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Reviewing Causes of Delay From the Risk 
Management Perspective in Execution Stage in 
Road Construction Projects (Case Study: 
Garmsar-Simin Dasht Road) 
 
Delay in construction projects is one of the most common 
problems. That will increase contract costs, increase construction 
time over estimated, increase project current costs and time lost 
due to lack of timely operation. Considering the importance of 
delay and time-increasing factors more than predicted, it is 
necessary to investigate and analyze its factors. In this paper, the 
identification, qualitative and quantitative prioritization of 
execution stage delays in road construction projects from the risk 
management perspective in the Garmsar-Simindasht road have 
been studied and evaluated. Identification of risks by structured 
interview technique, qualitative risk prioritization by expert 
opinion survey, and quantitative risk prioritization by analytical 
hierarchy process technique. Its outputs are qualitative delayed 
risk prioritization with cause and effect (Ishikawa) charts and 
quantitative risk ratings with Expert choice software. According 
to quantitative ranking, financial and credit problems, lands’ 
appropriation, management problems, technical problems and 
natural disasters have the highest risk among the main criteria. 
Among the sub criteria of the risk, incomplete allocation, land 
price, gardens, incomplete feasibility studies, incorrect timing 
schedule, provincial credits, no money deposit, residential areas, 
commercial areas, agreement with the natural resources, 
agreement with the environment, flood, low initial estimate, 
national credits, industrial areas, unfavorable weather conditions, 
ground operations, asphalt problems, accident insurance have 
priority. Finally, Critical criteria analysis performed and 
solutions have been proposed to reduce or eliminate the effect of 
these delays in road construction projects.  
 
Keywords:   Analytical Hierarchy Process, Delay, Risk Assessment, 
Rroad Construction Projects. 

R. Mohajeri Borje Ghaleh* 

Department of Civil &amp; 
Construction Engineering, 

Islamic Azad University, 
Central Tehran Branch, Tehran, 

Iran. 

e-mail: rmohajer2012@gmail.com 

T. Pourrostam 

Department of Civil & amp; 
Construction Engineering, 

Islamic Azad University, 
Central Tehran Branch, Tehran, 

Iran. 

e-mail: t.pourrostam@iauctb.ac.ir 

N. Mansour Sharifloo 

Department of Mechanic & 
Energy, Islamic Azad 

University, Central Tehran 
Branch, Tehran, Iran. 

e-mail: naser.sharifloo@gmail.com 

J. Majrouhi Sardroud 

Department of Civil & 
Construction Engineering, 

Islamic Azad University, 
Central Tehran Branch, Tehran, 

Iran. 

e-mail: j.majrouhi@iauctb.ac.ir 

E. Safa 

Department of Road and 
Transportation, Islamic Azad 

University, South Tehran 
Branch, Tehran, Iran. 

e-mail: ebr36.safa@gmail.com  

   



����� ��� 	
���� ��� �������  ������ ����� �2 ����� 	 � !"
�� 1398 )69-82( 

�����  ���
	���� ����� ����   ����� ����� ��2 ���� 	 � !"
�� �1398 

  

������� �	
��  
 ��+++,�-  � �+++�. �,/+++0��1 

  ���+-2 ,3�� � 4� 1�	5 ��60��1

�!7�  ����-2 ���
�.  

 ���::"����/;�  
t.pourrostam@iauctb.ac.ir 

���������� ����  

  ��+++,�-  � �+++�. �,/+++0��1

0��1  ���+-2 ,3�� � 4� 1�	5 ��6

!7� ���
� ����-2 �.  

::"����/;� ���  
naser.sharifloo@gmail.com 

������ �
���� ����  

  ��+++,�-  � �+++�. �,/+++0��1

  ���+-2 ,3�� � 4� 1�	5 ��60��1

 ����-2 �!7� ���
�.  

::"����/;� ���  

j.majrouhi@iauctb.ac.ir 

�� �	�����  
  ��+++,�-  � �+++�. �,/+++0��1

  ���+-2 ,3�� � 4� 1�	5 ��60��1

���
� ����-2 �<=�>.  

::"����/;� ���  

ebr36.safa@gmail.com 

  
١1 - !��"�  

 �1 �"�?2 @AB CDE��F��� ��� ���  	�B�
1 	� �	�

 !"� �=�7� � �� G���1 1=>��F��� ���B �1 GB ��  H�=I

                                                
 * =�
�,�� �=K�   

 �.�
�1 :L
��210/12/1398 ��6�	�B �30/01/1399 O�
P� �24/02/1399. 

 (���"�
1 G��� DOI): 10.22091/cer.2020.5274.1196 

R3 GDK�  :
  �,0�1��1 1=>�. 2?�"��  �-�2 G� �1

�F��� ��� ���  G7 ��	� �1��� �S�I T��2 � 	� �,
1

�  1=�. BG ��=U G7� R"���� � ����=� �"�?2 GD3�  H�

�� ���  �S�I �1 V"2�� R/0  :
��� 	��  ���
�

�  ,���1 ]1[����5 .2

1  �����/�� ��"�?2  ��GB  �
�!.� ��=��

                                                
2

1- Awari 

#�� $���%� �&� !'�(*  

 ��+++,�-  � �+++�. �,/+++0��1 

 ���-2 ,3�� � 4� 1�	5 ��60��1

�!7�  ����-2 ���
�.  

 ::"����/;� ���  
rmohajer2012@gmail.com 

����� �� �	
� �
�
� ����
� �� ����� �
�� ������ 

����� ��� ��� ��	�� ��� :����  !"�#) ���% -'�(�% (�*�  

  
 GDK� �F��� �1 �"�?2 ��� ��� W
�� 	� �/
 �	�  V
�2 H4/0  � �"�?2 �"��� GB G>=2�B .��

�
�!.� R �=� �,��1  �"� ��,X  	� �"B �� 	  � T	Y �� � �5 R �=� !";��5 � ���B ��,� ��"B

 V
� �1 .�� ����Z�
=;�� ��
���� G;�X  [�7 � �\"7 �,�BGD3�  H��"�?2 � �F��� ���  ���

��� :�
� �
�
,  ��],
1 	� �	� ��� �] �=A  �1- V"�" ��1  ���^ �B�
	�� � ���B 1�= 

:�
� �
���� .�� G�.�] G_3�`  :"�/2 �B �� �
=;�� �G�.�
����� ��� :�
� �\"7 �,�B  ��

��]�_� 	� ����a� �B �
=;�� � [�7 �,�B:�
� �  :"�/2 �B ���_2��  GD�D R"DA2 ,�
5�. 

