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Analytical investigation of geometrical parameters of corrugated cores on the deflection 
of sandwich panels 

Department of Mechanical Engineering, Bu-Ali Sina University, Hamadan, Iran M. Shaban 
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Abstract 
Sandwich panels with corrugated cores have wide applications and play an important role in industries like vehicle, aerospace and 
marine industry. Corrugated-cores in the middle of the sandwich structures make them stronger under bending loads. Due to their 
high efficiency with low weight, considerable researchers studied the behavior of sandwich panels and most of them used numerical 
methods. In the other word, there is a few studies presents an analytical solution for corrugated sandwich panels. As first time in this 
paper, sandwich panels with corrugated core is investigated by using an analytical solution based on power-series method. By using 
this method, one can overcome restrictions of other methods which limit the analytical solution to special boundary conditions. First, 
by using double Maclaurin series, partial differential equations is extended based on first order shear deformation theory. Then, the 
obtained equations are solved by considering various types of boundary conditions. It is assumed that panel rested on elastic 
foundation and Winkler elastic foundation is used to model it. The obtained results are validated by available researches. Moreover, 
detailed parametric study is conducted involving geometrical parameters like core and face thickness, angle and pitch of corrugated 
core, type of boundary condition and stiffness of elastic foundation. 
Keywords: Sndwich Panel; Corrugated core; Analytical; elastic foundation; bending. 
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+� ����

�� {�	Q
+� �
+��� =2�� M��a2 S�� �f+ K
 	, 	O� �� ��?

 :����  � ����� 	�)V����� �,���2 5t�� ��L�� 5� �� �3
+�����

�,��9���� ���/.�?�2 

    ��+� 	2:	+ 5�-������ ��
+��� =2 ��+�	2 �1�.x�-��� 7� :�-

�� -��2 G2�X eQ4� E��	Z �2 GJ
�� 	�m
� :�/ ���J� K�� �� .�?�2

 ��+� 	2 [0
Q� =2��� ��
2� �R��L MF��A� GL :�	2:	+ 5� -���

 N�6x� E��	Z �2 ���,���� �
 	, 	O� �� ���2 N�6x� E��	Z � ��?

 MF��A� �� =2��� �� ���	, K��A� :�H�2 K��9./ � ��	� S�> R��L

.�7�+ ��	X	2  �� :7	� C��	?   

)24(  	
��, �� � 2 2 Ψ4,5�
�6
47�

6
57� �4�5 

	���, �� � 2 2 Ψ4,5���6
47�

6
57� �4�5 


��, �� � 2 2 84,5
6

47�
6

57� �4�5
 

Ψ4,5�
�
 �Ψ4,5���

  �84,5  ��+� 	2 ���2 �� ��
�/ ���6x� E��	Z

.���	, K��A� :7	� C��	? � R��L MF��A�  

       ��1K �� :	+ Mb.@ ���A��2 �
�2 �� �?�2  ���	3./ ���A� �2

�� K��A� .��	,) C2��� :��)3��@ �224) C2��� �� (18) ��� (20( �

                                                             
1
Levy Method 

2
Navier Method 

 •  7	�:��7� 
)21(  � � ± :2:                          �
 � �
� � �
 � 0 

� � ± <2:                         �� � �
� � �� � 0 

 • :���+ 7	� 
)22(  � � ± :2:                          �
 � 	� � 
 � 0 

� � ± <2:                        �� � 	
 � 
 � 0 
  • :���	�, 7	� 

)23(  � � ± :2:                      	
 � 	� � 
 � 0 

� � ± <2:                      	� � 	
 � 
 � 0 
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�2 G2�X :	�@ MF��A� �1�.x� M��a2 R��L G���	8�� MF��A� -�

��.��?�2  

)25(  �
1 � �
�� 2 2 Ψ=,>�
�?�? � 1�6
=7�

6
>7� �=@!�> � 

�
�2 2 2 Ψ=,>�
�A�A � 1�6
=7�

6
>7� �=�>@! � 

(�
�2 � �
��1 � �
��* 2 2 Ψ=,>�
�? A6
=7�

6
>7� �=@1�>@1 � 

��� B2 2 Ψ=,>�
�6
=7�

6
>7� �=�> � 2 2 8=,>?6

=7�
6

>7� �=@1�>C
� 0 

)26(  ��1 � �
�� 2 2 Ψ=,>���A�A � 1�6
=7�

6
>7� �=�>@! � 

�
�2 2 2 Ψ=,>���?�? � 1�6
=7�

6
>7� �=@!�> � 

(�
�2 � ���
1 � �
��* 2 2 Ψ=,>�
�? A6
=7�

6
>7� �=@1�>@1 � 

��� B2 2 Ψ=,>���6
=7�

6
>7� �=�> � 2 2 8=,>A6

=7�
6

>7� �=�>@1C
� 0 

)27(  ��� B2 2 Ψ=,>�
�6
>7�

6
=7� ? �=@1�> � 

2 2 8=,>=�=@1�?6
>7�

6
=7� �=@!�>C � 

��� D∑ ∑ Ψ=,>���647�6=7� A �=�>@1 �∑ ∑ 8=,>= A6>7�6=7� �A � 1��=�>@!F= 

�� 2 2 8=,>
6

>7�
6

=7� �=�> � � 

 :�� 	2 M�	��m� �<	2 N�.1� �2) C2���25) �� (27( �� R��L MF��A� �

�� ^	  �2 -������+.�	� �����7�2 	�  �� M�	��m� N�.1� �2 =X�� ��

�����.? :�/i  �j  ) MF��A� �� �00< �� :�H�225) �� (28 ��x�� (

�2 C2��� K�� ��	3���? �+��7�2 :�H-��� �� ��� [0
Q� :�/x  �y 

-���� Mb.@ �./ :�	2 M��a2 -��
2 �� C2��� K�� � ��? :7�+

-��� 7� ����	Z .��? �
?�� [0
Q� :�/   

)28(  2 2 G �
1 � �
�� Ψ=H!,>�
� �? � 1��? � 2�6
=7�

6
>7�  

� �
�2 Ψ=,>H!�
� �A � 1��A � 2� � 

(�
�2 � �
��1 � �
��* Ψ=H1,>H1��� �? � 1��A � 1� � 

��� DΨ=,>�
� � 8=H1,>�? � 1�FI �=�> � 0 

)29(  2 2 G ��1 � �
�� Ψ=,>H!��� �A � 1��A � 2� �6
=7�

6
>7�  

� �
�2 Ψ=H!,>��� �? � 1��? � 2� � 

(�
�2 � ���
1 � �
��* Ψ=H1,>H1��� �? � 1��A � 1� � 

��� DΨ=,>��� � 8=,>H1�A � 1�FI �=�> � 0 

)30(  2 2 J��� DΨ=H1,>�
� �? � 1� � 8=H!,>�? � 1��? � 2�F6
>7�

6
=7�  

���� DΨ=,>H1��� �A � 1� � 8=,>H!�A � 1��A � 2�F � ��8=,> � �K���K���L�=�= � 0 

K��9./  �f2�� �� ��? -��2 :	+ ��+�	2 ���x2�@ =2��� :��)3��@ �2

)24) C2��� �� (5) �� (9�x
�� �( I�� :�/ :	+ ��+� 	2 D�� G2�X

�� -��2.��?�2  

)31(  �
 � �
1 � �
�� B2 2 Ψ=,>�
�6
=7�

6
>7� ? �=@1�5 �  

�� 2 2 Ψ=,>���6
=7�

6
>7� A �=�>@1C 

  

 

)32(  

�� � ��1 � �
�� B�
 2 2 Ψ=,>�
�6
=7�

6
>7� ? �=@1�5 �  

2 2 Ψ=,>���6
=7�

6
>7� A �=�>@1C 

 

)33(  

�
� � �
�2 B2 2 Ψ=,>�
�6
=7�

6
>7� A �=�>@1 �  

2 2 Ψ=,>���6
=7�

6
>7� ? �=@1�5C 

 

)34(  

�
 � ��� B2 2 Ψ=,>�
�6
=7�

6
>7�  �=�5 �  

2 2 8=,>
6

=7�
6

>7� ? �=@1�>C 

 

