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Abstract  
Due to the increase in urban life (especially Tehran) and environmental problems, there is a 
great need to implement urban sewerage projects. One of the most important things about these 
kinds of projects is risk management. In this study, at first we reviewed similar projects and 
interviewed experts to identify project risk. Then we analyzed them in two methods, Analytical 
Network Process and FUZZY VIKOR. Prioritized risks were very similar in both methods. In 
ANP method, each risk was ranked but in FUZZY VIKOR method, some of the risks that were 
slightly different were ranked in the same category. Risks such as delays in paying bills, delays 
in issuing municipal permits, and other high-ranking risks need to be planned and managed. The 
risk of delay in payment of status statements with the ideal value of 1 in the ANP method and 
also with the minimum values of S, R, Q 0.011,0.011,-0.032 respectively, in the FUZZY 
VIKOR method, ranked first in both methods. It should be noted that the risks were identified 
and rated at the time of writing this paper. There are some suggestions and advice at the end. 

Keywords: FUZZY VIKOR, ANP, Risk Identification, Qualitative Analysis, Sewerage 
Network. 

 



dx.doi.org/10.22093/wwj.2021.260344.3089 35

����� � �� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 32, No. 4, 2021 

مقاله پژوهشي

و فاضلاب، دوره 34-64، صفحه:4، شماره23مجله آب

H4�� �0!3 I!�J# 
 ���'�7. 2�(F# (F. ��D�� E>. , 
(� ��	 
C
� �+ANP C
� �+ 2� 4���� 
FUZZY VIKOR 

CD�"� `+!"�(�C��K0")+� F)���-

=>,�� A��% 5�/���  ,����B +)���� ,�'�� +)��'��?��������#� ,
�)#5��E (4JE� frg_m1@yahoo.com 

G>������ ,,�� A��% 5�/���  ,+)���� � +�� �P���  ,����B +)���� 5��@��������#� ,

������)��/�/��������/��/��(

:-!���(0+ 9�-:� (�6 ���� + ���� ;�� + <�=�� ��(+ 
#M�� ��.,�.� �#0�C��'
�����" �N'$?+ �#��0�
2 O9�� #5'8 7�K+ �K2 � :�� 3FC2 �(��% ��� I�� �&ANP I�� �& 7� 39��B� �

FUZZY VIKOR "�� :�� � �� 3$;�<=)��(�P><�.Doi: 10.22093/wwj.2021.260344.3089 

����� 
�� &�%����< &���@ a�#$�# �� �;�� �� �M1�	 � �#��� x��V T%D	 &9��@y�E 6#�;# �� �9�%� @�%� .LMUN�� :�U�9�# 6�5

 .
�#
 
�;� 6��<8�#����� )4��Z 8�# 
��@ 
#��� �� �;�� �� )4��Z 8�# J��� G����	 .)���O � :�" �
 �5 &Un�V GU%>5# �5
�#
 .
J��� #�9�# a5�tZ 8�# �
 � ����	 )4��Z ��2 
��/# &/��� �� )4��Z 6�5 &��U/��< .��/��<��7 � )�HV 
#��# �� �H"��	 =j/

��� .�< �� &1� .u39�	 r�� �
 �� �O @# �1H< %3D� r�� �� 6@�� ��1�� .6�-�
 � 6# &UR%7 U%3D� .���U��; &U<�� �#�U�(
J��� J��� .�< ��K�# �����	 � �5 G����# 6�5 �1H< %3D� r�� �
 .G<#
 6
��@ G5�H< r�� �
 �5 �
 )�< 6��� �U5 .6#

 r�� �
 �7 &��" �
 G��� �#�h ]��	 �H�� �
 J���J��� @# &S�� 6@�� ��1�� �UH�� JU� �
 ��9U<#
 &A$; XM9V# �7 �5
J��� .��9��� �#�h G%�N� ���n GV#
�Z �
 �%Vz� ����	 &��5 JU��� ���/ � 6�#
��< @�K	 ���n �
 �%Vz� .�5 �
 �U7 &��U5

�	���� ���� ��9<#
 �#�h B�� �H�� G%�N� ���n GV#
�Z �
 �%Vz� J��� .���< G����	 � 6$�� :O )�U�# �#�U�	 �U� �5br�� �

