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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  
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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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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	
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=

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
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=

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
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1 Mean Square Error (MSE) 

www.SID.ir



Arc
hive

 of
 S

ID

13 ��������	
��
���� � ��

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� �' 
�� ��*' ANN 

www.SID.ir



Arc
hive

 of
 S

ID

14���� � ����������	
��


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��� 

9*O ����� @�1�� N(�� M�0�*� %�*' 	�&��8*O 2 ��2��� ����� ����
�	(/���� �� �	�&�8*O L�� �	 .�%.���,� %��,. ���� ��' ���C�� 

����� @�1�� N(�� �	 (H`�� ����("����O M	�	 {����� M�0�*� ��' ���
��*&' ="���B�� �� 
	�+"�� �' .�� 
	�+"�� @1�� �'��� r�*"�� ����

�*�� ��aP M�0*� M	� � :;��� �7 �	�&�8*O ��"P�� �3�� �����
��� ��"P�� �� 
	�+"�� �' 
�� %.��,� %�,. �@�� 2 
��� :;��� �

2 %���,. ������ >���,J8� ���7 =* ��,� �����(*q"� ����*&' (�	���)�
 @1�� N(� �	 (H`� ���("����O��"1� ��7 ���� �� .���	(/ �**<� �

����� @�1�� N(� �	 (H`� >�.4R� �� %&6�� :'�; 9J' :�'�; ���

����� 
	�	 �' %�("�	 �� 2 
	��� �(*/ :��8� M� ���� @��� �	 �E�� 
��� p�*)l� ��� 2 ���8# �$�,� p� . �(�a; �L��R ����("����O ��
�' ���� @1�� N(� �	 ��E/(*HI� :���. M���. (# �	 2 
	�+"�� ������

��*&' .�� 
	�	 @��P	 ���� 
N(�� �%��,. ����� ��*&' ��"P�� �	 %62(P ("����O �7 ��� ��

���� @1�� ��@�� 
	�	 ���O (' @�� F�G �E� �� ���� 2 ��	�6�����

�' 2 ����l� M�0*� ��(�"&' �*�*<� �	 @�1�� %�<;�2 (�	��)� M���.
 ����� ��"P���.	(�*/ ��(�; 
	�+"��� 	���� �&�8� �(�� �� �S��� 

�' 9*O L�� 2 ��J"�� �<��a� 	��� 
	2�l� M���. @1�� N(� %�*'
 ���*&' (�	��)� ��	�&��8*O L��� ��(�6� ��' .���	(/ ��2��� M� ��('

� �7 =* ,� ���(*q"� (H`�� ���("����O 2 ���� >�,J8� (' : "8
 @1�� N(� �	��"1� 9*�O ��a'�� M� ��' ��6�� �' 2nJ8� %��*'
���� @1�� N(� %��*7(� ~2� �� :�K�� ���"� .��	(/ ��(J"�� ��

%� M�8� �	�&�8*O %� �7 ��	 ��6�� ��' %�����7 M��� >�� �	 M���
 @*<���!2 �M� �� 	���6�� >����.4R� 2 ���<��a� 	������ ������ ���' 

$*�� >�(�H� 2 	�� L� .� ���� (' 
���� �	 @�� �� � �7 �� %���
	��EB' ����*� �*�I� �	 ��� ��nJ8�	(D=&� . ���	�2�"��	 ��(�
%� �� �<��a� ��� �� :K�� �' M��� :	� � �v��� (�� >��K 

b���*&' ="���B�� ���O (' %�*7(� ~2� �v��� ����� 2 r�*"�� ����
%.��,� %�,.�

e�*��*<������� @��1�� N(��� (��' (H`��� �����("����O ��	 ���;�2 �����
���� nJ8� 2 @*��1� :*?l� �' ��*� M2�' �� ����� ��� M	(D

%62(P ("����O �2� (' r� (� (*HI��
w�%�G��' @�*?'�; �� �7 %.��,� %�,. ���� ��"P�� ��("&' �v���

9*O �	 .���' ��	��P(' @1�� N(� %�*' 

0

0.5

1

1.5

2

2.5 

 31  91  151  211 271  331

EPR

N
(O

9
P�

3

www.SID.ir



Arc
hive

 of
 S

ID

15 ��������	
��
���� � ��

g�MJ��� 
1- Beigi, F. (1999). “Pathology of urban water distribution networks.” J. of Water and Environment, 78(37),  

17-25. 
2- Tashayoei, H. (2005). “Implementation of preventive maintenance system for water facilities, challenges and 

achievements resulting.” 3rd National Conference on Repair and Maintenance, Hall Summit, Tehran. 
(In Persian) 

3- Sacluti, F. (1999). “Modeling water distribution pipe failures using Artificial Neural Networks.” MSc. Thesis, 
Dept. of Civil and Environmental Engineering, University of Alberta, Canada. 