)35(  

�� � ��� B2 2 Ψ=,>���6
=7�

6
>7�  �=�5 �  

2 2 8=,>
6

=7�
6

>7� A �=�>@1C 

) C2��� :��)3��@ �231) �� (35) C2��� �� (21) �� (23 :7	� C��	? (

:	+ ��+� 	2 [0
Q� .���	, ��/��< -��2 ����� :�/  

     -��� E��	Z �R��L MF��A� :��	X	2 
6@ [0
Q� :�/x  �y  ���2

 C��	? �2 ��2	� MF��A� ��	./ �2 MF��A� K�� GL �2 .���	, 	8>


2��\ �:7	�M=,>��� �M=,>�
�
 � wi,j  .�? ��/��< ��+�H� ���	, ��/�4�

 K
 	, 	O� �� �2 ��15  	/ :�	2 �0.@:	+ 7� 5�!+�� ��/ b��� �/

.�����	, �	3./  �� ���	3./ 7� -���._� 
01 �2 ��@� K�� �2 �./


��L ���A� ��/20 .
+� ��? �
 	, 	O� �� :	+ 	/ :�	2 �0.@  

4 - ���F G��� H3��� 
      �
�/ �2 �9�����+ G��� �2 ��2	� :��1 Y��
� �IQ2 K�� ��

�� �z��� ���@���H> ��
2� .��? ��	X �+�	2 ���� Y��
� :��),�
 	,  �
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 ��A2� �2 �0��� ���O�� K��2m6  ��m1/2  �
 	, 	O���
+� ��?  ��

 �Z	1 ��	
�, ��2 W	A���N/m25520  � �
�/ U�@ .���� ��	X

I��� v��� N��� �2 -���� �/GPa208  -�+��� E�	Z �3/0 
+� 

]29[) N��@ �� G��� �+��/ M��>�a< .1 �� 5�
+F� 
2��\ � (

) N��@2 (�z���  N��@ �� .
+� ��?3�  �2 ���� 
+�2 �Z	1 D�<

:	+ (��� �2 ����� :�/ �� 
+� ��? ����J� =@�	� 	��+ Y��
 ��

�� -�4�-�D�� �/�  7� 	
.� �f<1  �>�����?�2.  
  

 I(��1- �,��0� ���' �� 
23(���� 1��� 
���' @��$0J/  
 

p (mm) hc (mm)  f (mm)  tf (mm)  tc (mm)  
265  5/107  5/82  5/2  5/2  

  

 I(��2- �,��0� ���' �� 
23(���� 1��� ����A, G�,0-  
  

DQy 
(Nm) 

DQx 
(Nm) 

Dxy 
(Nm) 

Dy (Nm) Dx 
(Nm) 

59/1 ×105 83/2 ×107 31/2 ×106 22/3 ×106 1/4 ×106 

  

 I(��3- H3���  ���F G���( �,��
�' ( ��  K�0  ��� �L,�, H3��� 

]29[  
 

 1?


���" ]29[ 

 +,.�,

B(�"�]29[ 

 �	���

 G���

���F 

 �O/ G4��

��  1?

 
���" 

]29[ 

 �O/ G4��

1? �� 

+,.�, 

B(�"� 

]29[ 

86/6 779/6  790/6  16/0%  02/1%  

  

�@ �� D�� :	3�� ����J�� N�3  ��6  
H� �9�����+ S�� :�	2

 :��),��2kN/m2 10q=   =@	� �2]10[ ^�x��  ��_ -�./ .
+� �
 	,

 ���� 
+�2 Y��
� �
+� eQ4� ��:�	2  ���+ ��, ���� �2 ���@�� G���

 =@	� �2 ����J� �� �2�< ����2 |2�f� 7�]10[ .
+� �����<	2  

     �2 	
����� �� 	\� �+�	2 ��O�� �2 �A2 G��� T�8��� �2 ^�, 
���

) ���@��p/hc� (  S�� �2 ���@�� S�� 
��QZ 
����
+�� )tc/tf( � ��

 N��@4  
��� �+ :�	2 �Z	1 D�<p/hc=0.6, 1, 1.25  �tc/tf=1, 

1.2,1.4  .
+� ��? �z���-�./��/�4� �� ��_ ��? �� I��D � �2 

���@�� G��� T�8��� �2 ^�, 
��� ����4�2 D�< D�� �� I��D ��2�� .