�5 �>��� .�� �,� T����� �
=;�� :�
� �\"7 �,�B ��1=�� �B �"�?2 ���  �;=DS  � �D�

)���/"0
� (G_2� � [�7 �,�B:�
� � T�� �B ��  ��!.�Expert Choice �  .,��B �BG_2� b��  �,�B

I� �����"S  ��"  �1 ���7 H4/0  ��Z��� :D�2 ����_��� � �;�  H4/0  �C"2�2 GB �D

�"B ����1 �S"_U c1�=3 � ��. H4/0  ���
�
,  �  :�
� V
�2  �
	 ��"  �1 .,���B

 :�
� �����"S `d2"e e^��� ^"��  	"V� H�E�B� ��/ � H�S;�f  ��� e^�� � G ���B

�� 		�,�B ��1��� ���� H���_������� T,� �
!� ;=��  �gU�� �=/� ����2 gU��  �� �B g.�=2 �

_U hB�� "S�A  �B g.�=2 �"i 	
��� "R�d2 �"V ;��"G �7� D  H���_����� �S�I gU�� � �

��� �1=B ,��� ��
i =>�D�� �"H� 7����;�\5 H4/0  �� B"G� c1�=3 ���1� �
=;�� 

�  ,���B�
�-� �1 .�  � �,� T���� ����AB �����"S  R"DA2���  V
� �j� h.� �
 ���7 �-> �
����7

H��"�?2 �F��� �1 ��� ��� �	� .�� �,� Gk���  

$�	�* +�,-��:   �F��� ��� ���  ��"�?2 ��	��_2��  GD�D R"DA2 ,�
5�..:�
� �
�
,  �  



70   R
Y1 ���7���"�?2 �F��� �1 :�
� �
�
,  ��],
1 	� ��� ��� �	�  

 

�����  ���
	���� ����� ����  ����� ��  �����2 ���� 	 � !"
�� �1398 

 	� �2��. �
 1�1���^ �1 �,� �7m L
��2 	� �"B �� 	 �d
��2

�1=�� g.�=2 �F��� :
 R
=A2 ���B V".�U G7 ,���  n
�S2

�1�7 �  ��"B �  G7 ,��7�"�?2�  1��
� @��B�"j?2  �\� 

�m � �F��� ��� �B ���"�B �  �5 ��S\� 1=� ]2[ .�"�?2 

 �F��� �� �1��� 	�� �  o�\2�  V
� �]�!B � ,�.�

�"�?2.�� H��\�  �6
1 �F��� �2 �F��� :
 	� ��  	� ���B

�F��� 	�� ,�p ��  GB �� :
 	� �"B �6
1 ���B ��"�?2 

�  ,��.� ]3[. �[ �  � �.�B ��"D^� GB G>=2 �B �5 H��j� � RD�

��� �S�I q���. � H��\�  nD�d  ����=07 �1 	�

�� ]4[.  

V
� 	� ��� GS;�f  �Z�3  r=B�  H� �,^� �
���� GB

 R �=� ����7 GB�js  �� 	 �B  �1�F��� ��� ���  �	�

 ���B :
 g
�U 	� �;���7 H� �,^� .�� �,� !7��� 

 H�"B1� �1���]GB  R �=� �B r�_2�� �=a� �js  .� �B �
�!

�  ed0  ��>� GD3�  �1 �� 	  �F��� ��� G��p .,�=�

 �V
	�E5 GD3�  R �� R3��  V
� .�� GD3�  W�� ����1

G ���B GD3�  GD3�  ��3��U GD3�  ��!
�  GD3�  � ��>�

�  ���
�� ,�=� ]5[. ��3 V
� �B�  GB �-�2 GS;�f  V
�

�� �,� u=fS  ��>� GD3� .  

�� �F��� ��� G��p 	� T��-p GD3�  ��>� GD3�  

]5[GD3�  V
� �1 .� �";�S. G"D7  �
����7 R"�/2 ���B ��

G ���B GD3�  �1 G7 �,� n
�S2 �3��U � �!
�  T���� �,��

�   GD3�  .1=� ��>�vY=�S  ��Y=U  G��p GD3�  V
�2

 � �F��� ���vY���3� G�
!���  V"�w�� .�� GD3�  V
�2

��U�d ��  �5 �1 G7 �� �F��� �
�
,  �dB V
�2

H4/0 � B ��� 1�
	 ��"�BG  �"2 i=2 �]� x=`�

 �
�
, GB �="� 1=>� T,� �
 1=0� T���� ���1  ���

 �,��0  R3��  R7 �1 :�
� �
�
, 1=� ]6[�5 	� .  �>

 H4/0  G7�"�?2 �  y� nD�d  R
Y1 GB  V
��B��B �,��1

�"X.=  T��2� ���B R �=� ����7 ��F��� !" 5�  �-  ��"�B

 �� �� 	 �
�!.� R �=� ���"�B ��XXA  Gp�]� .��

�1=�� G��>�B  �,���[ �  	� �1�
	 1�,S2�5 ��  ����7 H� �,^�

0"� R �=� V
� ���B �� �;���3��1�,� 1�-� ,�� ]7[.  

2-  0	"1� !�	2	�  

�F��� �1 ��� ��� �],"w"� GB G>=2 �B �	�  G7 �
��

 z=Z=  �1��1 1=>��"�?2  	� �/
G\;s   �"��� !k�3 ���

�  �F��� �"X.=  T,� �
 �"X.=  �1  � ,��B�"�?2�  :


�F��� �1 �\�  �� ���� �� �  <=�A  11�]{ �  G7  �B ,��=2

 G�
!� � �� 	��� Gp�]� .,��B ��P]�j� �F��� :
 	� ��=2 

�"�?2 1�7 ��"]=D>� �[ � ����� �B  R
Y1 � �5GB  1=>�

�5 �, 5� �  r�"�3� �B ��=2  �5 �D_^ H� �,^� � T	Y ���

1�1 ���7 �� ]8[.   

R"���� � ����=��  	� �1�\�� �B��� G �� 

 R
Y1 �
���� GB �_���"�?2 �F��� �1  ��� ��� ���
�

�1=�� T�,^� � ,�� �-  �2 R
Y1 V
�"�?2  n"SZ �
�
,  ��

 �;�  H4/0  ��
����"� ��7 i=2 H��""|2 �=�1 �

�  ��"B ��� ���1 �=U �1 � �.��7  .,���1�5 �� 

G_2�  R
Y1 �,�B�"�?2 �B �� �_�� �"��� e��� b��

�1�1 ���^ �B�
	�� 1�=  ,�� ]1[.  

�� ,B�-:
	��3

2 ����/�� � RD� �
���� ��"�?2  �1

�F���  ��],
1 	� �� �`  ������ ������"� ��7 ��� �����0 

�1�1 T���� ��
� �.��7 �  ��],
1 	� .,���5 �� �V" ?2  ��_���

 i=2���"� ��7 ���� T�6�� �1 ���"�?2  ���1�� �1

���"� ��7  � �.��7 i=2 �3��U H��""|2 �� �.��7 i=2

���1�� ���� T�6�� �1 �� �,�
��� �
  �1 �k!> ���

 T�6����� 	�� G.�3 �
�
,  	� �1�\�� T,� �  ��

�-  �2 R
Y1 V
�"�?2 �  ,���B ]9[.  

5���� ���1�� �n"SZ �
�
,  !"� ����/�� �  ���

 GB � �.��7 �;� ���"� ��7���B �G   �!
��� 	 �  �,�B

��7��5 �F��� , ��� 	�� �nD�d  V".�U V"B u4��� �

 �DI� R
Y1 �� ��7 ���"� 1=_�7 �};�`  1=_�7�"�?2 

�  ,���1 ]2[.  

                                                
3

2- Abd El-Razek 



~�B ��>�-  �\I � 1��1� �3���  �=D\
�� �=`�  �����=� �GSD^  71  
  

 

  

�����  ���
	���� ����� ����    ����� ����� ��2 ���� 	 � !"
�� �1398  

, �3 � �,�=]��4

3 �10  �,�� R";1�"�?2  1=_�7 ��

 �1�=  ��"^ �
�!.� ���	�B �1 ������� };�` �"�?2  �1

 1=_�7 ��;�  R/0  	� ���51= ��,I �1�=  R
=A2

 ���7 ���"��"�?2  �1 �""|2 �:;�  i=2 ��7 R"�/2 �1

��-B � ��7 n"SZ GZ�� �1�=  �"\"7  ���7 ���"� ���

�  	�� �"E ��7 ���"� � �/��B �
1�,A  ,���1 ]10[.  

