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Experimental and Numerical Investigation of Multiaxial Fatigue Criteria for Fatigue 
Life Estimation in the Hollow Cylinder of Alloy GH4169 
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Abstract 
Fatigue failure occurring in most engineering components, generally is related to multiaxial loadings. Variation in principal axes of 
stresses and strains in multiaxial loading causes additional hardening and this is assumed as the main reason of fatigue life decrease. 
The origin of multiaxiality may have diverse reasons and may arise from multiaxial loading, complicated geometry or residual 
stresses. In the present study various multiaxial fatigue criteria were applied for predicting fatigue life of an alloy and by using the 
finite element method a hollow cylindrical specimen made of alloy GH4169 was simulated under strain controlled multi-axial 
loading at high temperature. Hysteresis loops derived from simulation results and estimated life have been validated and compared 
with reference sample experimental results. The results shows that approaches considering simultaneous effect of stress, strain and 
additional hardening, especially at high temperature loading condition, could better predict the life. Among the presented criteria, 
Fatemi-Kurath, Fatemi-Socie and energy criteria have closest predictions to experimental results. 
Keywords: multiaxial fatigue, hysteresis loops, high temperature fatigue, low cycle fatigue. 
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 j��8� F�	�4��>�  4�D 4��*=��@ 4�	@ M��	� �@4��BC  �K	@ �

�� �RG
L� [��
�  �� ����H �� .��D�DP  �DQ  4�	@ 4��*=��@ r�� .�

M�/� �T�8�  ���K�@ ��K 	�| u@��� S� ���� 
/� �@ �2
�< 4�D

��  ����	� j�� 3����	� �b��� �� 	�S ]4[:  

)7(  

R ∆	:;<=2 = S5IT �2KI�L + 	5I�2KI�<     UVNW > NY∆�:;<=2 = H5IJ �2KI�LM + �5I�2KI�<M     UVNY > NW ∆ε+,-.2 = 0�ε�∗ �1 + 13 �γ'(),(�1 ∆γ+,-.2 = G3�ε�∗ �1 + �γ'(),(�1 

 4�D 
��W 4�	@ M��	� �@ ��K	@ � 4��>� j��8� F�	� j��

F�� �� �
/�� [��
� 4��>� .� � s��< �K	@ �B� ���@  .����

 [��
� 4��>���? 4��*=��@ 
��W 4�	@ j�� �� S� n��� ��D T��UBD

�B� �b��� 4��B
C� O@�: � ����  ���S [��
� �=����	� ���@ �D��< ��

 j�� �� ����H�� ����	� ����� �� M�W	@ �� [��
� �=������ r 
:� �@

j��: O@�: 4	� F��  ���@��� ]2[. 

  

2-6- L�� )��� = �=7)( 
P;���E )KBM(  

	G�� � 3��	@ �O����� �� ]15[ �.�  ����O�K ��/� 	@ ���V 

� n�/	� 3��	@ 4��x� S� [��� � �	@ 	G��e� �2
�< 
��K 4  �<	?

 ��0�-��:���	�  

)8(  

��,��� + �Δ	
 = Z1 +  [: + ��1 − [:�\ S5IT �2KI�L + ]1 +  [^ + ��1 − [^�_	5I�2KI�<
 

4�D	�I
� υ+  �υa 	P� � .�
/Q� 4�0
��W �� 3�/��� M�

 	
����� � ��
�D .�
/k�s  S� �8@)S�	@4 ���� .� �@	5� 4�D   4��>�

�� 
/� �@ �-U�� � ���. 

  

2-7 - L��  ��Q�> = ��,�(FS)  

 �/�/ � �Bc� �� ]16[  � �P� �=���K 
L/ �� �� ��

�� 6� M/��
��� 4��*=��@ �D�� 3��	@ j�� ��  ���	� ��>� 	G��  �@ �

T�BD 0�-�� ��^�� ���12��V ��ε(,�  �@ ��σ'(),� �� ���	� w	9� σ'(),�  F�� 	@�	@	;���W  .
/� ���-�@ �K	@ F�	� ����� �>RH ��  

)9(  ��,'() C1 + b S���,
S@ E = 
                                                             
4 fitting 
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H5IJ �2KI�LM + �5I�2KI�<M
 

