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B�� (&�31 A ��& <
TG)	TI= >�0 	4 >��-��4 >��-

 �-�&A� >�- 8� �#�� 	��#
L �0�A�
�� Q���-

 ��#� ���.� /01 ���� '�� ��#) M�D�� 8
*-�R

 A /& �0 >�- B�� (& �� .8� 	�\�� ��R ���@��

���L�1 �&��T� 	4 �)�#  �� �X?�� ��#� >�0�� �0

X
- A�
�� ��.�- 	TI= �&^�- �+ 	- /&�6� >�- � �)

 <*�) >��54 A�
�� 	TI= ��
&�L �+ 	- /&�6� �&��T�

��0 A�
�� 	I��G� �#G� .��
�f >�0�����L A /&�

	TI=) "��: �� B�� (& >��-4 8� ��. 	U� (

 ����x&)2016 .(  

  

'J K�1. 0M� � N��*�,) +,�-��, 0�1��2 34�� ���	����, D�� ��1P,1984(  

&�� �H=I 
���,��<  

V  IV  III  II  I  

 �
j  d��I%�  F�#��  ��&A  ]��4  ���A#0  

25  20  15  5  0   A�
��(W)  

100>  100-60  60-40  40-20  >20  ��\ 8���T�/) >� ��#G�UCS  (MPa)  

5/3>  5/3 -2  2-5/1  5/1 -5/0  >5/0  	KT� ��- 8���T�  >Is )50(  

25  20  15  10  0    A�
��(S)   

2>  2-5/1  5/1 -6/0  6/0 -3/0  >3/0  	* �\  >���A��> (���)  

50  45  30  15  5   A�
��(J)  

5/1>  5/1 -6/0  6/0 -3/0  3/0 -1/0  >1/0  	* �\ 	&^ >�� (���) >��-  

30  20  10  5  0   A�
��(B)  

 
 K�'J2. �H=I0M� � N��*�,) +,�-��, 0�1��2 '�� ��1P,1984(  

��#�R�< ��S��� T�� ��M? D��  +,�-��, 0�1��2  ) 	����,W+S+J+B(  +,�-��, �H=I  

1- Ripper-scraper, Caterpillar D8 1- &���A�x 
   

���1 �*
3  

   

  

<40  

  

 I  2- Dragline > 5 m3, Lima 2400 2- (&t��� 

3- Rope shovel > 3 m
3
, Ruston Bucyrus 71 RB 3- "��. �- �@+ 

1- Ripper-scraper, Caterpillar D9 1- ��A�x&� 

 ���1  50-40  II 2- Dragline > 8 m
3
, marion 195 2-  (&t��� 

3- Rope shovel > 3 m3, Ruston Bucyrus 150 RB 3- "��. �- �@+ 

1- Ripper-scraper, Caterpillar D9 1- ��A�x&� 

8D� ��I%�  60-50  III 
2- Hydraulic shovel > 3 m3, caterpillar 245 2- "��. �- �@+ 

1- Ripper-scraper, Caterpillar D10 1- ��A�x&� 

8D�  70-60  IV 
2- Hydraulic shovel > 3 m

3
, Cat.245 or O&K RH 40 2- (&t��� 

1- Hydraulic shovel > 3 m
3
, Cat.245 or O&K RH 40 "��. �- �@+ 8D� �*
3  95-70  V 

1- Hydraulic shovels > 7 m
3
, Demag H111, Poclain  

"��. �- �@+ 

  

�#\ 8D� ����,  100-95    VI 
1000CK, P&H 1200, O&K RH 75 

1- Hydraulic shovels > 7 m3, Demag H111, H241, 

"��. �- �@+ 

  

	
.�+ >  

   
>100  VII 

O&K RH 300 
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 K�'J3. �H=I U�!�� �� V��M�� &�� ���" �� +,�-��, 0�1��2 	����, �!��H� K��(� '��  

���" 	����, &�� ���" W,�4 &��  
�H=I �����,��< '��  

 ��#)2   ��#)1  �#)�2   ��#)1  

15  15  F�#��  F�#��  ���A#0  

10  10  39  20   8���T�UCS (MPa)  

15  15  59/0  1/0  	* �\ �A�� >��(���) >  

5  5  29/0  1/0  	* �\ 	&^ >�� (���) >��-  

45  45  

   

�&��� A�
��  

���1  ���1  M�D�� 8
*-�R  

CAT D9  CAT D9  >�����
L (
.�� Z#�  

 

