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����  ABSTRACT   ���� 

 

The urban sewer networks-like other infrastructures- become obsolete with the passage 

of time. Therefore, the network manager maintains and rehabilitates it economically. This 

requires accurate information about the structural nature and functional conditions of the 

network pipes. However, the experts' personal estimation and the approximate structural 

conditions and functionality of sewage network for rehabilitation prevent decision makers from 

getting the exact estimate of the rehabilitation degrees and their allocated costs. Therefore, the 

aim of this research is to propose a set of indicators and criteria that reflect the level of network 

performance structurally, technically, and environmentally. These indicators and criteria can 

assist in selecting the pipes required to be rehabilitated according to their levels. However, 

Piping Class ratings, according to these indicators and criteria, are obtained from the available 

data about the structural nature and functional conditions of the network pipes. These grades 

are often difficult to identify traditionally due to its fuzziness, in addition to the doubt in the 

evaluation of the traditional case. Therefore, depending on the fuzzy inference system, the 

evaluation of the rehabilitation levels is changed from the traditional case into the fuzzy one. 

Finally, this work has contributed to reducing the rehabilitation costs because of the possibility 

of large gradient assessment recognized by fuzzy logic. These results are widely contributed to 

the enhancement of the accuracy of estimating the structural and functional performance of the 

network, and increasing the accuracy of piping class ratings and the required rehabilitation 

costs. This reduces the waste resulting from the wrong estimation (decreasing or increasing) of 

the tube defects assessed by crisp logic. 
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 -�=
���  :75  %�.=��� � 25 %���).( 

7 

/� ��� -�=�� 6��� ����
 	
��
 -���5�� ����� )2�� ���= -�9�
( � \�=�
 �
�=� -�9�
 -���5�� ���� �& �� 

��
!E  6��� ����
 ��
	
 ���=���
 �� -���5
 ����= �.=���. 

8 

/� ��� -�=�� 6��� ����
 	
��
 -���5�� ����� )2�� ���= -�9�
( � \�=�
 �
�=� -�9�
 -���5�� �.=��� �& �� 

��
!E 6��� ����
 	
��
 ���=���
 �� -���5
 ����= ���  �.=����
 � �����
 (��=����. 

9 

/� ��� -�=�� 6��� ����
 	
��
 -���5�� ����� )2�� ���= -�9�
( � \�=�
 �
�=� -�9�
 -���5�� ����� �& �� 

��
!E  6��� ����
 	
��
 ���=���
 �� -���5
 ����= ���). 
  

3.  $�
 �� ��	��	
 ���*��	
 ����	 F�
 �
�� $^���W	 �WL	
 ������	
 )��*� �� � ��� ( 	 : $^���^

: � ��	
 �� �� J���?   

$��� 6  :���*��	
 ��,W	
 ���<�	 J���? �� �� � ��	
 )5� $^���^
 (���+	
  
������
 ���,��
 	G����
 2�� 2.���
 	���G�
 

��;� 4
�5
 I1  : -�=�� 6��� ����
 	
��
 T�� #�� ��� \�) -���5
 � ���= -�9�
 ���� �� �$7 
���= -�9�
 ���� \�1��
 +��� �989 \���� \�1��*
  ��� \�) -���5
 � ���= -�9�
. 

25.0=I11
µ

   
75.0=I12

µ

   
0=I13

µ 

��;� 4
�5
 I2  : \�=�
 �
�=� -�9�
 T�� ��� �����
 � .=����
 ���� �-�) .=�����. 25.0=I21
µ

   
75.0=I22

µ
    

0=I23
µ

 
������
 1 : 
/� ��� -�=�� 6��� ����
 	
��
 -���5�� ����� � \�=�
 �
�=� -�9�
 -���5�� �.=���  

��� ��
!E 6��� ����
 	
��
 ���=���
 �� -���5
 ����= ���  �.=����
 � �����
 (��=����. 
0=I31

'µ
      

5.0=I32
'µ

   
5.0=I33

'µ 

������
 2 :
/� ��� -�=�� 6��� ����
 	
��
 -���5�� �.=��� )��� ���= -�9�
( � \�=�
 �
�=� 
-�9�
 -���5�� �.=��� ��� ��
!E 6��� ����
 	
��
 ���=���
 �� -���5
 ����= �.=���. 

