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2013 .(�GDe)��&)�* j�;� �� E � �4�L )����� )��& 
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)�* k1�8� ����*.  
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�c���@� 4� 
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 � ��,��, 
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���G� )���� %�& �R4l ���G� ��(�= ����
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� %�& � 

�&	=��D2 ?�1&�C %�& j�;� ����* )	 �;2 � �����+'* 
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k1�8� �&��, ��.�� ��:��� ))�
�� � �	a�=- 2004n 

�5�,���, 2014( .E � ��� �* �� P��G� �	*��� ��4- 

9
��� 	*����, � o�H&P��G� �� �L �1C�& )�D��
�* 

�& ��, ��.�� 	� n���: 	*�� H�� 4� E � ��H&� �� ����� 

/�
 � 5��1'2 )�D*�, ���@�
� 	���: .	 �'� 4� 

����
� ��� �
�'(�) 	+� � �� O+: 1 ���� ���� ��: 

?
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p��. 4� ���&� ����
� %�& ���) �
�'(�) �	+� � 

RH���+� ��+1'2 � )�*���� �3�� �� %�& �= ���L )�� 4 

���+  ���& � 4� ?*�D: O&�C	U�= �����7�& ����* .

5��FHU B�&�= q�&�� �& E � �*���� � ��+1'2 ����
� �� 

O+: 2 ���� ���� ��: ?
� .	� ���= 4� _U��� 

)�	������, 2002n H����,� �& � ����,�� 2005 ()��& 

5�2ie� 	1�'+= �� E � ����4 ���@�
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	&� 4�� 	1, 4� ?�1&�C %�& � E�'8= W
��� 4� 

)�*�����> %�& � ���&)4�
 �� -�. %�& �a�� �& 

B �H.� ���= ��(�= � B*�, �� H*)�* %�& �*��7 �: 

)�5�,���, 2014 .(���,�= 5�G�G<= 	@1�8� �& )�� 

	&� 4�� 	 ���, %�& ���)�* �
�'(�) 	+� � �� )��-�. 
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 	��FH= � � �
 �4�L)�* 9D=�� 5��� ��.�� 

?
� .�� E � 5�G�G<= 4� )�*������> �3�� 	=��@�� )��& 

E���= ?�1&�C %�& ���) �
�'(�) 	+� � ���@�
� ���: 

�, �& 5��� "��U 1 _'U)��& ��: ?
� )�^�1U4�� 

1999.( E � �*������> O��: )�*������> 	=��1'2 �%�& 

�68��)�* 	L��e ���) �%�& 5�68�� 	� � �� � 

9 ��: �)��, 5�68�� �	+���+� 	�.�& � 	�7�
 /�
 

����* .)�*������> q�&�� �& 5�68�� /�
 O&�C��M 

"���, � )�*������> 	=��1'2 � 	L��e ����
� %�& �& 

	2�� O&�C "���, ����* .�� 	7�& 4� �c5��(�; 

