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Abstract

Predicting pipe failures in water distribution networks is crucial for transitioning from reactive maintenance to
proactive management. However, developing accurate predictive models faces challenges posed by imbalanced data
(failures vs. non-failures) and the recurring nature of these events, which are often overlooked. This research addresses
these challenges by developing a weighted logistic regression model, a machine learning technique. The study utilized
12 years of real-world pipe failure data from the water distribution network of District 2 in Tehran. The data were
randomly split into two subsets: 70% for training and 30% for validation, to verify the model’s performance on unseen
data. The model’s performance was evaluated using the Receiver Operating Characteristic (ROC) curve, and it
demonstrated high predictive power with an Area Under the Curve (AUC) of 0.88 on the validation set. Pipe length
was identified as the most significant predictor, with an odds ratio of 1.02. A negative coefficient for pipe age (-0.104)
was a key finding, attributed to survivor bias stemming from premature failures due to improper installation. This
model can serve as a reliable tool for water utilities to prioritize pipe inspections and replacements, emphasizing the
critical role of installation quality alongside the pipe’s physical characteristics.

Keywords: Pipe Failure, Water Distribution Network, Machine Learning, Imbalanced Data, Recurrent Events.
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1-  Machine Learning

2- Regression Analysis

3-  Decision Tree

4- Random Forest

5-  Support Vector Machine

6- Extreme Gradient Boosting
7- Logistic Regression

8- Support Vector Classification
9- Overfitting

10- Binary Classifier

11- Ductile Iron

12- Polyethylene
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13- Asbestos- Cement

14- Steel

15- Un Plasticized Polyvinyl Chloride
16- Failure

17- Event-Time

18- Re-weighting

19- Training

20- Validation

21- Receiver Operating Characteristic
22- Sensitivity

23- Specificity

24- True Positives Rate

25- False Positives Rate

26- Confusion Matrix

27- Area Under the Curve

28- Accuracy

29- Precision

30- Likelihood Ratio Test

31- Survivorship Bias

32- Real-Time
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