0=I31
'µ

      
1=I32

'µ
   

0=I33
'µ 

• ���<� *
�	
 $ 	 !�"�3    
	�� 4!7�
 �� ������
 �,� ���� 
/� � +�) /0��� #���� �,�.� +�
�
 2.�� #.����
 (� )�
��
andI( "��� 

���,��
 �$�� +��,���� 	G����
 productΛ
1
= :  

3.....1=j et3.....1=iwithΛ= µµµ 2I j11I i2I j1I i  
0=75.0*0=2I 211I 32I 21I 3

µµµ Λ=
  

 ������
1  

5625.0=75.0*75.0=2I 211I 22I 21I 2
µµµ Λ=

 
�����
 �2  
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• ����� *
�	
 $ 	 !�"�3  
	�� 4!7�
 �� ������
 �,� ���� /0��� 	��
� 	�,� 4�G�)*
 #���� �.���, +�
�
 2.�� #.����
 (� 

)�
��
andI ("��� ���,��
 �$�� +��,���� 	G����
productΛ
2

= :
  

3.....1=k,j
3.....1=i

ΛΛ=Λ= µµµµµµ 3I k
'

22I j1I i
' 3I k22I j1I i3I k2I j1I i 1

  

 

 
( ) 0=5.0*75.0*0=3I 2

'
22I 21I 3

' 3I 222I 21I 33I 22I 21I 3
µµµµµµ ΛΛ=Λ=

1
 ������
 1

  
( ) 5625.0=1*75.0*75.0=3I 2

'
22I 21I' 3I 222I 21I 23I 22I 21I 2
µµµµµµ ΛΛ=Λ=

12
������
2    

• ]���� A>���	
 ]���	 �"
�<	
 �� $�
 $  ��
� :  
 �	��
 #��� �.��,� +�
�
 2.�� \���7*
 (� )��or I ("��� ���,��
 �$�� +��,���� 	G����
 sum=⊥ :

  3.......1=kwith= µµ 3I2I1I3I kji3......1=,j3.....1=ik
⊥  

( ) 0,56250,56250 ;1µµµ
I2
2

I1
2

I3
2

I2
2

I1
3

I3
2

  1; =+min=min= 3I 2
+  

��!�� �� +��1��
 -�=
��� +�� ��
���
 ������ ������ +��7�
 	����
  :>�
 ���=� 
/� +��7�
 +*��=8� 
"����� -���5
 +�5
 �� �����
 2�� ��;� 4
�5
 	���G�
 )I3 (:�/� �� +83 "���� -���5
 T=1� 2�� (��;� 
4
�5
 ������G�
 )I1×I2(.  

  
$��� 7  :$��� (���� �"��� $^���W	 ���<�	  ���P
J $�P
 �� � ��	
 )5� 
�@� E
�P
 (���+	
 )I3(  

��;� I3 

��
���
 I2)  ( I1 & ��;� I1 ��;�  I2 �7��1 �7��2 �7�� 3 

�7�� & 1 �7��1 yI11= 0.25 yI21 = 0.25 0.25*0.25*1 = 0.0625 I I 
�7�� & 2 �7��1 yI11=0.25 yI22 = 0.75 0.25*0.75*1 = 0.1875 I I 
�7�� & 3 �7��1 yI11= 0.25 yI23 = 0 0.25*0*1 = 0 I I 
�7�� & 1 �7��2 yI12= 0.75 yI21 = 0.25 (0.75*0.25)*0.75 = 0.141 (0.75*0.25)*0.25 = 0.0465 I 
�7�� & 2 �7��2 yI12= 0.75 yI22 = 0.75 I 0.75*0.75*1 = 0.5625 I 
�7�� & 3 �7��2 yI12= 0.75 yI23 = 0 I (0.75*0)*0.75 = 0 = 00.25 *(0.75*0) 
�7�� & 1 �7��3 yI13 = 0 yI21 = 0.25 I 0*0.25*1 = 0 I 
�7�� & 2 �7��3 yI13 = 0 yI22 = 0.75 I (0*0.75)*0.5 = 0 (0*0.75)*0.5 = 0 
�7�� & 3 �7��3 yI13 = 0 yI23 = 0 I I 0*0*1 = 0 

 0.39 0.61 0 
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A>���	
 ��3���	
�:  
��5
 ?��=� ��� S0����
 ��)��� ���� .�$�� 4!7 �� +������ �����
 ?��=� ��� :�/�� �

��
 -� ��5? $�

.
 :� ��^
� (���+	
 )*��	
 )5� J���P
 ���<� ���%? ����$�%&�	
 !��"# ��	� � 
�5��� q	D	 (����  ������ "��=
: 	����
 +��7��� ���� �� ��� 	���G�
� (������
 2.���
 2�� �����
 �� ������� "����  

  

���$ 8  :���<� ������? �� � ��	
 )5� )*��	
 H���<�	
 (���+	
� 
 "���� -���5
 

+�5
 2�� : 	��9�
 2�� : 