�68��)�* %�& )9 ��: �����
� 5�H�a= � 5��� 

��=��>� (?&�3 �� �A� ��.�� ��: � BG� )�*������> /�
 

���� �U�= ���C ��.�� n?
� 5��(�;� 	7�& 4� E�GG<� 

)�R�� �& 2013n ����(� � �����+'* 2005n �����*�, � 

�����+'* 2004n 5�,���, � �����+'* 2013n O�F�+�� � 

�����+'* 2016n 4�'1  � �����+'* 2011 (HU E � ���� 

���C 	������ .�� 	7�& �� � H�� �& ��D� ���C ���� /�
 

Q8�� � ?&�3 R��C� �& O�1<= 5����m= )�*������> %�& 

��: ?
� )�H����,� �& 2007n ��. � �����+'* 2007n 

E�U � ������ 2009 .(�&��e 	1, S�@1= )�*������> 

O&�C��M "���, q�&�� �& /�
 �� W(�C Q7�: ?�1&�C 

%�& /�
 � )�*������> O&�C "���, E�:�� �&��A�� 

"��)4�
 �� -�. %�& � �F���) "��)�* B�> 	��& %�& 

j�;� ����* .��")�* k1�8� �F��� ��: ���,�= 4� 

?����U R4l �����7�& ����D� � �u,� �-�* ���= �� �A� 

E�.�� )�*������> ����
� %�& � /�
 �&5��� 

���H'* �� ������ .�� 5�G�G<= ��7� 5��� ��.�� 9
�= 

5�,���, )2014 (�& ���@�
� 4� %�� 	L��e 5�� ��4- 

	f���= R��C� �& ���&)4�
 5��1'2 %�& �& ��,�= �& 

)���� R4l )��& %�& /�
 	��FH= ?����� � �& �U�= �& 

)�*��m�� $�'6= 	=��1'2 5��� ��.�� ?
� .���G� 

)���� %�& /�
 ��;& $�G��� �& ��H�� ���(�= B:�> 

��H&� �%�& 5���L �%�& 	.�� � 	&W�2 ���& v;
 

%�& �� �� ��. %�& �& ��� �
�'(� ��]���3�= ?
� .�& �U�= 

�& ���&)4�
 5��� ��.�� �& 	L��e 5�� ��4- � E���= 

��H�� ���&) )�*��m�� ��� -�. "�� B�>	��& 	;7 

H�� �&��A�� E�'8= )���� 	:�& R4l )��& %�& /�
 

9
�= ���) �
�'(� �F��� ��: ?
� .�* ��f ?C� "�� 

	;7 �F��� ��: �= )�L O&�C "�DC 	���:�& ��� )�G=�� 

v;
 ?C� "�� B�> 	��& )���� %�& �a�� �& )�G=�� 

5��1'2 %�& �*��7 n�: 4� ��� � �� B*�J> �K�L 	(�� 

��M	;7 )��& E�'8= )���� %�& 	(�'2� ���) �
�'(�) 

	+� � �& �U�= �& )�*������> E�:�� )��, ����
� %�& 

O��: ?2�
 	����� �	;�<� ?2�
 �  R�� )����> 

)��D2 ����
� �%�& S'2 %�& � T�� )��U ��: "��
 

��
 ����, �F��� ��: ?
� .W ��K "�� ��M	;7 �F��� 

��: H�� �& ���@�
� 4� $� ���(� ?&�C� )��'��
�1 )ICA( 

E���= ��: ?
�.  
  

2- ���*� ���� �M�*(�+� - Q�0�M /R&�� J�3�& 

S�G���	O  

�� B*�J> ��K�L 4� ���� )�*  q�&�� �& ��(�;� 5��� 

��.� 9
�= 5�,���, )2014 (?U B�> 	��& )���� 

%�& ��� ) �
�'(� ) 	+� � ���@�
� ��: ?
� .�� 

��(�;� R�a�� ��.�� 9
�= �)� )��& 5�� ��4- �%�& ^  

���'� /�
 	������ �& �?��8K "�e � w�2 3� 30 � 

10 	���
 )��� �&����2 ���'� B ��4- ���� ���@�
� ���C 

��.�� ?
� .�^� )�* �
�'(�) ����
� %�& )���� 

)�;C "���� �& 40 	���
 ��� � )���� 28 ?�'�
 

�
�'(� �& "�e 	������> �&"�e 40 	1�� ���� w�2 5/3 

	1�� ��� � g�@=�� 10 	1�� ��� 	��:�& .P�'(�)�* )�� 

?�'�
 H�� ?�1&�C B �
 ���� ?8
 �� ���� ����* .

)�4�& ��� Cc��� �& Lc?,� �� �� ?U �1U- G2cW � 

l�&- E� �> ���& � E � ?,�L 9
�= �&)�����, ��=�� 

�� �U 	&����� �& 5��C 75/0 �1�, 5�� 5��� 	����� .