 �9@�� T�� ��S@  �e�G�� F��J  � ���@ �K	@ j���H5I ��5I �95 

 ��5  .��
�D ���� 
@��] 	
�����b  1��� �@	5� M�	P .���@  S� �8@ �

���� X��9� 4�D �� 
/� �@ �-U�� � 4��>� .� �2
�< ���  �

\V	� �� 3� w	K ]18[ ��K �b��� 
/�.  �� ��K ���R
/� j��� �@�-�

 	
����� T��8�s 	G�� � 3��	@ j��� �S�@ �� �@	5� 100  ��1000 

O��/ �k �/�/ � �Bc�  j�� ��  ����>� ��12260/0  ��15007/0 

���� ��	: �  u/�
� ���N� S�14/0 �� ���R
/�.��K 

  

2-8-  L��I7�,E = ��Q�>  

�� 7���� � �Bc�  ]19[  �@ ��<	? e� �2
�< 4�	@ �� 	�S �9@��


L/ T
 	= 	^� ��  �b��� M/��
��� 4��*=��@ 
>� � �P� �=���K

:���	�  

)10(  

��,'() C1 + b S���,
S@ E = d�1 + [:� S5IT �2KI�L + �1 + [^�	5I�2KI�<e × d1 + b CS5I2S@ �2KI�LEe 
 

2-9 -  L����,�  

 �/�/]13[  ���>���? �2
�< j�� y�L
�� �� �� q	� r��

 	]���� 
����  ��^�� T��@ �B/� )��
� -3����� -	���  3���C �@ ��

 ����� �>RH � ��� ��	: �--� r�� q	� 4�	@ ���	>@ �>RH ���8�

 F�	�4��BC .�	� y�L
�� ���	>@ �>RH 3���C �@ �� ���-�@  

)11(  S���,
	g,� = S5I1T �2KI�1L + S5I	5I�2KI�Lh<
 

 ��εg  F�	�4��BC  �GH�	;���W ���@  �σ'(),�  F��	;���W 

 [��
� X�c .
/� 	^� ���� �>RH ��)�� 
�B/� -3����� -	���  [��
�

 �
/�� ��
��K �@ ���� 4�	@ �0�� 4��BC ��� �D��<. 

  

2-10 - L�� ) �7��
�1 = ==WHS (  

     ���8� �� M��	� S��/�/ � �Bc�   �
�B/� -3����� -	��� 

F�����BD � �� u/�� ]5[ �)��  n�� �@ 	�S ���VWHS � � 	8�

��K 
/�:  

)12(  
��,'() + b0S���,
∆	
T = H5IJ �2KI�Li + �5I�2KI�<i 

  T�� �� ��9@��  �>RH 3���C �@ ���-�@ �K	@ F�	� ����� �>RH

 � 
/� ��K �
 	= 	^� �� ���	>@σ'(),�  �∆ε�  �>RH T�� ��

.���K �� y�L
�� 	
����� b ���� 4�� S� � ���@ ���� 
@�] 1��  4�D

.� �� 
/� �@ �K	@ � 4��>� ���. b  
@�] 4��x� ��>� S�� ���� �@ �

�� 	��I� 	BC �� ��� .���� �9< � �8/ OW �@ S��� � ���  4�	@ 3��� 3�

	^� ���� 	BC ����>� ���  S��	� ���R
/� �9/�
� ���N� . T�� ��

 �S�@ �� �Gx��100  ��1000 O��/ b  ����>� ��063/1  ��7156/0 

���� ��	: S� � u/�
� ���N� 89/0 .
/� ��K ���R
/� 

  

2-11-  L�� �4�.-�R�)E 03)�7- ��7)"( �"#$  

     j�� T�� ��]8[  S� ���R
/� � �/�/ )�� .B� �@ �>RH

 F�	�4��BC  �GH�	;���W  S� ���R
/� � ���	>@ �>RH 3���C �@

7���C �K	@ 4�D� 4���V ����  	�S w	K �@��K �b��� 
/�:  

  

)13(  
	g,����S�,
 + ��,
H�,
 = S5I1T �2KI�1L + S5I	5I�2KI�Lh<

 

�-�	� 4Y	�� ���2? 
 ��D� n�� �@ Q�@ j�� -  n�� ���	>@ �>RH

 � ��K 4��*=εg,('()  ��εg,(  F�	� 	;���W �����4��BC  � ��GH� γ(,� �τ(,� �σ(,� F�� ����� � �K	@ F�� ����� ��K	@ F�	� ����� �

4��BC  F�	� 	;���W ����� r�:� �>RH ��4��BC  .��
�D �GH�

 �M/��
� ���>���? 4��*=��@ 4�	@γ(,�  �τ(,�  	RH 	@�	@ ���@ �9@�� �

�� ���� FD�� �/�/ �9@�� �@ Q�@ ��� .��  4Y	�� ���2? 
 ��D�

�-�	� - 	@ ����	>@ �>RH F�	� ����� �>RH ��K	@ r�� 
��K 4�

 �K	@	;���W �� �
<��K ���	>@ �>RH 3���C �@  �@ �9@�� � ��K

�� �b��� 	�S 7��H :��K  

)14(  
��,���H�,
 + 	�,
S�,
 = HI5 1J �2KI�1Lk + HI5 �I5�2KI�Lh<

 

 ��γ(,'()  �K	@ F�	� ����� �>RH	;���W  �ε(,� �σ(,� �τ(,� 

 F�	� �����4��BC F�� ����� �4��BC  �� �K	@ F�� ����� �

 �K	@ F�	� ����� r�:� �>RH���W	; ��
�D. 

  

2-12- ��,�� �
;S�> = 0+�2(7 I�TUR�  

�S���� � ��8@� X�c 	@ ��/�	@ ���� ���B� �/��D 4�D \V	� ]10[� 

����
/�  j�c �@ 4�50 �G�� 	
� �G<�� 	9: �12 �G�� 	
�  	9: �

 �V��<16 �G�� 	
� 
/� .�89:  ���� Y���� �/�	@GH4169  � ���@

�={�� 
/� 	�S 7��H �@ 3� �2
�< � ������� 4�D: 

  

L=�� 1-  3��45 �
���
� I��$,T/GH4169  0��+ �+650  ���+

B,���� ]10[  

 

 F�� ��>��–  4��� �� 4��>� y���
� 4��*=��@ F�	�650 

 �V�� ����G/��=S� �	���� �9@�� S�1
 .
/� ��K OH�W  

)15(  	� = S�T + lS�m5n g
M
 

 �9@�� T�� ��n5 
L/ 3��� � y���
� �=���KK5  �`L-�

 .
/� ���� y���
� 4��*=��@ n��>
/�K5  	@�	@1950  � j��/���2�n5 

 	@�	@15/0 
/� ]10[. ���8� ��� T� �� 	BC -3������  4��*=��@ 4�	@

e� �K	@  �<	? �� :
/� 	�S 7��H �@  

)16(  �� = H5IJ �2KI�LM + �5I�2KI�<M                                   
 F���S� �@ E�@	� 
@��] �U���? ���K��� ��V�� �K	@ 4��*=��@

                                                             
1 Romberg Osgood 

p^ p: T/Jqr s/°u 

0.5 0.325 182 650 
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�� � S� 3����
/� �@ 4�	@ 	�S u@� �	@ �	0@ 
@��] 3���� ]1[:  

)17(  H5I = S5I√3   ;   �5I = √3 	5I   95 = 9  ;    �5 = �   
 S� ���R
/� �@����  4��>� 4��*=��@ �@ E�@	� 4�D�� ��V��  \V	�

]10[ j��V �� ���� �2
�< 4�D �={�� �Q�@ u@��� � 2  ��/�>�

��K .���  

  

3 -  L��970�)� X;7)	 = 0�7YZ��( 
 k��� 7��H �@ ���B� 4�0
�� .� �	^� ���� 4��*=��@ j�BC� 
0V

��K �
 	= 	^� �� ���	�=   �� 7��H �@ F�	� j	
�� �@ 4��*=��@ �

�@ .
/� ��K j�BC� ���B� 	2�� 4�0
�� �� �K	@ � ���c F�	�  O���

 �� ��/��D 3��N� F�	� u@��� 7�`
L� ��2
/� �� ���5@�V M�W 	@

����
/� 4� ��:
K�� 3���  

)18(  
�wA = xyw xz     =>   xyw = �wA  . xz xyw = |̅. x~ =>   x~ = �wA  . xz|̅  

 ��r̅  �	]�� r�8Kdθ  � 3����� M�W 	@ 4��>� FU�� ���N�dz 

 ��/�>� 4�	@ .
/� 3�B�� j�cr̅ 1�� �� ���R
/� 	�S �9@�� S� :��K  

)19(  |�� − |!� = |̅� 

����
/� ���B� 4�	@ ���N� 4� r̅  	@�	@27/7 �G��  ��K ��/�>� 	
� �

 ���N�dz  1�� 	@�	@50 �G��  	
� F�	� 4��*=��@ �@ �V�� �@ .
/�

j	
�� ��K 
��W �/ �� ����K j�BC� 4S	� u��	K ���N� � X@�9�

 j��V3 .
/�  

  