2.���
 (������
 2.���
 	���G�
 2.���
 (������
 2.���
 	���G�
 
µ
1

 µ
2

 µ
3

 µ
1

 µ
2

 µ
3

 µ
1

 µ
2

 µ
3

 µ
1

 µ
2

 µ
3

 

��;� I1 0 1 0 0.25 0.75 0 0 1 0 0 0.75 0.25 
��;�   I2 0 1 0 0.25 0.75 0 0 1 0 0 0.75 0.25 

��;�  I3 0 1 0 0.39 0.61 0 0 1 0 0 0.8 0.2 

��;�   I4 0 1 0 0.25 0.75 0 0 1 0 0 0.75 0.25 

���,��
 0 1 0 0.55 0.45 0 0 1 0 0 0.95 0.05 

  
�� ?$� J���P
 $�P
 (/�
 -�=�� 6��� ����
 T�� #�� ��� \�) 5
-��� � ���= -�9�
 ���� �� �$7 

���= -�9�
 ���� \�1��
 +��� �989 \���� \�1��*
  ��� \�) 5
-��� � ���= -�9�
 \�=�
� �
�=� -�9�
 T�� ��� 
��
��� � .=����
 ���� �-�) .=����� �&� ��
!E 6��� ����
 ���=���
 �� 5
-��� ����= ��� �1�13�
 �.=����
� 
���� �-�) �1�13�� .������ 2���� 6/� ��
!��
 ��� ����. "=��
 +����
 �$�� 	�
�! "=��
� �����
 	���� .�&� �7�� 

�����5
 �+3���� ����&� +��%��
 ����= �-�) ������� )<8�� -.,�
 (�$�� �.=����� )���7� 4!7�
 -�.,��
 .(
	������� �1�� <8.�*
 ���3��
 B�-��� ���� �� ���� 	�
�
 5050 + Q  )0.55*1000 +0.45*10000 

 =5050 + Q( .:�/� F
����� �� �1�� <8�� 5
-��� (/�
 �7�� T���� �1�13 	�
�
 1000 + Q (/�
� �7�� 
T���� �.=��� )��7�� 4!7�
 -�.,��
 (	�
�
 10000 + Q 
��3�� (/�
 �7�� T���� ����� )*
+
���= +������ (
	�
�
 100000 + Q .��!�� �� �1��
+� -�=
��� ������ ������ +��7�
 
	���� (/�
� ���� S0��� 
+*��=* "����� 

-���5
 +�5
 �� �����
 2�� ���,� 4
�5
 	���G�
 )C (:�/� �� +83 "���� Q1� -���5
 2�� (��;� 4
�5
 
������G�
 )I3×I4( :  
  

$��� 9  :���<� J���P
 $�P
 �� � ��	
 )5� 
���� E
�P
 (���+	
 )C (*�
�3W �� H
�@� E
�P
 ������+	
 )I3×I4(  
C 

��
�) I3 I4 G1 G2 G3 

1&1 0.39 0.25 0.0975   
1&2 0.39 0,75 0.2925   
1&3 0.39 0 0   
2&1 0,61 0.25 0.1525   
2&2 0,61 0,75  0.4575  
2&3 0,61 0  0  
3&1 0 0.25 0   
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3&2 0 0,75  0  
3&3 0 0   0 

0.55 0,45 0 

  
��? �� ?$� J���P
 (��L	
 (/�
 -�=�� 6��� ����
 T�� #�� ��� ���= -�9�
 � ��= 5
-��� ���� �� 

�$7 ���= -�9�
 ���� \�1��
 +��� #�� \�1��*
  ��� ���= -�9�
 � ��= 5
-��� .� \�=�
 �
�=� -�9�
 T�� ��� 
.=����
 � �����
 ���� �-�) .=����� .�&� ��
!E 6��� ����
 ��=���
� �� 5
-��� ����= ��� �.=����
 �����
�  

���� -�)
 �.=����� .������ 2���� 6/� ��
!��
 ��� ��.�� "=��
 +����
 �$�� 	��= "=��
� �����
 	���� .��� �7�� 
+3���
 ����&� +��%��
 ����= �-�) �.=����� )���7� 4!7�
 -�.,��
 (�$�� ������ )+
���=*
 +������ .(	������� ��1� 
����� +��%��
 ���3��
 B�-��� ���� �� ���� 	�
�
 14500 + Q )0.95*10000  +0.05*100000  =