���]�=  � ����=�2�/��5

4GB �� R �� �\� �  ��=��

  R �=�s�B �j 2?G�
!� �
�!.� � �"� �F��� ���  Gk��� ��

�1=�� 2 R �� R �=� V
� {,��?GB �"�  :D�2 ,��� R";1

 ���S\�
m 1,S2 ���=��^ h��=  �V" 	 :D�2 G�
!� ��Z���

 T=DS �� iB�=Z � i
��� ���S\�
m H�.4��� � H�_;�f 

B�> � ��1�1���^G =  G/_� �
�>�
	 �1 1=>���  ��

�  ,�=� ]11[ .  

�����/�� � �=��1�� �  ��"B  G ���B G7 ��^� ,��7

�� 	 �,��B �=XS  � C��  �� 	 b���B �,�B  T,�

�"Sf^ 7 �
���F��� �1 G  �1 �B ���_  1��1 1=>� ��

 R/0  V
� �B G_DE ���B .�� ��/ � � ����3� G"Z�.

�5 =2 1�B��7 ������" T  :"�/2 � :�
� �
�
,  ���

 �
�
,  ���B �� �	�.�F��� �1 �� 	 �1�1 1�-�0"� �� ,�� 

]12[ .  

�  z=Z=  H�"B1� GB G>=2 �B  1=�� ��"B V"�p ��=2

:G7  

1-  H�"B1� �1 �,� G�.�] �a� �1 :�
� ����=�7�.

z=Z= � :�
� 	� }f :
 iX.  ����"�?2  �1 ��

�  �a� ,��"]� �2�=I �1  V
� 1=� G7��"S  GB ��

G��B�� ��6
1 R �=�  GB g"XA2 V
� �1 G7 ,��

�5 �� .�� �,� G���1��  

2-  � �
���� x=`� �1 �7,�� H�S;�f 

�
=;�� :�
� �,�B  ����"�?2 �� �,� T����� 

�[ � �
=;�� � �B�
	�� G7 �X"XA2 �=�7�2  �,�B

:�
�  ����"�?2 �F��� ��� GD3�  �1  ���

                                                
4

3- Ragunath and Hameed 
4- Venkateswaran and Murugasan 

���  O�� 	� �1�\�� �B �� �	� R"DA2 ,�
5�.

 �_2��  GD�D)5AHP٦ (,��B �1�1 T�����  H�=I

.�� G�.�6�  

g"XA2 V
� �1�  ���B �_2��  GD�D R"DA2 O��

�"Sf^ T,� b�/S��  �1 1=>=  �����"S  :�
� ���

 �D7 �"��� � �_�� �"��� V"�w�� .�� �,� �1�\��

�5 ��  �1GB  �, 5 1=>��"�?2� .�� �,� 1��5�B 

3 - 0	"1� $-�4����  

� ? G;�"�?2 �F��� ��� GD3�  �1 ��� ���  �	�

 �A2�"j?2 �� G7 1��1 ���^ �\D�d  R �=� V
� 	� :


R �=�� G��B�� ��6
1 R �=� GB 1=� ,��� �D� V"�� GB� 

 �B 1�=��B z=Z= �"�?2  :
 ,� 	�"� � �1=B �,"w"� ��"�B

V
� 	� .�� R/0  V
� �B C��  1�/
��  �1 ��� V
�

g"XA2�  R
Y1 ���7���"�?2  �1 :�
� �
�
,  ��],
1 	�

�F��� ���>� GD3�  ��� ��� ,  �	�.�� G�.�] ���^ �a� 

��� �] �=A  �GS;�f  �����_��� ���B- "�V"  GB ��1

.�� �,� <�d��� �1�=  GS;�f  ��=��  �
����

�"�?2�F��� �1 ��� GD3�  H� ��� ���  �1�\�� �B �	�

 � G.�3 V
� �������7 �a� 	�GB  ,��.,� G_3�`  H�=I

�
=;�� ���B .�� G�.�] ���^ �a�,   �,�B�"�?2 �B !"� H�

 	� �1�\����� G ��  GB V"``d�  	� ���=��a� �

h�> ���5  �
��� ���B � G���1�� H��4U��5 ��  ��1=�� 	�

���/"0
�) �;=DS  � �D�7

6,� �1�\�� ( R"DA2 ���B .�� �

�1�1 T�� � �_2��  GD�D R"DA2 O�� 	� ��  ��!.�

ExpertChoice  R/� .�� �,
1�] �1�\��1 

��0� �  g"XA2 V
� T���� R3��  �,��1 .,��B   

4-  6���7���� !�8�� 9	�1� ���:�;  ��

$�<� ���7�  

                                                
5- Analytical Hierarchy Process 
7

6- Ishikawa 



72   R
Y1 ���7���"�?2 �F��� �1 :�
� �
�
,  ��],
1 	� ��� ��� �	�  

 

�����  ���
	���� ����� ����  ����� ��  �����2 ���� 	 � !"
�� �1398 

AHP �h �> 	� �/
 ���" V
�2  ����3��U  �,��"�`2 ���B ��"] �  ���"S ,�p ��� ,��B ]13[ .  

  
 R/�1 - g"XA2 V
� T���� R3�� .  

 O�� ������_2��  GD�D R"DA2 ,�
5�. ���B �� 

�"�`2 ��� :�
� i
��� �1 ��"]8

7 � T,� ���"�U�9

8 

.�� �1=�� Gk��� g"XA2 V
� ���B O�� V
� <�d��� R
Y1 

G7 �� H�=I V
� GB:  

1-   �� GDK�  �1�7 G;= �. ��/ �GB  GD�D H�=I

�  ����. �_2��  .,�7  

2-  [�7 nD�d  �����"S  V�.�] �a� �1 ��/ � � �

 .1��1 GDK�  �1 �� �\"7  

3-  G�
!] �"�`2 �1 �� nD�d  ���  �1�1 �;��1 ��"]

 � ����"S  ��� �"��3 R"DA2 ��/ � �

 .1��1 �� ����"S �
	  

4-  �B�>�	 G�
�X  ���_ � �,� �1�-� ��B ��  G7

�  R"-�2 �� H�_�A  � H���^  .,
���  

5-   ��0� �� �"�`2 ���]	��� � ���]	� ��!" 

�   .,�1  

6 -  �"�`2  �1�\�� �B z��>� g
�U 	� �� ����] ��"]

H���^ �,�� V"6��"  	�  ����. �1�. ���

                                                
7- Risk 
8- Uncertainty 

�  �"�`2 �1 C`S2 ���7 @��B G7 ,�7  ��"]

.�� �1�.  