L=�� 2-  I��$,T/�.��/  3��45GH4169  0��+ �+650  ���+

B,���� ]10[  � 9  	5I S5I/�qr 
-0.580 -0.086 0.162 1565.2 �5 95 �5I H5I/�qr 
-0.580 -0.086 0.281 903.7 

  

L=�� 3- [��U� \4�? �� �+ 0�)� X;7)	 L��97  x~�x��� x~�|rx� x�A����  

3.48 0.0608 0.2730 Case1 

4.96 0.0867 0.3945 Case2 

4.57 0.0798 0.3505 Case3 

 
4��*=��@ �D  �@M��	�  �@7��H M/��
� Z���	  �@ 1/0 1�	D �

 S�  fk
<� �@ M/��
���90  �V��  Z���	  �@1/0  1�	D�  �@ M/��
���

 S�  fk
<�45 �V��  Z���	  �05/0 1�	D .��
�D V�� O�K� 

4��*=��@�D�  .
/� y���
� � �;G;�  

 

4 - 0���4��  =���� ��O�97 
���K 4�	@  S� 4��@44  ����S �@ �9�>� 4�
/�� �� 3�B��18/8 

���R
/� �V��  �D �	= O� ���8� .
/� ��K24552  O� ���8� � �	=

 �D 3�B��4400 3�B�� r�� S� �D 3�B�� r�� .
/� ���@ 3�B��  �/ 4�D

 �@ n�� ���	� 4�8@20 3�B�� 	D �� �	= �C3D20R .
/� ��K y�L
�� 

 [��
� ����N� 4�	@4��C �@  	^� �� 4��*=��@ 
��W �/ ��@	5� [��
�

��K �
 	=  �@w	K @ 	�S��K j�BC� ���B� �  
/�  	BC � �2
�<

j��V �� 
��W �/ 4�	@ ���� 
/� �@ �@	5� )4( �b��� ��K  .
/�  

  

L=�� 4-  0�7YZ��( [��U� \4�? �� �+ �()�8 )�9  KI������� 
]10[  V��z� � �wA 	A 

458 0.1 0 0.00884 0.00546 

218 0.1 90 0.01260 0.00789 

260 0.05 45 0.01160 0.00701 

  

 j��V T�� ���   � ���@ S�  fk
<�KI  �� �@	5� �2
�< 	BC

�� 3�-� .�D�  �� ��9��BD�� ��D�-� �@	5� [��
� S� ���K ��  fk
<�

 S� 90 �V�� F�	� T�@ ���BC� 4�D O��� �@ � ��V� 
L/ 	;���W

 �� 	BC T�	
B� �89: �M/��
��� 4��*=��@ 
>� � �P� �=���K .����

� �5�/ ���
C� ��^�� �@  ����N� [��
�4��C �@	5� � � ���B�� �NGW �@

�@	5� [��
�  \V	� �� ��K �b��� 4��C O�G>� [��
� �]10[  ����N�

�� �K� .O�K  )1( �NGW F��B� ���B��  M/��
� 4��*=��@ 4�	@
/�. 

eD �� �5�� S� �NGW ���S ���K��   [��
� �@ �
/� 
��� O@�: ���B��

���K �� ��K n�5�� 4S�/.
��	2� ��B
C� �@ 3���  

  
 P
	1- �<�?  
0+�9 P��"8 ������ �<�?  = �()�8 ������  

:�)� 0+�9 P��"8  

  

5-  A��28�1)�]��  

����
/� 7�`
L� ��2
/� �� �� ����H ��  
0V 4�R  	@�	@1 �

 
0Vθ  	@�	@2  
0V �Z  	@�	@3  7��H �@ �K	@ F�	� ��K�@γ1�  �

 F�	�4��BC  7��H �@ε��  r�:� ����S �� ����H �� .��@ �D��<

 ���-�@ �K	@ F�	�ψ ��K�@  �9@�� S� �K	@ F�	� T��)20(  
/� �@

�� ���:  

)20(  �1�5 = − 	11 + 	��2 �U�2� + �1�2 ���2� 

���-�@ �K	@ F�	� ����� r�:� O>�  ����>� ��0  ��180 

�� }�R�� �9N� �� �� ��V��  �S���� �@ � �
 �90 ����� 7��R� eD�@ �V��. 