�1H< %3D� �� 8%�!>5 � 6#�#��	 ��%>7S،R�Q�� [%���obb/o.obb/o�omi/o��
 .GU��� �H�� .6@�� ��1�� r�� �


�� �@B .�< r�� �
 �5 J��� G/# �7\ G����# � )�< &��/��< 6�5 8�# �%�� ��	@ �
 )�< 6���a5�tZ �UVO �
 .G/# )
��
���%ZJ��� 6#�� &�#
� �< �A#�# .��9<#
 �#�h B�� G����# �
 �7 &��5.

�D	: ��� ���1E :FUZZY VIKOR GANP GG"?�; <�1�8 G�5�� "��'��/ J>*�% �P(/ 

�2	�%3� 
�� 
@O����"
%�m O�X�+9��#���
�/ 
������#�]�+���#�	��
-P���� �;� ���� �� �	Y(���a�@*?� ������� .(Zhao et al., 

2010) "��� �	1"����P"�;�  �"*������
�b"��" +9��# �;���� ��
���E. 1*>���� �"������ +9����# �����	 ��+9����# ������%���� ������ �

��	�	��	Y(\!�/���"�" ��� .(Hwang et al., 2014).
� x����" ������	"�	���� �"� 7��)� <����� <��."�	�	+9����# �o�

��	�	� �	
� Y( ;"� T	&��"����� +���O	�	[���� +9���# �

1Risk Management (RM) 
2Project Management Body of Knowledge (PMBOK) 



+#�)��'YE#� +V�? 0��6� �5[��% ��	... dx.doi.org/10.22093/wwj.2021.260344.3089 
36

����� � �� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 32, No. 4, 2021 


��.�� ��	=����� � ��	@�/ ���! [��H�@�/ ����U�! [��}���# ����
�	Y��(����" �,���* ! @�/���[���H�c n��(	� "�>	��� �
��! ����"
�	Y("�� "� ���@�/�U�! [��� � e�W� ,��*O" x��" ��/ X0Q���

���"��	���� ������W� :���J." X����D �� .��� !���" _��	 �" �e���B�� 1
���� �>����	
�����@�����@����>�&�� � ���� 
�� � +����	
� Y�! ��)!�.� !1	"��� � +9���# �����A�B�> ,��M*." � 
&-��

�C��."� m ���W 
! ;"�C/ 
� ������% 7� �� � � �.�"�.��@��"
+�C� 
� �C.� �"������.�� +� �	 +��). e���� �. ���."���� �� ���	�	�

�	Y(� *(��J.� �" .�	��� � 
!�	@�/ ��! [��H��	Y�( ����
����� ��	"���*�" [��O"�� �� +�����	����	�	� �	����.�"� �"���W Y��(

1	"��� � ��"�D�% ����"� W� :�J." ���� ��C.� _�b"���" 
�� ��."�/
.� ! Y�! +9��# 
" 
� 
�/ ��	� �"���/ 
& 	Y�( ���� ������	�+9���# �� +���

���� �+��� ���*��}��# ����;��� �C.� :��/ 
� =��# � ��	��" 
 .
"��� �	�� 1	�C.� ����" "�	�� ����" 
�@O�� �� 
�! ��! �	���!��H��
���"	� �	Y(�/ � e��W� ,���*O" x��" �� ��0Q�b"���" ��� ��C.� �

�/ +9��#��� �/ +�� 1	Y(���7C� � ����� �� "� �/ �	����	�	�
*. �� � +�"� �"�W�O"�. 
J�� +�P�?��# ����" ������ +9��# x�(O

>����! ����W� � 
����/�"������:"����W" �������������� �"����W�����.� 
)Golabchi and Faraji, 2010(.