�&��A�� B7�f ^� � H�� 4� )��=�� �& 5��C 4 �1�, 

5�� ���@�
� ��: ?
� .�� � 4 �<@�)� �, ���'� 

B ��4- ���C ���.�� xL)�*�� N�
���� 	(�1
 ���C 

��.����� .�� "��U 2 5�68�� 	��,	
��: ��;C��, 

�	��
 �&���'* 5�68�� 	�.�& � k���= ����)�* �- � 

	7�& 5����67 	+ H�.- 	+���+� �4����)��� ��: 

�F��� ��: ?
� )�5�,���, 2014.(  

                                                
1 Imperialist competitive algorithm 
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T�CU 1. �����&��# �K�� �� '�� ��&  ����(&  �)!�� )�J&���� 2008( 

�����&��# /��: T����  �����&��# /��:��V T���� L��� �� S��0�WX -��  

5�68�� 	=��1'2 

%�&  

��H�� )���� %�&  

��H�� ?2�
 )����> )��D2 ����
� �&R���* %�&  

��H�� T�� ?:���& �:��=  

��H�� ?2�
 	;�<�  

��H�� S'2 %�&  

��H�� )y��� �J �) %�&  

��� %�&  

5����67 � )�*������> 

	+���+�  

?���G� �	��, )���. � 

	�'7  

��H�� )�&4 v;
  

��H�� B �
)� ]>  

��H�� d- )��<�  

��H�� 	�8
  

)�*������> ?.�& /�
  

H �
 5��z  

O+: 5��z  

g�� � ��H�� 	��, )��<�  

g�� � �U�� ��'�
	��:  

g�� � )���<� ?.�&  

5�68�� 	L��e 

���) %�& 

)��<� � ��H�� P�'(�  

5�68�� ?.�& � ����4) H1. q�&��  

v;
 %4�( E�:��  

5�68�� 	� � �� 

� 9 ��: )��,  

5��C E�:��  

��H�� d- 	.�6�  

9 ��: 	;�<� � d- � 	 ��*  

5��� ��=��>�  

5����67 ����4 � 

?7�
 /�
  

��H�� � 9 ��: �4�� � I�+:  

�U�� 	��4��*  

y���1,  

  

T�CU 2. S�W1G� ���������� -������� � �)�"��- �)���)� ����� -�� ����&�. ���� �*(�+� 

Q�0�M  �)�"��- �)���)� -�� ���� ���E��&  Q�0�M  ��������� � -������� -�� ���� ���E��&  

g�� �68��  �L��  ���G�  	��,	
��: 	@���=  
���&� 5��z  

��H�� )��<�  
$'����  $' H,��  

�������  (kN/m
3
) 9/25  	(�+(- ��{
�1.  48/0  80/4  39  

d]U d-  (%) 86/0  H=���,  24/0  24/2  27  

O818=  (%) 50/1  4i,� yi>  56/0  60/3  22  

?2�
 |���� 	=����.  (m/s) 4140  ?�=��&  32/0  60/1  10  

Q7�: B �
 ��:�
    2/5  �HU� �� �  08/0  56/0  2  

	�8
 B+f ?�':�    56  /�
	
��: 	@���= :	��
 �& R�� 	(�+(- �?����� �& E�� � ����4) 

^�.���� ���{ �* .	(�+(- ���{
�1. H=���, � 4i,� yi> 	��,)�* W(�M �� 

O�+�= 	����*� 	��,)�* I�@:��M $* �&5��� 	D��U �� ���U 	��,)�* 

W(�M ��}L ����� .���G� )���<� $* ?�=��& ��*��� ��: ?
� .	(�+(- 

���{
�1. E�1,��+�� � H=���, ��U�� �� �- ~�2�� O �'= �& ���
���(- 	
� 

��:�� � ���
���(- ���� ���:� %��H� ��: ?
�.  

	�8
 ��+��  (HV) 539  

	�8
 �D()�  

	�8
 P��  
  

6/75  

5/4  

      

  
  

3 - %�# ���� ���� ���� ��&  ����(&  �)!��  

�� ��(�;� 5��� ��.�� 9
�= 5�,���, )2014 (4� 

O�1<= ���
��� ��f ���m�� 	;7 )��& B�> 	��& 

)���� %�& ���@�
� ��: ?
� .)� �& �U�= �& ��f 

��m�� OG��� ?2�
 �	����� ?2�
 �  R�� )����> 

)��D2 ����
� �%�& S'2 %�& � T�� )��U ��: "��
 

��
 ����, �(���� 	���
��� 	;7 )���� %�& S&�;� 

�;&��) 1 ���& ���, ?
�  "��U)3(.   

