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Lifelines are systems such as transportation systems,
energy transmission systems, and communication systems,
that are essential for human life and urban functions. Without
lifelines many large metropolitan areas will be paralyzed.
Lifeline systems are highly sensitive to natural disasters such
as earthquakes, floods, tsunamis, storms, and heavy snows.
Therefore, determining the current status of critical lifelines
and making them palpable is crucial for the country’s major
decision makers so that they can make the right, quick, and
economical decisions.

One of the most important lifelines in any city is the water
supply network. Damage to the urban water supply system
directly and indirectly causes lots of human and economic
damages to the community, including inadequate access to
safe drinking water and increased likelihood of contagious and
fatal diseases, inability to extinguish fires. Since the 1970s,
with the advent of urbanization and the transformation of cities
into metropolises, attention has been paid to vital lifelines,
including the water supply network. Initially, research on the
components of this network has involved the modeling of
various types of pipe failures, soil and pipe interactions, and
facial joints. But in the recent years, more attention has been
paid to the overall performance of the system.

In this research, different types of rectangular cracks in the
water network have been tested. The laboratory model was
prepared with five rectangular cracks with identical opening
cross-sectional area and six circular and square cracks with
variable opening cross-sectional area. Steel pipes were used
in these experiments. The influence of cross-sectional area,
pipe diameter, and aspect ratios of the rectangular cracks
was discussed. The results showed that, in high Reynolds
numbers, the pressure and Reynolds number have no effect
on the amount of discharge coefficient, and besides, for
low and moderate viscosities, the more the aspect ratio of
rectangular crack, the more is the discharge. In view of
the considerable number of tests, and after studying the
consistence of the results with the separate results reported
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in the literature, a relationship for the leakage coefficient
based on physical characteristics, including pipes diameters,
cracks’ cross sectional area and rectangular cracks’ aspect
ratio was presented. This relationship is important in that
the damaged water supply network can be investigated
independent from the hydraulic parameters.

Finally, the proposed empirical relation was used to
analyze the damaged network of Mashhad Zone 3 region.
Based on the region’s seismic parameters, six failures were
predicted for the investigated water network. An optimization
program was developed based on the genetic algorithm
and considering resiliency as the objective function, and
the locations of the fractures in the pipes was determined
by minimizing the objective function. Finally, the damaged
network was analyzed and the network status was determined.
The results of this research are summarized as follows:

1- Accuracy of the values of leakage coefficient and
leakage exponent allocated to failures are of considerable
importance in more detailed study of seismic vulnerability
of water network. In more detail, changes of about fifteen
percent in leakage coefficient can lead to changes up to
twenty-five percent in estimation of the pressure at the
water network nodes.

2- In calculations related to seismic vulnerability of water
networks, 0.64 and 0.5 are in general appropriate
values for the leakage coefficient and leakage exponent,
respectively.

3- With increasing in the aspect ratio of the rectangular
cracks on the steel pipes, the discharge increases, when
the viscosity is low or moderate. This is theoretically
explained.

4- An empirical relation for the discharge coefficient of
rectangular openings based on the physical parameters:
pipe diameter, opening area, and opening aspect ratio, is
presented.

5- Hydraulic Endurance Time (HET) parameter of the water
supply network is a new parameter that shows the seismic
vulnerability of water networks after the earthquake.

6- Installation of pressure reduced valves (PRV) is very
effective in increasing the networks HST. For increasing the
HST, however, the locations of PRV s may be considerably
more important compared to the number of PRVs.

Keywords: Water network, Leakage, Rectangular cracks,
Seismic performance, Hydraulic endurance time (HET),
Resiliency
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