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Abstract  
In this paper, the stress intensity factor for circumferential crack in an isotopic cylinder has been determined. The thick-

walled cylinder is subjected to a one-dimensional axisymmetric thermal shock on the outer surface according to the classic 

thermoelasticity (CTE), Green-Lindsay (G-L) and Green-Naghdi (G-N) theories. The considered unified form of governing 

equations involves CTE, G-L and G-N theories. The effects of temperature-strain coupling and the inertia term in governing 

equations are considered. The circumferential crack stress intensity factor determinates using weight function method. 

Considering relaxation times in generalized theories governing equations result in predicting higher temperature and stress 

values in comparison with CTE. Also, generalized theories stress intensity factor is higher than CTE significantly. Moreover, 

the maximum stress intensity factor in generalized theories occurs for a crack that the peak of stress wave reaches to its tip. 

Because of neglecting energy dissipation in G-N type II governing equations, its maximum of stress and stress intensity factor 

is higher than G-L theory. 

Keywords: Green-Naghdi Theory, Green-Lindsay, Weight Function Method, Thermal Shock, Circumferential Crack in Cylinder. 
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:��-4 9�(�� O�. N:;(.�:-5� 2:-4 -9;���<  

 
 �� �H�@� ?	� 7���� ����
/� 7�	I ����5> � =, 7��0�1�� ��P� YI��

 ��� 7��)>��I @� �5_�� |H/I �I /� 	�P 9��X]21:[ 
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./�  :��	;iM  9�, :�	; �� �I �C�� �I �I 	���
� �YC	� 8��

7��)>��I ��P� YI�� 4�� J
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�� =��E� ?	� ���.� �� ���,]21[ . 
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I�V dI��� 7�.)33(  YC	� ��]21[  8�� 9�, :�	; ./� ����

�I W�� ����	>�I 	�P 9��X./� ��, �EI 

)34( ( )1−
= o

I
d

ν r
K K

EαT
  

4 -2- O�. P�� Q:-0 2��R.  

T�	2
��7	�> h��
� P�  �HI�� �� 8�� 7��6)30(  3�/�� �I 	j��

�� 8�� 9�, :�	; 	���<� ��,]23[ 7�	I . P� �S�1� =�� SQ

�5FC�� ��@�� �� (P�	I ����	> 8�� 9���6 	I 7�3��I �EI  	. ��

�I ���@�� (P�	I =�� ./� ��, ���Z
/� 3��P3��P �� v�k_ 7�.

 �2
/����� �ER�� 	>� ./� T��R SI�R ����	> ?�, T�F6� ����
I�ρ 

�<� �2
/����� P� �EI � S�R 8BI �� �I 7��@� 8�� Y�P�� ��,�I A�

��J�R� ��@�� (P�	I �� ��,.�	�> 9��X 7	� 

)35( 
2

1 1 1 1
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'
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'
z i o

S A R B R C        R R R ρ

S A R B R C        R ρ R R
  

�I ��L��  YC�	� �I ����  T�� 8�� 9�, :�	; h��
� �j�/ @X

]12[  �]23[  T��C ��1 ./� ��, ����<� � 7U	�� ����E���	L� 

 �	  �I G�/N�0=ε�� 8.�� ����  3���R �I ��/�@� 0C .�I��

 T��C �� ��, �g��� 8�� 9�, :��	;1 � ����	> 7P	� d��	, �

�I �������) �HI�� 9��X36��, �
 	> 	L� �� ( 9�, :�	; � ���

 ^�E, ��� �I ����
/� �� W�� 8��/ 2=o iR R) �HI�� J�K37�I (-

./� ��, �EI 

)36(  
  

)37( 
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=

o

 

 =N
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K
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 T%��1- �:�(3 D(��U KLM 
7��� 8-. 8(� O�. P�� Q:-0  

a/t 
=�	> -

7�<�  

=�	> -

7P����  

 	1
�� h��
�

 ��,[12] 

 	1
�� h��
�

 ��,[23]  

0.1  31.82  31.8  31.9  31.79 
0.2  28.36  28.35  28.36  28.35  
0.3  25.61  25.6  25.59  25.61  
0.4  23.34  23.34  23.33  23.35  
0.5  21.52  21.52  21.53  21.52  
0.6  20.21  20.2  20.22  20.16  
0.7  19.44  19.43  19.49  19.4  
0.8  19.67  19.67  19.75  19.63    