�, �� �;&��) )1(� PS E�D� ?2�
 	����� �& W�L 

m/s� TS ?2�
 �  T�� )����> )��D2 ����
� �& W�L 

cm/min� CD S'2 %�& �& W�L cm� FRCF T�� )��U 

��: "��
 ��
 ����, �& W�L  ml/s� F )���� %�& 

/�
 9
�= ���) �
�'(�) �& W�L N ?
� .  

�� S�G<= �K�L )��& B�> 	��& S�C� �= )���� 	:�& 4� 

"�� 	;7��M ���@�
� ��: � 4� $� ���(� ���& )4�
 

)��+�&�-�. ?&�C� )��'��
� ?U E���= W ��K "�� 

B�>	��& ���@�
� ��: ?
� .ICA 9
�= B=- H> � 
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?��'U ��(�� �& ����2 ?��(� �{��2 d�8��� ��: � 	G&�� 
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^  ?��(� �{�� � �B=��'���� ���=��{��4 ��@� 	� ��: .

?��(� �{�� �& �U�= �B=��C 5��'���� �� �& ^  ���� 

	��7 �& ?'
 ��7 d]U 	� ��, .5��C O, �* 

�)��e��{�� �& �* �� B8& O�+�=���*� �- 	��  

?��(� �{�� � 5��'���� �- 	���& ���� .�& O+: )��� 

)��e��{�� )�* ���(�� ?&�C� 	���(� �{�� ���� �-�* 

g��: ��: � �* )��e��{�� �, ������ �� ?&�C� 

�)��'��
� S.�� O'2 ���, � �& 5��C ��7 � �H@�& )� �  

OC��L 4� B*�, %z�@� )����1U ��, (I]L �*��7 

�: .E ��&��& )�G& ^  )��e��{�� ���&�� �& 5��C �- �� 

d]U 5��'���� )��e��{�� )�* W�C� � �& ��;�
 �� 

����- �-�* �*��7 ��& .�� ��a��� �� �� �U ?&�C� )�* 

�	���(� �{�� �& N ��= �& 5��C )��e��{�� )�* o�H&�= 

���H.� ��: � )��e��{�� )�* k��K �= I]L ��*��7 �: .

)��e��{�� �* )��& B �H.� 5��C ���7 ��Da� ��*��7 

�: �= 5��'���� ��7 �� H�� ?.���> ��*� .�& ?:]� 

����4 5��'���� 4� ��<( 5��C �& ?��(� �{�� ^ �H� �= 

��*��7 �: � �*�: ^  g�� 	 ���'* �� d��U )�* 

�(��� $�*��7 ��& .�L 	 �� ?&�C� )��'��
� 	���4 

?
� �, ^  )��e��{�� �L�� �� ���� ��U� ��:�� �:�& .

�� E � )��e��{�� 5��'���� 4� ��<( 5��C �& ���, 

?��(� �{�� 	1�7 ^ �H� ����* )H{�=- )���� � 

�P�,�( 2007 .(5��f�1. %�� OL �(��� �& $� ���(� 

?&�C� )��'��
� �� O+: 3 ���� ���� ��: ?
�.  

���,�= 4� $� ���(� ?&�C� )��'��
� )��& OL OF��� 

������� ���& )4�
 ���@�
� ��: �?
� �, 4� �- �1'U 

	� ���= �& B�> 	��& ��4�& P��& ))���
 � �����+'* 

2016(� 	L��e ��1�. "���a � )	@ �: � �	11a� 

                                                
1 Country 
2 Imperialist 
3 Colony 
4 Empire 

2015(� �(��� ���:��. ���� ��� )�l��� � �����+'* 

2015(� ���& �)4�
 �(��� ���4 )��& ��(�= )������& � 

�� ��4 2011n E l � ����+'* 2012 (� �����& )H � 

��(�= ���� )�� ���8� O�� � ������
 2016 (���:� ��, .