 �A2 �2 
��� I��D �)p/hc(�� 	�)� -���� M��> �� �2 � I��D � :�?�2

G��� T�8��� I/�� �� ^�,  =X�� �� �� -�? 	
,�D2 ��A� �2 ���� �����

�� S�� {�� .�?�2 �2 	x�� �{�� ����� ���� -�? 	
,�D2 �
A��_

 K�2 �0>�  I/���
+���/ �� �
�/ �+	��� -�.� 	3�� M���1 �2 �-

�� ��O
�� �� ��_ -�./ �)� .��?�� I��D � ���4�2 D�< ���.�2��  

      �	3�� ���+ 7� S�� �2 ���@�� S�� 
��QZ 
��� I��D �I��� 

)tc/tf�4�2 D�< I��D � E�+ D��  (�� ��.��	, �� �� ���)� �x�
� -���

K�� ���@�� �
�/ �� ��.� ��@�� ��_ �G��� �+	��� -�.� I��D � �2

 G��� ^��H
+� 7� :���7 IQ2 �9�����+�� K��]� �����.� M���1 �2 .

��),	�\�� �
�/ 
��QZ I��D � �	3���
+�� 
��QZ I��D � 7� 	� �/

.
+� 

      N��@ ��4� ��� T�� 	�\]�� ��? �z��� D�� G��� �Z	1 D�< 	2 ��,

-�./ .
+�
+� eQ4� �� ��_  
6@ �� �� �
��L ��y ���� �/ ��,

) ��?�2 ���	�,CC-CC  �SS-CC �� -��2 ���+ �� -��2 ���	�, (

���� 
6@ �� 	3�� ��,x  :D�t�� ����2 	�\]� (���@�� 
6@ 	2 ��.1)

 
6@ �� �� �
��L �� .���� Y��
� 	2y �������?�2 ���+ �/ ��,  	��m� �2

���� �� ��, ���� 7� �E��	� �2 	3�� ��,CC-SS �SS-SS  �FF-SS 

 .��2 R�/��< ���4�2 D�< I��D � �/�?���� 	8> G���2 ����	�, ��,

���� K�	���J� �E�? � D�< -��2�� ��, D�< ��x�� 7� =��� �� �?�2

������ T�� K�� �� ���
4, � �	�� ��� .��	, 	
4�2 	3�� T���� 	��+ 7� ��,

���� �	3�� :�+ 7� .
+� ��x�� E�? � D�< :�	2 :��X ��/ ��7� ��,

�.��� ���
4, � �	�� ���,	/ 7� :��1 ��� ���.�?�2  �� ��_ -�./ �)�

 
��L �� D�< ��� �� ��O
��CC-SS  
��L �� � ���J� K�	
.�FF-

SS .
+���� �� ��< ���J� K�	
4�2 � :�+ 7�	3�  �� ��	, �� ��/�4�

���� �� �
��L 
6@ �� ��,x) �?�2 ��7� �FF-CC  �FF-SS �(

 �/��< �
��L 7� 	
4�2 D�< ���?�2 ���+ 	3�� ��, ���� �� ������>��

���� �� K�� �� ��2.��?�2 ���	�, ���, ���� K
 	, 	O��� �2 ��,SC-SS 

���� T�� K�� �� ��? �� ��/�4� ��, ���� �2 ����J� �� ��,CC-SS 

 ��, ���� �2 ����J� �� � 	�F�2 ���4�2 D�< :����FF-SS  D�< :����

K���� ���4�2.
+� 	�  

 
 I(��4-  
23(���� 1��� 
P*6 .�/ ���' ���,��0�Q�<*  G"  K3,*� C, 
60��� +�' ( +C*�hc/tc=20, α=60°  

  

tc/tf p/hc Fully Simply CC-CC CC-SS SS-CC SC-SS FF-SS  FF-CC  
Y��
� 	Z�L   [10] 