 K�'J4. �, VX��(��H=I U�!�� �� �*��*"�YF �����,��< ,�� �����< 	���  ���#Z�,) '��2016(  

 ���9� ." ��R� 0���H�)MPa(  

<20 
20 -    40  40 -    60 60 -    100 

>100 
20-30 30-40 40-50 50-60 60-80 80-100 

0                  UCS-20         +2.5         +2.5         +2.5        +10                      25 

 

�\H� ��� 0���H� ,)MPa(  

<0.5 
0.5 -    1.5 1.5 -    2 2 -    3.5 

>3.5 
0.5 - 1 1 - 1.5 1.5 - 1.75 1.75 - 2 2 - 2.75 2.75 - 3.5 

        0                20.IS-10          5.IS+5          10.IS-2.5        10.IS-2.5                          25 

   

�1]���	�� �,� ,)m(  

<0.3 
0.3 -    0.6 0.6 -    1.5 1.5 -    2 

>2 
0.3-0.45 0.45-0.6 0.6-1.05 1.05-1.5 1.5-1.75 1.75-2 

0              100.J-30          50.J-7.5          +12.5        +12.5       30.J-7.5      20.J+10           50      

 

 '�� ��X �1]��)m(  

<0.1 
0.1 -    0.3 0.3 -    0.6 0.6 -    1.5 

>1.5 
0.1-0.2 0.2-03 0.3-0.45 0.45-0.6 0.6-1.05 1.05-1.5 

    0                    50.B-5          25.B         +2.5         -5                                30    

 

 

2-3 -  �����,  �*�� .�/ &��  '(�  

(
��) ���.� /01 ����'�� ����4 A�
� ��#� /01

 ��5
� 	��3��4 ]
��) �*  ���� �#�N 	- 	
���

 8&6��) ���: O���?� �� ���� (& .8� ��5
� ���0�

	
��� - ��. lR� ���.� >����� >���#*
4 /& � ��-���

 () �#
*
� 	� ���+ 	��
,�� M�D�� 8
\�� �- � 8�

�� C�%+ 	- 	TK�� k�6- ����� A ��& - .�&1 XD

�#5�3� ��5N��� >�0� ���� ����G� '�� � >�0

-#��� � ����(�#
 ��)]
 �� z�: ��0�(& '�� ��0

'��85%R �� 	4 ��#- /01 � '�� �s� A [*�D� >�0

48
@
 |)�)�

 � ��0��� �1 ��� 	�T� Q���- .�#.

�A(
���.� ��� B#� ���;	
 �)	
  ���A�� F�#) ��.

�A(
���.� �1 (� �#�4� 	- � �0(�#
 ��� 8I%� .��

A , �s���&V#,#�
 /01 A� >�06& �) 	��8&��
 '�� 	- (

@���
 .>�
 ��#) O�#h- d�w4 	4 ��#- W�4 � d�~�- � >

^ �-	&>��-� F�#�� >�0���#) 8,�+ �� 	4 �.�- >

��?& �8D&��D  >�0> 8� ��#5�  ]�.)1.(  
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O�
*5N >�: A zL ���� (& �� 	������; >�0

I�)1 ���6,�;'�� �]5+ � >�
���- �>�� M�D�� /01

'�� �+� 	- ��.�� ]&#G) ���.  	- 	:#) �- .�#.

��A ��#- J���  �)�
*5N >�02 �5 �6  �7  	- ���� (&

 	
��� 8&6��) ���:–  ]�.) ��-���2 (
��) >�- � (

 ��)�L A >�
�#*: 	*5: A >������� ��5& F&�.

� ��Ij � ��� �(
�A BA�, �'��X)1 (
+ �  �� >��4

��A (& M�D�� �#G� ����: ���4  ]-�R 8
50 A �0

 .8� ���#3�- ��:#)'�� ���� �� ���.� /01

��P&� Z#�) 	- 	:#) �- �	
��� XD- ��
����#UV >�0  >�0

	*L �[*�D� ��A 	- ���� �:�D�� >�0 >�0

�� 9
%T) �@*�D� ��
����#UV 	*L A �3�- �� .��#. �0

	- ]
,� ���6- � "#= ��&A 	*L � O��@) ��P&� �0 > 

��#) '�� � 	�,�K� �#s�� 	- <
R� �) ��P&� �0 > ��:�- 

�0 	*L ��:�D�� �#3 	- (&��; 	�
� � XD-��4 

9
%T) ��. � ��#� 	�,�K� ��R 	�\�� 8�.  Z#5?� A8 

��A �� ��#:#� ��A  >�02  �4  W�5) 	- M�D�� 	����-

 �� � ��
����A 	
T-�����4 ��0 �"��\ �:�D�� >�0

��P&� �-�&A� >�- ��#) ��
����#UV >�0  � '��

	TI= S3�. >��- 8
*-�R ��. C�D�� M�D��  .��  

    

