
 

  
  

 

 �
��

��
 �

��
�	

 
 
�

��
�

� 
�

�
�

��
� 

��
�

�
7

9
 

 �
��

 

47 

 �
��

�	
 


2 
 �

��
�

���
 


13
96

 
 �

#
$%

 

29

5
-

3
02

 

* :��������	
 �� ���� ������ ������ ������ m.mollaalipour@umz.ac.ir 

 :������  ����22/11/94                                                                                      

�&�  ����� :'02/10/95 

*��#� �+�, -�. /�0 �1234 /3 . /56�7 8��� �9��� �� :31��;� ��� /3 <��=> �� �4�$��3 ?3 �2 

*7 @�A4 B1C ���� �2��  
  

��#� ��DE� �5�*  �������*
 ���+�
� ��� �*��,� ��-+�
� �.�����  �/
���0��/
��
 �/
���0��  

  

���F   

1�� �	�2� 3�
 �����
� 4�5�6� 7
���8� �9 �:9�� ;��� 4�26< � 4
 �*��9 ���=> 4
�����?��
 �9 � ���@ A�B� C< .� �6�*�9 �+DE C�6F� .

1�� 4
�9 H�
 ����� �I�9 4��J� ��*
�6� 4�51�� .�*
 ��I K�L�
 M6�=� 40�� N�
�I �9 4
�6� 4�5 4
 �9 O=9 3���P�9  Q�2� �9�R ���=>

�����?�DB 0
 .��5 4
�9 Q��< 7S��:� .��
���L9�@ �9 T�9�� �-�*��� N�
�I UV* ���I ��I�� 
WL� 7��X9 �5 � �5�5���� O=9 3�9 �� 4�5

1�� ���I �Y
�
 A�B� C< ��*
�9 .�*
 ��I H�DZ
 M6�=��DB 0
 C�+�� �>�Z /��2���� 4�5�6� 4�5�� 4
�� C�6F� C9�B [�� �9 4�
&?��9 .�I�9

�� 1�� 0
 �5
�=	� �DB �5 4���DB 0
 .� �5 ������� \
�E .��I H�DZ
 ��
���� �5��
�� 
�E 7
���8� ��F�  3��]D5  .�I�9 7��^��\  4
�9

�� �DB �51�� 4
�9 �+DE C�6F� _���� ����
 �9 �@�� �9 .��I ����? �`� �� 
WL� 7��X9 ��
�����
� 4�5�6� 4�26< �� 4
 ��+� '�
W? /����� 4


 _���� �9 �,�� ���2� �9 4��,�+�� A�B� C< 0
 Ca�< _���� �B� 3�
�9��9 �*
�* ���F� /�D	
 C< 4�:9K�� N*�� ��I ;
�=�*
�
W�
  ABAQUS  

K�� � ��I �Y
�
 A�B� C< _���� 3�9 ��*��� �29�b� .�*
 ��I �*��9 ����9� �
W�
�*
 ��5�+� C9�B.  

�G3. :/���I /�01���6� 4�5�4
 �A�B� C< C�6F� +DE� ��� 4��J�.1  

 
 

Bending Analysis of FG Circular and Annular Plates with Stepped Thickness Variations 
by Using a New Exact closed form Solution  

 

M. Molla-Alipour  Department of Mechanical Engineering, University of Mazandaran, Mazandaran, Iran 

 

Abstract  
In this paper, FG circular and annular plates with stepped thickness variations is examined. Bending analysis was performed for 
stepped plates with various boundary conditions by using a new exact solution based on the FSDT. Stepped plates are divided into 
multiple constant thickness segments. Governing equations are written for each segment, individually. Then, continuity conditions of 
displacements and forces are imposed between various segments. Based on the presented exact solution, transverse asymmetric 
plates with various stepped segments may be analyzed. Loads may be imposed on arbitrary parts of plates. Mechanical properties of 
each segment may be different. Also, variations of properties of each segment may be determined, individually. Results of bending 
analyses for the stepped circular/annular plates have not been reported yet, so accuracy of the results of the proposed exact solution 
is verified by comparing the results with those of the three-dimensional finite element extracted from the ABAQUS software. A 
good agreement is noticed between present exact solution and ABAQUS results.  
Keywords: Stepped plates, Exact Solution, Bending analysis, Plate theory. 
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