=@	� 

 

6/0  
 

١ 3343/0  338/0  2009/0  3095/0  20052/0  32202/0  3587/0  1934/0  

2/1  5303/0  536/0  3982/0  4743/0  42995/0  50231/0  5813/0  41231/0  

4/1  7272/0  732/0  5734/0  6277/0  65765/0  67706/0  8225/0  6516/0  

 
١ 

١ 5363/0  547/0  2997/0  4936/0  28926/0  51534/0  5747/0  28494/0  

2/1  8119/0  823/0  5811/0  7228/0  61537/0  76734/0  8832/0  58688/0  

4/1  1639/1  18/1  8951/0  9907/0  03091/1  07653/1  3078/1  00687/1  

 

25/1  

 

١ 6533/0  670/0  3519/0  5993/0  33277/0  6268/0  6995/0  3323/0  

2/1  9461/0  964/0  654/0  8421/0  68052/0  89415/1  0246/1  64929/0  

4/1  3428/1  36/1  0146/1  1441/1  15423/1  24265/1  4947/1  11365/1  
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128  

 I(��5-  
23(���� 1��� 
P*6 .�/ ���' ���,��0�Q�<*  G"  K3,*� C, 
60��� +�' ( +C*�hc/tc=20, α=90°  
  

tc/tf p/hc Fully Simply  CC-CC CC-SS SS-CC SC-SS FF-SS  FF-CC  
Y��
� 	Z�L   [10] 

=@	� 

 

6/0  

 

١ 495/1  5/1  045/1  073/1  527/1  274/1  068/2  898/1  

2/1  781/1  79/1  193/1  228/1  831/1  488/1  676/2  507/2  

4/1  086/2  09/2  341/1  385/1  147/2  71/1  448/3  28/3  

 
١ 

١ 907/1  93/1  37/1  415/1  917/1  652/1  394/2  092/2  

2/1  354/2  38/2  62/1  664/1  423/2  992/1  169/3  869/2  

4/1  744/2  76/2  82/1  87/1  854/2  281/2  943/3  644/3  

 

25/1  
 

١ 096/2  13/2  511/1  572/1  074/2  826/1  549/2  165/2  

2/1  579/2  61/2  749/1  847/1  636/2  197/2  325/3  942/2  

4/1  071/3  1/3  052/2  108/2  199/3  562/2  224/4  843/3  

  

