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Abstract  
Subsidence is a geologically hazardous phenomenon that can be aggravated by human such activities as long 
term water, oil, and gas extraction from underground resources or other mining activities. Abstractions from 
aquifers cause the aquifer-maintaining forces to lose their state of equilibrium whereby land starts to settle and 
ultimately subsides. One of the consequences of exploiting groundwater is the rising of well casings. Actually, it 
is not the well casings that rise but the ground around them that subsides. Subsiding forces can damage well 
casings and this can foist repair costs, or the wells might even need to be replaced by new ones. In this paper 
,finite element methods in two and three dimensional modes as well as ABAQUS software were used to 
investigate the impacts of subsidence from groundwater exploitation and drawdown on well casings. This 
investigation was based on data obtained from a real basin. The results obtained through geomechanical 
simulations using ABAQUS software have shown that the mechanism by which subsidence "bowls" are created 
cause two forms of rupture in the casings. At the edges of the bowl, surface sediments might slide on soft clay 
toward the center of the well and cause the casings to bend along their way. Around the center of the bowl 
something different happens. Considerable compaction of soft clay over time causes the distance between the 
surface and the bottom of the well to decrease, which results in the buckling of the casings and, in some cases, 
causes the casings to stick out of the ground. 
 
Keywords: Subsidence, Groundwater, Casing, Buckle, ABAQUS.
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|����! %:>�� 90� ]2�� &:���H (x� c'	+ 90� ]2�� )*	� (�!&:���H (

)��{�'. d* M�* � �2;�� k�� GZ�U� �< 1 ����*� �4 RB? k*�93 ��2*��4 ]j[[

ABAQUS $��� 0������ ����; 0��]vv[.0��� 0��A'� ���� T���U,� 6��*� �<
)��^'� '. �< ��D �)�J3 �M$� �� $� �<���?� 1������ ��H .M$��

 '�. �2���� k��� �< �<���?� <�'���� )��J3 �0���L����� 5��&<
 0�*P ��'�,� F��U�� k3��; S'�3 �� (V��I,� )�,� ������ ���H 

0,�! ��',� F��U� �� ��<'� .'. M�* �< ����0�� 0�A'� ��� )�J3 �
� F��U�� ���L���� E$: 0��U���3 )�� 5�&< M��* d�* �< �4 RB? F

'.�(���w� 0? M$� d* �$� �<���?�$�.� E�P 0��r()?� �� M$�� 0
V���,� 0���@9H #P<���� e��?� ��� T�U,� 6*� �< 0��� ���[<'�� 

]j[[.
k���9b0� 
�  b=��&��& xH 12b� ��� &�  �	' �$G' :��	'H 

�! %:>��&((	� 
��+ ���� �� ,H ��^m3 � :���H %	< 
�� k�� 6*� �< O���9" 1�< W�� _0��3�f ��� ����& ,)*�$�H h*��
 

1I�&��$�Hm�[�*[(0�3�f �� ��� 03��&��? )��[�����4 RB�? ���� 
k��� �< G^�� ��D ��$A 0&'& �� F4 ��f{� � )�J3 F�2�� (1 ����*�

 '. �2;����)��� ���^ 1?��� <�'� 2*��4 ��H .� E�P 0)�?� �;r
 
1 Coupled Equations of Consolidation 

0*P T9: (5%��� <���� 0; ����� (�H �� �4 RB�? 03P��? )��� � �4
 ������?� 0� ��� 6�*� �< �$�� E��73� 1���U�U,� ���H��; � �����2�

 )?� �$*<�� ]__ �_j[.0��?< <�'���< � Y��= #����J� �� ��
 � ��$A 0&'& 0���$�3� �';L�� TZ�� � �< 0�; 0��� ��; �$J�3 ����� ($�3�

 )�?� �$�*<�� �'�/ � 0� ��� 6�*� �< G�A�� h�; �<�� J�" �*<�U� 
]jl�ju.[ � E�P 0M�$A �< )?� ��r[�*<�U� E,ν,0e�γ�� 0

1:���7��� h*���
 h������ ,F'��?�'" )@���3 ,F�� � 1�'��" )@���3
1� q'��� ��� $.