 

5 -V:�)� % W�� 

 G� 7��Q ��5I ����
/� G� G�
/M���	� S�5@� h��
� �8BI =�� ��

3���� ./� ��, �g��� S��� �H�@� ?	�7�.  �I 7��@� 8�� � ���

 dI��� P� 7��6 ���E� �N�M S���� P� ���Z
/�)16(  �)28( �I 

/� �� ��P� YI�� (�� P� ���Z
/� �I 8�� 9�, :�	; wx/ .����

 �HI��)30( �� =��E� ?	� ���� T�K :�Q	I .��, 

 ?�, � ����
/� �C��_ |H/ �� ����� ?�, �5{�� �� 8BI =�� ��

 ���� hI�
� � ��, �
 	> 	L� �� ����
/� �5_�� |H/ �� ����	> ��,

�� �g��� �5{�� �� 	. 8�� 9�, :�	; � 8��.��,  
  

 5 -1 -��'()�' 
���X Y7� �6 
:��6 8(�  

 �HI�� �� ��, �
 	> 	L� �� 7P	� d��	, �I �C�� �I)18( =�� �� �

 P� 8�� 9�, :�	; � 8�� ���� 7�.����F� �� ����	> ]�� F�R

�� �	Q �5_�� ������ F/ �I ����
/� �C��_ ������S�, .��� 7�.

5  �6 7��� Y�P�� 	I S��� G�
/M���	� 	
����� 	V� ���	L� =�	> -

=�	> � 7P���� -<��� 3�1� �� ^�E, :�Q	I 7� .��.�  
  

  
 *�5- 9��6 N:;(.�:-5� 2:-4-9;���< 

  
  

  
 *�6- 9��6 N:;(.�:-5� 2:-4-9�>�  

  

 ����F� �� ��	> ]�� ���@� 6	/�I t�;�  6	/ ./� ��.�1� SI�R

 7��	> ]����	L� =�	> - �HI�� �� ���� /�I ���<� �I 7P����)21(  �

 �� ��	> ]�� 6	/��	L� =�	> - �HI�� �I 7�<� 4��)23(  7��>P�/

3��P �� ��� ����F� �I �C�� �I .����0.5′ =t  ]�� 3��/� P� w� �

 4�F� 7��� ��C��_ ������ F/ �I 1>P�I � �5_�� ������ �I ��	>

 3��P �� ��� ����F� �� ��� �/� ��	� 	��`� ����
/� ��<�0.2′ =t �

 ��	� 	��`� ��	> ]�� ���1�� � �C��_ ������ =�I ��<� 7��� �0��

�� 3�1� h��
� .��
�. ����� 7��� �� ��<� 	��/ � /� �� �� �.�

 S���	�y ��Q)G�
/M���	� 	
����� 7�P� �I ��0=ε ��, A/�

/��( � ��Q P� ��	> ]�� 6	/S�� ) ���I �P�70 .0 2=ε  ��, A/�

/�( 3���� S��� 	V� P� �5{�� =�� ./� 	
1�I8�	� 7�. - �,�� ���

���� S��� ��Q �� ��	> ]�� 6	/ 8.�� �6�I �� ��,.��, 

��	L�  G�/N� lN_	I��	L�A�FE� 7�.�I 6	/ �I 	j�� �
 �� -

�� ����	> ]�� 7�	I ��0� S�, .��,7 P� SX�Q 7��� Y�P�� �

��	L�=�	> 7�. -=�	> �7P���� - ��B; :�Q	I G�/N� � 7�<�
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T
'
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3��P �� ����
/�0.3′ =t �� 3�1� �� =�� 7��� Y�P�� .�.���	L� �

 |H/ �� ����	> ?�, @� ����
/� �� ���� 7��� Y�P�� �I G��W�

 ./� �C��_  

��.�1� S�, �I �C�� �I �� �� �� ��,��	L� =�	> -=�	> � 7P���� -

�� 3�1� �� ��	> ]�� ���@� 6	/ 7�<� �� �K�<� 7��� �0��) ��.�

 ��� .(/� ��	� 	��`� ����� ��	R ��	> ]�� ���1�� � �C��_ ������ =�I

 P� SX�Q 7��� Y�P����	L� �� 3�1� �G�/N� 4�F� 7��� �� �.�

	��`� ����
/� 7P	� ��<� WC ��<�  ���1�I �	2�� l	K P� ./� ��	�

8�� 7��� �� ��, ���I��	L�A�FE� 7�. �
 ���I ���S  =
 	> 	L� ��

3��P8��/� 7�. -  P���	L�  �2
/����� �H<� �� ./� 	
1�I G�/N�

��� ����F�(R=0.85) 8�� ���<� ��I 7��� ��, ���I d/�� �EI��	L� 

 ���	<� G�/N�25 P� SX�Q 7��� %��	L� =�	> - � 7P����23 7��� %

 P� SX�Q��	L� =�	> -./� 7�<�  
  

  
 *�7-  9��6 N:;(.�:-5� 2:-4 9�$-2:-4 �9;���<- % 9�>�

���[+ D��; �6 0.3′ =t 

 

7�05�, 8  �9 7��@� 8�� 	I S��� G�
/M���	� 	
����� 	V� �

 ����
/� �� ����	>	I ��/� ��	L� =�	> -=�	> � 7P���� - �� 7�<�

�� 3�1� ���� ����F� �I�1� �� /� ��01� S�, �I �C�� �I .�.�

 ��� ./� 	
1�I S��� ��Q P� S���	�y ��Q �� 8�� ]�� 6	/

 �I ����
/� ��<� 4�F� �� ����	> 7��@� 8�� ���� Y�P�� ��
 � lN_	I

�� 	��`� ����	> ?�, T�F6� �@� �5{�� =�� .����I 	K�_  T�F6�

 ���	�� d��	,)24( �� \�Z�� T��E� ��C� �.�
 �  ����F� �I �C�� �I

 8�� ���, �
 	> 	L� �� 7P	� d��	, S��� �I �� /� ��01�

 �� � �11� �8�� ]�� ���1�� � �5_�� ������ =�I ��<� �� 7��@�

 ./� 7��1  ��<� 	��/=��[F.  ����F� 	�P |H/ �v�_ 3��P G� ��

��@� 8��./� 	ZX ������� 7�.��I 3��I 	ZX S��� �I 7   
  

  
 *�8- 9�(�� O�. N:;(.�:-5� 2:-4-9;���<  

 S�, ��10 7��@� 8�� ���	L�=�	> �G�/N� 7�. - � 7P����

=�	> - 3��P �� 7�<�0.3′ =t��, ����<� �S�, JI�H� .�����	L�-

A�FE� 7�.=�	> �
 �� -=�	> � 7P���� - 7��@� 8�� ���1�I 7�<�

 �I ��� 7	
>�WI��	L� 8�� G�/N���	� ���I ]�� �X�_ � ���

 �� =�� �� 8�� ���>��	L� ���Q�� ./� ��01� ����	L�  G�/N�

�I �� 8��8�� ����
/� �� �
/��� 9��X Y�P�� �� /� ��	� ���I

 ����
/� �� ���� 7��@� 8�����C B;�A ./�   
  

  

  
 *�9- 2:-4 �:-5� 9�(�� O�. N:;(.-9�>�  

 

 
 *�10 -�:-5� 9�(�� O�. N:;(. 2:-4 ����[+ 9�$- % 9;���<

2:-4- D��; �6 9�>��
�
= �. � 

  

 S�, ��11 �H�@� ?	� ?�� 8�� 9�, :�	; �	I ��/�  Y�P��

 P� SX�Q 8����	L� =�	> -3��P �� 7P���� �� �� � r5
B� 7�.

 ./� ��, ���� 3�1� S���	�y � S��� ��Q  
  

  

  
 *�11-2:-4 O�. P�� Q:-0-D��; �6 9;���<]�)/� 9�$ 

  

�� 8��W � ?	� ���� T�K 8��W � �I ��
I� �� 8�� 9�, :�	; �I��
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]�� ���1�� =�I ��<� �� �� �,�� �C��_ ������ � 8�� P� S�R .��,

 ��	L� �� 8�� 9�, :�	; ��5_�� ������ �I 8�� ]�� 3��/�

=�	> - ?�� �ER�� �� 8�� ]�� �� /� ���1�I ��	� 7�	I 7P����

.���� ��	R 3�  �H�@� ?	� ?�� 8�� 9�, :�	;	I ��/� ��	L� 

=�	> - S�, �� 3��P �� �� 7�<�12 ./� ��, �g��� �  
  

  
 *�12-2:-4 O�. P�� Q:-0-D��; �6 9�>�]�)/� 9�$  

  