�W ��	�P �" �AB�> '>� 7	+�m _����N�� :�J."�
�! ���
"=��>" ����	��).�C� <� �"=��>" �	�� <���
��� �� ������� ���@T������

���F�*(	�+��� XA&)� �"�;��*%�� �� � ��	����?� [�"�T �
'� ��P ����
� �AB�> "�� ��I%��I/ ;"�C/ �C�	.��� v

" � �� ��-�! 
� 
�/ ��	HI/ �" 
& �� �AB�> 
��� +������ ;"�/
 �����)! 
��%�m 
�� "��*� ��D ������ �	� b���I� �	���."����� ���8

 ]������� ;��� b�P�� 1	XA&�)� �;���� "��" �+�������P
AB�> ;"�C/ �	&�+9��# �" ���.��" :�5 
	�;"��&�� � �.�P��)��d# ��" ���� ��	����	 �" Y(��

!�/ �" X���TAP"���K�� v�����ANP �DEMATEL �VIKOR 
K�� �� "�*�" �C.�.�.��! +��H*�"DEMATEL��-/�" �����R
H� ���

�� ��K�� �� k|� �+��! l?)� "� ����ANP �#�� �+�� �AD"
�/������	;�� kK�� ������ "� ������VIKOR 
����� �����.���� ������� 

)Yang et al., 2013(.

 ]���1��"�� ;"��&�� ������ 
%�m� ���|��! :�	�"�� �� �
������	*>��K�� 
���� �"ANP �DEMATEL �VIKOR +��H*����"

�.��!.(Hsu et al., 2012).
�P ;"���&�� � ���/���)��d# #�
�-/� ;���"� �� �����-*T"�

�*����)�	Y����.�� ;� "������ �������T"�������C����(/�K�� �" XA
FUZZY VIKOR �.��! +��H*�" )Tarokh et al., 2014(.

P ;"��&�� � �."����"�� �)��d# ��������	�	� �	Y�( 
�� +9��# ����%�� ���� Ym�! ����#�8 � �" ���� +9��# 
��"�" 

+�� F���/ ���!��� �"��E. ��B�����."��'��/0Q�����	�	�
�	Y(����&@�T +9��# �=J/	
@�/��[��*.	s�f��� V�*-�(. ��#�	1

"�"���	�	� �	Y(��+9���# ����Y�m�! "�;��). ��.�"� 
�!
��-�! ;������-�! �
��� ��� 7!�;��M� 
�
>�D .;��-�
@� �"
'��."�� 
*��(�� "���"�����	�	� �	" �� Y��(��	+9����# 1����� ���� 

)Hwang et al., 2014(.
H/������������O ��P���)��d#�,���� �" +��H*���" ����	�|&�
��m

FUZZY AHP �FUZZY VIKOR ��" 
� �	������" ��	��� ��
+9����# �����+"� +����O �� �%���� ������x����" ���� ;�CH��D" ��

����*!�>��	K���" +��H*��" ��� ;� �� 
! � *%"��# Y(FUZZY 

AHP "����/��1�"�M� ��"��� ��������> �� +��� ���?*.""�	�� 
��"	���+9��# 
�-/� ���� � ��� +��H*��" �� �� ��K�� ���FUZZY 

VIKOR " �� .�� :�J."	1<��d�# ��*. �	s�" [�D�O #��+�� ���� �
K��FUZZY AHP � ;�).��� �" 
�! ����������*!�> 1�@�D"�

�	=� � ;��� �Y(	��" �
 ����*)�� ��� 
�� �-(.	�����*!�> ��
�	 ]�� .�.�"� Y(���.�� �� a�B �1 ;���� 
�� ���%��� ������

��#��>�T)�v�(lM. �%�� �W���� ���	� 
�IW� � 
�� ;"�� T 

��*�C�	1�	������*!�>� ��	Y��( 
*%� ��� �.����.(Hatefi and 

Heidari, 2019).
�8(T	P ;"��&�� � ;���"��� 
�c ��)��d# ��" �	����	Y�(


&-� ���'� ������ �� �AB�>	�I/ ��&�7��������>�"����
��"	���"�� �� 
&-� ��&@�T	."��� F�<���# ���/ +������ ��
HI/�
���� ;"���� ���.�"� :��J." ;"�C/ x�W G�C� �AB�> 
.�%
5�	+�  ���������	
�� 
.�B��� X��D /����� X"�	! �� ��H��

�AB�> "� 
�� +�P��?��# ;"�� T ��/	;"���� 1���� � ����	��.��! 
)Asgarian et al., 2014(.