       N��@ ��5�  ����7 	�\]�α  �
 	, ��	X �+�	2 ���� ���4�2 D�< 	2

 N��@ �2 N��@ K�� Y��
� ����J� �2 .
+�4 ���? �� ��/�4�  ��

�� MF�L ���.� �� D�< I��D � E�+ 	
����� K�� I��D � .��	, �2

 -��2 
2�\ W	  ��/	
����� 	��+ I��D � I/�� E�+ �����7 	
�����

DQx   
6@ �� G��� �?	2 �
Q+ ��x�
� �� �y �� -��2 K�� .��	,

j�fA�� ��9�����+ G��� �� 
+��A� F�2 �Z	1 D�< �)� � ��? 	� 	�)�

��.���  �� 
+� K�� �@�� G2�X �
�� C��	? T�� �2 D�< I��D � K��

���� N��@ �� �N�w� -���1 �2 .
+� �
�2�� D�� �/�,5 �� �
��L �� �

 ��, ����CC-CC ���� 	��m� �2 ��?�2 
6@ �� :�/ ��,y  ���+ �2

)CC-SS�.� �/�4� Y��
� �� �+��H� 	��m� (.��? -�./ �� �� ��_

�? ���?� �G�X IQ2���
 � K�� G��� � ���� 
��0> 	�\]� � ���	�, ��,

���� T�� K�� R�J
��.
+� D�< 	2 ��, 	3�� :�+ 7����� 	��m� �2 � ��,

 
6@ �� �/x ) ���+ �2SS-CC ���L C+�
� ��f2 ���4�2 D�< �(50  

�>�� �� I��D � ����7 I��D � �2 D�< I��D � ���bA2 .�2��α :�	2 D�� �  

 N��@ ��6 S�� 
��QZ �2 ���@�� G��� T�8��� 
��� I��D � 	�\]� �

) �
�/ ���@��hc/tc .
+� ��? �+�	2 (-�./�� ��O
�� �� ��_ �� ���

 N��@ �2 N��@ K�� ����J�4 ��?	2 � �4.< �
Q+ I/�� G���2 �

�� I��D � G��� D�<.�2�� �2 
��� I/��A2 T�8��� I/�� �2 ���)� �

 ����@�� G���hc ��
�/ S�� 
��QZ -���� 
2�\ � � I/�� :��A� �2

 ���H� I/�� =�
��2 � 
6@ �� �� G��� =fJ� �f+ �+	��� -�.�

�?	2 � �4.< �
Q+ .
+� .
+� �
 �� I��D � D�< �)�

  

  

  

 I(��6-  
23(���� 1��� 
P*6 .�/ ���' ���,��0�Q�<*  G"  K3,*� C, 
60��� +�' ( +C*�hc/tc=40, α=60°  
  

tc/t f p/hc Fully Simply  CC-CC CC-SS SS-CC SC-SS FF-SS  FF-CC  
Y��
� 	Z�L   =@	�]10[ 

6/0  
 

١ 734/1  75/1  357/1  463/1  598/1  597/1  987/1  6/1  

2/1  158/3  17/3  298/2  36/2  188/3  744/2  207/4  819/3  

4/1  54/4  55/4  976/2  072/3  646/4  757/3  278/7  894/6  

 
١ 

١ 59/2  62/2  982/1  177/2  314/2  382/2  925/2  265/2  

2/1  516/4  56/4  286/3  387/3  535/4  933/3  744/5  08/5  

4/1  583/6  62/6  308/4  437/4  817/6  442/5  839/9  182/9  

 

25/1  
 

١ 075/3  13/3  324/2  577/2  703/2  823/2  453/3  622/2  

2/1  239/5  29/5  802/3  93/3  237/5  563/4  542/6  705/5  

4/1  451/7  51/7  918/4  059/5  739/7  183/6  66/10  829/9  
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���� T�� �+�.� �f< D�� ��? 	�n ��,���� :�	2 I��D � K�� .�?�2 ��,

CC-CC  ���L5 ���� :�	2 �	2�	2 ��,CC-SS  ���L3.5  :�	2 � 	2�	2

���� ��,SS-CC  ���L7 ���� T���� 	��+ �� .
+� 	2�	2 D�� �/ ��,

�.� �f< D�< I��D �.�?�2 �2 -��� �� �� S�  ����� G��� M��> K��

G��� �2 ����J� �� �=X�� �� �� ��.� NF�
+� ����+ �9�����+ :�/

�� �
�/ 7� ���8
+� �� �
6@ �� �9�����+ G��� 
��J� E�+ ����@

 :�
+�� ) ���� ��	X ���@�� S��x�� ( .��	, ��	X 	�\]� �+�	2 ��O�� �2

���� :�� 	2 �9�����+ G��� K
 	,�,� �@ �� �5�
+F��) N�7( ) ��9( 

���4�2 D�< ���@�� �
�/ �2 �9�����+ G��� :�	2 )hc/tc=20, q=10 

kN/m2, α=60°(  � �
Q+ ���J� �+5�
+F� 	
�2 kw=5×106, 

1×107, 5×107 
H� .
+� ��? ��+�H� T��
� :7	� C��	? ���� ��,

�� �1�2 5�
+F����� �+�+� .�2�� I/�� ���4�2 D�< �� ��? ��,  

  

  

�� �9�����+ G��� �� D�< ��x�� 7� =��� 5�
+F� �� ���3��./ �)� .��?