14500 + Q( .��!�� �� �1��
+� -�=
��� ������ ������ +��7�
 	����
 (/�
� ���� S0��� 
+*��=* "����� -���5
 
	��9�
 �� �����
 2�� ���,� 4
�5
 	���G�
 )C (:�/� �� +83 "���� -���5
 =1�T 2�� (��;� 4
�5
 ������G�
 

)I3×I4( :  
$��� 10  :���<� J���P
 (��L	
 �� � ��	
 )5� 
�@� E
�P
 

(���+	
 )I3 (�3W*�
 �� H
�@� E
�P
 ������+	
 )I1×I2( 
I3 

��
�) I1 I2 G1 G2 G3 

1&1 0 0 0   
1&2 0 0,75 0   
1&3 0 0.25 0   
2&1 0,75 0 0 0  
2&2 0,75 0,75  0.5625  

2&3 0,75 0.25  
0.1406

2 0.04678 
3&1 0.25 0  0  

3&2 0.25 0,75  
0.0937

5 0.09375 
3&3 0.25 0.25   0.0625 

0 0,8 0.2 
 

$��� 11  :���<� J���P
 (��L	
 �� � ��	
 )5� 
���� E
�P
 
(���+	
 )C( �3W*�
 �� H
�@� E
�P
 ������+	
 )I3×I4.( 

C 

��
�) I3 I4 G1 G2 G3 

1&1 0 0 0   
1&2 0 0,75 0   
1&3 0 0.25 0   
2&1 0,8 0 0   
2&2 0,8 0,75  0.6  
2&3 0,8 0.25  0.2  
3&1 0.2 0 0   
3&2 0.2 0,75  0.15  
3&3 0.2 0.25   0.05 

0 0,95 0.05 
 

  
�� '
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 �� 5
-��� +�5
 	��9�
� "� �$����� 2�� 2.���
 (������
 �7�� ����9 .(� �� �1�� ����� +��%��
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 �� ���� ���3� B�-��� +�5
 9�
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�
 10000 + Q �����
��� .� �� '
8��
 
�G�� �� 5
-��� +�5
 "� T����� ������� �7��� ���� �� T����� ����G� . �	������ ����= T��� ����� ��0
! �� T�7�
 

��,)
��
 ����A +��%��
 :�/� 	�
�
� 4950 + Q .(� :��� ������ ��0
! 	��
� �$��= ������
 H.�3�
 ����!��� ���
� 
-��� 5
-��� 	��
� ��� �� �����
 ������� ���� �� "� "�����
 2�� 2.���
 	���G�
 .���� 5
-��� 	��9�
 ��� "� 
T����� ������� �7��� ���� +���� �� T����� ����G� .��,�� �T� ="�� ����� T���%� �1��� 10000 + Q ����� �1��T 

��,)
��
 ����A +��%��
 14500 + Q .+
;=�
 <��.��
 �L
 �� �+7 5
-��� 	��9�
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 ���� �� "� "�����
 
2�� 2.���
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��
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 2�� 2.���
 	���G�
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�7���
 ��� ����9�
 � �9��9�
 �7��� "�� ����� T���%� +����� 	����
 .� �
�!� 	������ ������ ����� %�T��� ��
* �)� 
+�� ��� 50000 + Q �
��� ���5
  .��,�� 2�� �� 5
-��� 	��9�
 ���� �� 	.�� T�
 ����&� +��%��
 �L
 "�� 

U��3� ���� 14500 + Q Q��� 100000 + Q T
8�A ��� �� �����
 ����� 	�
�
 ) 10000+50000 
I   14500=  45500 + Q �
��� ���5
 . (	1� 8� �����
�
 :��� ��� ��������� ���� ���
��� ����9�
 ����= 

��$�
 ���� ��9�� �7��� ")�1� -��,�
 8���=� ."7���
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 ��,)
��
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� -��� 5
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 2�� 2.���
 (������
.  
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� (������
 2.���
 2�� �$�� 4!7 �� �����
 -����� "���� ������ "��=

: 	����
 "=����  
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 (��+�� 12  :
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 )5� )*��	
 H���<�	
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-����5
 "��� ��� ���
��� ���3��
 :�/� ���� �����G �=�" +��,��
 �$,� ��7��� �� A
<8� ���7��
� 	������� 
"��= ����� +
��B� �����G ��� �� T��� �������.  
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!7B� ���.,��
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!7B� ��
���., � 	������ "�� ����� �$���%� +����� 
	����
 �����
��� � ����= �$��� 8���=� ����� ����� 
�7 �7��� ")�1��� �$���� .���� �����G "��= +��,��
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��7��� �� <8�A
 ���7��
� �����
� ���5
 ��7���� �� ���7��
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���=*
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��� ����9�
 	������� "��= ��� 
B�+
�� ������� +���=���� ��� �� T��� �����G. 
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