7-  GB �1�^�,  �"S^=  �	�  ,^�. G7 �� �
��

�,  ,���  ,���� G��=�0�  T,� � :�
� �	�

.���"�U�   

5 - $���� !'4�>� 

�  G���1�� �1�=  GS;�f  GB �dB V
� �1  .1=�

 �DI� ��� :
 GB ���. ��� :
 R
,_2 GS;�f  1�=  �F���

��� �] �=A  �1- V"�"  G7 �1=B ��15/18  �� =D"7

 �1�,A  �1 �5 �"�  V
� .�� G�.�] ���^ ���� ����

��� �] �=A  	� �0dB - V"�" ��1- 	��".7 �=�  ,��B 

 ���� �^�� �dB GB �� ���� ���� �B�E �dB G7

�  R`�  ���-2 I=`� GD�> 	� .,�7 ��"�  V
� H�"10 

 ���1 �� =D"72 G�2 �� =D"7  � �=�� 5/6 �� =D"7 

7GB .�� ������= �6
1 H��_��  �.��]=�=2 �B �XU��  	�

�  �=_� nD�d   7<5 	� � ,� �  ���B�"B ��=�GB  ��

<5 � �  �7�3 ������=7 �,�S  ��=�  .,�7 <�d��� R";1

GB �=A  V
� �1�=  GS;�f  ��=���   GB �1�,A  �"S^=

��� �D7 H�`d0  ���U� ��F �"SZ� ���"D^� i
��



~�B ��>�-  �\I � 1��1� �3���  �=D\
�� �=`�  �����=� �GSD^  73  
  

 

  

�����  ���
	���� ����� ����    ����� ����� ��2 ���� 	 � !"
�� �1398  

�,�DB � ����  hB��  � =�� �"SZ� ��=A  ��� };�`  �

��
	 i
��� �	�"� 1�=  V" 	 H�S;�f  ��f"A   �����

�B �5 �����>� � �1�`�^� H�S;�f �   .11�] �7m GB T	Y

 G7 ����],��
=� !>� ��"� �F��� V
� �
��>� R �=�,�� 

 �1�\�� �1�-�0"� O�� �B�
	�� ���B �5 H��4U� 	� iX.

�� �,�.  

6 - @8�� $����	'���A � ����	'�  $���	BC�  ��

D-��� EB�� !�
�� D�� $��  

dB��7 hB��  	� �1�\�� �B g"XA2 V
� �1�G� � � �

GS;�f  1�=  �F��� �B i_2�  �������7 	� ����a�� 

 �
���� :�
� �����"S  	� �S �> � G";�� ��-.

,
1�].  	� ���-. ��]�_� �a� �B �������"S   �DI�

�
	 ������"S   :�
��js   �B�"�?2  ��� GD3�  �1

�F��� ��� ��� d�� �	� �1 G7 �� �,� �
�-� � ~��

 ��,>1 �,� Gk���  .,��  

 ��,>1- �����"S  �
	 � �DI������"S   :�
��js   �B�"�?2 �F��� ��� GD3�  �1 ��� ���  

n
1�  0� ? :�
�  (�DI� �����"S ) :�
� R �=�   :�
� R �=�(����"S �
	)  

1  

�D��1 R �=�  

�Z��� :D�2  

^"��  	"V  

 gU�� �=/� �  

 gU�� ���2�  

H�E�B  

��S�I gU��   

2  ��
�
,  H4/0   

�d2"V ;��"G  

��/ � H�S;�f  ���  

�� 	 G ���B ,�B�  

3  ��. H4/0   

�;�\5  

�7�� H�"D��  

��
	 i"A  �B g.�=2  

�B g.�=2 �S"_U hB��   

4  

�>��� R �=�  

���_��� � �;�  H4/0   

�D  H���_���  

����� H���_���  

e^�� e"`d2  

�;=� �!
��� T,�  

5  �S"_U c1�=3  

�=> i
��� �1=B ,��� ��  

R"  

c1�=3 G�"B  

  

[�7 �->� �
=;�� �	�  ���H��"�?2�  	�

��� ��� �
��� .�� �,� �1�\�� G �� GB G ��  �=a� 

 H��
�X  �1=B ��1��S  � �^1 ��=Z� 	� V�.�
 ���"�U�

�_2��  GD�D R"DA2 O�� �>�	�  	� ����] i=2

�F��� V"``d�  ��� � ��� ��� 2 �	�?.,� ,"
  V
�

:R �� ���]  

1- ����� �,�-  1��� �1 - 
�
,  � �,�-  �

����  

2- ����� �,�-  1��� �1- ��B��2 � ����  

3- ����� �,�-  ,��� ������7 �=�0��1 �1- 

GB��2 	� G7 ��B��2 � ���  G�" 	 �1 ���7

�F��� ��� ���  ��1�=��B �	�,�1=B�  



74   R
Y1 ���7���"�?2 �F��� �1 :�
� �
�
,  ��],
1 	� ��� ��� �	�  

 

�����  ���
	���� ����� ����  ����� ��  �����2 ���� 	 � !"
�� �1398 

4- ��� �F��� �
,  :
 �	� .,���B �  

��� �
�
��  G_�A  g
�U 	� G ��y��  ���]	���

�� ���B :
�
�2�  	�  ���B 1�=  �>�	 H��
�X  ���

 �
�2�  :
 ���B ���]	��� y�� �]� .�� G�.�] ���^

 	� ���7 �>�	 G�
�X 1/0 ,��B� �5  G�
�X  �
�2�  ��]

��� � ��]	� �>�	 � �
�� GU=B�  G ��� ]12[� . W
��

��� ���]	� GB r=B�  �. G ��5 GD�D R"DA2 ,�


�dB �1 �_2�� 7 Gk��� .�� �,�  

7- G	4��: H����  

 ����� ���� g"XA2 V
� �1�js   �B�"�?2  �1

�F��� ��� ���  ���] �1 GB ��]�_� �a� 	� �1�\�� �B �	�

�,� �"�X2 �>��� R �=� � �D��1 R �=� �DI�  .,��

GD��,  R �=� ��D��1 R �=� 0�  G7 �]? �5 ��  1=� 	�

�  �F���  ��Z��� :D�2 R �� � ,��B � ��
�
,  H4/0 

�  ��. H4/0   G7 ,���� �D �=� �>��� R �=� .,�=�

�  ����� �F��� GB i"A  u�U 	�  H4/0  R �� � ,�=�

�  �S"_U c1�=3 � ���_��� � �;�   R/� .,�=�2� 

 ����� �����js   �B�"�?2  ��GB  � �D� ��1=�� H�=I

R/� V
� .�� �,� �1�1 �
��� (���/"0
�) �;=DS � 

�
=;�� �6��"B :�
� �\"7 �,�B �  ��  ��6
�> G7 ,��B

�
	 � �DI� �����"S  	� :
����"S  ����js   �B�"�?2  ��

�  ��0� .,�1  

  
 R/�2 - �
=;�� :�
� �\"7 �,�B �� �B��]�_� �a� b��  

7-1- �&��� @�I�  

GB  �"�  ���>� �=a�  �Z��� :D�2 GB �_�� ,
�B

��B��7 � :;�  �1=B ���1 GB G>=2 �B G7 11�] T�,^�  ���

 �� 	 �
�!.� @��B �Z��� :D�2 ���� u��U� �Z��� nD�d 

 �-> V
,B .,� ,��=� ����"�?2  :D�2 	� ����

�dB�
	 GB �� �Z���  �H�E�B �V" 	 ��"^ �=w�� �
��

G�1 ��S�I � ����2 �(��=/� ) �4 �  �� �,� �,�B

�� G7.,���� 1=� x�� H4/0  ����1 :
  

7-2- ������� JKL2�  

 	� �dB V
��"�?2 �F��� H�S;�f  	�. 	� ���� H�

�  �� 	 G ���B R �� G7 ,��B  G";�� V"�d2 ���1�� �,�B

��/ � H�S;�f  � �7 �  ��1�� ��� ���p .1=� Gw

 ��U �1�`�^� � ��. H�S;�f  ��UGB �=I ���1 H

1�"]�  1=�� ���7 ��� GD3�  �1 !"� H4/0  V
�

.���1 ,��=�  



~�B ��>�-  �\I � 1��1� �3���  �=D\
�� �=`�  �����=� �GSD^  75  
  

 

  