+\��� ]�	�� �+)�UB���� T���8 dx.doi.org/10.22093/wwj.2021.260344.3089 

37

����� � �� 	
�� Journal of Water and Wastewater 
�������������� ����� Vol. 32, No. 4, 2021 

�!���P ;"��&�� ���"�� �)��d# /0��1�%��� .���� ����
�"�� [���� @M.�
�
�� '�-/ �;� ;��&� v��� � �"��� �	+��8 ���� 


B�T "��� ��%������.��&� X��TAP" 7*�(��"��� ;��&� �	���
�	
��M� � �%���� +���8��� ���� ;"���C/���������������"	�� ���

��*��������!������������. /0��"�/ 7JO� X�(>�+��H*�" �� Y
K�� �"AHP "����;�� �����5��	
����.���&���VIKOR "�����


-/� � ��=�	
 ����I/�7������.��! +��H*�" .(Shakeri et al., 

2012).
���O�� �@���@T �"d��. ��P����)��d# ��" ����	��������vN��#	��
;��*%�� ����C��
�M� � �� 
��=�� ��"�� ���
�� 
��/ ��� ;"��C/

���������f��I� e�. ! �� � ���W�H�������� ��� � ���"���/ ��� �
X� W �" 
@D�> ��O�(� �X�M-P [(� �" 
@D�> ��� � G��% e��. ��� 

��*���K�� �� ����� 
�ANP �VIKOR " �� .��.��! +��H*�" �	 1
<��d# �� ;"��" "�*�"	�� �" Y�K�� �� ����ANP 
�� ����� ����

"�� k|��
-/� � �����vN#	��;��*%��� K�� �" ���VIKOR 
��*. 
��! ���� +��H*��"	� �"� ;���). s�;��*%��� �*��) ������� ������

�B���� ��vN#	��� � F��*�	-(. ,���/ � �.�"� �"�W �����;�
;��*%�� " �� �� �	 � 
�M� � 1�	��� +� .(Hajiloo and Alinezhad, 

2017) .
� �8 � +�"��-!"������ P�)��d#����" 
�	�� ��X"���%

 �C�� �A�B�> �%��� +9��# ��"�O ������" +��H*��" ��� ;"��C/
 K��TOPSIS �� ��% 
! � *%"��#�CJ/ 
� v�� X"=	����� ���

���"��	 ���>�� �"���W ���(?. �.(Akbarzadeh Bengar and 

Mahmoudi, 2017) .
� �� ;"��&�� P��)��d# "���	�*C� 1*>�	��� 1	�(;��&�)

�"�� +9���# ������[� # ��=�� 7*�( ��������%����m ������ 1
"K�� �" +��H*� ANP FUZZY �FUZZY VIKOR ���=�	�
� 

����� �����	�� ��=� ���	.�.��! ��?*." "� �/�� 
 .(Wu et al., 

2018) .
�/ ���� 
��� 
��*. ������	s<��d# 
*�N� ���� �E. 
� ����� 

<��d# ��� I?)������ � ���� ���	�	Y�( ����+9���# ����
�C� �AB�> 
&-�� ]�� .��" +�). :�J."�1<��d# ��� :�J."

+���
�,���� ��P !�/ ���� a@*?� K�� �� v+9��# �� ���	$���
�C� �AB�> 
&-� �"�+�� :�J." " �� .��"	���� � <��d# 1�	

�	Y(����C�� �A�B�> ,�M*." � 
&-� +9��#����" ��	��� ��

�� �� �� K��ANP �VIKOR FUZZY 
�� :��J." "=�J� X��D
�*.	�M� �s	�� .�.��� 
�( "�	<��d�# 1X������� ���."������� ��

+9��# X"� *(� ���
-O�I� �
��)�  ]�� � ����� � ,���" 1	��>�
<��# 
��. }��# �"�>" �" ,��� +����� �� �� �������� "�" ��/ �	 [
,�������� �+9����# �� .���� :���J." ;"���C/ �C��� +������� �� �����

�%�� �� ���	Y(����	����+9��# e�. 
� 
�/ �� 
! ��"� ���
�� � "�" +��.	"�� �	�� �F	� �	Y(���� � [�*��R��� � ��Q�	

���" � +������	���� ��.����� :���J." ���� � ;����! 
>���B"	Y��( �����
$���/ � [���*���0Q�� X�-������ ���� +�A��T �G���." ���	��� !�H��� �

}��# ���	@�/ ������ � [�
�� � +���! �>" ��*. �� ;� '�-/	��Q" s
H ���J.� �" .��"� �	"�� 
!���� ��	���" �	�� ���	Y(����

�C�� �A�B�> 
&-�� +9��#�+9���# 
�! ;"��C/ ���I% 
�� ����
F��*� � Ym�!�� � +���	�	� �	(� f�� �� Y(��# ���	"�" 1

��)��d# �����+�). :�J." ���"1	"��� � ���"	�� ���	Y(��
�M� � "=��J� K�� �� ����	" �� K�� �� 
��(��	��� <��d��# 1����."�/

� �"�W 
�/�����.�� 

�2/����a 
K�� ���H@*?��"������� ��	�	Y�( ����� .��"� ���� ���� �

������ ��� �"�X��TAP" ��&> ;��>�P)��H�� K�� ����
-O��I�
@�/�� �@T [	
)"�@�/ �(�Ym [���(@�/ � ���# [�<���> ���

 �C.� 
@� �" � *(�(PMBOK)" �� .	1<��d# ����/ 
�� 
��/ ��
+9��# ���@�T 7JO � ;"�C/ �AB�> ,�M*."�" 7! X�	+9��# 1���"

@�=�	;��� X�� � 
 �+9��# ��"�� �� �����@� ��=����" k�# �

�� 
-O�I� � X��)���" �� +�-% � x� ���!	+9��# 1��
�/ ��)

@���)� 
��� ���������!�����&�� '��."�� � XA&��)� ��"��	 (+����� 1�

 ]������� �� 1�� �"��/ �� �"	����� +9��# �"��@-W +��� "�" �
5 ��I% 
�	�/ 
��0%�*���C> �X"��� �"	Y�( ����
�� v�?* �

 �"��/����T _����� ����" x��(�� ��C.� �Q" � �"�%� ,��*O" 
!
,�� �C/�
.�� ���/ �" ���E � 
�! ���" 
�/ 
� :�5	" �� 7�	1

��
��W ,���" ��( 	��" +��� ��
"�@%"� 
��)� 
! ��"���"�. ��� �
��/	�;� ��-. � 7,A*%" ��m� +9��# �.�������� ���I*%" 
�� 
�! 
��/	" � ��" +�� 
*��. 7	B�/ 1�}��# 
� f��	.��� +�"� ;� k�# 

��� � �"�	�	Y(���&/ ��[���(�	Y(��� <���# 
���. �"��� 
}��# �"�>" 
� 
�"�" ���C/ +�-%�
��." ��	1<��# � 
��.	Y�( ���



+#�)��'YE#� +V�? 0��6� �5[��% ��	... dx.doi.org/10.22093/wwj.2021.260344.3089 
38

����� � �� 	
�� Journal of Water and Wastewater 
��������� ����� ����� Vol. 32, No. 4, 2021 

��%$ �2Y(	�+9��# +�� �	��� � ��� 
Table 1. Identified project risks 

Row Risk Row Risk 

1 Design change 9 Delay in payment of status statements 

2 Lack of skilled manpower 10 Difficulties of the project in construction 

3 Sanction 11 Project protection (theft and damage) 

4 Delay in issuing municipal permits 12 Fluctuations in the price of equipment 
and materials

5 Delay in land delivery 13 Delay in receiving prepayment 

6 Delay in issuing traffic permit 14 High contract ambiguities 

7 Delay in project approval process for 
delivery 15 Floods, earthquakes and storms 

8 Employer interferences   

��%$�2��-.��! ��H�� s	�*. 
Table 2. Cronbach's Alpha results 
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Table 3. Minimum values of CVR in accordance with No. of panelists 
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Table 4. Summary of the results of the questionnaire 