�& ��A�� B�> 	��& )���� 	:�& �� "�� 	;7��M �& 

_&�= 	.�* S&�;� 9&��� 2 � 3  "��U)3 (�� �A� ��.�� 

��: ?
�.  

k0� k1�k2 � k3� k4� k5� k6� k7� k8�k9 � k10� k11�k12  �k13  

W ��K 	�&�3 ����* �, �& )��D� ���
��� 	;7��M 

	��D� �& 9
�= $� ���(� ?&�C� )��'��
� O&�C E���= 

����* .Fi� i PS� TSi�  CDi� FRCFi H�� � ��G� 

�4���� )��� ��: q�&�� �& 5�� ��4- R�a�� ��.�� ����*.  

W ��K "�� )�* �F��� ��: �& ���@�
� 4� $� ���(� ?&�C� 

)��'��
� �, �& ��&4 �����& 	� ��C++  �� 9�<� 

?.�
��+ �� "��J � � ���
� 2013 9�& ��.�  ���& 

S&�;� �& 9&��� 4 � 5  "��U)3 (E���= ���:.  
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'�� -�� 
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�'(�) 

	+� �  �&R���* %�& /�
 	������ ���� ��(�;� �& 
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4 �F��� ��: ?
� .$*E��f �� "��U ��,]� �&��A�� 

�� �G� � ��G� B�>	��&��: �& � ��G� �4����)��� ��: ) 
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� .�& 

��A�� �� �G� ���
 �= N ��� �F��� ��: �� "��U 4� ���G� 
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� .�� ����� E � B8& 4� �S�G<= 	 ���, "��)�* 

)�����> �& ���@�
� 4� %��)�* �� �G�)� 	+�.��� � 
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��& ���C 	�����.  
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^ �H��= ���:�& ?C� E�'8= )���� 	:�& 9
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��& �*��7 ��& .��'*���� �, 4� O+: )�* 5 � 6 

Q8�� �?
� 4� ���� "�� )�* 	
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	;7��M R�� 	��D� �& $� ���(� ?&�C� )��'��
� �& 

W �K E���= 98/0 ^ �H�E �= ���G� �� ?D�� �& ��2 

^  ���� ���& � E ��& O'2 ��, �� �� �;&�� �& E�'8= 

���� .�� ����� S�G<= 5��FHU E � )�=�& �& ��D� ���C ���� 

	7�& 4� $�E �= Q7�:)�* )���- E�'8= �� W(�C 

	', ���& �*��7 �:.  
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�(���� ��������

 /�)GM � ��(�& <�*�U ��3�&
�� ��Y&�Z�&

[\@�&

S&��*�!� ���"�  ��� 	���

 �� ��Y&�Z�& �� ��O
 �� ��&� ��U� & ���*�!�

 	& ���� '& ���"�
]C��� �Y���� <!�(���Z�&

 � ���*�!� ��F��U ^��*M
<!�(���Z�&
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/)� 3. S��9�7� a����F(& <��:� ���*��& )"ZGMO �.�. � �b���( 2007(  

  

 T�CU3 L�&�� . ����&�(�@� ��� �� �C� 
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/)� 4. �!��@� �C: e7+� �+X /0�R 	& ���1M ���� ���� L��M TC� �� Karakurt � ICAII  

 

 
/)� 5. �&���� ���1M- �	&C�& ��. �C� /0�R 	& TC� �+X )S��&���(  

  

T�CU 4. S��f"U `���� �� ����@� �	&C�& ��. ��C� %�# ���� �C� � �������# �K�� �� ���*M ���� '�� ��& ����(& �)!�� 

���': 

����  

?2�
 	����� 

)m/s( 

?2�
 �  R�� 

)����> 

)cm/min( 

S'2 %�&  

)cm( 

T�� )��U ��: 

"��
 ��
 

����, )ml/s( 

)���� %�& 

�4���� )��� ��: 