�����  ���
	���� ����� ����    ����� ����� ��2 ���� 	 � !"
�� �1398  

7-3- ��; JKL2�  

H4/0  	� G�1 V
��  1�=  };�`  GB r=B� 

�F��� ��� GD3�  �1 �1�\�� ��� ��� �  �	�  G7 1=�

�;�\5 H4/0  R �� 1=� � };�`  GB r=B�  H4/0 

� �S"_U hB��  �B g.�=2 GB r=B�  H4/0  ��7�� 

GB r=B�  H4/0  i"A  �B g.�=2 �  ��
	 .1=�  

7-4 - $��7�M� � �4�� JKL2�  

���_��� � �;�  H4/0 �  e"`d2 GB r=B�  ��0"B

�  H���_��� �dB �1 .�� H���_��� �  �1 GB �� �5 ��=2

 H4/0  � 1=�� �"�X2 ����� � �D  H���_��� �dB

 � �;=� �!
��� T,� R �� !"� e"`d2 �dBe"`d2 

�  e^�� v��S"_U .1=�  G"�B ����_��� � �;�  H4/0 

 �1�`�^����"� ��7  �
�!.� ��>� �� 	 � �1=�� n"SZ ��

�  !> 1��=  V
� .,B�
� 	� ~��� R �=�  <=�A  �F���

�  .,�1�]  

7-5 -�'	7N O���
  

!> �S"_U c1�=3�  <=�A  �F��� 	� ~��� R �=�

�   1��� �F��� GB i"A  u�U 	� G7 ,�1�]�  ,�=�  G7

 ��-^ c1�=3 G�"B � �R" ��=> i
��� R �� 1=�

�  ,���B.  

 ����� ���� ����1 ������js   �B�"�?2 GB  O��

 R/� �1 �_2��  GD�D R"DA23  .�� �,� �1�1 ��0�

 V
� }f G 	� �����R"/02  ��� �f �1 .�� �,�

 ,SB ����f �1 � ����"S  T�1 }f �1 �u,� �5

G�.�] ���^ ����"S �
	 .,��  

  
 R/�3 -  �����"S �
	 � ����"S  ����1 ������"�?2 �F��� ��� GD3�  �1��� ����	�.  

�
=;�� ���B [�7 �,�B:�
� � �� ��� h�> 	�  ���5

G
=] C;�^ �1 ��]�_� H��a�  �
�2�  ����B	 ���

 ��_� 1��.� :2 :2 H��a� ���B �>�	 H��
�X GB �1 

 ., 5 �����"S  ���B �>�	 H��
�X  �
�2�  �5 	� ��

.�� �,� h"��2 ����"S �
	 � �DI� ��  �
�2� 

h�> ���B �>�	 G�
�X   T���� �1 V"``d�  H��a� ���5

 V";�� .,� G��� C2��  GD�D �I��� V"B �>�	 G�
�X 

 �DI� ����� ���� V"B �>�	 G�
�X �1  GD�D ��� �f

}f V
� �1 .,� T���� �_2�� � :�
�  �� �B nD�d  ���

 �2 ,�,� G�
�X �"j?2 �5 ��  �B�"�?2  ��� GD3�  �1



76   R
Y1 ���7���"�?2 �F��� �1 :�
� �
�
,  ��],
1 	� ��� ��� �	�  

 

�����  ���
	���� ����� ����  ����� ��  �����2 ���� 	 � !"
�� �1398 

�F��� �  �1 .1=� ed0  ��� ��� ,SB R3��"j?2 

 �B ���� �����
	�"�?2  ��!"  ��"j?2 �5 ��  �DI� �� ���� �1

,> .�� G�.�] ���^ �>�	 G�
�X  1�= ��� 2  �27 

 � �DI� �����"S  1�=  �1 �>�	 H��
�X  �
�2� 

�  ��0� �� ����"S �
	 .,�1  

 ��,>2- �DI� �����"S  ���B �>�	 H��
�X   

i
=� 

  

�
��_��� � �

;�  H
4

/0
 

  

�
S"_U c

1�=3
  �

�. H
4

/0
 

  �
�
�
,  H

4
/0

 
  

�
Z

��� :
D�2

  

  

  

�
��_��� � �

;�  H
4

/0
 

  

�
S"_U c

1�=3
  �

�. H
4

/0
 

  �
�
�
,  H

4
/0

 
  

�
Z

��� :
D�2

  

  

2626/0  224/0  308/0  25/0  286/0  245/0  
 :D�2

�Z���  

  
4  3  2  1  

 :D�2

�Z���  

1284/0  148/0  154/0  167/0  143/0  03/0  
 H4/0 

��
�
,   
  2  2  1  -  

 H4/0 

��
�
,   

0804/0  09/0  077/0  083/0  071/0  081/0  
 H4/0 

��.  

  
1  1  -  -  

 H4/0 

��.  

0764/0  09/0  077/0  083/0  071/0  061/0  
 c1�=3

�S"_U  
  1  -  -  -  

 c1�=3

�S"_U  

4336/0  448/0  384/0  417/0  429/0  49/0  

 H4/0 

 � �;� 

���_���  

1  -  -  -  -  

 H4/0 

 � �;� 

���_���  

  

�5 	�  1�=  �1 ,���=�B G7 ���]�_� 1�,S2 G7 �
�>

��� �F��� �1 :�
� �����"S  �"���  GS;�f  1�=  �	�

��-����� 1�
	 �,��7 �a�  ���]�_� � ��2 V
��B��B .,���B

 1�=  �1 ,�����=2 G7��� �6
,/
 GB �_�� ����"S  �"

��-�� � �1�7 �a���� G ��  �� GU=B�  ���GB  R �7 �=U

 �=7P  ��]�_� 1�,S2 .�� �,� �1�\�� �,��7 R"�/2

20  G�� H��a� 	� G7 �1=B �\��5 ��  V
� T���� ���B

�5 	� .�� �,� �1�\�� g"XA2  u4��� G7 �
�>

�0p 4"`A2 ��A; 	� ��]�_� V"B ��"]GB��2 �H  ���7

�1�1 h"��2 ���B ����,� 1=>� ��� 	� ��� �  �	� ��

��]�_� H��a�� .�� �,� G�.�] �a� �1 ���/
  

GB  y�� H��a� ���,
�� 	� ���"�U� �=`3 �=a� 

��!B 	� �1�\�� �B ���]	��� ��
� �
1�X  V
�2 )λmax( 

 iB��� .,� G_�A )1(  �2)6( ]	��� y�� G_�A  �� ���

�
	 � �DI� �����"S  ���B�  ��0� ����"S  .,�1 

�� y���B��B �DI� �����"S  ���B ���]	�:�B ��  

)1(  
0 0083

5 033
0 0074 0 1max

I .I . .
.

I .R . . .
λ

== → 
= <

 

 �iB��� V
� �1I.I. ���]	��� e���10

9  �I.R.  y��

���]	���11

10 �   .,��B  

 ���_��� � �;�  :�
�GB  ��=���-  �2 � :�
� V


�Z��� :D�2�  ��
�
,  H4/0 �   � ��. H4/0 c1�=3 

 �S"_UGB ��1 ���^ �,SB GD3�  �1 C"2�2�, .� ����O�� 

�� V""S2 ���B 	� :
�
	����"S   � �� �,� ������"j?2 

                                                
10

9- Inconsistency Index  
11

10- Inconsistency Ratio 

1 
2 

1 
3 

1 
5 

1 
5 



~�B ��>�-  �\I � 1��1� �3���  �=D\
�� �=`�  �����=� �GSD^  77  
  

 

  

�����  ���
	���� ����� ����    ����� ����� ��2 ���� 	 � !"
�� �1398  

�5 ��  �1�7 ed0  �DI� �����"S  �>�	 G�
�X  �1 ��

�� .�Z��� :D�2 ���] �1�  E�B � V" 	 ��"^�H  ����1

�"B �1 � O	�� V
�2  ���=/�  gU��  �,SB R3�� 

 ��S�I � ����2GB  ��=���-  �2 G����� :�
� V


�,� ,��.  

