
 أ 

 

 

 

 

 

 

������ �	���� 
� ��� 

 

 

 

 

 

 

 

 

 

 

 

 



 ب 

 

    

���� � ��	 
��
� ����	������ 

	��� �������� �  

 


 ���� ������� �� �� ���� ���� ��� ! "#� $�� %� &��'�
� �� (��)�� �

�*�	���+   

 

�,-(�
��.��� �/�� 0�� 1)/ � ��+ 2.��  

  

3��.� $��+  

  

����� ��� �!:  

���� 4��% ����5.  

  

��#�$ �%&  





 ج 

 

67-78 ���  � �2, �� �-29�  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 د 

 

 

 

 

�� '	�(�+3��.� $�� �(�	��) ���*!�+ �!��, ���-� .�*! �*!�, ��� ��
�� /��� ��	��� ���-� ����	�� $�, 

���� � ��	 
��
�����	 ��� �* ��0�	�� ���1 ���#����*!�+ .��	 ��, ����2 �34 �*!� :� !��� �!�5�6�.�  78 9	�4 !�+

: ����) ;34 <�! $� ������� �6 ���-4�4=���>� 9, )�?5 ,���� �! �34  ����4��% ����5.  

 � �-
��, @�*: 

• A34�� !� B�A��1 C�� 7��4 .��	 ������ !��!�8�6 �D�E� � �3E $� � ��� ��* @�(	� '	�(�. 

• ��	 $� ������� !��/ �G1 H � ) � ��AA3������� �!�� IJ�� .6 �0��� ��* ������ ��. 

• �1 !� K!��� 'D�L�� ��8 7��4 ���+ �4 .��	 ���� ��� ���0) ��6) !��  ���� M!�� N�	 O���� ��$�)   !�� .��!� �J O

��� ���	. 

• ;+���
� P�A> .) ��� ��� �*  ��0�	�� .6 Q;
�� �R� C,  @�	 �6 K�S�#� B=�A� � �*�6» ��� �* ��0�	�� « �� �

»Shahrood University  «�! � ��8 V�W .6��. 

• ��
� P�A>) ����� @��4) ��	 ���5 ��� .6 !� .+�;E� H, �1�R�4 .��	 ������6 !�X�� � $� K�S�#� B=�A� !� 
�	���1 C� ��

�2! .��	�� �, ����. 

• ;+ !��� @�(	� 9>��� .��1 C��!��� !� 
.��	 ��)  ��	$ ��J�� $� .+)����6 � � ) �-	5 (��� ��* ������� [�E� � 76��\ 


?]8�, �2!���� ��* �. 

• ;+ !��� @�(	� 9>��� .��1 C��!��� !� 
.��	 ��) ^S* B�2]_� �$�> .6 .+, ����� �����, � .���� 
��� ��* ������� �

!��$�! 9E�)?]8� [�E� � 76��\ 
, 	�#	�, �2!���� ��* �. 

!�4�`  

�a��) �(�	��  

5�� ���� 1-��� :� � ; 

• ;+�� P�A> .� C �5 B=�^3� � �R�).��	�6 
b��+ 
K�S�#� B=�A� � ) �!�.	� �)-(4 � � !���� @�	 
� .�8�� B��

��* ((� ��� �* ��0�	�� .6 c�6��, �*�6 .���6 ';L� C�a�A� �3	 .6 �, D�4 !���;2 B��, ��* �+d ._�6��. 

• ��	 � B�2]_� $� ���������1 !� ��J�� H��	 $�(� IJ�� �+d ���6 .��	 ��, �*�6.  

 

  

  

  

� �� 2)<�  



 ه 

 

&2�5=  

�����
�J �+��4 /��-* �) �a� ��e�+ �) 3L�, ��6) ��4 
�6�
� <��#����6 9) � �a� $� �������) 

$��$���, ���� �!���� ���� / .� .6 .J�4 �6�6 .���� �-* ���) ��#6 �6 f!�6) �$ �g	 $� b�;L��	�C-

���*, ��* ��6!��> 
�	�) $��$���, )9	�4 (� !���6 Q_��� C 4��_�S�, ��� ����  .��*��1 7�!��) 

��.�1 !�+����) ��� <�! �� �  !�, 	��� �� ILA� @��4 ��)TBM (� � $��$ ����) ��� !��!�8�6 .

��+�	, !��-0	 !��� ���6) !�� <���$ hL� �#�	 � !�+ .�� �!�� ����  .6 �! C$ !��A� �� i2�6 �5 ��

��$=�6, )blowout (�,D�> !� ��*���� .�, � �j� $� ������� �!��� !� 7A�) !��> � !��� �34) 

	����� P��4� ILA� @��4 ��,����. 