�� ��O
����� ) N���@ ��7 -9 �(I��D � �2  	
�����kw ���4�2 D�< �

�� ���� I/����� . 
��� I��D �p/hc   	��+ K
?�� �3� 
2�\ �2

�� E�+ ��+��/ :�/	
��������� T�� 7� GJ
�� �� ��	, 	\� ���,

���� .�2�� I��D � ���4�2 D�< I/�� 
��� � �2�� I��D � 5�
+F� ��,

 
��� I��D � ��2�4� ��_ �2tc/tf �./ D�� 
2�\ �2 ^�, .���� �� 	�\]� K

j�fA�� I��D � E�+ G��� T�8��� K
?�� �3��� G��� :	�)� .��	,

) �
+�� S�� �2 ���@�� S�� 
��QZ 
��� I��D �tc/tf E�+ D�� (

�� ���4�2 D�< I��D ��� -�4� E0f� K�� .��	, I��D � �� �/�

 S�� �2 �
+�� 
��QZ 
������@�� �� E�+ G��� �� ��	, 7� ���@��

 �2 ��2	� ���4�2 D�< 	��m� K�	
4�2 .�?�2 �����<	2 :	
4�2 ^��H
+�

���� ��,FF-SS ���� �2 ��2	� 	��m� K�	
.� � ��,CC-CC ��.�?�2  

  

  

 I(��7-  
23(���� 1��� 
P*6 .�/�� ����A, *��� *� *=��� kw=5× 106 Q�<*  G"  K3,*� C, 
60��� +�'+C*�  
  

tc/tf p/hc SS-SS CC-CC CC-SS SS-CC SC-SS FF-SS FF-CC 

6/0  

  

١ 
0.2977 1867/0  2786/0  1858/0  2882/0  313/0  1794/0  

2/1  4439/0  3477/0  4056/0  3694/0  4248/0  4685/0  352/0  

4/1  5745/0  4754/0  513/0  5282/0  5437/0  6123/0  5114/0  

١ 
١ 4482/0  2692/0  4198/0  2592/0  4343/0  4655/0  2557/0  

2/1  6254/0  4793/0  5749/0  497/0  6003/0  6468/0  4721/0  

4/1  816/0  6772/0  7325/0  7424/0  7742/0  8452/0  7068/0  

25/1  

  

١ 5273/0  3106/0  4941/0  2935/0  5111/0  5442/0  2935/0  

2/1  7021/0  5275/0  6881/0  5375/0  6753/0  7197/0  5121/0  

4/1  8995/0  743/0  8131/0  8018/0  8564/0  9196/0  758/0  

  

  

 I(��8-  
23(���� 1��� 
P*6 .�/�� ����A, *��� *� *=��� kw=1× 107 Q�<*  G"  K3,*� C, 
60��� +�'+C*�  
  

  

tc/tf p/hc SS-SS CC-CC CC-SS SS-CC SC-SS FF-SS FF-CC 

6/0  

  

1 268/0  1743/0  253/0  1729/0  2606/0  2774/0  1672/0  

2/1  3806/0  3079/0  3535/0  3231/0  3671/0  3921/0  3068/0  

4/1  4725/0  4046/0  432/0  4394/0  4523/0  4868/0  4202/0  

١ 1 384/0  244/0  3643/0  2346/0  3744/0  3911/0  2318/0  

2/1  5058/0  4063/0  475/0  4151/0  4906/0  5094/0  3943/0  

4/1  6224/0  5409/0  5767/0  5751/0  5997/0  6222/0  5429/0  

25/1  1 4404/0  2775/0  4189/0  2621/0  43/0  4451/0  2625/0  

2/1  5545/0  44/0  5237/0  442/0  5392/0  5537/0  4221/0  

4/1  6688/0  5813/0  625/0  608/0  647/0  6614/0  5727/0  
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 I(��9-  
23(���� 1��� 
P*6 .�/�� ����A, *��� *� *=��� kw=5× 107 Q�<*  G"  K3,*� C, 
60��� +�'+C*�  
  

