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�� A�8C� UG�<� 7��4 >����?� �'�
+��[ )6 (9 � ��% &5���.  

4 -3 -  9�� :��, �� �;��,;!<� 8���� �D,�YQ  

@
�� �)�: L��% {�F��� h�0 �4 7��  )Q(  ��8"� �4
@5�P � �!����'� ���  ���� 7�!4  ���
 )�NR >��* �� (

+��2� �24 �8����( )De( � >��* &4-<�= &
�0� ) �V^
@
�� (?: �4�9 �����
 9F-
7 ��)P7 )ESR( �4&  9 �

�� ;'� ]6 .[� ��'� &<FG �!47  �8"�$ �3
 �� �41 ��47 
)ESR (�4 �  &4 &[��&
�0� 35/15 �8�7 +��2� �24 �@
�� 
)De(� 15 9 � ��% ���;�4�   �\R�=8- �����
7 
(����!	7 �'� &<FG �!47 @�% �� ���)8 � �4 )5( � c�C8


��$'� �8
 &:'T +��[ �� �; )7 (� ��0�	�� ��%.  

4 -4 - D,�Y� ��8��  :��, �� �;��,;!<�

�NCY ;�� RMi 

&<FG �'� ��8-?R�( 7�^; W �� ��4 ��R�� 7�!47  +�  ��
1998 ���  � �'���'�[ �� ��' � 9 � ��% &5���  �'��
&<FG 7�!4 +���" �8%�� =q�|� �0 �� ��'� 7�0 �%�4 

]12.[ �^; W �� ��% &5��� &R�<� iFG7  �� ��8-?R�(
 +� 2009� &F �Q� �4  ������ 9�)�: ��8:�" )Gc( 

) �4 @?8	�9 ��X8� :�2� ��8:�"'@  ��8:�" �/!� }V 
�2�'@ Z� 7��	" 9���<� �@<� 7���
  �8����( �7��Q�

���� ��t ����� W'��% ��8:�" �S��4 =DP �7���'_  ����
0 � ���� 7�4� ��������� �$���� (����
� ��8:�" � )Sr( 

) �4 @?8	�4 ��X8� : �V^'� @
�� n���  9��Ct'�  �24
���� ���2� @'�2� 7�0��8:�" �S��4 �2� ��8:�" � �0'@ 

���� &8 � 9�[ �07 �*�� (��   �����=8-  ��
�����

���� 
��� ( ������!	 ��� ]13.[ � �4'�   �y� ��=8- 

���� ��
�����
 
��� � �4@�% �� ���)8  )6( � >��* &4
 +��[)8( 9 � ��% &*|�.  

                                                 
7 Palmestrom 
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/%� 4 . �,;N� :��, �� ��VD �Z� [�> �� �,;��. ���	 ��� \�C �,RMR ]4 [  

)Marly limestone  :  �limestone  : (  

  
 /%�5. ���  �,;��. F�QB� -�� �NCY :��, �� /��  ���� �� ;�� Q ]6[   

)Marly limestone :   �limestone  : (  
      

 T�;U3. ���	1 a���� �%� -�� ����� �� �� ���<7���	1 ��  

�8����(  
 ��!  �P��Marly limestone   ��!  �P��Limestone  

Min Max Ave Min Max Ave 

 ���=DP �P��  (γ)  (gr/cm
3
) 37/2  41/2  39/2  37/2  44/2  40/2  

7��	" 9���<� ��Q� Z�7 )UCS, (MPa  87/21  37/28  12/25  48/20  90/31  19/26  

  �� ;�( 9F-
(υ)  18/0  22/0  20/0  19/0  23/0  21/0  

J!  @C�C�(%)  1/2  4/3  75/2  7/2  1/3  9/2  
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 /%�6. QB��F �.��,; ��� -���� ���� �NCY :��, �� /��  ;�� RMi ]12[  

)Marly limestone  :  �limestone  : (  

  

 T�;U4. �)b+�NCY a���� 	, , ���  ;��  /��  ���� �� -��0�����.  