)2(  
0 044

4 823
0 039 0 1max

I .I . .
.

I .R . . .
λ

== → 
= <

 

 

 ��,>3- �Z��� :D�2 ���B �>�	 H��
�X  �
�2�  

i
=� 

  

�
�S�I g

U�� 
  

H
�E�B

  

�
���2 g

U�� 
  �

�=/�
  g

U�� 
  

V
" 	 �

�"^
  

  
 

�
�S�I g

U�� 
  

H
�E�B

  

�
���2 g

U�� 
  �

�=/�
  g

U�� 
  

V
" 	 �

�"^
  

  

3238/0  308/0  325/0  353/0  308/0  325/0  
 ��"^

V" 	  
4  1  3  2  1  

 ��"^

V" 	  

150/0  154/0  162/0  118/0  154/0  162/0  
 gU�� 

��=/�   
2  

  
1  1  -  

 gU�� 

��=/�   

128/0  154/0  107/0  118/0  154/0  107/0  
 gU�� 

����2  
2    1  -  -  

 gU�� 

����2  

3238/0  308/0  325/0  353/0  308/0  325/0  H�E�B  4  1  -  -  -  H�E�B  

075/0  077/0  081/0  059/0  077/0  081/0  
 gU�� 

��S�I  
1  -  -  -  -  

 gU�� 

��S�I  

��,> 4- ��
�
,  H4/0  ���B �>�	 H��
�X  �
�2�  

i
=� 

   H
�S;�f 

��/ �
 

�
��

  

 G ���B

�� 	
 

�
,�B

  G";�� V
"�d2

  

  

 

 H
�S;�f 

��/ �
 

�
��

  

 G ���B

�� 	
 

�
,�B

  G";�� V
"�d2

  

  
2/0 2/0  2/0  2/0  G";�� V"�d2      1  G";�� V"�d2  

4/0  4/0  4/0  4/0  �� 	 G ���B �,�B  1  1  -  �� 	 G ���B �,�B  

4/0  4/0  4/0  4/0  ��/ � H�S;�f  ���  1  -  -  ��/ � H�S;�f  ���  

  

�
�
,  H4/0  ���] �1��  ��/ � H�S;�f   ���

�e^��  �� 	 G ���B  G";�� 1��5�B � ��1�� �,�B�7 

GB  C"2�2�"B �� :�
� V
�2 ,���1.  

)3(  
0

3
0 0 1max

I .I .

I .R . .
λ

== → 
= <

 

hB��  �B g.�=2 ��S"_U  i"A  �B g.�=2 ���
	  

 H�"D���7�� GB �;�\5 H4/0  �  ���] �1 C"2�2

�"B ��. H4/0  V
�2 :�
� ��1 ���,  

)4(  
0 0025

4 0076
0 028 0 1max

I .I . .
.

I .R . . .
λ

== → 
= <

 

����_��� � �;�  ���] �1  �e^�� e"`d2   H���_���

������  �!
��� T,� ;=�� �D  H���_��� �� �"B  V
�2

��1 �� :�
� ��!" �,. 

)5(  
0 00623

4 0187
0 069 0 1max

I .I . .
.

I .R . . .
λ

== → 
= <

 

1 
2 

1 
3 

1 
2 

1 
2 



78   R
Y1 ���7���"�?2 �F��� �1 :�
� �
�
,  ��],
1 	� ��� ��� �	�  

 

�����  ���
	���� ����� ����  ����� ��  �����2 ���� 	 � !"
�� �1398 

��,> 5- ��. H4/0  ���B �>�	 H��
�X  �
�2�  

i
=� 

  

 i
"A  �B g

.�=2

�
�


	
  

 hB��  �B g
.�=2

�
S"_U

  

�
7�� H

�"D��
  

�
;�\5

  

  

 

 i
"A  �B g

.�=2

�
�


	
  

 hB��  �B g
.�=2

�
S"_U

  

�
7�� H

�"D��
  

�
;�\5

  

  

0996/0 091/0  117/0  091/0  10/0  �;�\5        1  �;�\5  

1851/0 1818/0  1766/0  1818/0  20/0  
 H�"D��

�7��  
    1  -  

 H�"D��

�7��  

3451/0  3636/0  3533/0  3636/0  30/0  

 �B g.�=2

 hB�� 

�S"_U  

1  1  -  -  

 �B g.�=2

 hB�� 

�S"_U  

3701/0  3636/0  3533/0  3636/0  40/0  

 �B g.�=2

 i"A 

��
	  

1  -  -  -  

 g.�=2 �B

 i"A 

��
	  

��,> 6- ���_��� � �;�  H4/0  ���B �>�	 H��
�X  �
�2� . 

i
=� 

  

 �
!
��� T,�

�
;=�

  

 e
"`

d2

e
^��

   H
���_���

�
����

  

�
D  H

���_���
  

  

 

 !
��� T,�

�
;=�

  

 e
"`

d2

e
^��

   H
���_���

�
����

  

�
D  H

���_���
  

  

095/0  077/0  112/0  091/0  10/0  H���_��� �D     
 

  1  
 H���_���

�D   

180/0  154/0  185/0  182/0  20/0  
 H���_���

�����  
1    1  -  

 H���_���

�����  

556/0  615/0  562/0  545/0  50/0  
 e"`d2

e^��  
4  1  -  -  

 e"`d2

e^��  

169/0  154/0  14/0  182/0  20/0  
 �!
��� T,�

�;=�  
1  -  -  -  

 �!
��� T,�

�;=�  

��,> 7- �S"_U c1�=3 ���B �>�	 H��
�X  �
�2� . 

i
=� 

  c
1�=3 G�"B

  

R
"

  

�
=> i


���
  

  

 

c
1�=3 G�"B

  

R
"

  

�
=> i


���
  

  

334/0  40/0  294/0  308/0  �=> i
���  4    1  �=> i
���  

568/0  50/0  588/0  615/0  R"  5  1  -  R"  

098/0  10/0  118/0  077/0  c1�=3 G�"B  1  -  -  c1�=3 G�"B  

 

�R" �S"_U }��= ���] �1   �=> ,��� �� i
���

c1�=3 G�"B � ��-^ GB ,���� �"��� ����1 C"2�2. )6(  
0 0123

3 0246
0 021 0 1max

I .I . .
.

I .R . . .
λ

== → 
= <

 

1 
2 

1 
2 

1 
2 

1 
3 

1 
4 

1 
2 

1 
2 

1 
5 

1 
3 

1 
2 



~�B ��>�-  �\I � 1��1� �3���  �=D\
�� �=`�  �����=� �GSD^  79  
  

 

  

�����  ���
	���� ����� ����    ����� ����� ��2 ���� 	 � !"
�� �1398  

T�� 	� �1�\�� �B  ��!.�Expert Choice �	� �

�� ���B �,� �!";� �� GD�D �1 1=>=  �I��� 	� :