� !��A34 C�!��-0	 !��� !��A� Q) ����6 !�+ .�) �$ !��� ����+ [��
�� ��0���� C)EPB (

 78 !� ������� �!��: ����) � �!�5�6 ���-4,��*. ��e* $� ������� �6 9�2 C�.�$�) ��4 �6��� ��	-

��2 <�! � �D!�+) � B!�E,X1��� .5�� !��e* ���.$��) ����� ) ���^4, $�4 I6�4 k��� �6�
�(4 I, 

D�4 ����!�1 � �;34 76��! 'D�? !� � ��* ��;, 6�(4 �, � !��?,��� !��+�� [���>� lj� �����, ��6)  � 

!��-0	 !���) � .e��3� 
���5 ���6,��* .��6) �� �6 B�e��3� @�(	���2 <�! $� �����) 
PLAXIS3D 

Tunnel  .+�@�	 ��* .���� !��6 ��� ���3� ���D� !����.  

��A����6 ���5 ���6 �) !��-0	 !���) ��.�! �6��6 !� !�+���A� �6 <��
?�� �, �A� �!��� !��? .#

���� .����!�1 ���� !��? �6� ) e* $� 9E�>�.$��) ��	 ����6 76��! !��������	 C� .6 H��A��
?�� �, 

�* 9E�> .��A� ��e	 !��
?�� �,��A� 
�<�! $� ���5 ���6 �� ) ��6 !�+X�) !��-0	 !���)  �6��6 !�

��$=�6,  �6�����A� �0��	�* .# .��	�k����D�6 <�! $� 9E�> H � ��2 <�! �0���� �6 )��-6 Q6�L4) 

�*����.  



 و 

 

;+ B��;+��) :� !����.�e* 
!�+�.$��)��4 
��	�� �+<�! 
�D!�� ) ��2) !���� @�	 
PLAXIS3D 

Tunnel  

  

  

  

  

  

  

  

  

  

  

  

  

  



 ز 

 

>��?  1
�)�  

9^� [��: )�-* 7�3� !� ���	��� )$�#;	�4 ........................................................................................................... m 

n ono .��A� ...................................................................................................... p 

n o&o )!��> ���	��� !� 7�3� )�-* ........................................................................ q 

n o&ono �j� )!]�� ............................................................................................ r 

n o&o&o �j� !��� ,D��
4 C��$ ................................................................................ s 

n o:o ,>��_ !��� )!��-0	 .���!�+ ....................................................................... mm 

n o:ono ,�!�6 <�!)�  9�;34 )!����1 .���!�+ 9	�4 .................................................. mm 

n o:o&o B�g>]� c�6�� .6 b�S�	� !��� )!����1 ......................................................... mt 

n ouo .(��	 )��� ............................................................................................. mv 

9^� @��: <�!.��� )!��-0	 !��� �!�5�6 ,;�;34 )� 9	�4 !�+ ..................................................................... mr 

& ono .��A� .................................................................................................... ms 

& o&o <�!)�  [��
4 )�> .................................................................................. ms 

& o&ono <�! k��+ )n%wx( ................................................................................ my 

& o&o&o <�! �#�� � ������ ................................................................................. pz 

& o&o:o <�! �������	5 � )!��+ )n%%u( ................................................................. p{ 

& o&ouo <�! ����6 )&||n( .................................................................................. ps 

& o&o}o <�! ��	�!�+ o k!�4 )&||u( ...................................................................... tr 

& o&o~o <�! k����D�6 ........................................................................................ ty 

& o:o <�!)�  9�;34 )�> ................................................................................. {z 

& o:ono <�! ��#���4� � l4�1 )n%xx( .................................................................. {m 



 ح 

 

& o:o&o <�! l���� � ��!���  )n%w|( .................................................................. {m 

& ouo .(��	 )��� ............................................................................................. {{ 

9^� @��: <�!.��� )!��-0	 !��� �!�5�6 , �0����$5 � ,6�(4 )� 9	�4 !�+ .......................................... {q 

: ono .��A� .................................................................................................... {q 

: o&o <�! ����6 � M!����6 )n%~x( ....................................................................... {r 

: o:o <�! ��#���4� � l4�1 )n%xx( ...................................................................... {s 

: ouo <�! C�!���+ )n%xx (o ��� � C�!���+ )n%wn( .................................................. {s 

: o}o <�! ��� )n%x%( o ��� � �!���+ )n%wn( ........................................................... {y 

: o~o <�! ��#���4� � ��� )��6 M�8 .	���*!� .......................................................... vm 

: oxo <�! ��e��W � .4!�+ )n%%u( ........................................................................ vp 

: owo <�! )��-���1 7��4 +��� ,���$��$ ���6 )COB( .............................................. v{ 

: o%o .(��	 )��� ............................................................................................. v{ 