�8����(  
��!  �P��  

 ���<�RMR   ���<�Q   ���<�GSI   ���<�RMi 

Marly limestone  66  1/2  58-52  65/3  

���� ��� J!   c��  A�2t  
 � A�2t ���� u�V 

�:��4 a��'�% 
��<�  

Limestone  80  2/4  69-63  42/16  

���� ��� J!   c��  W �8�  
 ���� u�V c�� � 

:��4�  
��<� ����  

  
 T�;U5. �;��,;!<� 8���� ��;� /��  0A�W� (�QS3 ,�� �,;��. ���	 ����N� 

�8����(   ��!  �P�� 

Marly limestone  
 ��!  �P��
limestone 

7��)P 7�~" n��)�8�( 35/15  35/15  
 ���<�RMR  66 80  

Stand-up time )���(  1  13  

    
 T�;U6. ��8�� . �;��,;!<����!�7  /�� cCY �NCY ;�� ��%��&'�%�  

;D,�  RMR  :b�  
 -�� d�. ) �S320  �� � ��� �A��

/��� T�* ,(  
F��% ��  eA� f�3  

Marly 

limestone  
66  2  

�� �2t�� ��G &4  +�G &4 A< 3  � �8�
 &�*�" &45/2  ��� �4 �2t�� ��G &4 � �8�

�?�   

cm 5 @Q� �� z�� ��  7�0
���
 ����  

9-�
 �b  

Limestone  80  2  
 +�G &4 A<  �� �2t�� ��G &43  � �8�

 &�*�" &45/2  ��� �4 �2t�� ��G &4 � �8�
�?�   

cm 5 @Q� �� z�� ��  7�0
���
 ����  

9-�
 �b  
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 T�;U7. ��8�� . �;��,;!<����!�7 �NCY cCY /��  ;�� Q  

;D,�  Q :b�  
 -�� d�.) �S320 �A�� �� � ���

/��� T�* ,(  
F��% ��  eA� f�3  

Marly limestone 1/2  5  9R�4 7�04  &�*�" &4 7�8�9/1 �8�  90 ���� �8� )}�-�(  9-�
 �[��8P�  

Limestone  2/4  4  9R�4 7�04  &�*�" &4 7�8�2/2 �8�  50 ���� �8� )}�-���q(  9-�
 �[��8P�  
  

 T�;U8. ��8�� . �;��,;!<����!�7  /�� cCY �NCY ;�� RMi  

�P��  RMi J!  ��(  9'����%  

Marly limestone 65/3  
9R�4 7�02/3  � ����'� �� 7�8�5/4   A<  �� 7�8�

 &�*�" &43/1 �8�  
100 ����}�-� 9'����% �8�   ��� �4

�?�   

Limestone  42/16  
9R�4 7�03  � ����'� �� 7�8�2/4  &4 A<  �� 7�8�

 &�*�"7/1 �8�  
60 ����9'����% �8�  
 }�-�  �?�  ��� �4  

  

5- ���  �����N� �����,��. ���1�� -��  

� �8���<� 7�0�8����( ���;�4 7��4 ���X� +��� ���;�4 
���� @�% J!  �S�0 ���2� �-����4 ]8 [ ��
  ��N"�

RocLab1.0 9 � ��% ���)8 � .����7 �07 �'� �
  ��N"�
 @��%4 ��	" 9���<� �8����(7 Z� ���Q� )σc(�  L��%

�� 9���<��� 8��!%� )GSI(� J!  ���� 94�� )mi(  �
 ��8:�"�8)%;� )D( �� �%�4.  +��[ �� ���; 9 �4 T'�8


)9 (9 � ��% &5��� .  
  

6 -  �;> /�A@ 

/0�1( �'� ��  7���'�( @��Q� 7��4 �� 7��� B�� &4
�
 �24 �� ��N"�7 Phase

2 
ver8.0 �
 �  ��N"�@��Q� 

� �!0 � 7���'�( ��$  7� Unwedge 3.0�% ���)8 �.   