  
N*� 1. ���	 �RH� ���,�#� � ���Y�� �1:)  �*�� .�/ &��  '(� ���'9� �����1364(  

 

 

  
 N*�2. �(2�0� ��^����� J,�-��,� '(�&��  � ���4��� .�/ ��� ���,�� �� �_"�� �,�����, Google Earth   
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 ��#� ��
����#UV >�0�����L �X0�PL (& W�?� >�-

 ]��. 	4 M�D�� 8
*-�R S3�. �-�&A� >�- ���@��

	* �\ �'�� 8���T� ����A#0 �A�� >��  	* �\ � �0

	&^ _#K�  ����%0 >��-�= W�?� 8.��->�0  �&�G 

� �0���&��A1 �A��>�
� � (

�) ���.�A�� .>�
� 

0 � >���3�� O�hD��f��#) ���� �#u50 '��

	* �\�A�� >��	&^ _#K� 	* �\ � > �&�� �>��-

S3�. >�0������� Q�� �- ���� /
���� >�0

 '�� /
���� ����: (5?�ISRM 	I�: �-�&A� � >�0

 �- ���A#0 ����� �@
4 ��\ �s� � ��\ O��~R Q��

 �� �#s�� (&�- .8� 	�\�� O�#  ��I36  �� � ��A

 Z#5?�18 	�#5� [*�D� ��4 	�
� W�?� >�- �&�0

/) >���\ 8���T� X&��A1 ������� <-�K� ��#G�

ASTM C170  .8� ��. 	
�)  

  

3 - ���" +,�-��, 0�1��2  �*��  '(� .�/ &��  

3 -1 - �H=I��, 0�1��2 '�����" +,�-  .�/ &��

 �*��  '(�  

��A ��
����#UV O�hD��  '�� ���� [*�D� >�0

 Q���- �1 >��-A�
�� � 	
��� ��5
� 	��3��4 /01

B�� �0�A�
�� S3�. 8
*-�R ) "��: �� M�D��5 (

� ���� e&��� .8� ��. 	U�f�&� 	4 �0�f��P>�0 

��#)'�� �:�- ��+ A /& 	KT� 	- 	KT� ��&� �� 

�����4>�0 [*�D� /& �	*L >�� O�

|) ]-�R��:#) 

���%0 � �� 	?
�� S3�. 8
*-�R �6
���� M�D�� 6
� 

A /& ��4 	�
� 	- 	�
� ��4 ��&� O��@�� � 8� 	- (& 

8*N �� B��f��%&�- M�D ���I� &� �-f��P0f>� 

��#)'�� �:�- �T)) �.�- ���#
�#� � ��A1391  .(  

8�� 	- �- ��A ��
����#UV O�hD�� ����1  ���� >�0

'�� �0 	- A�
�� ��T� S
hD) � 	
��� ���.� /01

�1 A /& B�� Q���- ��0 �0�A�
�� S3�. 8
*-�R 

) "��: <-�K� M�D��6�� SD�� �( ��A 	4 �#. >�0

)7) �(1  �6) �(8) �(3  �5��� �� H
)�) 	- ( 0f >�

	
.�+I%� � 8D� �8D� �*
3 �> 	�\�� ��R 8D� d��

�1 	- {#-�� A�
�� �  ������ Z#� � >��@+ B�� ��0

) "��: <-�K� >�����
L6�� (

�) (  "�w� >�- .�#.