)N( 

)���� %�& 

	��'8= 

)Karakurt(  

)���� %�& 

	��'8=  

)ICAI( 

)���� %�& 

	��'8= 

)ICAII(  

1  25  40  5/0  50 95/67  81/85 80/81 19/71 

2  25  50 1  100 2/132  83/125 55/128 23/134 

3  25  60 5/1  150 2/197  85/165 57/168 81/177 

4  25  70 2  200 81/212  87/205 29/205 63/200 

5  30  40 1  150 58/89  84/81 46/86 57/87 

6  30  50 5/0  200 99/55  40/50 46/52 36/55 

7  30  60 2  50 82/214  92/205 00/219 03/224 

8  30  70 5/1  100 36/151  48/174 65/169 73/157 

9  35  40 5/1  200 81/90  88/88 04/93 78/95 

10  35  50 2  150 81/123  92/150 49/137 51/134 

11  35  60 5/0  100 98/68  04/70 59/60 86/62 

12  35  70 1  50 77/133  08/132 07/132 51/132 

13  40  40 2  100 34/117  95/128 66/118 14/110 

14  40  50 5/1  50 29/151  53/119 86/128 14/141 

15  40  60 1  200 15/71  07/66 76/75 46/72 

16  40  70 5/0  150  11/48  65/56  01/51 17/52  
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� �� E � S�G<= �� 
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5�<�K�= R4l �& ��A�� ���@= ?L���= �,z ��: ?
� .

�� 5l���� �F��� ��: )��& ���4- )�* �)���- FMeas � 
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�, �a��� �- �� "��U 6 �F��� ��: ?
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T�CU 6. �!��@� TC� �� Q7�1� ���1M ��2� ���� �� ���2�  ��	O �� ���O 

J�� TC�  ���1M MAPE (%)  RMSE  MAE  MEDAE  VAF (%)  

"�� 	;7 )�����> 5�,���, 153/10  308/14  165/11  080/0  231/92  

"�� "�� ��M 	;7 )�����> )ICAI(  990/6  839/9  627/7  060/0  326/96  

"�� R�� 	;7��M )�����> )ICAII(  484/4  355/6  178/5  045/0  468/98  

 

                                                
1
 Mean absolute percentage error 

2
 Route Mean Square Error 

3
 Mean absolute error 

4
 Median absolute error 

5
 Variance account for 

125 



��������	 ���� �� ������� ����� ����14����� � 28  ��!�	 � "���# �99  

 

 

�3�����.  

�& �U�= �& R�2 k ��= � ��U� ����
� %�& �������
� � 

�����7�& 4� W(�C ��L�� ��+�� S�@1= ���H'* )�*������> 

O&�C��M "���, q�&�� �& /�
 � )�*������> O&�C "���, 

q�&�� �& E�:�� %�& /�
 �&��A�� �F��� "�� _��U 

B�>	��& ?�1&�C %�& /�
 ���,�= SG<� ���� n?
� 

4� ��� � ��6G� ����
� %�& 	*��� ��4- �������
� � 

�'*��� �& )��,��, ��A� ����
� �4����)��� ?���G� 

)���. � "�1
 �
 ���<� ��* �, ���C �& $�'�= �& 

/�
)�* k1�8� �� ��:�� � ��+�� �� �G� �� )�*���� 

k1�8� 	=��(�;� �� $*��. ��4�
 P��L� 	���:.  

�� ��(�;� �K�L )��& ^  g�� /�
 	������ �� "�� 

	;7��M 	��D� �& $� ���(� ?&�C� )��'��
� �&��A�� 

E�'8= � B�>	��& )���� %�& ���) �
�'(�) 	+� � 

�& )��D� )�*������> E�:��)��, ����
� %�& �F��� ��: 

�, �& ����
� �& Q7�:)�* )���- "�� )�* B�>	��& 

)�����> )���� ?C� 	 l�& 	���:�& .	a�
��D�2� 

"�� )�* )�����> �� �� �G� �& "�� �F��� ��: 9
�= 

5�,���, ? �+L 4� )�=�& S1;� �* �� "�� )�����> 

E � S�G<= ���� "�� R�� 	;7��M )�����> )���� 

W �K E���= 98/0 � E������ ��C S1;� �;7 178/5 

?
�. 