9^� @!�-W: .��� )!��-0	 !��� �!�5�6 �6 C��$ !��� ����+ [��
�� ��0��� �6 )!��> !� 9	�4 !�+

�	�� <�! $� ��������D!�+ .......................................................................................................................................... vq 

u ono .��A� .................................................................................................... vr 

u o&o C��$ ,���* ,���-� ���#� ���-4 � 93� �!�� .
D�L� ......................................... vs 

u o&ono C��$ �8�� ���#� ���-4 .......................................................................... vs 

u o&o&o ,�G��)�  .��-	)�  �*� ���-4 ................................................................ vy 

u o&o:o .�-4 [�� ,����4��� ��#� 9	�4 .................................................................. qt 

u o:o .�e*)$�� �6 ������� $� ����4 �	�� �D!�+ ......................................................... r{ 

u o:ono ���2� ,���^4 ......................................................................................... rq 

u o:onono ��D�4 )� ����� ,���^4 ......................................................................... rr 



 ط 

 

u o:ononono <�! 9��e4 k��
� .......................................................................... rr 

u o:onono&o <�! @�	 !�
�#� ............................................................................... rr 

u o:onono:o <�! '�+�4 ................................................................................... rs 

u o:ononouo <�! <��X1 � �! ���+ ..................................................................... ry 

u o:o&o C��
4 !��A� ,��+ !���4 )��6 <�! �	���D!�+ ................................................... sz 

u ouo C��
4 I6�4 I�$�4 ,
�(4 )� ����!�1 c�6�� .6 .e��3� !��� )!��-0	 .......................... sz 

u ouono C��
4 I6�4 I�$�4 ,
�(4 )� ����!�1 M�8 .�>�	 ,�! ......................................... sm 

u ouo&o C��
4 I6�4 I�$�4 ,
�(4 )� ����!�1 M�8 .�>�	 .���)� ...................................... s{ 

u ouo:o C��
4 I6�4 I�$�4 ,
�(4 )� ����!�1 M�8 .�>�	 ,�* ......................................... sv 

u o}o �!�5�6 !��� )!��-0	 �6 ������� $� .��	�6)�  .�*�	 ��* !� MATLAB........................ sq 

u o}ono !��� )!��-0	 !� �6��6 <��! ....................................................................... sr 

u o}onono <�! ����6 ......................................................................................... sr 

u o}ononono .e��3� !�6 ,3L� ........................................................................... ss 

u o}ono&o <�! COB ....................................................................................... yz 

u o}o&o !��� )!��-0	 )��6 ,��$=�6 ....................................................................... ym 

u o}o&ono <�! k����D�6 .................................................................................... ym 

u o}o&o&o <�! )��-���1 �6 k��� <�! ,6�(4 COB ................................................ ym 

u o}o:o !��+�� ,���� ......................................................................................... yp 

u o}ouo I_�A� �!�� .
D�L� .................................................................................. y{ 

u o}ouono ILA� n ............................................................................................ yv 

u o}ouo&o ILA� & .......................................................................................... mzz 

u o}ouo:o ILA� : .......................................................................................... mzt 



 ي 

 

u o}ououo ILA� u .......................................................................................... mzq 

u o}ouo}o ILA� } .......................................................................................... mzy 

u o}ouo~ o ILA� ~ .......................................................................................... mmp 

u o}ouoxo ILA� x .......................................................................................... mmv 

u o}ouowo ILA� w .......................................................................................... mms 

u o}ouo%o ILA� % .......................................................................................... mpm 

u o~o .(��	)��� ............................................................................................ mp{ 

9^� �(�1: .��� )!��-0	 !��� �!�5�6)��2 <�! $� ������� �6 9	�4 !�+ ..................................................mpq 

} ono .��A� .................................................................................................. mpr 

} o&o C��
4 !��� )!��-0	 .���!�+ 9	�4 �6 @�	 !���� PLAXIS3D Tunnel .......................... mpr 

} o&ono 9���4 .���  [�� ............................................................................... mpy 

} o&o&o 7���* .�D��......................................................................................... mtm 

} o&o:o �	�! B�e��3� ..................................................................................... mtp 

} o:o I_�A� �!�� .
D�L� ................................................................................... mtr 

} o:ono ILA� n ............................................................................................. mtr 

} o:o&o ILA� & ............................................................................................. m{z 

} o:o:o ILA� : ............................................................................................. m{m 

} o:ouo ILA� u ............................................................................................. m{t 

} o:o}o ILA� } ............................................................................................. m{{ 

} o:o~o LA�I ~ ............................................................................................. m{q 

} o:oxo ILA� x ............................................................................................. m{r 

} o:owo ILA� w ............................................................................................. m{s 



 ك 

 

} o:o%o ILA� % ............................................................................................. mvz 

} ouo .(��	)��� ............................................................................................ mvm 

9^� ��*: �! H���	 .#��A�<.�e* � )��2 )� �	�� )$��)!��-0	 !��� �!�5�6 )��6 �D!�+ ........... mvp 

~ ono .��A� .................................................................................................. mvt 

~ o&o .#��A� H���	 ���6 ���5 )��6 !��� )!��-0	 .���!�+ !� 96�A� <��! ....................... mvt 