6 -1 - �;> /�A@   ��Unwedge  

�
 ��N"� Unwedge  7���'�( � � �!0 @��Q� 7��4
��$ 8 ��(�
 UG�<� �� @*�P 7�0�� �4 �A�8C� 7�0 

�Q� y� ��@ �07 O�P7 ���� ��  ��
��$�4�� J!   7
J!  �� � �!����'� 7�~" �07  9C  a�8F-
 � 9C 

&4 �� ��: ���.  
�
 �'� 7���� 7�0�8���(  ��gC� ��� @��% ��N"�

 ��$�!F-H ������ S��V*� &'��� �J!  7�4� _'�t
(�
��8 � � �� 7��	" 9���<�'���� (�
��8 �9 � � .

�
  ��N"�Unwedge ��$ ���� L�C	� �� �24  ���'�(�
 7�0
�; �'� �!% ��
 Z?: &4 ��0  �� ���)8 � �4 �?8-�  ��N"�

9'����%-�@*� �� 9'��� �4 � J!�8R�4  _'�t �����
 �� 9^�� 7�����
 �7��g8^� &!��4 �P��G � ��!�?G�

�� ���!	�( �!:.  
@
�� +�� ��� �� )Marly limestone( 8P��	� +�?�@ 

�!H'� ���� ��[� ��$ .��$ >��|G� �07 �	� =���@ 

� �� ��%'� +��[ �� @
�� 9?-^ )10 ( ��% ���� ��	

  _g
 �� M( &: 9 ��=8- �t ���
�����
'_ ?G����! 

� ����Q� &4'!?� 9 � &8	$��4.  
�4 &[��  � @
�� 7��)P =: i?� �&<V!� 76�R�8�R &4

���� W'��% J!  ���� 7�0 ���� �� �3
 &4 /�4 � � �'��
BN'� � �%NXR �7���'�(�
 Y�
  � ����'� �� ��!  ��$ 7�0

�� @
�� A<  �%�4.  
@��Q�  �0 �4Unwedge �� ��	
  7��[� &: �0�5 
�8
�  ����% �8�'9 ) =DP �P�� ��� �46/2  �4 ��

%�4 9���<� � _2���8�� 200 U4���8� �4 �� ( ���?0 &4
S�� +�?�� � 7�b�" /� 4 +�G &4 9R�3  �V^ �4 �8�25 

���� @*��" �� �8�5/2×5/2 ��� �4 � �8�'&  }V  �4 ��?�
����� &4 �@
�� ��$ 7���'�( �4��  +�?�� �� M( �0

 �=8- �����
7 ��4 ��7  ���1 �� ����� @
�� �!: .
)@�% 7   +��[ �10 (  

@
�� �� ��� �� )Limestone( ���� &8 � 9�[  �0
@
�� ��-� &4 9F-
 �� ���X� ��$ �'��4�!4 � �!:  7�0

 �'�  � �!?'� _'�t �=DP ��QR �� N�
 ��% @��	�
=0 �4 �0�8����( =0 � ��'���$ �4 ��!H  @
�� +�� ��� 7�0

9 � >��)8� .��$ >��|G� �07  ��� �'�+��[ �� )11 (
���; 9 �. @��Q� �� ��	
 �0  7��[� &: �0�5 �8
�   �8�

����%'9 )P �P�� ��� �4 =D6/2  � _2���8� �4 ��
%�4 9���<�� 200 U4���8� �4 �� ( /� ���?0 &4

S�� +�?�� � 7�b�"  +�G &4 9R�43  �V^ �4 �8�25 
����  @*��" �� �8�5/2×5/2 ��� �4 � �8�'&  }V  �4 ��?�
����� &4 �@
�� ��$ 7���'�( �4��  +�?�� �� M( �0

 �=8- �����
7 ��4 ��7  ���2 �� ����� @
�� :�! 
) @�%8   +��[ �11(.  
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 /%�7. ��R �A� (�>bY, �;��,;!<� 8���� g*� 	, ;Q� T�, ��	 �� �;� /�%7  ��  
  

  

 /%�8. ��R �A� (�>bY, �;��,;!<� 8���� g*� 	, ;Q� 6�� ��	 �� �;� /�%7  ��  
  

 T�;U9. 3 ,�� -�� ���  F���N� �����,��. a����/��  0A�W� (�QS  

�8����(  �P��1  �P��2  

mi )J!  ���� 94��(  5/8  9  

76�R�8�R Marly limestone Limestone  

94�� S�0 7�0- �4���  
mb 584/0  189/1  

S 0011/0  0058/0  

A  504/0  502/0  
Em (GPa) )���� +��� J! (  62/5061  75/10070  

σcm  (MPa))���� ���Q� Z� 7��	" 9���<� J! (  287/1  880/6  

tσ  (MPa) )���� �		: 9���<� J! (  075/0-  217/0-  
'
cmσ (MPa) )���� ��: 9���<� J! (  366/3  101/4  