�< 5I���oV��H 1�� , � �$H�J��� V%���^ )���A �< )���J3 ������
1� <<��.< V�� 
�I3 ��� �4 ���D ��$�A 0&'& 1Q����� 5�: 1?��� �

6�*� �� 0��!�. ��J�� � ���D F'�����" 1�U�� ����3�I� ���]� 8P'9��
��A01*�A 1�� ���D ��$�A 0�&'& ��� ��H $���� .0���<� �< �'�/ � 6*$��
��A01*�A )�&�. 6*� �< �4 RB? )�� ��� d* �� 5!�. 1U�� ��H

 5�!�. �*���3 0�; ()���� ����^ 1?��� <�'�(5I�� �< u�$H�J�� 
1� <<��.

*��+��0*P #���J� �/3 <�'� ��$�4 i��? ��H ]__[

��K ?	' 
E








2m
KN  νCC0e

γ








3m
KN  

dJ= 
?�� j���� _m/��u/�lj/�[|

S�@�� 
?�� j���� _m/��u/�lj/�x/_�

S�@�� ��< 0?�� e� um�� j/�o[/�ou/�o/[|

��< 0?�� e� um�� j/�o[/�ou/�u/[m
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)����O��9" ��D d* N��Z� �< �4 RB? )�� ]__[

)����VH ���� , � ��A ����0)�� �� 1��3 V%�^ 1*�A[�D d* F'����" 1 ����*� �4 RB? ��� �4 �]j[[

)����VH ���� , � ��A ����0)�� �� 1��3 1U�� 1*�A[�4 ��D d* F'����" 1 ����*� �4 RB? ��� ]j[[
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F�9H 0; 03'��<1 , � �';L�� ��J�� 2��3 ()�?� k��� �< 
�4 ��D i��'*<)M$� �D )9? (��A01*�A ��D �',� )9? 0� 1*�H

 )?� 0���� #�'!)5I� t3� ���? 1���u.(F���U�� 0�� 0�A'� ��
 1� M$� F<'� ��A 0; )��� 07��3 F�'�01*��A )9�? 0�� 1�U�� ���H

 ��$�A 0�&'& �� ��D i��'*< �� ���J� ��H���3 M�9:� �:�� ��D �',�
1� <<�� .6�*� �� 5�!�. ���J�� ���H���3 $��� 
��.�� �< 6*���� �

 5I� �< 0; $*<�� 0@?�,� )�J3x1� 0/.	� <<��.
F�9H 0; �'Z�<I�5x2�3 ��J� )�?� �� 0)��J3 
B�?��

��� 1*���U&� ���J��� ����H���3 ����D i��'��*< k���� �< �<�< }� 0<'��A� 
1� $*4 .1?��� $ *4�� �< 0; �H���3 S'3 6*� ��f{� 1?��� 0� 0��<� �<

 �� V��� ������� �� 1�I* �4 ����H�D ��$�A 
&'& 1Q����� 0��9��
1� )?� �$� 0�=�<�" ($*4 ]j[[.

k�k�� ���	�� )��O3 ���b���� 
�xH (	b� 
��b+ �b���  @�b'�

(	� Y
���� &� )5	! %	<
	G� 

F�9H �f� �< ��D ��$A 0&'& ($*<�� 0/.	� 2�3 5@^ k�� �< 0; 03'�
 N��Z �� 0@3�A 09H ��H��J� ),� ��D d* O��9" �� 5!�. )�J3

 1� ��D i��'*< $��� .�00�&'& )����U� E$: �* )���U� 1?��� �'/ �
 ����� �< ��$A 1� �$��� (�H���3 S'3 6*� ��� )���U� )�*�� 1�$�3��

 <'� 0@?�,� ��$A 0&'& .�2A� �<$: ��� �� k�� 6*� �<�<�$�,� 
��� )���U� 
@?�,� ���� 0����� ����� ��/3 <�'� ��$A 0&'& 1�$3��

 $�� .)@���3 0��� 0��A'� ���� �$�����(D/t)  E���� (���/3 <�'��� ��$��A 0��&'& 
��J��� ���/3 <�'��� ��$��A 0��&'& 1�$��3�����$��*<�� .e���?� ����

�< �$� 0%��� #���J� M�$A _)@�3 (D/t)  �� ����� m�1�($����

 �� )@��3 6�*� 0I *� 0� 0A'� �� 6*���� �lm1�� �����2� ��" ($����
 ��� 5I� � )�?� d���?P� 5I�� 0�� ��/3 <�'� ��$A 0&'& 1�$3��

1� ���� 1����,� ��� �� )�*�� <'�� �<����?� d���?P� 1�$�3�� 
]j[[.

� E�P08��@&�c �'J; �< �<���?� <�'� ��H��$A 0&'& 0; )?� �;r
 #���J� e�?� ���';L� <��$3��?� �ASTM A 53$��� 1� .

k�k������ ���	�� Jc�	O� h�:b+� I�
 �b� 
��+ ����  @�'�

 ���O� 

��2��� E�3 V�� ��*�2� �� 1I*ABAQUS ª��= M�O��� <'�A� [�<
 F41�$��� ,+�,� 1?��� F�I�� 0; H� �A �� 1�@�;�� 0�; 1*� ���H

 �� �� )�?� 2�� � Y�= (t ? F'X9H ����� 0<��4 1�� <'�A� .�<
��� 5I� 0; 1��Q H ��2�� E�3 6*� $���� d���?P� 1�$�3��(�� ��* 0

1B= #�'! 0� <�'� ����� �Q*< #��@:)dD'; F�I� ���]� (���]�
 ��� 1���. ��� ($�� ; 0��� E���3Bukle 0��; ()��?� �$��� <�� J���" 

V�*�'Q&� �H��� 
?��" 5��,� ���� F4 1��@?�,� �6�*� �< 1�$3��
 1�� h�?� � )&�. $���� .���� 5I�� ��� � ��� 6�*� �< � 1�$�3��

 �� ����; 0� 1���=�<'� 1� 0% .�� ��$�U� d�* 1����� ��� ���? 0E��3
$U���F4 ��
 � ��*� ()�?� �$�� M�9:� M$� 0� 0; ���� ��$U� �<
1� ��� ��� ��$U� F�'� � �� M$� 1�$3�� 0<��4 )?<]j_[.

����� )�����U� k���� 6��*� �< ��� e���?� ���� (0��&'& 1�$��3��
 
1 Soil 

)����VH ���� , � �)�� �� 1��3 (5��3��" [�4 ��D i��'*< �< 1 ����*� �4 RB? ��� ]j[[

*��+��<��$3��?� e�?� �� �<P'� ��$A 0&'& 1I�3�I� � 1?$ H #���J� ASTM A 53 
��	0L)���(�2f)���(���C \��L,�l	83
� \��L)MPa(#��$3 9=3)MPa(

��x/�l/�j/�me__�� 
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�<�� J�"Bukle $�*<�� 0@?�,� .M�$�A_5���� 0�&'& #����J�
 �<P'� ��$A)?� M�9:� ��� �0&'& �� �$�kPa[<'� .6*� �< 8� 9


 0�&'& ��� �$�� M�9:� ��� � 0&'& 0?$ H F<'� F��U�� 0� 0A'� �� 5��,�
 19�3 +U� ��$A �*���3 0�; )���� ����^ 1�?��� )�,� ��$A 0&'& ��

5I� �< 2�&�34 6*� �� 5!�.|1� �$H�J� <<��.
��� )���U� F$� ��J� 0� 0A'� �� P�. ��$�A 0�&'& 1�$�3��

1� 1�?��� ��$�A 0�&'& ��� �� )�J3 �� 5!�. ��H��J� ��f{� F�'�
<���; .F���9H � )���J3 F�2���� ($��*<�� 0��/.	� 2���3 8	@��^ 0��; �'��Z

��H��J� )�J3 �� 5!�. )�� �� 1��3[1 ����*� �4 RB? ��� 
)��� ���^ 1?��� <�'� O��9" ��D d* N��Z� �< .�$�*$" 0; �734 ��

 1� 5*$@� F��,� d* 0� 13��� ��$A 0&'& 1Q����� #$� �< 0; <'�
 ��D d* <��$3��?� �9: �� ��9; F���(0�; 8P'�9�� �� k��� j�M��? 

1� 0��<� �< �L& $H< }� ($��� F�2��� 0�� ��D 1�< k*�2�� W�� ��l�
0�3�f �� ���& 03��&�? )�� � ([�4 RB? ��� (�*<�U� ��A01�U�� 1*�A

 )���� �� 1����3 )���J3 �� 5��!�. ��H��J��� �j��4 RB��? ����� 
0�; ()��� ���^ 1?��� <�'� 2�3 O��9" ��D d* N��Z� �< 1 ����*�

 �< F4 �� 5!�. �*��3����I� [��[[1� �$H�J� <<��]j[[.
�< 1� ����*� �����4 RB�? )��� �� 5!�. ��H��J� )*��3 �<

 F�2�� 0� �4 ��D d* N��Z�[� ��� j�)�?� �$�*<�� 0@?�,� ��� 
��� )���U� �� �)?� �$� 0�*�U� ��$A 0&'& �$� 0@?�,� 1�$3��.

)����)���
�� �'; ��$A 0&'& d��?P� 5I� ���]�x��� 1��� ]j[[

)����� , �VH ���� ��A ����0)�� �� 1��3 1U�� 1*�Aj��4 ��D d* F'����" 1 ����*� �4 RB? ��� ]j[[
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)�����VH ���� , � �)�� �� 1��3 5��3��" j��4 ��D i��'*< �< 1 ����*� �4 RB? ��� ]j[[

*��+k���� )���U� F��� 
�*�U� ��D i��'*< �� 1&�9:� ��J� � 0&'& 1�$3��]j[[

)���U���� <�$,� ��2A� �<$: ��� 0� �'; ��$A 0&'& 1�$3��)MPa(u|/j

��;�$. )�� �� 1��3 ��D i��'*< �< 5!�. ��J� [0� 1 ����*� ����4 RB? ���

<�$,� ��2A� �<$: ���)MPa(
��o_/�

��;�$. )�� �� 1��3 ��D i��'*< �< 5!�. ��J� j�0� 1 ����*� ����4 RB? ��� 

�$,� ��2A� �<$: ��� <)MPa(
�u/[

k�{�*	� 
�  =��&��& xH 12� ��� &�  �	' �$G' :��	'H 
�!&((	� 
��+ ���� �� ,H ��^m3 � :���H %	< 

03��&��? )�� W�� �� k�� 6*� �<[(1� ����*� �����4 RB�? ���� 
1@3��A k��� �< G�^�� ���D ��$�A 0�&'& �� F4 ��f{� � )�J3 F�2��

)M�* ('.��1?��� <�'� 2*��4 ��H )��� ���^ .RB? )�� 6� X9H
 VH ��D O��9" �� 5!�. �4[$�� 0����� �/3 �< ��� .�<����?� M$��

 �� F���U�� ���L����� E$: 0� 0A'� �� k�� 6*� �< �$� 0)��� 5��&<
 '. M�* d* �< �4 RB? F��U���3�w� 0�? M$�� d* (� ��/3 �< �$��

 )?� �$� 0���� .� E�P 01I�3��I� (1�I*2�� #���J� 0; )?� �;r

 M�$A $ 3�9H[1�$��� .F�9H $�*<�� ������ 2�3 8	@^ 0; 03'�(
��I3 
����3�I� ����]� 8P'�9�� ��$�A 0�&'& 1Q������ 5�: 1?��� �< V��

 ��A 6*� ��f{� � ��D F'����" 1U��01*�A 1� ��D ��$A 0&'& �� �H $��� .
���A F�2��� �$��� 2�3 T�U,� 6*� �<01*��A )��� �� 1���3 1�U�� ���H

F��U���3 [$�*<�� 0@�?�,� 1� ����*� �4 RB? ��� .F�2��� ���?
��A0�A*11&��9:� k � �� $*<�� M�9:� ��D ��$A 0&'& �� 0�!�. ��H

 ��A 6*� ��0*�A1<<�� ��J� ��$A 0&'& �� �H .��� $3�� 6*� 0��<� �<
 )��|�*���3 0�; ()��� ���^ 1?��� <�'� 1 ����*� �4 RB? ��� 

�< 5!�.����I� [_�[j�1� �$H�J <<��.

)�������A F�2�� ��<'930)�� �� 5!�. 1*�A|1 ����*� �4 RB? ��� ]j[[

k!-)
#�(

����
�

H*
 �

���
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)���k�VH ���� , � ��A �� 1��3 k � ����01*�A �� 0UB � )�� �� 5!�. ��H|�'; ��$A 0&'& �< 1 ����*� �4 RB? ��� ]j[[

{�%��@ �8��' 
[�VH ���� , � ��A ����0*�A ���A i$ H< F�J3 V%�^ 10$3���? 1*��A

 � �* 6�*�" )9? 0� ��D F'����" 0N���Z� 6��� )�J3 �Q*< #��@:
1� �4 ��D $��� .

_�VH ���� , � ��A ����0���A i$� H< F�J�3 1�U�� 1*�A01*��A
 ��D F'����" $3��?)���D T�9: �?���? �< (� ���D �'�,� )9�? 0��

�< ��$A 0&'& �� ���J� ��H���3 <�7*�1� ��D F� $��� .
j���;�$. �� 5�!�. )�J3 �� 0; ��D i��'*< �< 0�!�. ����3 
)����j�1��� 5��!�. �4 RB��? ����� )�����U� F�2���� �� V��H <'���

)?� �<'� ��9; ��$A 0&'& 1�$3�����.
l�1� �';L� <��'� 0� 0A'� �� ��3 #	IJ� 0; )�� F�'���� 1

�� )�� )&�. �< ��H�D ��$A 0&'& �� 6��� )�J3 )�=�' I* � F��U 
��$�A 0�&'& 1��<� F���� �* � k3�9� 8P'9�� 1 ����*� ����4 RB?

�0��A 
B?��01*��A V����� �� 1���3 0�� ���H�D F'�����" V%��^ ���H
0*P )?� N��Z� ��H ,1�$���.

m�'. ���&�* �< �4 RB? )�� ��<�'� 2*��4 <��7*� �:�� �/3
����A01*���A ���H*���D i��'��*< �< )���A N	��= �< 11��� �<'��� .6��*�
��A01*�A 1�� 1�?� 0*P 13�^'� ��H 0*P �2]& �� 5!�. �H $���� .

'. �<��T�U,� 6*� �< 1?��� <�'� 2*��4 (F���U���3 )�� k*�2�� �� 
��$U� 0� �4 RB?|��� ������ ���D ��$�A 0�&'& �< 5�!�. k � ��� 

MPa l/_�l 1� ��$�A 0�&'& V����� k �� �� ��$�U� 6�*� 0�; (<<��
 �<P'�)MPa _�� (1� ��J�� $��� .

�&_� 
� 
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