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Abstract

Introduction: It is essential to optimize repair, reconstruction and
rehabilitation programs of urban water distribution networks for the
correct use of limited water resources. The aim of the present study
is to implement and compare two artificial intelligence methods to
predict the burst rate of water pipes.

Methods: In this article, dataset of the pipe bursts in Joopar water
network from 2012 to 2017 has been collected. The parameters for
predicting of pipe failure includes: material, age, diameter, water
pressure and installation depth, and the correlation coefficient of
these parameters with the failure rate has been investigated. In order
to predict the failure rate, convolution neural network with support
vector machine (RCNN-SVR) and fuzzy regression based on c mean
clustering (FCMR) have been used. To compare the performance of
these two methods, the criteria such as Root-Mean Squared Error
(RMSE), Index Of Agreement (I0A), Mean Absolute Percentage Error
(MAPE), and coefficient of determination (R2) have been used.
Findings: According to the evaluations, RCNN-SVR method
compared to FCMR method shows excellent results. Also, the
correlation between age and failure rate in asbestos pipes is high and
in polyethylene pipes this value is positive but low. The correlation
coefficient between pressure and failure rate is also positive for both

pipe types.
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Extended abstract

Introduction

Water distribution networks (WDNs) are
critical infrastructures. The objective of
WDNs is to provide water with desirable
quantity, quality and pressure for the
consumers. However, in case of pipe failure
which is the progressive effect of physical,
operational and weather-related factors,
might fail the WDN to achieve these goals.
Pipe burst prediction helps to prioritize the
maintenance, repair, rehabilitation and
replacement of pipes after assessing and
forecasting pipe propensity to burst. In
addition, pipe burst prediction can be used
for budget allocation and cost analysis of
dynamic or static designing of water
distribution networks. The goal of any data
analysis is to extract accurate estimation
from the raw information. One of the most
substantial and typical issues is whether
there is statistical relationship between a
response variable and explanatory variables.
One way to answer this issue is to employ
regression analysis in order to model its
relationship.

Materials and Methods

In order to implement the regression
models, six different input variables consist
of pipe diameter, length, age, depth of
installation, average and maximum
hydraulic pressure have been used. Two
multivariate regression models for pipe
failure prediction such as FCMR and RCNN-
SVR will be implemented and discussed.
Fuzzy c-means regression (FCMR) is an
extension of fuzzy c-means approach which
is one of the most popular clustering
methods. It performs classification based on
the iterative minimization of an objective
function and constraints. The membership
values are initialized randomly and both
these and the cluster centers are iteratively
updated until the maximum change in
membership values becomes less than or
equal to a specified threshold. The cluster
center and membership values are then
iteratively updated until either the
maximum number of iterations or threshold
is reached. Finally, the weighted least square
is used for regression model, in which

weights are membership values of train data
and for each cluster, regression coefficients
are calculated.

RCNN-SVR has two main steps, the feature
extraction step in RCNN model, and
predicting step in SVR model. The feature
extraction is performed by three convolution
layers, and three max pooling layers, one
rectified linear wunit layer, and one
normalization layer. The prediction step
consists of a fully-connected layer and a
regression layer. Convolutional layers apply
sliding convolutional filters to the input. The
layers convolve the input by moving the
filters along the input vertically and
horizontally and computing the dot product
of the weights and the input, and then adding
a bias term. A max pooling layer performs
down-sampling by dividing the input into
rectangular pooling regions, and computing
the maximum of each region. Finally, a
channel-wise local response normalization
layer carries out channel-wise
normalization. In prediction stage the SVR
uses features which extracted from RCNN.

Findings

The WDN of Joopar city is selected as the
case study for pipe failure prediction and has
an area of 12 Km? and covers 2622 water
subscribes with 51.6 km of water
distribution pipes. The network with a
lifespan of more than 50 years, was built in
the early days with asbestos cement pipes
and developed with polyethylene. In this
case study, 158 cases of pipe failure for
polyethylene (PE) pipes with diameters of
29.4-101.4 mm and 124 cases for asbestos
cement (AC) pipes with diameters of 100-
200 mm have been used as regression model
datasets which have been collected by
author during 2012-2019. As mentioned,
diameter, length, installation depth, age,
maximum and average hydraulic pressure of
pipes are considered as the main variables
that influence the PBR of pipes. The linear
relationship of the collected data is
measured with the Pearson correlation
coefficients. As can be seen from the
obtained results, it is evident that there is a
correlation between PBR and the pipe burst
variables. A higher PBR values obtained with
the higher average or maximum pressure of
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PE pipes. Conversely, increase in the values
of length, diameter and depth of PE pipes
decrease the corresponding values of PBR. It
is worth mentioning that the development of
the WDN of Joopar city was performed with
PE pipes, which have a resistance near
existing pressure in the network. So, it is
expected to have low correlation between
age and high correlation between pressure
and PBR. On the other hand, as represented
results show, there is a negative correlation
coefficient between diameter and PBR.
Based on local investigations, it has been
found that old asbestos cement pipes can
bear a pressure more than the present
pressure in the network. Findings show
there is a strong positive correlation
between age and PBR because of aged pipes,
verifying that by increasing the age of pipes,
PBR will increase. Also, it can be seen that
there is a positive correlation coefficient
between both P., and Pmax and PBR.
According to the mentioned regression
techniques, data-driven pipe burst models
were set up for the asbestos cement and
polyethylene pipes in Joopar WDN.
According to the calculated values, the
RCNN-SVR model, with a relatively long
computational time, is the most accurate
burst rate predictor of pipes. According to
authors’ knowledge, implementing the
RCNN-SVR model for PBR prediction has not
been reported yet.

Discussion and Conclusion

In this paper we compared and evaluated
two artificial intelligence and machine
learning methods, Fuzzy regression based
on c-means clustering (FCMR) and
regressive convolution neural network with
support vector regression (RCNN-SVR) for
pipe failure prediction and implemented
them in Joopar WDN as a real case study.
Models were setup based on pipes age,
diameter, length, installation depth,
maximum and average hydraulic pressure of
pipes as the input variables and pipe burst
rate (PBR) as model output. Models
performance has been compared with error
assessment criteria such as Root-Mean
Squared Error (RMSE), Index Of Agreement
(I0A), Mean Absolute Percentage Error

(MAPE), and coefficient of determination
(R?). Findings show that RCNN-SVR is the
most accurate prediction model, which has
the lowest values of RMSE and MAPE which
can effectively predict the burst rate. The
analyses show that there is positive
correlation between pressure and PBR for
PE and AC pipes.
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