 ��A >�- �M�D�� 8
*-�R S3�. �0�A�
�� B��8 �

 A�
��65  B�� �A�
�� �1 <I= �- � ��� S
hD) �

 ��A�x&� H
)�) 	- �>�����
L ������ Z#� � >��@+ �-

Ripper-scraper, Caterpillar D10 "��. �- M�D�� � 

Hydraulic shovel > 3 m3 caterpillar 245  .8�  

    

 K�'J5&��  '(� �*���*��YF V�_-R� .D�� 5��,��  / '�� 	����, � �����,  ���� ���4��� .�/ ���	����, 34�� 0�1��2 +,�-��,  

 
 �	  ���� ���  

�1]���,� 

�	��, 

(m) 

 	����, 

(J) 

�1]�� 

`�\� ��X '�� 

(m) 

 	����, 

(B) 
 �^�	,�� 

	����, 

(W) 

0���H� ��R�  

." ���9� 

(MPa) 

	����, 

(S) 

1 

1-1 84/0 30 3  30 ��&A 5  81/33 10 

1-2 19/1 30 3 30 ��&A 5  81/33 10 

1-3 89/0 30 3 30 ��&A 5  81/33 10 

3 

3-2 25/0 5 9  30 ��&A 5  5/31 10 

3-3 48/0 15 9 30 ��&A 5  5/31 10 

3-4 54/0 15 9 30 ��&A 5  5/31 10 

5 

5-2 42/0 15 9 30 ��&A 5  29/31 10 

5-3 38/0 15 9 30 ��&A 5  29/31 10 

5-4 39/0 15 9 30 ��&A 5  29/31 10 

6 

6-1 36/0 15 13 30 ��I%� 20  42/83 20 

6-2 42/0 15 13 30 ��I%� 20  42/83 20 

6-3 37/0 15 13 30 ��I%� 20  42/83 20 

7 

7-1 63/0 30 10 30 ��I%� 20  03/74 20 

7-3 61/0 30 10 30 ��I%� 20  03/74 20 

7-5 67/0 30 10 30 ��I%� 20  03/74 20 

8 

8-2 51/0 15 76/0 20 F�#�� 15  52/44 15 

8-3 50/0 15 76/0 20 F�#�� 15  52/44 15 

8-4 49/0 15 76/0 20 F�#�� 15  52/44 15 
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 K�'J6. �H=I  �	 +,�-��, 0�1��2 '�� �����,  ���� ���4��� .�/ &�� �� 

 �	     ��� ����    	����,(W+S+J+B) +,�-��, 0�1��2    +,�-��, D�� ��#�R�< ��S��� T��  

1 

1-1 75 8D� �*
3 
1- >��I�)1  

2- "��. �- M�D��  
Hydraulic shovel > 3 m

3
, Cat.245 or 

O&K RH 40  

1-2 75 8D� �*
3 
1- >��I�)1  

2- "��. �- M�D��  
Hydraulic shovel > 3 m

3
, Cat.245 or 

O&K RH 40  

1-3 75 8D� �*
3 
1- >��I�)1  

2- "��. �- M�D��  
Hydraulic shovel > 3 m

3
, Cat.245 or 

O&K RH 40  

3 

3-2 50 8D� d��I%� 
1- ��A�x&�  

2- "��. �- M�D��  
Ripper-scraper, Caterpillar D9 
Hydraulic shovel > 3 m

3
, Cat.245 

3-3 60 8D� d��I%� 
1- ��A�x&�  

2- "��. �- M�D��  
Ripper-scraper, Caterpillar D9 
Hydraulic shovel > 3 m

3
, Cat.245  

3-4 60 8D� d��I%� 
1- ��A�x&�  

3- "��. �- M�D��  
Ripper-scraper, Caterpillar D9 
Hydraulic shovel > 3 m

3
, Cat.245  

5 

5-2 60 8D� d��I%� 
1- ��A�x&�  

2- "��. �- M�D��  
Ripper-scraper, Caterpillar D9 
Hydraulic shovel > 3 m

3
, Cat.245  

5-3 60 8D� d��I%� 
1- ��A�x&�  

2- "��. �- M�D��  
Ripper-scraper, Caterpillar D9 
Hydraulic shovel > 3 m

3
, Cat.245  

5-4 60 8D� d��I%� 
1- ��A�x&�  

2- "��. �- M�D��  
Ripper-scraper, Caterpillar D9 
Hydraulic shovel > 3 m3, Cat.245  