3maxσ (MPa) ) �'��
 �P3σ(  3668/0  3920/0  

C (MPa) )���� �$�!F-H 9���<� J! (  243/0  536/0  
φ )����� S��V*� &'���(  81/47  98/51  
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 T�;U10. 6�� h�� �� ����R (��) /�A@  a���� �,e�,Unwedge  ��	 ��1 /��   

 ���?%
��$  

��$ ���  
)��(  

9�2^��  
��$ =DP  

)m3(  
7���'�( 9�2t�  

��!�?G� _'�t  @F^
��
�����
 _g
 ��  

��!�?G� _'�t  �� �24
��
�����
 _g
  

3  458/568  Lower right 540/210  ���'�(  ���'�(  ���'�(  
4  215/1  Upper right  450/0   ���� 7�� BNXR1  345/0  025/127  
6  667/444  Upper left  691/164   ���� 7�� BNXR2  849/0  820/1  

8  086/0  Upper right  032/0  {�<   000/0  409/350  
9  004/0  Near end  002/0   ���� 7�� BNXR2  924/1  772/1  
10  004/0  Far end  002/0  ���'�(  ���'�(  ���'�(  

  

 T�;U11. 6�� h�� �� ����R (��) /�A@  a����  �,e�, Unwedge ��	 ��2 /��   

 ���?%
��$  

��$ ���  
)��(  

9�2^��  
��$ =DP  

)m3(  
7���'�( 9�2t�  

��!�?G� _'�t  @F^
��
�����
 _g
 ��  

��!�?G� _'�t  �� �24
��
�����
 _g
  

2  888/153  Upper Left 996/56  ���� 7�� BNXR 1 �2  881/0  547/6  

3  086/2  Lower Left  773/0  ���'�(  ���'�(  ���'�(  
6  678/2  Upper right  992/0   ���� 7�� BNXR2  817/0  773/56  

7  144/7  Lower Right  646/2  ���'�(  ���'�(  ���'�(  
8  045/0  Upper right  017/0  {�<   0.000  071/239  
9  577/0  Near End  214/0  ���'�(  ���'�(  '�(���  

10  577/0  Far End  214/0   ���� 7�� BNXR2  990/0  997/1  

  
�[ �� @*�P T'�8
 � ��4 �4+� 7�010  �11 ��  ����

��$ &8 � �� �� �� ��% ��D'� 7�0 ��$ 7  7���'�(�
 �4 7�0
��N4 )��$ @r�  ���?% 7�04  �6  � +�� ��� ��
���?%  7�02  �6 �� ��� �� (��$ � ZH�: 7�0 ) @r�8 

� 9  � +�� ��� ��8  �10 �� ��� �� ( �V� �4
BN'� =�-<� �2t�� 7�0 ��: 7�!4 .��$  7���'�(�
 �4 7�0

 ��% �:` b�4 �� &: 7�����
 =8-�  ��?0 �4 ���N4
�� ���'�( ��$ �4 &V4�� �� �R� �
�% �� �ZH�: 7�0  ����

���^� �4miR ��H ��� $m[� �7��m'����% 7��m �' � 9
}�-��V� �7�� ��$ �'� >� ��?
 h�G�4 �� �0 . �b

&4 �:` ��$ �4 &V4�� �� &: 9 �  ��%N'� � ZH�: 7�0
��$ L�C	�  &: ��H �9 � 9�?0� N5�P N�
 7���: 7�0

��$ �'�  7���'�(�
 ���4 9 � ��?� BN'� >��* �� �0
��$ �'�   N�
 �0 �
��$.  