tc/tf p/hc SS-SS CC-CC CC-SS SS-CC SC-SS FF-SS FF-CC 

6/0  
  

١ 0.146 0.1123 0.143 0.1101 0.1445 0.1445 0.1077 

2/1  0.1712 0.1559 0.1682 0.1562 0.1697 0.1675 0.1494 

4/1  0.1853 0.1764 0.1821 0.1782 0.1837 0.18 0.1695 

١ ١ 0.1729 0.1366 0.1713 0.131 0.1722 0.1698 0.1311 

2/1  0.1892 0.1748 0.1886 0.1712 0.1889 0.1844 0.1666 

4/1  0.199 0.1936 0.1988 0.191 0.1989 0.1929 0.1841 

25/1  
  

١ 0.1826 0.1459 0.1817 0.1386 0.1822 0.1789 0.1404 

2/1  0.1943 0.1794 0.1945 0.1742 0.1945 0.1895 0.1712 

4/1  0.2017 0.1966 0.2025 0.1923 0.2021 0.1958 0.1869 

 5 - �	���+*�U  

    ���J� K�� ��  7� ���8
+� �2��	O�  � N�� ���	� �?	2:	+ (�� :�/

����� ����,�� I.<  ���@�� �9�����+ G������	, �+�	2 ���@�� G��� .

 �?	2 � �4.< 
2��\ �2 S�� �2 N��A� ��? �z��� C2��� 7� ���8
+� �2

�� �_�2	� �x
�� � I�	� ����x2�@ C2��� � �? �
 	, 	O� � I�� :�/

 �=@�	� 	��+ �2 ��? �z��� GL 
X� .���	, {�	Q
+� �?	2 :�	��

 � �? ���x�+ �����<	2 �2�0f� ����2 
X� 7� Y��
� �� �? ���� -�4�

 �I��� � �
�/ 
��QZ 	�O� ��+��/ :�/	
����� 	\� ������ �� .��
�/

 �_�2	� Y��
� � ���	, �+�	2 �
�/ -��2 ���@�� ����7 � �
�/ ^�,

���� T��
� T���� :�	2 I.< G�0H� ���bA2 .�? G�0H���, ^�x�� �/

� T�� 	�\]� � 
 	,���.�? �+�	2 ��, �� �@�� G2�X M���  (��

�� G�0H� :��6�4��  ���2 (�� K���� �
��� ����+�H� RxL ����J� K��

 :7	� C��	? �� 
����H� ^�1 � ���� 
+�2 Y��
� 
X� ���? �
 	,

.
+�  

  ��0� ��_ �2G�0H� ��+� 	2 �
 	, M��> :�/ ����
+� G2�X 	�7 Y��
�

��:�?�2 

•  ^�, ������> ��)p) ����7 � (α ���@�� �
�/ 
��QZ �� � (

�9�����+ G��� D�< ���� ���� I��D � D��  �/��< I��D �

.
 ��  

• I��� 
��QZ �� � ���@�� �
�/ T�8��� �� ���3�/ :�/

 �� �
 �� I��D � �7�+ ^��H
+� ��2�� I��D � �9�����+ G���

�� ����@ D�< I/�� E�+.��	, 

• j	> �2/ :�/	
����� 7� 	O����� T�� ��+�� ���D�2 	\� ��,

) ���@�� �
�/ 
6@ �� 	�\]� K�� .���� Y��
� ��y 7� I�2 �(

) -� 	2 ��.1 
6@x .
+� ( 
��0> I��D � �2 �� :�H�2

��������@�� 
6@�� ��,   �� :	
4�2 I/�� D�<�� �� -

�/�. 

     ��? 	�n ����� �2 �@�� �2 ���@�� �9�����+ G��� �L�	_ � ����

�	O� ���9�� ����	  � �+��/ T��
� :�/	�m
� 7� 	\]
� �� 
+� :�

(�� 7� ��� .
+� ������� �? �
 	, ���2 ���J� K�� �� �� ���/

�2 :�/	
����� 7� ���8
+�) �+��/ �A2p/hc �tc/tf K
 	, ���2 .
+� (

�� ��? �z��� Y��
� �2 �@�� �2 �/	
����� K�� ��+��� ����2 
 ��/� �����

	_ ���?�2 �9�����+ G��� ���62 �L� G�0H� ���� � Y��
� 7� ���8
+� �2 . 

 
�� ���? �z��� �2 -������62:7�+ G��� T�� K�� �9�����+ :�/ ��+�	2

 -7� I/�� ����� ����8
� :�/�	���� � j�/ =2��� �+��/ ��A2� ��

 .
<��	� 
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