~ o:o .#��A� ��	H� ���6 ���5 )��6 !��� )!��-0	 .���!�+ !� 96�A� ,��$=�6 .................... mvv 

~ ouo.#��A� ,;+ ............................................................................................. mvq 

~ o}o .(��	)��� ............................................................................................ mvs 

9^� ��� : .(��	)��� ��-���1 � .........................................................................................................................mqz 

IJ��� .......................................................................................................... mqt 

����1 n: .
D�L� �!�� .
L? !� 9	�4 ��#� ,D�_ 9�����1.............................................................................. mqq 

����1 &: ��������!�1 )� ,�3�� � M�8 )� �-	5 �6 ��* ���� Q�eL4 [���>� I�$�4 I6��4 )�  ......... mrz 

n o ����)�  )� ����!�1 M�8 ............................................................................... mrm 

& o I6��4 I�$�4 [���>� ....................................................................................... mrr 

����1 :: .��	�6 C��@�	 !� ��* ��J� )� !���� MATLAB .......................................................................... ms{ 

n o �	�! )��J� .��	�6�  ...................................................................................... msv 

& o C�� .��	�6�  .............................................................................................. msq 

  

  

  



 ل 

 

�5. 1
�)��@  

9�* n on [�E� ���;�2 �� �j� ,65 ....................................................................................................................... s 

9�* n o& [�E� ���;�2 �j� !��� ,D��
4 C��$ ..................................................................................................... y 

9�*no: ..L6�! C�6 !��� C��$ � 6�J,��( ........................................................................................................... mv 

9�* & on .@��	���)�  )!����1�	 �����)� � )��+ ............................................................................................... my 

9�*&o& .[�� .� )�
6 �;�� � ��� ...................................................................................................................... pm 

9�*&o: .[�� ��� � !���� ...................................................................................................................................... pv 

9�*&ou .)� ���	 ��!� �6 ��� !� 96�A� .���!�+ ................................................................................................ pv 

9�*&o} .,�3��)�  c�6�� .6 '���\ ���6 �
6 ............................................................................................... pr 

9�* & ox .��� )!�X�!�6 ��* 7��4 )�;�� ,+�8 ............................................................................................ py 

9�* & ow .h���4 � ���	 !� [�� ���)� .�=��W ................................................................................................ tz 

9�* & o% .)� ���	 )!��-0	 !� .���!�+ )��0��� )!]��( ............................................................................. tt 

9�* & on| .<�!)�  �;�S� I�$�4 /�4 ,A�� !� B�3�E ,e	�J ��� ........................................................ tv 

9�* & onn .[�� ��+ ............................................................................................................................................... ts 

9�* & on& .N�
* h�3^4 ��* 9	�4 )��6 )!��-0	 )��	�!�+  o k!�4( ............................................................ ty 

9�*&on: .[�� ,��$=�6 9��* /�4 ,*�6 !� $�� B�3�E ........................................................................... {z 

9�*&onu .�> =�6 � C���1 �e#	 )!����1 )��6 9	�4 ���6 )!��-0	 ............................................................. {p 

9�* & on} .@��	��� )!����1�	 !� �> =�6 ............................................................................................................... {t 

9�* & on~ .��2 )!����1 �> =�6 � C���1 )��6 9	�4 �6 )!��-0	 9��+ ........................................................... {{ 

9�*:on .[�� )!����1 .���!�+ 9	�4 ����6 � M!����6 ..................................................................................... {s 

9�*:o& .��R�4 �e#	 �!�6�! .6 �L? �6 ��2 )!����1 .���!�+ �6 )!��-0	 9��+ � !��� ,3L� .............. {y 



 م 

 

9�*:o: .��2 )!����1 9E�> $� /���$5 ������	�� ............................................................................................ vz 

9�* : ou .@��	��� �#�* )��6 9	�4)�  �6 Q�2 �+ ........................................................................................ vm 

9�* : o} .C��
4 )� ����!�1 TS � Tγ �6 '#> .���$ M��LE� ,;8�� Qe_ <�! ��#���4� � ��� ....... vp 

9�*&o~ .I_�A� '��S4 )��6 �e#	)�  �;�S� �!�6�! .6 �L? ....................................................................... vt 

9�*uon ..�A	 ���> ��)��6$ .��-	)�  ���-4 � .AL�� �!�� .
D�L� ).
L? @!�-W( ............................ qm 

9�* u o& .�!�� ���+ B�2]_� c�6�� .6 �  .	��� !� RockWorks ............................................................. qt 

9�* u o: .ILA� ,6��	�!� ��* 7��4 RockWorks ......................................................................................... q{ 

�*9uou .[�� M�8 ��#� 9	�4 C�6 .	���)�  B.3-0-2 � BH-C2.............................................................. qv 

9�*uo} .[�� M�8 ��#� 9	�4 C�6 .	���)�  BH-C2 � BH-C4................................................................ qq 