=0�
 &: 9"�$ �3
 �� �'�4 N�
 �� &8�
 �'� ��!H  ��N"�
Unwedge�  7��4 ��
�����
 =8-�  +�?�� 9�[

��$ 7�� ���'�(  ���'�(�
 ��$ 9�2t� �'���4 ����'�(�
 7�0
�� ���^ @?� S|� ��  _ �!� 7�����
 =8-�  � �0�

9 � 7��4  �� ��b�4 ��!�?G� _'�t &4 �4�'5/1  7��4 ��
�� &F �Q� �;  7��4 9 � ��?� �8R�P ��!H �� �\R �!:

��$ �
 ZH�: 7�0 ���'�()��$  7�08  �9  � +�� ��� ��8 
 �10 �� ��� �� ( ���
�����
 =8-�  +�?�� �� �24

�'; 9 �4 7��b�4 ���-4 ��!�?G� _'�t .=0 �� ��!H
��$ @: 7��4 7�����
 =8-�  +�?�� &: �'�D
;  7�0

�� >��* @
�� ��$ ��� N�
 � ���$  ��:\� ZH�: 7�0
 ���P4  ��50 �� �$���: R ��%�4 _'��t ���; 9 �4 �\

��$ 7��4 ��b�4 ��!�?G�  �2�FG 7��� ZH�: ���'�(�
 7�0
9 �.  

6 -2 -  �� �;> /�A@ Phase
2  

�
  ��N"�Phase
2 'Z &Q)* /
�: &��
�4 �8 b� 7�-

 &'�( �4 Z�8 |( B�����Q� 7�N[� )1
FEM(  � ���4

�24 �� B�� &4 �� @5�-�7 � @P� �?
'� .� ��'�  B��
���� ��� J! � ZH�: >�2V^ &4 �� &2R�V� =�-<� 7��
�� �� �
 �g!� Z' ���!� &4 ��: �0 &: �!!: �
��$ .
=0�� n�" ��!H  ���� 7���� �*�!� �'� &: ���$

 �����
 ��$ &: �gC	� {�<
 �� � ���4 ��� &4 ��gC�
�� �� @g8� ��'��' &4 �
�% �
�% .�'�D4�[  @Q� �� �0
��$ �� ]�)�� �0 ��4�!4 ��8"����� B�� �'� �� �'  &: ��! 
�4 � 9'��
&[� &�F% �?-[ &4 ���� 7���; �� 7��   ��%

 ��!� &:2  ��3 ��$ ���2� �4��4 ���� 7���; &[�� �0 ]16.[  
�8����( �07 ����7�07 �
 �� �b  ��N"�Phase

2 +��[ �� 
)12 (9 � ��% ����; . �'� �� �	C4 &: 9 � �:` &4 �b

 �0�8����(�
 ��  ��N"�RocLab &4 9 � ���; 9 �.  

                                                 
1 Finite Element Method 
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Abstract 

In this study, to determine the parameters of the rock mass quality Geomechanical and estimates and 

preliminary measures for tunnel maintenance system Pyrshryf, different methods have been used 

experimentally and numerically. In the case of four classification system RMR (rock mass 

Geomechanical classification), Q (quality index tunneling), GSI (Geological Strength Index) and RMi 

(rock mass index) was used. The numerical method of limit equilibrium method (software Unwedge) 

and finite element method (the software Phase2) were used. In order to estimate the parameters of the 

rock mass resistance criteria Hoek - Brown was used. 

The empirical analysis results showed that the first section of the tunnel to the second level, where 

conditions are unstable. The analysis also showed that the Unwedge instability, landslides and rock 

from the walls and roof of the tunnel is wedge manure. Phase2 analysis also revealed that the drilling 

of a step due to movements over the standards is not possible. The drill holes in two phases of the 

vault and Patagh was predicted. The following temporary storage system using experimental and 

numerical methods were proposed. Finally, it should be noted that the use of experimental and 

numerical methods in tunnel design is of great importance, because, in order numerical methods on the 

accuracy and reliability of the experimental procedures were carried out, are added. It should be noted 

that these methods are not mutually exclusive, but being in line with each other can lead to the 

development of the underground structures are designed and reliable results than when only a method 

is used, the provide. The use of multiple methods and new experimental results can be validated 

numerical methods that are usually not visible with their tolerance, will help. 
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