 F�	�4��BC  �9@�� S� 1��)21(  �K	@ F�	� ����>� �>RH ��

�� 
/� �@ ���-�@  3��S j�c �� �9N� 	D �� 	���N� T
K�� �@ � ���

�� ) 3� 7�	��I� ����>� 3���∆ε���� 
/� �@ �� (.  
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 S��� ���� 4�D	�I
� (~��)j�� 3��	@ 4�D -�O����� � 	G�� ��	@ 	G�� � 3  

 :4��BC �? ��>���  ���	�I
� 3��@ 4��BC 
/�� ��>� �  

  
 (y) S��� ���� 4�D	�I
�4Y	�� j��   

 :4��BC �? ��>���  ���4��BC 
/�� ��>� � �  =�  

  
�Bc�  j�� S��� ���� 4�D	�I
� (�) -�Bc�  j�� � �/�/ - �? ��>� 7����

 :4��BC�� 4��BC 
/�� ��>� ��  

  
 S��� ���� 4�D	�I
� (7)�/�/ j��   

 :4��BC �? ��>�� :4��BC 
/�� ��>� ��  

  
 S��� ���� 4�D	�I
� (�)(����	�) 3��	@ � v��� j��  

 :4��BC �? ��>���  ���	�I
� 3��@ 4��BC 
/�� ��>� �  

  
 S��� ���� 4�D	�I
� (�)3����BD � �� j��  

 :4��BC �? ��>���  ���� � 4��BC 
/�� ��>�  

 
 P
	2- L�� ���� +�,� 0�1)�]�� I7)��]8 ^����� 0�7YZ��( �+ ���+ ^�?)( �1  

  

 �� ��G�O�K 4�D )2) �(3) � (4�(  4�	@4��*=��@ 
��W �/� 

 7�	��I� ����>�F�� 4�	@ S��� ���� 4�D	�I
�  �� �2
�< 	BC ���@

j��  ~G
L� 4�DI� M�W 	@ �>RH ����S 7�	����K ���� 3�-� ���. 

 �M��	� T��@O�K 4�D )2) �(3) � (4�(  	2����B�	�I
� 
0V nSQ 4�D

j�� 4�	@ ����S 7�	��I� �@ �2
�< 	BC T�BL� 3��	@ 4�D - � 	G��

�O����� �Bc�  �(y) 4Y	�� �(~��) 	G�� � 3��	@ -�Bc�  � �/�/ -

����	�) 3��	@ � v��� �(7)�/�/ �(�) 7���� 3����BD � �� �(�) (

4��*=��@ �� M��	� �@ �(�)  fk
<� �@ M/��
��� 4��*=��@ �M/��
� 4�D

 S� 45� �V��  S�  fk
<� �@ M/��
��� 4��*=��@90 �V�� .��
�D  

  

6 - _;��� 

��V j5 j�� S��� ���� 
@��] � �D	
�����  ��^�� �@ �~G
L� 4�D

�� 	BC T�BL� 4�	@ 
��W �/ M/��
� 4��*=��@� � fk
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� .
/� 4��C�� ��D�-� �� ��9��BD ��V� T�� �@ ��j�� ��K  ���D

 ��eD 	�]�� �� 	^� �� �� F�	� � F�� 3��S ��	�= 4	
-�@ ������� S� �

� ����`< �@ ��
�D �����<	@ 	BC ���@ F� Q�@ 4��� ��. 