9�*uo~ .[�� M�8 ��#� 9	�4 C�6 .	���)�  BH-C2 � B.3-1-2 .............................................................. qr 

9�*uox .[�� M�8 ��#� 9	�4 C�6 .	���)�  B.3-1-2 � BH-C9 ............................................................. qr 

9�*uow .[�� M�8 ��#� 9	�4 C�6 .	���)�  BH-C9 � BH-C12 ............................................................ qs 

9�*uo% .[�� M�8 ��#� 9	�4 C�6 .	���)�  BH-C12 � C.3-0-3 ........................................................... qs 

9�*uon| .[�� M�8 ��#� 9	�4 C�6 .	���)�   C.3-0-3 � D.3-0-1 ........................................................ qy 

9�*uonn .[�� M�8 ��#� 9	�4 C�6 .	���)�  D.3-0-1 � BH-C14 ........................................................ rz 

9�*uon& .[�� M�8 ��#� 9	�4 C�6 .	���)�  BH-C14 � E.3-0-1 ........................................................ rm 

9�*uon: .[�� M�8 ��#� 9	�4 C�6 .	���)�  E.3-0-1 � BH7M ............................................................ rm 

9�*uonu .[�� M�8 ��#� 9	�4 C�6 .	���)�  BH7M � BH8M ............................................................. rp 

9�*uon} .[�� M�8 ��#� 9	�4 C�6 .	���)�  BH8M � BH9M ............................................................. rp 

9�*uon~ .[�� M�8 ��#� 9	�4 C�6 .	���)�  BH9M � BH10M .......................................................... rt 

9�*uonx .[�� M�8 ��#� 9	�4 C�6 .	���)�  BH10M � BH11M ....................................................... rt 

9�*uonw .[�� M�8 ��#� 9	�4 C�6 .	���� ) BH11M � BH12M ....................................................... r{ 



 ن 

 

9�*uo&n .Q�eL4 I�$�4 ,D�0W [���>� �6 ����)�  )��!� !� Easyfit ...................................................... sm 

9�* u o&& .C�0	��� [���>� ���+ ���6 !��+�� ,���� $� ����A� ������ .6 )�$� !��� )!��-0	 ,
?�� !� 

A��I_ Qe_ <�! �6��� ................................................................................................................................................ yv 

9�*uo&: .!��� )!��-0	 .���!�+ !� �6��6 <��! � [���>� !��+�� ,���� !� ILA� n ............................. yq 

9�*uo&u .I�$�4 [���>� !��+�� ,���� !� ILA� n �6 !��� )!��-0	 n|| [����1�;�+ )��6 <�! COB

 ........................................................................................................................................................................................... yr 

9�*uo&} .!��� )!��-0	 .���!�+ !� �6��6 ,��$=�6 � [���>� !��+�� ,���� !� ILA� n ........................ ys 

9�*uo&~ .I�$�4 [���>� !��+�� ,���� !� ILA� n �6 !��� )!��-0	 &|| [����1�;�+ )��6 <�! 

k����D�6 ........................................................................................................................................................................... yy 

�*9uo&x .I�$�4 [���>� !��+�� ,���� !� ILA� n �6 !��� )!��-0	 &|| [����1�;�+ )��6 <�! ���J

 ........................................................................................................................................................................................... yy 

9�*uo&w .!��� )!��-0	 .���!�+ !� �6��6 <��! � [���>� !��+�� ,���� !� ILA� & .......................... mzz 

9�*uo&% .I�$�4 [���>� ��!��+ ,���� !� ILA� & �6 !��� )!��-0	 n|| [����1�;�+ )��6 <�! COB

 ........................................................................................................................................................................................ mzm 

9�*uo:| .!��� )!��-0	 .���!�+ !� �6��6 ,��$=�6 � [���>� !��+�� ,���� !� ILA� & ..................... mzm 

9�*uo:n .I�$�4 [���>� !��+�� ,���� !� ILA� & �6 !��� )!��-0	 nw| [����1�;�+ )��6 <�! 

k����D�6 ........................................................................................................................................................................ mzp 

9�*uo:& .I�$�4 [���>� !��+�� ,���� !� ILA� & �6 !��� )!��-0	 nwx [����1�;�+ )��6 <�! ���J

 ........................................................................................................................................................................................ mzp 

9�*uo:: .!��� )!��-0	 .���!�+ !� �6��6 <��! � [���>� !��+�� ,���� !� ILA� : .......................... mzt 

9�*uo:u .I�$�4 [���>� !��+�� ,���� !� ILA� : �6 !��� )!��-0	 nu| [����1�;�+ )��6 <�! COB

 ........................................................................................................................................................................................ mz{ 

9�*uo:} .!��� )!��-0	 .���!�+ !� �6��6 ,��$=�6 � [���>� !��+�� ���,� !� ILA� : ..................... mz{ 



 س 

 

