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Abstract  
 In water supply systems, the accidents occurring in pipes are of the utmost importance and sensitivity. Failure of 
the pipes is not necessary with the end of their life and different factors namely age, diameter, material, stability 
and corrosion of soil and water, execution, installation and operational conditions such as hydraulic pressure are 
effective on it. At the same time studies show non comprehensiveness of presented relations in prediction of 
pipes failure rate. In this research, with regards to the available software and hardware, a structure was 
developed using combination of new optimization and simulation models. In this structure, theartificial neural 
networks were used for simulation of the pipes failure rate. Considering the point that  neural networks are 
always consider as a black box and unable to provide the effect of each independent variable on the dependent 
variable, on the other hand, they are prone to incorrect training. Therefore, in this study to determine the input 
parameters affecting failure rate and the most appropriate structure of artificial neural network (as well as bios 
vectors, layers adjusting weights and the number of neurons), Genetic algorithm has been used with the aim of 
presentation of a structure which has the minimum error rate of simulation.In this algorithm, decision variables 
and properties of neural networks are the parameters affecting the failure rate. By running the developed 
optimization model, in addition to the effective parameters on pipe failure, the best neural network structure for 
simulation pipe failure rate can be determined. The advantage of the proposed method is full coordination  

������� 	
��
�� ��
������ ����� ������ � ��
��� �� !�" 	��# ��
��
$��
(&�'(" 	 !(��
)*+,-.-� )-/�� (Jsoltani45@gmail.com 

+��
��
$������01 �� !�" 	��#�� !�" � �!2 	 3�
�����4��5 	
��
��

1. Assist. Prof. of Irrigation and Drainage, Abu Rayhan Pardis , 
Tehran University, Tehran (Corresponding Author) (+98 711) 
6280901 Jsoltan45@gmail.com 

2. Assist. Prof. of Civil Eng., College of Eng., Shahrekord  
University, Shahrekord 

www.SID.ir



Arc
hive

 of
 S

ID

3 ��������	
��
�
��� � ��

between the input parameters and network structure in prediction of the pipes failure rate. The results of this 
study can be used to find the most appropriate relationship failure rate pipes with regards to the 
effective parameters and take necessary actions for decision making lead to resolve problems due to it. The 
results of this research indicating that the proposed combination method is able to extract the optimal and 
effective parameters  on the pipes failure rate amongst the factors affecting failure rate, and also have been 
caused improve power capabilities and expansion of neural network structure that indicate high efficiency of the 
proposed method in simulation of nonlinear and complex relations. 
 
Keywords: Artificial Neural Networks, Genetic Algorithm, Pipes Failure Rate, Water Distribution  

Systems.
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10 Prudencio et al. 
11 Giustolosi 
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=*�C�� ����("����O ��*&' (�	�)� .��8# 2 L�R �(a; ��7 ����� 
����7

 $��� 2 M�2 �����	('��"1� �'.���� �**<� (�� >��K 
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































=

0/30380/64310/1148	
0/7603	0/9014	0/9698	
0/6597 0/1394 0/2258

0/7795	0/7122 0/1578
0/1703 0/8829	0/0847	

0/7548 0/5246 0/1431
0/6051	8197	0/5792	
0/8057 0/9003 0/2724

0/2709 0/9311 0/0657
0/7301 0/2119	0/4739	

1W



















=

0/4512	0/9995 0/7561	0/7614 0/9994 0/1850 0/9998 0/2543	0/7964 0/6317

 0/9676 0/6147 0/2772 0/5885 0/8329 0/7332 0/2875 0/9956 0/6158 0/3598

0/9211 0/3601 0/2962 0/5521	0/7495	0/9402 0/0577 0/3564 0/9229 0/3206	

/0767	0/7533 0/8963 0/0179	0/6983	0/4975 0/0295 0/9695 0/1482	0/4984

2
W

[ ]0/19740/8262	0/726	0/4421=
3

W































=

0/6018
0/8821
0/4720
0/1890
0/9348
0/7283
0/7856
0/9588

0/9480	

1b



















=

0/5617
0/1055
0/6943

0/5326	

2b

}w}/�=b4
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���� M� �'
 %�,. ���� ��"P�� ���	(/��(' 9*�O %��*' ����� @�1�� N(�� ���

�' :�� >��K|@�� c���� 
��� F��
�� %�?�; >�<��a� �1��)� .
 :���) ��<��a� ��� �	 
�� nJ8� ��*&' ��"P�� 29'�� 2 %��a?�

|%� M�8� ( �(�a; ��&�� �	2�2 	��<"� ����("����O �*�' �� ��7 ��	
 ��8# 2 L�R��(' ���� @1�� N(� M�0*� �**<� �' �� :����. M����.

