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Abstract  
In this paper, the bending analysis of a thin circular sector plate (with inner and outer radius) made of homogeneous material with 
various boundary conditions including simply support and clamped edges under the act of uniformly and non-uniformly loadings 
resting on a nonlinear Winkler foundations (elastic) is studied. To do this, for bending analysis of sector thin plate subjected to 
uniform and nonuniform loading a combination of the Extended Kantorovich Method (EKM) along with weighted residual method 
was employed to solve the fourth-order governinig bending partial differential equation (PDE) of the plate in the polar coordinates of 
r and θ. The obtained results for bending deflection of the plate are compared with those from finite element method (FEM) and also 
with the literature in special cases. Also, the effect of changes in different parameters including geometry of the plate, linear and 
nonlinear stiffnesses of Winkler foundation, types of various boundary conditions and uniform and nonuniform loading in the 
bending response of the plate is investigated. 
Keywords: Bending analysis, Thin annular sector plate, Winkler foundation, Extended Kantorovich Method. 
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/�01 2�$ 3�4 5���6

�
�7$ &'(� )$� &� *+��&  

 ;�5 ��3	 �CZ >��< ����7� �]�- 6�< >� W����b� �< \�A  �H<

 ������ �� 4��7� ��C�P�� ))r, 0(w( ���� S�0�< �< �H<  �< 8�H5

P�� �����< 8�H5 >�7B0 )r/ro (���0 >��< ���< 4��< )k1=k2=0(  ��

 �A����� >��)/��<�< ��
 (�� 2� 
��T�-������� R� ����
 ?D�z�  �

� ;Z�0 [����] _F�� 214[ �i��� 
�5 .�-� ;�5 6�� ��	 �< \�A �H<  2�

�BA�� 8�H5 �� �TZ ���7� 8�H5 ���� �� �< �H< 8/0 ?��\ � �� ��  �

 ��H� ��A ���7� 6���+�< �<5-10×7 �� .�-� Eu-	  E� 6�� 2�

8�H5 ����	 �< \�A  �H<?D�
 �� �����< 8�H5 �� �� �<��  ���7� �<

Z�� �T .�-� �
 ��9��@D �� 4�+� ;�5  ���7� � W����b� ���� �D�

P�� \�A �/�\< ����@� �� �D �� 2�  �< ����< (�� �� �D�3���� 

����D ,��\� >��h �< �
  6���+�< 6�< s1�A� �Z�� �� ����@�

�<��< �< 7 �� �Z�� �5�<.  
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 ?D�z� ��  _F�� �<]14[ � ����7� �CZ 
����/ �]�- .�-� 

�< ���� ����2 2�  �H<1 -  (8�9: 8��5 ����2)�� ����2 ���� �< �H< 5/0 - 

 ����2)8�9: _<�(	  ��C�� ;�5��� � �5 >���� � ��5�� >��HZ S
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�< \�A � �-� >���2 ���� �H< >����  ���7� ��
��0�� �5�<.  ���� ��

 >����25./ - (8�9: _<� ����2)  ��5 ./ (8�9: ^��.V �- ����2)�< \�A  �H<

�����7� 
��< �<�c  S�5 � ��L�� �TZ�� �� 2� E� .�5�< ����2 ��5./ 

�� ���� 1  (8�9: >�.��� ����2) �< \�AW�5  >���� ����@� � 
��
 � �

�� >���2 �T�� S�5 .�5�< �� 4�+� ;�5 �
 ��9��@D  �D� ����

�� �D �� P�� \�A �/�\< ���7� � W����b� ����@�  ,��\� UD �< ����<

 ����D (�� 2� ;Z�0 [���� 4��< ,��\� 
��D� 4�+� ��� 6�� �


B�BC�� EKM ?D�z� 6�� ��  _F�� �� 
�5 (��\/ [���� ��� .�5�< 

 �<��< ����@� �� 6�< [���� s1�A� �Z�� 6���+�<8 �5�< �� �Z��.  

 
 5
�3- 
� Q�4 <F(� R(.&� �>�  
�  �� X,1 �7$9+ �>� �7$9+

) &'(� S$�� <E�. )9&� 2�$ 
�$&��k1=k2=0 
�,�@ 3#$%� �B ()EKM (

 V�&� $]14[.  

  

 ;�5 ��4 	 W����b� >��< ;�BC� [���� \�AP�� >�7B0 )w ( ������ ��

4�@
  P�� >\
��)/2)ri+ro (() ����2 S�0�<θ(  ���< 4��< ���0 ��

)k1=k2=0(  >��)/��< �C���N �A������< �� 2� 
��T�-� (EKM  �

FEM  � [������ 
�5 
���  _F��]14[ 
�5 
��� 4�+� .�-�  ?��\ � �<

����2 θ�� ?��\ � >���2 ���� S�5 �< \�A 	 .�<�� ����2 �� 4./θ = - 

 ���7� �< P�� \�A ���+�< ��H� ��Am 5-10×22/1 �� �-�  �< Eu-

 ?��\ �θ  2�4./  ��8 ./S�5 � �� �� ?D�
 [���� �< \�A ����@� � �T�


�5 �� ?D�
 �TZ ���7� �< ���.� �� � .�<��  ���7� � W����b� ����

.����D ,��\� UD �< ����< (�� �� �D �� P�� \�A �/�\<  6���+�<

 (�� [���� 6�< s1�A� �Z��EKM  (�� �<FEM  _F�� �]14[ 

�< �<��< S����< 6  � �Z��9 �� �Z�� .�5�<  

  
 5
�4- ) ),-�. 2�$ Q�4w9+ R(.&� () 2�$ �7$θ 2�$ )9&� (

) &'(� S$�� <49,�
7&�8 )�9:;��� <�6k1=k2=0 +9 �B��'�9 �� (

A$�  )�#EKM  $FEM  V�&� �B ��� �B9B O7�'� $]14[  

  