Alternative Risk Intensity of 
duration effect 

Intensity of 
cost effect 

Probability of 
occurrence 

A1 Design change 6.23 5.31 5.84 

A2 Lack of skilled manpower 7.31 7.11 5.95 

A3 Sanction 6.16 7.21 6.34 

A4 Delay in issuing municipal permits 7.53 7.01 7.31 

A5 Delay in land delivery 6.69 5.42 5.84 

A6 Delay in issuing traffic permit 6.38 5.96 5.90 

A7 Delay in project approval process for delivery 6.16 5.63 6.27 

A8 Employer interferences 5.52 5.64 5.53 

A9 Delay in payment of status statements 8.26 8.17 8.58 

A10 Difficulties of the project in construction 6.27 6.05 5.42 

A11 Project protection (theft and damage) 4.89 5.53 5.00 

A12 Fluctuations in the price of equipment and 
materials 6.37 7.84 7.95 

A13 Delay in receiving prepayment 6.80 7.31 6.48 

A14 High contract ambiguities 5.10 5.63 4.79 
A15 Floods, earthquakes and storms 4.79 4.79 3.00 

Fig. 1. Inconsistency in Super Decisions software 
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Table 5. Super Decisions software output 

Risk Name Ideals Normal Raw 

Delay in payment of status statements A9 1 0.089643 0.044821
Fluctuations in the price of equipment and materials A12 0.886066 0.079429 0.039715 

Delay in issuing municipal permits A4 0.872695 0.078231 0.039115 
Delay in receiving prepayment A13 0.821566 0.073647 0.036824 

Lack of skilled manpower A2 0.812731 0.072855 0.036428 
Sanction A3 0.787036 0.070552 0.035276 

Delay in issuing traffic permit A6 0.728209 0.065279 0.032639 
Delay in project approval process for delivery A7 0.726844 0.065156 0.032578 

Delay in land delivery A5 0.713923 0.063998 0.031999 
Difficulties of the project in construction A10 0.707946 0.063462 0.031731 

Design change A1 0.69475 0.062279 0.03114 
Employer interferences A8 0.666742 0.059769 0.029884 

High contract ambiguities A14 0.619838 0.055564 0.027782 
Project protection (theft and damage) A11 0.61612 0.055231 0.027615 

Floods, earthquakes and storms A15 0.50092 0.044904 0.022452
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Table 6. The fuzzy linguistic scale for the weights 

Very highHighMediumLowVery lowImportance

7,9,9 7,9,5 7,5,3 5,3,1 3,1,1 Triangular fuzzy 
number 

��%$ >2���> �"�T" 
� X"�E. '��J/ 
Table 7. Decision makers answers average 

Criteria 

Alternative Intensity of duration effect Intensity of cost effect Probability of occurrence 

A1 4.24 6.23 8.01 3.53 5.31 7.21 3.95 5.84 7.31 

A2 5.31 7.31 8.58 5.11 7.11 8.48 3.95 5.95 7.63 

A3 7.42 6.16 4.37 5.21 7.21 8.05 4.45 6.34 7.56 

A4 5.53 7.53 8.68 5.00 7.01 8.38 5.31 7.31 8.58 

A5 4.69 6.69 8.26 3.42 5.42 7.32 3.95 5.84 7.74 

A6 4.37 6.38 7.96 3.95 5.96 7.54 3.90 5.90 7.70 

A7 4.26 6.16 7.95 3.84 5.63 7.32 4.27 6.27 7.84 

A8 3.52 5.52 7.31 3.74 5.64 7.32 3.53 5.53 7.21 

A9 6.26 8.26 8.89 6.16 8.17 8.90 6.58 8.58 9.00 

A10 4.27 6.27 7.85 4.05 6.05 7.63 3.42 5.42 7.32 

A11 4.27 6.27 7.85 3.74 5.53 7.21 3.21 5.00 6.58 

A12 4.37 6.37 8.05 5.84 7.84 8.78 5.95 7.95 9.00 

A13 4.79 6.80 8.17 5.31 7.31 8.58 4.48 6.48 8.06 

A14 3.31 5.10 6.89 3.73 5.63 7.42 2.90 4.79 6.68 

A15 3.21 4.79 6.48 3.32 4.79 6.48 1.80 3.00 5.00 

��%$ b2�"�M� *
jf������� ;�� �

Table 8. f*
j quantities and criteria weights 

f*j 7.42 8.26 8.89 6.16 8.17 8.90 6.58 8.58 9.00  

wi 0.333 0.333 0.333 
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��%$ @2�"�M� S , R