 7�	I � ��, ^�	, 	ZX ���<� P� 8�� 9�, :�	; �S�, �I �C�� �I

 � ��, ���1�I /� ��, YR�� ��	> ]�� ���1�� �ER�� �� �� ��	�

�� 8.�� ���� ���<� �� wx/ =�I �11� 8�� ��C� �I �C�� �I .�I��

 �]�� ���1�� � �5_�� ������?	� 7�	I �I 8�� ]�� ���1�� �� ���.

 ?	� T�K 8��W � �I 8�� 9�, :�	; ���<� �/� ���/	� �0�� ?��

�� 	
1�I���Q�� .��, ������ � ]�� ���1�� =�I 7��1  8�� ��C� ��

?	� 7�	I 8�� 9�, :�	; 8.�� �6�I ��C��_�� ���. �� ��,

 �=��[F. ./� �
,)> �0�� ?�� P� 8�� ]�� ���1�� ��P� YI�� �����

 ���6 P� w� 8�� 9�, :�	; ���, 8.�� :C�� �?	� ?�� ��

�� 8�� ]�� Y�P�� 	
1�I 	V� ?	� ?�� �� ��P� YI�� ����� .��,

 �I .���� T���� �I �� 8�� 9�, :�	; ��/�@� �� ?	� l�	K� 8��

 �S��� ��Q �� 8�� � ��	> ]�� 6	/ 8.�� 56 �I �S�, �I �C��

�2
��, �ER��  S��� 	�y ��Q �I 8�� 9�, :�	; ����F�

./� 9��Z
�   

 T��C ��2 �H�@� ?	� ?�� 8�� 9�, :�	; �	I ��/� ��	L� 7�.

=�	> �G�/N� -=�	> � 7P���� - 3��P �� 7�<�0.3′ =t  ����<�

��, .���  
  

 T%��2- O�. P�� Q:-0�:-5�2:-4 ����[+ 9�$- % 9;���<

2:-4-  D��; �6 9�>��
�
= �.�  

 ���� T�K

?	�  

��	L� =�	> -

7�<�  

��	L� =�	> -

7P����  

��	L�  G�/N�

�
���
/M���	�  

0.1 0.12104  0.118915  0.06676  
0.2  0.182846  0.179681  0.08712  
0.3  0.148185  0.147252  0.09808  
0.4  0.111956  0.112852  0.10307  
0.5  0.093249  0.095028  0.103031  
0.6  0.080767  0.082937  0.098016  
0.7  0.07041  0.072629  0.087591  
0.8  0.05947  0.061469  0.0706297    

  

 8�� 9�, :�	; �h��
� JI�H���	L�  �� P� G�/N���	L�  	2��

 � /� 	
F���	L�A�FE� 7�. 9�, :�	; 7�	I �0I�1� 	���<� �
 ��

8�� 8����	� ���I lN�� 3��I 	ZX P� W�� �0�� ?��� lN
_� ����

 �� 7U	����	L� =�	> -�� �,�� 7�<� ���1�I 8�� 9�, :�	; .��,

��	L�A�FE� 7�.�� �
 ��0.25=a t �� \�Z�� ���)� �H<� �� �� �
 �

=�	> 8�� 9�, :�	; -7P����K=0.2083  8�� 9�, :�	; �

=�	> - 7�<�K=0.2119 G�/N� � K=0. 0935 �� =��[F. .�,�I

 8�� 9�, :�	; ���1�I��	L� G�/N�K=0.10367 �� �� /� 

0.45=a t �� \�Z��?	� T�K �� ���, �g��� h��
� �I �C�� �I .�
 �-

 P� SX�Q 8�� 9�, :�	; 	���<� ������ 7�.��	L�A�FE� 7�. �
 ��

 9�, :�	; ���<� �I P� SX�Q 8����	L� ��, G��W� G�/N�.���  
 

  

  

  

5 -2 -��'()�' 
�X'6 Y7� �6 
:��-4 ��� 8(�  
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 �5_�� |H/ 8���	/ �I 	j�� ��, �
 	> 	L� �� 7P	� d��	,

�� d�@� 7��� �I ��� 3� 7��� 8.�� � ����
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