"�� )�����>  �& �� �A� E�.�� ^  /�
 Q8�� � 

�& )��D� )�*������> E�:��)��, ����
� %�& ��� �
�'(� 

	+� � �F��� ��: ?
� .�& 	e )�� ��. �&��� E � 

�S�G<= ��+�� �F��� "�� )��& �* g�� /�
 	��FH= �� � 

H�� $*��. ���& � �����> 	���:.  
  

��&��C: � �)GM  

4� ������ �� ?
� R4l ������  R��<� � ��� E � �� �,

�@�, )�G=�� ?U? ���4�� 5������> ��(�G� E � �F��� )�

 �����'� � �+�= 	�����C�� �'� .  
  

i����  

Ardalan, Z., Karimi, S., Poursabzi, O., & Naderi, 

B (2015) A novel imperialist competitive 

algorithm for generalized traveling salesman 

problems, Applied Soft Computing, 26: 546-

555.  

Ataei, M., Mikaiel, R., Sereshki, F., & Ghaysari, N 

(2012) Predicting the production rate of 

diamond wire saw using statistical analysis, 

Arabian Journal of Geosciences, 5(6): 1289-

1295 . 

Atashpaz-Gargari, E., & Lucas, C (2007) 

Imperialist competitive algorithm: an 

algorithm for optimization inspired by 

imperialistic competition. Paper presented at 

the Evolutionary computation, IEEE Congress 

on. 

Bayram, F (2008) Sawing optimization of 

carbonate natural stone with circular saw, 

PhD Thesis, Hacettepe University. 

Bayram, F (2013) Prediction of sawing 

performance based on index properties of 

rocks, Arabian Journal of Geosciences, 6(11): 

4357-4362 . 

Behnamian, J., & Zandieh, M (2011) A discrete 

colonial competitive algorithm for hybrid 

flowshop scheduling to minimize earliness and 

quadratic tardiness penalties, Expert Systems 

with Applications, 38(12): 14490-14498 . 

Buyuksagis, I (2007) Effect of cutting mode on the 

sawability of granites using segmented circular 

diamond sawblade, Journal of Materials 

Processing Technology, 183(2): 399-406 . 

Buyuksagis, I., & Goktan, R (2005) Investigation 

of marble machining performance using an 

instrumented block-cutter, Journal of Materials 

Processing Technology, 169(2): 258-262 . 

Delgado, N. S., Rodríguez-Rey, A., del Río, L. S., 

Sarriá, I. D., Calleja, L., & de Argandona, V. R 

(2005) The influence of rock microhardness on 

the sawability of Pink Porrino granite (Spain), 

International journal of rock mechanics and 

mining sciences, 42(1): 161-166 . 

Ersoy, A., & Atıcı, U (2004) Performance 

characteristics of circular diamond saws in 

cutting different types of rocks, Diamond and 

Related Materials, 13(1): 22-37 . 

Fener, M., Kahraman, S., & Ozder, M (2007) 

Performance prediction of circular diamond 

saws from mechanical rock properties in 

cutting carbonate rocks, Rock Mechanics and 

Rock Engineering, 40(5): 505-517 . 

Jain, S., & Rathore, S (2009) Role of cut size area 

on the performance of diamond wire saw 

machine in quarrying of marble, International 

Journal of Mining, Reclamation and 

Environment, 23(2): 79-91 . 

Kahraman, S., Fener, M., & Gunaydin, O (2004) 

Predicting the sawability of carbonate rocks 

using multiple curvilinear regression analysis, 

International journal of rock mechanics and 

mining sciences, 41(7): 1123-1131 . 

Karakurt, I (2014) Application of Taguchi method 

for cutting force optimization in rock sawing by 

circular diamond sawblades, Sadhana, 39(5): 

1055-1070 . 