Table 9. S and R Values 

Si Ri

A1 -0.088 0.302 0.557 -0.039 0.116 0.199 

A2 -0.168 0.182 0.459 -0.039 0.101 0.185 

A3 0.007 0.209 0.358 0.113 0.084 0.055 

A4 -0.202 0.125 0.405 -0.073 0.049 0.135 

A5 -0.117 0.279 0.544 -0.043 0.111 0.203 

A6 -0.112 0.267 0.538 -0.041 0.103 0.187 

A7 -0.109 0.275 0.533 -0.043 0.103 0.188 

A8 -0.062 0.329 0.591 0.004 0.109 0.199 

A9 -0.245 0.000 0.288 -0.055 0.000 0.098 

A10 -0.098 0.287 0.556 -0.027 0.122 0.205 

A11 -0.055 0.324 0.575 0.000 0.138 0.212 

A12 -0.209 0.113 0.393 -0.023 0.076 0.168 

A13 -0.172 0.174 0.451 -0.054 0.081 0.166 

A14 -0.031 0.375 0.622 -0.004 0.146 0.224 

A15 0.081 0.490 0.682 0.058 0.215 0.264 

�"�M� S�R"����M�	� ��*C� 
(	,��� �� � +��� +���H��;��).
.��" +�� +�"� 

���� ���K�� ����VIKOR
-/� �� ��=�	
 � �� :�J." �� 
*.��� ;� 
J ,����+�� +�"� ;�). ;��� .��" l?�)� 
! ��P 

�# 
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��%$ (c2�M��"+�� +��H	�S, R, Q 
Table 10. Defuzzified values of S, R, Q 

A Si A Ri A Qi

A9 0.011 A9 0.011 A9 -0.032 
A12 0.102 A4 0.040 A4 0.033 
A4 0.113 A13 0.068 A12 0.045 
A13 0.157 A12 0.074 A13 0.069 
A2 0.164 A3 0.084 A2 0.082 
A3 0.196 A2 0.087 A3 0.097 
A6 0.240 A7 0.087 A6 0.121 
A7 0.244 A6 0.088 A7 0.122 
A5 0.246 A5 0.096 A5 0.128 
A10 0.258 A1 0.098 A10 0.138 
A1 0.268 A10 0.105 A1 0.140 
A11 0.292 A8 0.106 A8 0.158 
A8 0.297 A11 0.122 A11 0.164 
A14 0.335 A14 0.128 A14 0.188 
A15 0.436 A15 0.188 A15 0.269 

��%$��2
-/� � ���> ��&	� K�� �� �� �s	�*. 
(	�M� 

Table 11. Ranking with FUZZY VIKOR & comparison of the results 

ANP FUZZY VIKOR 

A Risk Rank A Risk Rank 

A9 Delay in payment of status statements 1 A9 Delay in payment of status statements 1

A12 Fluctuations in the price of equipment 
and materials 2 A4 Delay in issuing municipal permits 2

A4 Delay in issuing municipal permits 3 A12 Fluctuations in the price of equipment 
and materials 3

A13 Delay in receiving prepayment 4 A13 Delay in receiving prepayment 4

A2 Lack of skilled manpower 5 A2 Lack of skilled manpower 5

A3 Sanction 6 A3 Sanction 6

A6 Delay in issuing traffic permit 7 A6 Delay in issuing traffic permit 7

A7 Delay in project approval process for 
delivery 8 A7 Delay in project approval process for 

delivery 8

A5 Delay in land delivery 9 A5 Delay in land delivery 9

A10 Difficulties of the project in construction 10 A10 Difficulties of the project in construction 10 

A1 Design change 11 A1 Design change 11 

A8 Employer interferences 12 A8 Employer interferences 12 

A14 High contract ambiguities 13 A11 Project protection (theft and damage) 13 

A11 Project protection (theft and damage) 14 A14 High contract ambiguities 14 

A15 Floods, earthquakes and storms 15 A15 Floods, earthquakes and storms 15 
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