 ;�5 ��5 - � K��5 -�< \�A W����b� r �H<  ������ �� 4��7� JA P��

S�0�< ���� �< �H<  �����< 8�H5 �< 8�H5 >��<���� >����� 8�9: 

�� P��) 8�9: ����2 �< 
���� _<� ,� W��X< ��α=90○  �BA�� 8�H5 �

mm ri=0.01 ( S���� �<>��< P�� ��< 4��<� )k1=0 ( � P��>�� �< 

 ���<�B���� )k1=106 ( �A����� ��< �C�
��T�-� �<  (�� 2�EKM  �

FEM 
�5 ����7� UD �< ���.  ����\� �]��� (�� �� \�� ���0 6�� ��

�< �-� �� .��D� �< 6���+����@� 6�� �� s1�A� �Z��S����< �D 7 

�Z��  �3 �Z�� �� .�5�< 2� P�� \�A ;�5 �� 6�� �� �TZ ���7� �� 

���7� 4-10×2/7  ;�5 ��5 - ���7� � K��4 -10×6  ;�5 ��5 - �� r

 ����6./r/ro=  �TZ ���7� �< �����< 8�H5 �� Eu- � �� �� ?��\ �

�� ?D�
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 (�� ����� ���C� 4�@�� (�� � �� �� �H-�� R�� �5�<. +� 
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�� ��5  �
 6� �/ �y��� �<�< \�A 	,��-M� ���< �H< �� ?D�
  .�<��

�< \�A U@�\
�� 6��Y@D ���0 �� �H<  2� ��@
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 ;�5 ��7 - � K��7 -�< \�A W����b� r S�0�< �H<  �����<  �H<
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,��-M� k1 )k2=0 (�� �A����� >��)/��<  �< >�7B0 P�� >��< S����<

ri=0.3 m �9: ����2 �<) 8α=60○ (� ���� P�� ) �< 8�9: ����2α=90○ (


��� 4�+� 
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) ,��-M�k1 ���7� (\�A �+@A P�� �� ?D�
 .�<��  ���+�< ���7�
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θ/α ���2 �< ����2)� ��T- S��d KB�L� ����7� >��< (P�� �����< 

�9A ���< ,��-M� k1 �A����� >��)/��< �� �< S��� P�� >��<

 �< >�7B0ri=0.3 m  8�9: ����2 �<)α=60○ (� P��  �<) ���� 8�9: ����2
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�5 
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�� �TZ =-1 θ/α  ���7� �����+�<  ��=-0.5 θ/α  �� Eu- � �� �� ?��\ �

���2 �����< �  �H<=0.5 θ/α  ����2 ����2 �� 4� 2� E� � 
���� �<�c

 P�� 8�9: ������ ��=1 θ/α �� ?D�
 �TZ ���7� �< 4� ��� ��  .�<��� �

 ;�58 -r ?��\ � �< �< ���� �H< θ/α \�A �<  �H<�TZ ���7� 2� ��  
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=1 θ/α �� ?D�
 �TZ ���7� �< ��  ;�5 �< �F�� �< 6��Y@D .�<��
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 L�01 �7$9+ �� ),-�. 2�$α=60○ (Z) $- 2�$ )9&�&�,6 �� L�01 �7$9+ 

α=90○.  
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;�5 ��  11 - � K��11 - S�0 �< >�7B0 P�� \�A W����b� r

8�H5  ���9A >��)/��<  ��� ��.V ;��5 >2�� |�5 8�� �- >��<

 �����/(cc) �BXT� ��� ��.V 	(ss) �BXT� ��� �� � �����/ ��� �� � 

(cs)  ,��-M� ���< �9A ��T- >�2� �< S����<)k1 ( ���0 ��k1=106 

 �k1=107 �i��� 
�5 .�-�  �
 ��9��@D2� ;�5  �D
�D�+� ��  ��5 >��<

�< P��  >2�� |�5.V��  �BXT� ��� 2� �5�� \�A >��+�< ?@A

�< ���� < P����.V >2�� |�5 �  �����/ ��� .���� �< P�� >��< |�5

 �BXT� ��� �� � �����/ ��� �� >2�� |�5 �� �< ���� ���<���< \�A

���� �3�� >2��.  
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 ���/ ����� 8�H5 �� �TZ ���7� 2� \�A 
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 �� �9A��N �5�< .

6���� �� �
 >����@�  �< qBH�� �
 �-� >����@� ���� ���: ;C� 6���

 ���<�B����  �9A��N
��<  S���d �
 ��T- �9A ��N � �9Ak1 � k2 
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