�_2��  �- GB G>=2 �B e"`d2 �� GB G�.�
 	� :
�5 �� 

 R/� �1 � �,� G_�A 4  .�� �,� �1�1 ��0�

 �B �B��B ����"S �
	 � ����"S  �D7 ���]	���01/0 

�   	� ���7 G7 ,��B1/0  .��GB �D7 �=U� �
=;�� �,�B �� 

 �B e^�� e"`d2 G7 1�1 ��0�188/0  �D7 �	�GB  ��=��

�-  �2 �B H�E�B � V" 	 ��"^ .,� ed0  :�
� V


114/0  H�S;�f  � T�1 G_2� �1 �D7 �	���/ � ��� 

e^��  ��� 	 G ���B �,�B  �B ��1��064/0  T= G_2� �1

,���1 ���^{  �GB  �B ����� H���_��� C"2�2061/0 T,� �

 �B �;=� �!
���057/0 �B ��=/�  gU��  �052/0 gU��  �

 �B ����2045/0�  �B �S"_U hB��  �B g.�=2035/0 g.�=2 �

i"A  �B  �B R" � ��
	033/0G";�� V"�d2 � �7  �

 �B �D  H���_���032/0  �B ��S�I gU�� 026/0 ,��� �� �

 �B �=> i
��� �1=B019/0 �B �7�� H�"D�� �017/0 �

 H4/0  �B �;�\5009/0  �B c1�=3 G�"B �006/0  �	�

G_2� ����1 �D7 �� �,SB � �1G_2� �,�B .,���� :�
�  

  
R/� 4 - � �	�����"S �
	 � ����"S  �D7 � �_�  

8- ����1� $����	'� 9	�1�  

8 -1 - � Q�MC��A �� R�N $��� �;�* !���� S	� +

T����  

�-  	� �/
  �B G7 �D �=� V
�2�"�?2 H��F���  ���

���  �	�?2 ���>� ���B �.�7 G>1=B 1=_� ��� ��P]�"j

�  �F��� G ���B T,� .,��B 2 ���B �!
�? 	� R_^ G>1=B V" 

 G��";� G>1=B e"`d2 T,� V"�w�� � G`^��  ���!]�B

GB 	�"� 1�=  �F��� ���>� ��a�  H�=I ��� ���  �B �� �	�

2 � G��� G>�=  �24/0 ? �1 �1�
	 �"j �� 	 �
�!.�

�F��� .�� G���1 ��  

8 -2 - S	&��'� U(�� !� U;� Q�M   

�F��� ��7� ��� ���  � �"�  �
�S2 GB 	�"� �	�

�"/;�  @AB GB G>=2 �B .,���1 u��U� �Z��� :D�2  ���

 GB �,"� .11�] ���,
�� 1��.� 	� V" 	 ,
�B ��X"X3

��"6"� T���� � V" 	 ��"^ � �B g.�=2  ,���  ���1� ���

	� ��_��  

�D7 �	� 



80   R
Y1 ���7���"�?2 �F��� �1 :�
� �
�
,  ��],
1 	� ��� ��� �	�  

 

�����  ���
	���� ����� ����  ����� ��  �����2 ���� 	 � !"
�� �1398 

 �� 	 �
�!.� @��B �"�  G0X� G"-2 �1��.� �"/;�  	��3�

.,� ,��=� �F���  

8 -3 - D�,: � !���� �� ���;� ���� Q�M   

 GB��2 �B 1��.� 1=>� T,� �1�7 �1 e`d�  �

�  @��B ��
�
,   	� �� �G";�� H�S;�f  	�. �1 1=�

RA  	� ,
1	�B� ��/ � � H�=I GB �F��� ���>� ���^� e

�B ��3��U GD3�  �1 �1=� T����5 ��!"  	� ��"
�� 1��

G�
!� �";�S. � ��  ���� 	 G ���B ��
�-� � 11�] Gk���  �,�B

 �1 H���_��� V
� .11�] Gk��� ��7 �
��>� ,��� 	� ���1��

.,� ,��=� �F��� �� 	 �
�!.� GB ���  �
�-�  

8 -4 - S	��� ��7I* JV:  

���"� �;�  ��=2 GB ��7 ��>� ��=�� �.�0"� �1 �,��7

 �F���?2�"j GB ���"� .1��1 �
�! G7 �����7  �;�  ��=2

V"��  � G���1 ����7 5 �F��� ��"��� �1 �.�7 HY

���  � �7�� H�"D�� �1 ��>� ,��� �1�7 ��Y=U �B ,���P]

�  �F��� �� 	 �
�!.� @��B �;�\5 .,�=�  

8 -5 - W	1� �� 0;��� �'	7N U���� � E8�A  

 �=_� �,� ���\3 gU��  	� ��� �=_� �"�  Gw���p

,
���{ i"A  �B g.�=2 ��"6"� T���� � ��
	  ���1� ���

�  �F��� �� 	 �
�!.� @��B  ���B };�`  ���1�B .11�]

G
Y ���>� G���1�� ���B � GZ�^ �1�S  	� �	��� ���  ��

 !"� �� ���� V
� G7 �� �S"_U hB��  �B g.�=2 ,� 	�"�

@��B .,� ,��=� �� 	 �
�!.�  

8 -6 - �'	7N O���
  

<5 i
��� �GB ��� c�,3� GXf�  �
�=�  x=`�

 ��p .�� ��1�=��B �I�� �"��� 	� �=� �� 1 � �],���B

2 ��� ��� ,��� �B G7? @��B �� V/�  � G���P] �"j

�"�?2 ��� H�"D�� n^=2 �
  @��B �],���B .,�=� �	�

�  ��� �,� z�_��  � 1=���� H�"D��  R�d  �� �	�

�  B 1� ��=� .,�7G  �������=7 gU��  �1 x=`�

V�B R� ,���  ��. G"�B� �!
� �  R/0  ��p1 �� ��  .,�7

��/ � �� 1� �=`. �1 �;�\5 ���>� .��"� �
P� 

 ��3 �1 G"�B� ���B � �,� R" C>=  ,
,� �],���B

���B�1 � H���� 1��
� �c�,3� �  ���7  .,�7  

9- D�� !Y��� ��*  

B W
��� GB G>=2 �BG  ����� V
� 	� �, 5 �1

��� 2 ���7 �-> �1 �
��1�-�0"� � ����7? �����"S  �"j

�  Gk��� �,� 1�
 :11�]  

1- G ���B T���� h^�� � g"^1 �!
�  � ��>� 	� R_^ G���"B

2 �
 � 1=>� 	� ���"�U� V���1? 1�=  ��_��� V" 

.�F��� 	�"�  

2- GB G>=2 �B  �1 ���1� R3��  ,��� �1=B ��Y=U

R3 �-> ���;�1 ���1�-� � r=B�  Rk��  R`.

 R7 }f �1 �^=X3 � �X"X3 V"Z��S  GB

�F���  ��],�
��� 	� R/0�  �1�� ����� ���

 1�"�B ��	���07 1�-> ��	��-� � ��� H���1�

i"A  �� 	� ��S"_U hB��  �V/�   �=^ � ��
	

V
� � 11�] R"/02 G"
��^  ���!]�B �B 1��

 V"3 � R_^ V"Z��S  h.� �"6"� ��a�  H��D>

�F��� ���>� .,��B ��  

3-  H�S;�f  V���1 ���B �=^ ��
�
,  �"2 <�d���

��/ � �� 	 G ���B ���1 ��� �1 �,�B � �

1�=  hB��  	� C��  1��5�B 	�"� �1�
	 1�,3 �2 �

�"�?2 	� � �1�1 ���7 �� �
�
,  H4/0 H� 

1��
� �  ��"]=D> �,�  � ��]5 1��.� 1=>� .,�7

���] �1 H��a� � �3��U �-> GB��2 �B  ���7

�  �� �.��7 � ���0   ��=� �� nSZ V
� ,��=2

.,�1  

4- ���"� <�d���  ,>�� ��7 ��F��� ���>� ���B i
���

�B �-�2 � ,��_� �,� 1�-�0"� ��"^ b��

 ���7 ���"� ����_"�0� � �;�  H���/ �

V"��  Y5�F��� �1 �
��>� gB�= �H  GB�0  ���

,  <�d��� �1.,��"] ���^ �a�  



~�B ��>�-  �\I � 1��1� �3���  �=D\
�� �=`�  �����=� �GSD^  81  
  

 