Karakurt, I., Aydin, G., & Aydiner, K (2013) 

Predictive modelling of noise level generated 

126 



��������	 ���� �� ������� ����� ����14����� � 28  ��!�	 � "���# �99  

 

 

during sawing of rocks by circular diamond 

sawblades, Sadhana, 38(3): 491-511 

Konstanty, J (2002) Theoretical analysis of stone 

sawing with diamonds, Journal of Materials 

Processing Technology, 123(1): 146-154 . 

Lian, K., Zhang, C., Gao, L., & Li, X (2012) 

Integrated process planning and scheduling 

using an imperialist competitive algorithm, 

International Journal of Production Research, 

50(15): 4326-4343 . 

Mikaeil, R., Haghshenas, S. S., Haghshenas, S. S., 

& Ataei, M (2016) Performance prediction of 

circular saw machine using imperialist 

competitive algorithm and fuzzy clustering 

technique, Neural Computing and 

Applications, 1-10. 

Mokhtarian Asl, M., & Sattarvand, J (2016) An 

imperialist competitive algorithm for solving 

the production scheduling problem in open pit 

mine, Int. Journal of Mining & Geo-

Engineering, 50(1):131-143 . 

Ozcelik, Y (1999) Investigation of the working 

conditions of diamond wire cutting machines in 

marble industry. PhD Thesis, Hacettepe 

University, Ankara. 

Sadaei, H. J., Enayatifar, R., Lee, M. H., & 

Mahmud, M (2016) A hybrid model based on 

differential fuzzy logic relationships and 

imperialist competitive algorithm for stock 

market forecasting, Applied Soft Computing, 

40: 132-149.  

Sadegheslam, G., Mikaeil, R., Rooki, R., 

Ghadernejad, S., & Ataei, M (2013) Predicting 

the production rate of diamond wire saws 

using multiple nonlinear regression analysis, 

Geosystem Engineering, 16(4): 275-285. 

Sharifi, M. A., & Mojallali, H (2015) A modified 

imperialist competitive algorithm for digital 

IIR filter design, Optik-International Journal 

for Light and Electron Optics, 126(21): 2979-

2984 . 

Yılmaz, N. G., Goktan, R., & Kibici, Y (2011) An 

investigation of the petrographic and physico-

mechanical properties of true granites 

influencing diamond tool wear performance, 

and development of a new wear index, Wear, 

271(5): 960-969. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

127 



��������	 ���� �� ������� ����� ����14����� � 28  ��!�	 � "���# �99  

 

 

 

 

Prediction of cutting force in circular diamond sawblades: A case study in granitic 

rocks 

 
M. Mokhtarian Asl*1, A. Alipour2 and S. Chehreghani3  

 

1, 2- Dept., of Mining and Metallurgical Engineering, Urmia University of Technology, Urmia 

3- Dept., of Mining Engineering, Urmia University, Urmia 
 

* m.mokhtarian@uut.ac.ir 
 

Recieved: 2019/12/29      Accepted: 2020/6/23 

Abstract 
Circular diamond sawblades and diamond wire saw have extensive applications in the processing of 

natural stones. The cutting performance is affected by the rock properties, sawing characteristics and 

working conditions. So far, many researchers focused on modeling and estimating the sawing 

performance. Performance prediction of sawing machine have important role in the cost estimation. 

The aim of present study is to develop nonlinear models for estimating cutting force in circular 

diamond sawblades using Imperialist Commutative Algorithm (ICA) optimization techniques and 

compare the results obtained from literature models. For this purposes, the conducted tests on the 

granitic rocks were used in the case study and the proposed models based on those data have been 

evaluated. The peripheral speed, traverse speed, cut depth and flow rate of cooling fluid are used to 

predict the cutting force. According to the calculated statistical error between the forecasted and real 

measured values of cutting force, ICA-based model has the lowest values of MAPE, VARE, MEDAE 

and RMSE, while it has the highest value of VAF, in comparison to the other models.  It is concluded 

that this ACII-based model is superior to others. 
 

Keywords: Natural stone processing, circular diamond sawblades, cutting force, Imperialist 

competitive algorithm 
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