9�*uo:~ .I�$�4 [���>� !��+�� ,���� !� ILA� : �6 !��� )!��-0	 nuu [����1�;�+ )��6 <�! 

k����D�6 ........................................................................................................................................................................ mzv 

9�*uo:x .I�$�4 [���>� !��+�� ,���� !� ILA� : �6 !��� )!��-0	 nuu [����1�;�+ )��6 <�! ���J

 ........................................................................................................................................................................................ mzv 

9�*uo:w .!��� )!��-0	 .���!�+ !� �6��6 <��! � [���>� !��+�� ,���� !� ILA� u ...........................mzq 

9�*uo:% .I�$�4 [���>� !��+�� ,���� !� ILA� u �6 !��� )!��-0	 n&| [����1�;�+ )��6 <�! COB

 ........................................................................................................................................................................................ mzr 

9�*uou| .!��� )!��-0	 .���!�+ !� �6��6 ,��$=�6 � [���>� !��+�� ,���� !� ILA� u ..................... mzr 

9�*uoun .I�$�4 [���>� !��+�� ,���� !� ILA� u �6 !��� )!��-0	 &|% [����1�;�+ )��6 <�! 

k����D�6 ........................................................................................................................................................................ mzs 

9�*uou& .I�$�4 [���>� !��+�� ,���� !� ILA� u �6 !��� )!��-0	 nw} [����1�;�+ )��6 <�! ���J

 ........................................................................................................................................................................................ mzs 

9�*uou: .!��� )!��-0	 .���!�+ !� �6��6 <��! � [���>� !��+�� ,���� !� ILA� } .......................... mzy 

9�*uouu .�$�4I [���>� !��+�� ,���� !� ILA� } �6 !��� )!��-0	 n&| [����1�;�+ )��6 <�! COB

 ........................................................................................................................................................................................ mmz 

9�*uou} .!��� )!��-0	 .���!�+ !� �6��6 ,��$=�6 � [���>� !��+�� ,���� !� ILA� } ..................... mmz 

9�*uou~ .I�$�4 [���>� !��+�� ��,�� !� ILA� } �6 !��� )!��-0	 n:~ [����1�;�+ )��6 <�! 

k����D�6 ........................................................................................................................................................................ mmm 

9�*uoux .I�$�4 [���>� !��+�� ,���� !� ILA� } �6 !��� )!��-0	 nuu [����1�;�+ )��6 <�! ���J

 ........................................................................................................................................................................................ mmm 

9�*uouw .!��� )!��-0	 .���!�+ !� 6�6�� <��! � [���>� !��+�� ,���� !� ILA� ~ .......................... mmp 

9�*uou% .I�$�4 [���>� !��+�� ,���� !� ILA� ~ �6 !��� )!��-0	 n&| [����1�;�+ )��6 <�! COB

 ........................................................................................................................................................................................ mmt 



 ع 

 

9�*uo}| .!��� )!��-0	 .���!�+ !� �6��6 ,��$=�6 � [���>� !��+�� ,���� !� ILA� ~ ..................... mmt 

9�*uo}n .I�$�4 [���>� !��+�� ,���� !� ILA� ~ �6 !��� )!��-0	 n%| [����1�;�+ )��6 <�! 

k����D�6 ........................................................................................................................................................................ mm{ 

9�*uo}& .I�$�4 [���>� !��+�� ,���� !� ILA� ~ �6 !��� )!��-0	 &&| 1�;�+[���� )��6 <�! ���J

 ........................................................................................................................................................................................ mm{ 

9�*uo}: .!��� )!��-0	 .���!�+ !� �6��6 <��! � [���>� !��+�� ,���� !� ILA� x .......................... mmv 

9�*uo}u .I�$�4 [���>� !��+�� ,���� !� ILA� x �6 !��� )!��-0	 n|| [����1�;�+ )��6 <�! COB

 .........................................................................................................................................................................................mmq 

9�*uo}} .!��� )!��-0	 .���!�+ !� �6��6 ,��$=�6 � [���>� !��+�� ,���� !� ILA� x ......................mmq 

9�*uo}~ .I�$�4 [���>� !��+�� ,���� !� ILA� x �6 !��� )!��-0	 n:| [����1�;�+ )��6 <�! 

k����D�6 ........................................................................................................................................................................ mmr 

9�*uo}x .I�$�4 [���>� !��+�� ,���� !� ILA� x �6 !��� )!��-0	 n:| [����1�;�+ )��6 <�! ���J

 ........................................................................................................................................................................................ mmr 

9�*uo}w .!��� )!��-0	 .���!�+ !� �6��6 <��! � [���>� !��+�� ,���� !� ILA� w .......................... mms 

�*9uo}% .I�$�4 [���>� !��+�� ,���� !� ILA� w �6 !��� )!��-0	 n|| [����1�;�+ )��6 <�! COB

 ........................................................................................................................................................................................ mmy 