(H`� ��*&' 
��� %#(<� �	�&�8*O ��"P�� c��� ���� ��7 %����K �	
 @�1�� N(�� (' 0*� $,� p . 2 ���� �� (*C� �(B�	 ���("����O

���� (*HI� �� ��E/ ��"1�]V]�YV[%�� �� >2�+� ��� @?. . �	 M����

	�	 	�� 7 � 6 ����� ��� �*��A � 2 ���("����O ���� �� 
�� ��2�

("����O (� �� F�G %��2�(# 	��� ��' F�G �*�A � .@1��	 @��� (�7y
 �D �6�� :'�; >�.4R� 	�62 >��K �	 
�� �v��� �	�&�8*O ~2�

 �%��62(P 2 �	2�2 �����("����O %���� � �� %�G���' %������D �� �	
9*O �a'�� ��(������7 2 ��"P�� ��("&' M	� � nJ8� N(�� %��*'

���� @1�� ��	���P(' ��� @��� 
	�	 ��A���x ���� �("��	 �	 ����
	%6�(J"��� ����"� �����' �	2��l� >�(�**q� ����	 2 %��2�(# ����

���� (��� �' =* <� :'�; �'�8� ��� @�1*� ���*&' ��"P��� ����O (�' .
%� 
�� nJ8� ���� (�	��)� ��1��)� ��' �� M� 	(7��7 @lK M���

 .	� � �**<� @1�� N(� %<;�2�'��C�� ���7 %'��������(��(' 2 %�
 �nP��� �� 
��� ��2��� L�� ��aP �2E�
� c���"b@�*�� . ��7

�	 �("8*'	���	(/ 
	�+"�� �:

)VY(
( )

n

xx
MSE

n

1i

2
cimi∑

=

−
=

�a'�� ��� �	 �D 
���(*q"�mix2cix�' 
����� ���)� $*�(� 9*O 2 
�� �(*/ %��*'

 
����"1� L��� %'����� 
�l� . (�' ��� ���� ��' nP��� ���� �����
r�	0� (+K �' nP�� ��� �x (� �7 @�� >��K ���' (��L�� M�

M� � .@�� ��	�P(' �(�G�' @*'�?a� �� :��� �	 �7 ��R�M��8�
 ���*&' L��� c��� �	�&�8*O ���� �@�� 
�� 
	�	 @�*?'�; �� �����

 ��aP nP��) %�G�'MSE (�'�('ZZY�/Z9*�O �	 ( N(�� %��*'
���� @1�� (H`�� �	2�2 ���("����O �' �6�� �' 2 
	�' ��	��P(' ��

%� ��*&' �' ����� �*��� L�� M���. L��� �	 ���� ���*&' @�(���� ����
���� ������ 2 ������' .	(*/ ��(; 
	�+"�� 	��� �� ����� ��� 

�' ��C�� @�1�� N(�� ����l� �	 �	�&�8*O ~2� �(�(' �v���
����M��A � �(�B�	 ��&��2� ���ANN �ANFIS �EPR 2NLP 


	�	 �2� (' 0*� $���; �	 ����"� 2 ���	(/ L�� .� 
	�+"��� 	��� ���
 :��XM� � .�� �v��� (	 �� k��)nJ�8� �&?��� ���� �	 ��7 ��R

9*O �	 %�*��O @;	 �� 
���� 	��� ��&�2� @�� @�1�� N(� %�*'
%�G�' ��aP ����	 2 
	�' ��	�P(' �*�� �	 ����� ��"�1� L2��6)

^.(
%��� M���8� (��!�� ���<��a� �	 �	�&���8*O ~2� ���7 ����	��(��' 

�*���� ������ @��1�� N(��� ������ @*����1� :��*?l� ���' �����*� ����
 
	�	 ����O (�' ��&�� 2 
	���� @�1�� N(�� �	 (H`�� ����("����O 2 ���


����� :'�; >�.4R� %� ���� @*<!2 �� �(*/ $���� M��� 2 ��(��
P�� ��("&'�*�� �	 %�G�' %������ �� �7 �� ���" @1�� N(� ����

���� ��	��P(' ������' ���� �	 (�B�	 ��6�� :�'�; �"�� .	� � ��2��
�<��a���' %/	���
��� ��v��� ~2� �(*/���7 ��' ���C�� �	 
	�+"���
���� 
����� �' %��� >2�+"� ���@��.

1 Mean Square Error (MSE) 
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SO9`����O �' �6�� �' %�,. ���� ��*&' ��"P���	2�2 (H`� ���("� 

SO9a��*�� @1�� N(� �1��)� ��*&' ��"P�� �� 
	�+"�� �' 
�� ����
%<;�2 (�	�)� �' 

IA	JW���aP nP�� �1��)�MSE k?"J� ��&�2� ��('9*O ��*' 
@1�� N(� 

bA�ANNANFISNLR���.#��@ bA�
MSEZW/Z_/ZZXX/ZZZY�/Z

SO9c�L;��1�� N(� ��	� �9*O @~2� �' 
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SO9c�d�9*O @1�� N(� ��	� � ~2� �' 
�� ��*' ANFIS SO9c�e�9*O @1�� N(� ��	� � ~2� �' 
�� ��*' NLR 

1��� ��� ��A�A 
SO9c���9*O @1�� N(� ��	� � ~2� �' 
�� ��*' EPR 

`�!)��3 ���f 
�S�� @* �� �' �6�� �' (�� %�'� ������*� �*�I�� �	 �� ����� ���

$*�� �' �6�� F20� 2 %��<��a� 
	2�l� %R �	 @�� �� � �7 %���
(#�
(&' ��� ��� �	 ���	 N� M� �� ���	('p*)l� %�2� ��(�' ��v��� 
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 @1�� N(� �	 (H`� ���("����O��"1� ��7 ��
�� �� .���	(/ �**<� �
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����� 
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	�+"�� ������

��*&' .�� 
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