���G� 4�O0� (��

�
 �� �T-��  
��, jrI� 	�� 4��s� (�� 

20  18/778  77/666  

30  18/778  16/791  

40  18/778  60/816  

50  18/778  88/809  

60  18/778  69/796  

5�2����  18/778  22/776  

  

 	���B�  3��� ��	8 �1Q�6� ) ����T� �� �/�	� 4R	�� ���6�7 �1 � (

@�� �� g�o�� 5�� �1 �0��d�	� 
��X �� 4>�- �GHI N�9�� 4�

 >� N��� 	6 4�	1 �pG� 	6 �� d�� [�, C�	o 	���B� �
-� ��,

���<��� ��-�G� W1�8 �6 �,�1]24.[  

 3� �� ��J  ��, ��>� 4R	�� 3�O�� �1 ���� 4�	1 
��, 4

 ��^= D�
-h�G   � 
-� 	1�	1K""   ��� 4�	1 d�� [�, C�	oII 

�� .�,�1EK Q���  @���  >� ���H
-�  �1 ��  
-�  	z�� Q��� C�	oE  

 3�-���  
���  �ν ��	�> [��I  �1:�,�1  

)8(  EK � M E1 − ν� 															plane	strain	E																									plane	stress  

 W�,20  �� �	�� C�X 	1 d�� [�, C�	o [�	���� ����<�

�� 3�/� ��
1� ����<� 5�� �� .�6� [�, C�	o ���<V� ��1 d��O � �1

�� d��O � �^= [��I �1 d�� 3��-� � ���<V� ��1 d��O � �1 .�1��

�� �,� �1 g�	, U	� ��= ���	G1 ���B� �1 d�� [�, C�	o �� ���

 
1�z ���B� D� �� ���<V� ��1 d6�� �1 d�� [�, C�	o �]X	� 5��

�� �8�1.����  

 W�, ����<� �1 �0�� �120 B7 ���B� �� ��� 4�	1 
��, �2�	

 �1 	1�	1 
��,K""� � 40.53MPa√m �� �1 ���B� 5�� �� �,�1

 U	� �,� 5�X �� �^= D�
-h� 
��, D����� f��	, �1 �0��

.
-� 
1�z 
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6 - ��
+� 1;
a  

�� NO����� ��
1� ���B� 5�� @�A�� �� ��, ��9�� �1�	= c]
_� 4�6

 ������
-� ���<� 4�	1 �
�>�?��� ���7ENF  P��
� �1 �0�� �1

 ���B� F?- .
 	; ��	8 �-�	1 ���� �6�2/���>�Q�6�  4R	�� ���6�

 
������� C�7 4�	1 
��, N�� ��� �/�	�2011  �1	9� P��
� >�

� >� �T1 .���	; ��-�G� ��-�GQ�6�  >� ���	G1 �/�	� 4R	�� ���6�

N	� �� �
 �� �T-�� ���G� 4�O0� (�� ��O �ABAQUS @�� 4�	1-

 ���<� �
�>�?��� ���7 @�A�� �� U	� �,� 4>�-ENF  ��, ���H
-�

�� ���� 
-�1 P��
� �1 �0�� �1 .
-�:�� 
 	; �9�
� 3���  

���<� ���<� �� C�, ����� U	� @�K d��O � �1 �6����<� 

  �	��– �1�0�� 
 � ��7� ���0 U	� @�K d��O � �1 5<o �� .��,

 �	�� ����<� 4�� 	1 	
����� 5�� 4��);	z� �����– �1�0 ���� d6�� ���0

��U	� @�K �� ����<� C�, �1 �0�� �1 .��� ����� 4�630 �]�� 	
�

�� �T1 �1.�	� ��6�/� �� ��
 � 5�� 3���  

� P��
� �1 �0�� �1 ���<� �� �6�2/���>ENF  ����� U	� @�K �1

 ���� W=�� �1 U	� �,� 	��� ���<� �/<= �
H- d��O � W���1 	
<�

�� E	G�� ��, WA
� �
H- >� ����� U	� @�K d��O � �1 ��� ���,

 � C�7 �� ��
1� U	� �,� 	��� �9�
� �� ��, �
-�� ���<� �/<=

� ��h�1 �GHI � C�7 5�1 ��<� i^- �� F?-� �-�	1 4�	1 .�,�1

 ���<� >� ���H
-� �1 ���7 @�A�� �� U	� �,�ENF  U	� @�K �7	6

 
��, � ��/� ��9�� �
�>�?��� [�GHI �� �1�	= ��,�1 	
/�1 �����

�� k�H�� C�7 ��.�
 �  

 ���B� �6�2/���>� P��
� �1 �0�� �1Q�6�  �/�	� 4R	�� ���6�

 
������� C�7 4�	1 
��, N�� ��� ���	G12011 	1�	1  

 J/m2 22/776 �� �1 U	� �,� 	1�	1 �� ���� 
���B� ����<� � �,�1

 
������� C�7 ���v 4�	� �1 �0�� �1 U	� @�K d��O �2011  �1

�� W�� 
1�z ���B� D� 
<-.���  

 �	�� ����<�- �1�0@�� � �1	9� P��
� >� ���� 
-�1 ���0 4>�-

 � ���	G1 4�	�� � ����<� �^= 
<�8 ���1�0 3� 	���
� ���0

�� �
 �� �T-�� ���G� 4�O0� (�� � ����� 	2���� �1 �1�= 
B1�^�-

@�� �� �����7 3�<�� (�� 4�	1 ��-��� 5�O2��0 ����� �,� 4>�-

 ���<� �� �
�>�?��� ���7 @�A�� U	�ENF .�,�1  

@�� >� E�6 q�BG� 5�� �� ����� �1 �0�� �1 �,� �-�	1 4>�-

 ���1 C�7 �� U	� P��
� >� ���� 
-�1 U	� �,� 	��� � 
-�

@�� � �6�2/���>��� q�^�� `6 	1 4>�- (�� �9�
� �� ��,�1

d�� 4�	1 �1�]^� ������� 4���� �
 �� �T-�� ���G� 4�O0� 	��� ���1

�� ���7 @�A�� D� �� U	� �,�.�,�1  

@�� P��
� �1 �0�� �1 4>�-Q�6�  C�	o � �/�	� 4R	�� ���6�

 d�� [�, 
1�z ���B� �� ����� �
1�z ���B� U	� �,� ����	  �K ��

 d�� [�, C�	o ����<� ��–  � C�7 
��, �2�	B7 3�<6 �	��

 ����<� ��Q�6�  �/�	� 4R	�� ���6�–  3�<6 �	��Q�6�  4R	�� ���6�

�� ���	G1 �/�	�@�� P��
� �1 �0�� �1 F� .�,�1 ���B� 4>�-

�� C�7 4�	1 N�� ��� 
��, �2�	B7 
�����2011  �1 	1�	1 K""� � 40.53	MPa√m ��.�,�1  
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