9�*uo~| .!��� )!��-0	 .���!�+ !� �6��6 ,��$=�6 � [���>� !��+�� ,���� !� ILA� w ..................... mmy 

9�*uo~n .I�$�4 ���>�[ !��+�� ,���� !� ILA� w �6 !��� )!��-0	 nw| [����1�;�+ )��6 <�! 

k����D�6 ........................................................................................................................................................................ mpz 

9�*uo~& .I�$�4 [���>� !��+�� ,���� !� ILA� w �6 !��� )!��-0	 &n| [����1�;�+ )��6 <�! ���J

 ........................................................................................................................................................................................ mpz 

9�*uo~: .!��� )!��-0	 ��.�!�+ !� �6��6 <��! � [���>� !��+�� ,���� !� ILA� % .......................... mpm 



 ف 

 

9�*uo~u .I�$�4 [���>� !��+�� ,���� !� ILA� % �6 !��� )!��-0	 n|| [����1�;�+ )��6 <�! COB

 ........................................................................................................................................................................................ mpp 

9�*uo~} .!��� )!��-0	 .���!�+ !� �6��6 �$=�6,� � [���>� !��+�� ,���� !� ILA� % ..................... mpp 

9�*uo~~ .I�$�4 [���>� !��+�� ,���� !� ILA� % �6 !��� )!��-0	 &%| [����1�;�+ )��6 <�! 

k����D�6 ........................................................................................................................................................................ mpt 

9�*uo~x .I�$�4 [���>� !��+�� ,���� !� ILA� % �6 !��� !��-0	) &|| [����1�;�+ )��6 <�! ���J

 ........................................................................................................................................................................................ mpt 

9�*}on .9>��� ���>� 9	�4 �6 �j�  .................................................................................................................. mps 

9�*}o& .���D� ,�(> !� @�	 !���� PLAXIS3D Tunnel �D� (��� n} ���)� b (c�A	 /�4 !� ��� 

 ........................................................................................................................................................................................ mpy 

9�*}o: ..���  [�� !� @�	!���� PLAXIS3D Tunnel ................................................................................ mtz 

9�*}ou .[�� )�
6�� � .� )�
6 !�  PLAXIS3D Tunnel ...................................................................... mtm 

9�*}o} .!��� )X��� [�
� ................................................................................................................................... mtt 

9�*}o~ ./�4)�  C�0	��� �R�� .......................................................................................................................... mtt 

9�*}ox .!��� )X��� [�
� !� $�� n .................................................................................................................. mtv 

9�*}ow .�?�4 $�� & �;
6 <��! .���!�+ .........................................................................................................mtq 

9�* } o% .������ '��S4 !� .���!�+ � ,��$=�6 !� �R� / �+ � /����� !��� )!��-0	 ........................mtq 

9�*}on| .,��(6�J )���2 9+ c�A	 A � B !� )� $�� @�� � @!�-W !� ILA� n ).;E�� ,A�� A � B $� 

.���!�+ '�4��-6 : � ~ ���( .................................................................................................................................. mty 

9�* } onn .,��(6�J )���2 9+ c�A	 A � B !� )� $�� @�� � @!�-W !� ILA� & ).;E�� ,A�� A � B 

$� .���!�+ '�4��-6 ~ � n| ���( ........................................................................................................................... m{m 

9�*}on& .,��(6�J )���2 9+ c�A	 A � B !� )� $�� @�� � @!�-W !� ILA� : ).;E�� ,A�� A � B $� 

.���!�+ '�4��-6 ~ � n| ���( ............................................................................................................................... m{p 



 ص 

 

9�*}on: .,��(6�J )���2 9+ c�A	 A � B !� )� $�� @�� � @!�-W !� ILA� u ).;E�� ,A�� A � B $� 

.���!�+ '�4��-6 : � ~ ���( .................................................................................................................................. m{{ 

9�*}onu .,��(6�J )���2 9+ c�A	 A � B !� )� $�� @�� � @!�-W !� ILA� } ).;E�� ,A�� A � B $� 

.���!�+ '�4��-6 ~ � &| ���( ............................................................................................................................... m{v 

9�*}on} .,��(6�J )���2 9+ c�A	 A � B !� )� $�� @�� � @!�-W !� ILA� ~ ).;E�� ,A�� A � B $� 

.���!�+ '�4��-6 : � ~ ���( .................................................................................................................................. m{r 

9�*}on~ .,��(6�J )���2 9+ c�A	 A � B !� )� $�� @�� � @!�-W !� ILA� x ).;E�� ,A�� A � B $� 

.���!�+ '�4��-6 n| � n} ���( ............................................................................................................................ m{s 

9�*}onx .,��(6�J )���2 9+ c�A	 A � B !� )� $�� @�� � @!�-W !� ILA� w ).;E�� ,A�� A � B $� 

.���!�+ '�4��-6 : � n| ���( ............................................................................................................................... m{y 