4- Cox, D. (1972). “Regression models and life tables.” J. of the Royal Statistical Society, 34 (2), 187-220. 
5- Shamir, U., and Howard, C. (1979). “A analytical approach to scheduling pipe replacement.” J. of AWWA.,

71(5), 248-258. 
6- Walski, T., and Pelliccia, A. (1982). “Economic analysis water main breaks.” J. of AWWA., 74(3), 140-147. 
7- Kettler, A., and Goulter, L. (1985). “An analysis of pipe breakage in urban water distribution networks.” 

Canadian J. of Civil Engineering, 12(2), 286-293.  
8- Su, Y., Mays, L., Duan, N., and Lansey, K.E. (1987). “Reliability based optimization model water distribution 

systems.” J. Hydraulic Engineering Division, ASCE, 114(12), 1539-1556. 
9- Tabesh, M., and Abedini, A. (2005). “Failure analysis of pipes in the urban water distribution system.” IRAN-

Water Resources Research, 1(1), 78-89. (In Persian) 
10- Tabesh, M., Aghaei, A., and Abrishami, J. (2008). “Investigation of the effects of influential parameters on 

pipe burst in water distribution systems using evolutionary polynomial regression method.” University 
College of Engineering Journal, Tehran University, 42(6), 691-703. (In Persian) 

11- Tabesh, M., Jafari, H., and Delavar, M. (2009). “A water distribution network accident management model 
using GIS.” J. of Water and Wastewater, 70, 2-15. (In Persian) 

12- Prudencio, R., Ludermir, T., and Carvalho, F. (2002). “Neural network hybrid learning: Genetic algorithms 
and levenberg-marquadt.” 26th Annaul Conference of the Gesellschaft fur Klassifikation, Germany,
Mannheim, 464-472. 

13- Giustolosi, O., Savic, D., and Doglioni, A. (2004). “Data reconstruction and forecast by evolutionary 
polynomial regression (EPR).” 6th International Conference on Hydroinformatic, Liong, Phoon and Babovic 
(eds.), Singapore. 

14- Ahn, J., Kim., H., Lee, H., Park, S., Yu, M., Cho, S., and Koo, J. (2004). “Predicting water pipe breaks using 
neural network.” Zenkoku Suido Kenkyu Happyokai Koenshu, 55(1), 702-703. 

15- Bevilacqua, M., Braglia, M., Frosolini, M., and Montanari, R. (2005). “Failure rate prediction with artificial 
neural networks.” J. of Quality in Maintenance Engineering, 11(3), 279-294. 

16- Berardi, L., Giustolisi, O., and Primativo, F. (2007). “Exploiting multi-objective strategies for optimal 
rehabilitation planning.” In Proceedings of Computer and Control in Water Industry (CCWI) - Water 
Management Challenges in Global Changes-Ulaniki, Taylor and Francis Group, London, 23-30. 

17- Soltani, J. (2009). “An intelligent model for reliable optimal rehabilitation and replacement of water 
distribution networks considering pressure dependency of demand.” Ph.D. Dissertation, Tehran University, 
Tehran. (In Persian) 

18- Help MATLAB 7.5. Saftware (R2007b). The MathWorks Incorporation. 
19- Tabesh, M., and Soltani, J. (2006). “Mechanical reliability of urban water distribution system using artificial 

neural networks to optimal operation management.” 2nd Conference on Water Resources Management,
Isfahan University of Technology, Isfahan. (In Persian) 

20- Tabesh, M., and Soltani, J. (2007). “Failure modeling in pipe urban water distribution system using neural 
networks-fuzzy in order to optimal operation management.” 3rd National Congress of Civil Engineering,
Tabriz University, Tabriz. (In Persian) 

21- Tabesh, M., Soltani, J., Farmani, R., and Savic, D. (2009). “Assessing pipe failure rate and mechanical 
reliability of water distribution networks using data driven modeling.” J. of Hydroinformatics, 11(1), 1-17. 

www.SID.ir