 

  
 S��� ���� 4�D	�I
� (~��)j�� 3��	@ 4�D -�O����� � 	G��  	G�� � 3��	@  

:4��BC �? ��>� ��  ���	�I
� 3��@ 4��BC 
/�� ��>� �  

  
 S��� ���� 4�D	�I
� (y)4Y	�� j��   

 :4��BC �? ��>���  ��� 4��BC 
/�� ��>� �� � �  

  
�Bc�  j�� S��� ���� 4�D	�I
� (�) -�Bc�  j�� � �/�/ - 7����  

 :4��BC �? ��>��� 4��BC 
/�� ��>� ��  

  
�� ���� 4�D	�I
� (7) S��/�/ j��   

 :4��BC �? ��>�� :4��BC 
/�� ��>� ��  

  
 S��� ���� 4�D	�I
� (�)(����	�) 3��	@ � v��� j��  

 :4��BC �? ��>���  ���	�I
� 3��@ 4��BC 
/�� ��>� �  

  
 S��� ���� 4�D	�I
� (�)3����BD � �� j��   

 :4��BC �? ��>���  ��� 4��BC 
/�� ��>� ��  
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/�� ��>� ��  

  
 S��� ���� 4�D	�I
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L=�� 5-  ���� +�,� ��	 �O��"� 0�1)�]��  �+0�7YZ��( \4�? �� � b S�,
 ��,
 H�,
 S���,
 	g,� 	
∗  	�,
 Δ	
 ��,��� Critical 
Angle Model 

0.37 
0.37 
0.37 

- 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

0.01052 
0.01025 
0.01838 

0.0112 
0.0129 
0.01352 

108 
104 
104 

BM 

0.37 
0.37 
0.37 

- 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

0.02305 
0.01101 
0.01996 

- 
- 
- 

- 
- 
- 

0.0112 
0.0129 
0.01352 

108 
104 
0 

WB 

0.37 
0.37 
0.37 

- 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

0.02305 
0.01101 
0.01996 

- 
- 
- 

- 
- 
- 

0.0112 
0.0129 
0.01352 

108 
104 
0 

Mixed 

0.37 
0.37 
0.37 

- 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

0.01052 
0.01025 
0.01838 

0.0112 
0.0129 
0.01352 

108 
104 
0 

KBM  

- 
- 
- 

0.14 
0.14 
0.14 

- 
- 
- 

- 
- 
- 

- 
- 
- 

351.8 
553.1 
800.6 

- 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

0.0112 
0.0129 
0.01352 

18 
14 
0 

FS 

- 
- 
- 

0.14 
0.14 
0.14 

- 
- 
- 

- 
- 
- 

- 
- 
- 

351.8 
553.1 
800.6 

- 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

0.0112 
0.0129 
0.01352 

18 
14 
0 

Fatemi-Kurath 

- 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

716.7 
763.9 
636 

0.01228 
0.01420 
0.01363 

- 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

145 
142 
44 

Socie 

- 
- 
- 

0.89 
0.89 
0.89 

- 
- 
- 

- 
- 
- 

- 
- 
- 

345.5 
553.1 
795.3 

- 
- 
- 

- 
- 
- 

- 
- 
- 

0.01052 
0.00976 
0.01838 

0.0112 
0.0129 
0.01352 

108 
14 
0 

WHS 

- 
- 
- 

- 
- 
- 

726.5 
772 
625 

0.00324 
0.00743 
0.01016 

110.9 
210.3 
321.2 

- 
- 
- 

0.01228 
0.01420 
0.01363 

- 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

145 
142 
44 

Energy Normal 

- 
- 
- 

- 
- 
- 

348.5 
556.5 
791.6 

- 
- 
- 

391.2 
425.5 
434.6 

- 
- 
- 

- 
- 
- 

- 
- 
- 

0.00526 
0.00485 
0.00919 

- 
- 
- 

0.0112 
0.0129 
0.01352 

108 
14 
0 

Energy Shear 

   

L=�� 6- L�� �+ ���5 \��( 0�1)�9 [��U� 0�1= �()�8 _;���  KI�� KI:�^�  KI�� KI:�^�  KI^=� KI:�^�  Model 

33/218 53/260 67/548 BM 

31/218 35/260 50/548 WB 

80/218 93/260 144/548 Mixed 

112/218 194/260 262/548 KBM  

167/218 237/260 457/548 FS 

176/218 249/260 470/548 Fatemi-Kurath 

110/218 147/260 240/548 Socie 

104/218 165/260 232/548 WHS 

124/218 106/260 212/548 Normal 
Energy 

86/218 245/260 492/548 Shear 
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