9�*}onw .,��(6�J )���2 9+ c�A	 A � B !� )� $�� @�� � @!�-W !� ILA� % ).;E�� ,A�� A � B $� 

.���!�+ '�4��-6 ~ � &| ���( ............................................................................................................................... mvz 

9�*~on ..#��A� H���	 <�! )��2 )!��+�� ,����=& (� ����6 )!��+�� ,���� n/n �6 [���>� n}/| (�6 

����A� ,
?�� !� !�3� 9	�4 !� I_�A� �!�� .
D�L� ........................................................................................... mv{ 

9�*~o& ..#��A� H���	 <�! )��2 )!��+�� ,����=& (� COB )!��+�� ,���� n/n
 ���2� 98�� ��	��1 

[���>� !��+�� ,���� ���#  (!� K�4 9	�4 �6 ����A� ,
?�� !� I_�A� �!�� .
D�L�................................... mv{ 

9�*~o: ..#��A� H���	 <�! )��2 � k����D�6 )���2� 98�� ��	��1 [���>� !��+�� ,���� ���#  !� ��� 

B!�^��� [���>� n/| ��� (!� I_�A� �!�� .
D�L� ......................................................................................... mvv 

9�*~ou ..#��A� H���	 <�!)�  )��2 � ���J )���2� 98�� ��	��1 [���>� !��+�� ,���� ���#  !� ��� 

B!�^��� ��>�[� n/| ��� (!� I_�A� �!�� .
D�L� ......................................................................................... mvv 

9�*~o} ..#��A� H���	 <�! ����6 � <�! ���J )���2� 98�� ��	��1 [���>� !��+�� ,���� ���#  !� ��� 

B!�^��� [���>� n/| ���(�6 ����A� ,
?�� !� I_�A� �!�� .
D�L� .............................................................. mvr 

*9�~o~ ..#��A� H���	 <�! ����6 � k����D�6 )���2� 98�� ��	��1 [���>� !��+�� ,���� ���#  !� ��� 

B!�^��� [���>� n/| ���(�6 ����A� ,
?�� !� I_�A� �!�� .
D�L� .............................................................. mvr 



 ق 

 

9�*~ox ..#��A� H���	 <�! )��2 )!��+�� ,����=& ()��6 <��! � ,��$=�6 6� ����A� ,
?�� !� I_�A� 

�!�� .
D�L� ................................................................................................................................................................. mvr 

9�*~ow ..#��A� H���	 <�! ����6 )��6 <��! ���6 !��+�� ,���� )[���>� n}/| !��+�� ,���� n (�6 

����A� ,
?�� !� I_�A� �!�� .
D�L� ..................................................................................................................... mvs 

9�*~o% .������� $� <�! ���J )���2� 98�� ��	��1 [���>� !��+�� ,���� ���#  !� ��� B!�^��� 

[���>� n/| ��� (� )��2)!�3� 9	�4 (.6����2 ���> =�6 � C���1 !��� )!��-0	 !� I_�A� �!�� .
D�L�

 ........................................................................................................................................................................................ mvy 

9�* ����1 non .��#� 78 : )���� ���-4 � ����3� .
L? @!�-W ),��#? .+ EPBS !� �5 ������� 

,���*( .........................................................................................................................................................................mqr 

9�* ����1 n o& ..�-1)��6 ,����4��� ��#� 9	�4 !� .
L? @!�-W 78 : )���� ���-4o ���� .	����  

� I_�A� �!�� .
D�L� ..................................................................................................................................................n~x 

9�* ����1 &on .I�$�4 [���>� ����A� .����6 ���
4 .���� Q�eL4 ���� ��* �6 ����� ) ,���e#W 

,�� $ ���	 M�8 .�>�	 ,�! .............................................................................................................................. mrr 

9�* ����1 &o& .I�$�4 [���>� )�e��� Q�eL4 ���� ��* �6 ����)�  .���$ M��LE� ,�� $ ���	 

M�8 .�>�	 ,�! ........................................................................................................................................................ mrs 

9�* ����1 &o: .I�$�4 [���>� u o)����!�1 !�6 Q�eL4 ���� ��* �6 ����)�  �$� ��^S� ��8 

M�8 .�>�	 ,�! ........................................................................................................................................................ mrs 

9�* ����1 & ou .I�$�4 [���>� )�e��� Q�eL4 ���� ��* �6 ����)�  ,���e#W �R�� M�8 .�>�	 ,�!

 ........................................................................................................................................................................................ mry 

9�* ����1 &o} .I�$�4 [���>� ����A� .����6 ���
4 .���� Q�eL4 ���� ��* �6 ����)�  .���$ M��LE� 

�R�� M�8 .�>�	 ,�! ............................................................................................................................................... mry 

9�* ����1 & o~ .I�$�4 [���>� .���+ 9e��� Q�eL4 ���� ��* �6 ����)�  ,���e#W M�8 .�>�	 

.���)� .......................................................................................................................................................................... msz 