  

�����  ���
	���� ����� ����    ����� ����� ��2 ���� 	 � !"
�� �1398  

5-  i
��� �1=B ,��� �� R"_^ 	� �S"_U c1�=3

�";�S. ���>� �1 R" � �=> ,  �� ���^ �a�

,��"] � �"� ��"B �5 x=`� �1 T	Y ���  ��

1�"] T���� � �� 	 G ���B �";�S. ���>� �,�B  GB ��

 H�=I �B ����� !
�,  ��7 ��/� ����� �a�

.,��"] ���^  

10 - !�	�� $�	,  

�1 G;�X  V
��   � �
���� ���B �B=p��p

�
=;�� �,�B :�
� ��� �"�?2H�  GD3� ��� �F��� �� �

��� �	� �� �,� Gk��� . G7 �B=p��p 	� �1�\�� �B

�"�`2  �����] ��"]�"�`2 ��"]  �� G��Z�|  V"� �1

�"�`2 R"-�2 �1 ��"]  	� ����] i=2 z��>� 1�= 

�"�`2 �  uP3 ��],��"] ,�7 { �� !�� � �
���� �B

�
=;�� �\"7 �,�B�  [�7 �B�
	�� 	� �:�
� �� Gk��� �� 

�  ,�7 .��� �F��� :
 ���B �1�-�0"� <=p��p  �1 �	�

 �,� Gk��� ��� GD3�  <=p��p ,�1 ��0� �2 ��

�  G�=6p �"�`2 ,��=2 U 	� �� ��],��"] �B�
	�� g
�[�7� 

:�
� ��  <=p��p �1 .,�7 :�7O�� AHP ]���� 

GB ���B ���!B� ��=�� ���B  ��!"  ���7 �

���]	���  ����"�?2H� V""S2 ��``d�  i=2 G7  �,�

���  �  � ,� ,�7 .�1�-�0"� <=p��p� � ?G; 

�"�`2 ��"]  	� �_2��  GD�D GB �� ���� ���. �����

�  �"�X2  e"`d2 @��B G7 ,�7 � ����"S  GB �	�

�
	�  ����"S  .1=�  V
� �1g"XA2�   ���/"0
� ��1=�� :


��!B�  ���B ,��2�,^�
=;�� �,�B �\"7 :�
� ��  Gk���

�1=�� O�� � �� AHP �=^ O�� :
  ���B

�
=;�� �,�B [�7 �:�
� ����. �� �� �1�7 �  �  ,��=2

 ,
1 :
h^��  ��!"  	� G���"B:�
� �"���  GB �� ��

�"�`2 .,�7 Gk��� ��],��"]  1�=  �F��� �1GS;�f �  

���_��� � �;�  H4/0 �  �Z��� :D�2�   H4/0 

��
�
, �   � ��. H4/0 c1�=3  �S"_UGB  C"2�2 ����1

,�,� V""S2 �"��� ��!"  V
��0"B .  �	� V""S2 �1

�_�� !"�   e^�� e"`d2�"B ����1 �"��� ��!"  V
�2�  

E�B � V" 	 ��"^H�  H�S;�f  � T�1 G_2� �1��/ � ��� 

 G ���B � e^���� 	 �,�B ,���1 ���^ T= G_2� �1 ��1�� 

�  H�"D��7����   c1�=3 G�"B � �;�\5 H4/0  ����1

�7 �1 :�
� V
�2 �"�?2 H� ���1 �� ��� GD3� 

�  .,���B  

�1�-�0"� <=p��p�  ���B ,��2�,^ O�� :


�
=;�� �,�B :�
� ����. �� �  ,�7�  GB  �1 x=`�

 e^�� �,�B� �1 ���1 G7 �1��= ,��B .��3 V
� �B�  V/� 

:�
� ��  ��!"  ��A; 	� �Y�B �"��� G>�1 �B �
��

G�
!� ��� �B G7 ��F�  1��� � ,��7{  �B �1 ��7 G�
!�

,���B G���1. :�
� G7 �;�3 �1 ��� �1 �B �"��� G>

G�
!� �V"
�� V
� 	� .,��7 1��� �F��� �B �� �
Y�B ��"�B ��� 

 �1=�� �=a�  ���B ���� V
�,2 ���B ���0"B H�X"XA2

G�
!� �j� :�
� ��� .�� 	�"� 1�=  ��  

U����  

[1] Pourrostam, T., & Ismail, A. (2011), “Study of methods for minimizing construction delays: Evidences from 
developing country”, Advanced Matrials Research, 201-203, 2932-2943.  
[2] Awari, S.G., Narwade, R., & Jamgade, M. (2016), “Analysis for cause identification for delay in building 
construction industry”, International Journal of Modern Trends in Engineering and Research, 3(10), 28-32. 
[3] Amandin, M.M., & Kule, J.W. (2016), “Project delays on cost overrun risks: a study of gasabo district con-
struction projects Kigali,Rwanda”, ABC Journal of Advanced Research, 5(1), 281-34. 
[4] Kumar, D. (2016). “Causes and effects of delays in indian construction projects”, International Research 
Journal of Engineering and Technology (IRJET), 3(4), 1831-1837. 
[5] Project Management Institute (PMI), (2017). Project Management Body of Knowledge (PMBOK), 6th edi-
tion, Project Management Institute, USA. 
[6] Khodeir, L.M., & Nabawy, M. (2019). “Identifying key risks in infrastructure projects – Case study of Cairo 
Festival City project in Egypt”, Ain Shams Engineering Journal, 10, 613-621. 



82   R
Y1 ���7���"�?2 �F��� �1 :�
� �
�
,  ��],
1 	� ��� ��� �	�  

 

�����  ���
	���� ����� ����  ����� ��  �����2 ���� 	 � !"
�� �1398 

[7] Roslan, N., Zainun, N.Y., & Memon, A.H. (2014). “Measures for controlling time and cost overrun factors 
during execution stage”, International Journal of Construction Technology and Management , 1(1), 8-11. 
[8] Patil, V.M., Undle,A.M., Singh, G.M., Patil, S.S., Sathe, S.T. & Pisal, V.H. (2017). “Analysis of causes of 
delay in any construction project”, International Journal of Modern Trends in Engineering and Research, 4(2), 
128-134. 
[9] Abd El-Razek, M.E., Bassioni, H.A., & Mobarak, A.M. (2008). “Causes of delay in building construction 
projects in Egypt”, Journal of Construction Engineering and Management, 134(11), 831-841. 
[10] Ragunath, S.K., & Hameed, M.S. (2018). “Ranking of delay factors in multi story building projects,” Inter-
national Research Journal of Engineering and Technology, 5(6), 1582-1586. 
[11] Venkateswaran, C. B. & Murugasan, R. (2017). “Time delay and cost overrun of road over bridge (ROB) 
construction projects in India”, Journal of Construction in Developing Countries, 22(1), 79–96. 
[12] Naderpour, A., Majrouhi Sardroud, J., Mofid, M., Xenidis, Y., & Pourrostam, T. (2019). “Uncertainty 
management in time estimation of construction projects: A systematic literature review and new model devel-
opment”, Scientia Iranica A, 26(2), 752-778. 
[13] Saaty, T.L. (1990). “How to make a decision — the analytic hierarchy process”, European Journal of Op-
erational Research, 48(1), 9-26. 