6 

6-1 85 �*
3 8D� 
1- >��I�)1  

2- "��. �- M�D��  
Hydraulic shovel > 3 m3, Cat.245 or 
O&K RH 40  

6-2 85 8D� �*
3 
1- >��I�)1  

2- "��. �- M�D��  
Hydraulic shovel > 3 m

3
, Cat.245 or 

O&K RH 40  

6-3 85 8D� �*
3 
1- >��I�)1  

2- "��. �- M�D��  
Hydraulic shovel > 3 m

3
, Cat.245 or 

O&K RH 40  

7 

7-1 100 > 	
.�+ 
 �- M�D�� � >��I�)1

"��.  
Hydraulic shovels > 7 m

3
, Demag 

H111, H241, O&K RH 300  

7-3 100  	
.�+> 
 �- M�D�� � >��I�)1

"��.  
Hydraulic shovels > 7 m

3
, Demag 

H111, H241, O&K RH 300  

7-5 100 > 	
.�+ 
 �- M�D�� � >��I�)1

"��.  
Hydraulic shovels > 7 m

3
, Demag 

H111, H241, O&K RH 300  

8 

8-2 65 8D�  
1- ��A�x&�  

2- M�D�� "��. �-  

Ripper-scraper, Caterpillar D10 
Hydraulic shovel > 3 m3, Cat.245 or 
O&K RH 40 

8-3 65 8D� 
1- ��A�x&�  

2-  "��. �- M�D��  

Ripper-scraper, Caterpillar D10 
Hydraulic shovel > 3 m

3
, Cat.245 or 

O&K RH 40  

8-4 65 8D� 
1- ��A�x&�  

2-  "��. �- M�D��  

Ripper-scraper, Caterpillar D10 
Hydraulic shovel > 3 m

3
, Cat.245 or 

O&K RH 40  
  

3 -2 - �H=I���" +,�-��, 0�1��2 '��  .�/ &��

D�� ��  �*��  '(� ���	����, �����<  

) "��: ��7��#) M�D�� 8
*-�R �-�&A� ( Q���- '��

	�
� >�- 	��#
L �0�A�
�� B�� HD��� >�0��4

��A  >�01 �3 �5 �6 �7  �8  .8� ��. 	U���50 	4 �#=

) "��: ��7��A �#. �� ��0��� (  >�03  �5  	:#) �-

A�
�� H%4 	-  60 	TI= B�� �� �M�D�� 8
*-�R >��-

 O�TI= (
- >A�� A�
�� 	4III  �IV  	TI= �� �8�IV 

	�\�� ��R�� 	��#
L >��-A�
�� "�+ (& �- .��  �- ��#)

��A 	- �I%� A�
�� }�h�3  >�03  �5 �BA�  �& �0

�1 >�- � �)��@�� >�0�����L  	4 >�#= 	- .�#. ]U�R �0

��A >�03  �5  	TI= ��III �� >�: �(& �- ��tN .���
�

�� ��0���	TI= W#��� B�� �� 	4 �#. 8
*-�R >��-

��A ��; �0 �M�D��  >�06  �7  >�0�����L ��G, A

/&�6� 90 	- ��
��)#UV �1 �� ��� I= �� �0 8
*-�R O�T
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Abstract 

The Rashakan limestone mine as supplier of Urmia cement plant is producing about 3 million tons of 

limestone ore. The proximity of this mine to the Urmia railway and the main transit road of Urmia-

Mahabad, as well as the destructive effects of vibration and noise caused by mine explosions on 

residential and environmental area, has caused the use of continuous surface miner machines as one of 

options for continuation of mining operations. Determining the ease of rock mass extraction, which is 

referred to as the excavatability index, has a vital role in the decision making stage for the selection of 

methods and extraction machines. This paper investigate the feasibility of mechanized extraction 

based on the geomechanical characteristics of Rashtkan limestone mine rock mass. In 18 different 

sections of the of 8 geomechanical zones of the mine, geomechanical parameters including 

weathering, uniaxial compressive strength (UCS), joint spacing and layers thickness were measured by 

field and laboratory surveys. Based on the diggability index rating method, the excavatability of the 

zone (7), (1, 6), (8), (3 and 5) is classified in the hard, relatively hard, easy and very easy excavation 

classes. In the following, considering the uncertainties in the results of the classification systems, one 

of the most recent applied classification methods based on continuous rating is used. The results show 

that the estimation of both continuous and conventional rating methods for the three zones of 1, 6 and 

8 is the same and for the zones of 3, 5 and 7, the continuous rating method suggests easier excavation 

condition. According to the results of this research, the geomechanical conditions of Rashakan 

limestone rock mass are appropriate for mechanized extraction and the use of continuous surface 

miner machines. It is recommended that in order to correct selection of the type and capacity of 

extractive machinery a technical and economic analysis be conducted based on the investment and the 

operational costs of each of the different options for different types of machines. 
 

Keywords: Rock mass excavatability, Rashakan limestone mine, Continuous surface miner machines 
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