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In this article The amount of hydraulic resilience of Sadra city water network against
earthquakes with different intensities and locations and considering the physical
characteristics of the network and the complete characteristics of pipes, both
geometric and hydraulic, have been studied. The population index affected by the
decrease in the efficiency of the urban water supply network caused by the
earthquake has been studied and compared as an important criterion for different
scenarios. The results of this study are 5 objectives of identifying critical pipelines,
determining the resilience of Sadra water network, determining critical areas based
on failure criteria, determining the population affected by pipeline failure and
examining different urban areas in terms of water leakage. For this purpose, 18
scenarios with changes in earthquake intensity, earthquake center and two repair
strategies with a decrease in the expected consumer demand were examined. The
results showed that in earthquakes with less intensity, the northern region has the
highest amount of damaged pipes, while with increasing earthquake intensity, the

i city center is more vulnerable. Likewise, results regarding the Todini index depicted
: that North is the most vulnerable region and the south is the most resilient region
¢ against earthquakes. In addition, the study of leakage diagrams from the pipeline
¢ network also confirmed that the highest rate of leakage occurs in the north of the
: city, as a result of which the most affected population due to earthquake damage to
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Extended Abstract

Introduction

Cities are considered flexible but complex systems. They have dynamic and interconnected systems that
constantly respond to internal interactions and external factors. In order to deal with climate change and
natural disasters in this complex environment, there is a need for adaptation, co-management and
adaptive governance. Increasing the level of resilience of the urban environment to the stresses caused
by the crisis and minimizing the time of rehabilitation, as well as improving the living standards of
people and in general, resilience of cities against natural and unnatural disasters are among the most
important factors which should be considered in the planning and design of cities. In this paper, the
hydraulic resilience of Sadra city water network against earthquakes with different intensities and
epicenters and considering the physical characteristics of the network and the complete characteristics
of pipes, both geometric and hydraulic, have been studied.

Methodology

In this paper, the network model was developed in EPANET and hydraulic analysis was performed, then
it was used as input in WNTR (water network tool for resilience) which was coded based on Python.
There are many resilience criteria including redundancy, strength, reliability, speed, compatibility and
resilience for water distribution systems. Each of these criteria is different in the study of hydraulic,
economic, topographic or water safety resilience. Earthquake-affected population index is an important
criterion for urban planners, which in this article, as a hydraulic resilience index, are reviewed and
compared for different scenarios. 18 scenarios were examined with changes in earthquake intensity (5.
5, 6 and 7 Richter), earthquake epicenter (north, center and south of the study area) and two repair
strategies with a decrease in the expected consumer demand. After an earthquake, some pipes leak or
fail, and the fragility curve is used to determine the level of damage and failure of these pipes. Pipes are
divided into two parts based on the probability of failure: minor and major, and pipes with major failure
level are prioritized from maximum to minimum probability of damage or leakage, respectively. Finally,
the return time of the system to normal condition and the maximum affected population is determined.
To investigate the failure criteria in the water distribution network, Todini index, which indicates the
capacity and potential of the network in maintaining the flow rate and pressure head, and the Crowl and
Louvar model are used to simulate leakage from pipes. After the earthquake, changes in this index and
leakage over time were investigated for different scenarios.

Results and discussion

According to the definitions of resilience and the concept of system reversibility, there are various
strategies for repairing water distribution networks. Achieving a return to normal is important for
decision makers and city managers during crisis management. By examining this index, it was found
that the entire network returns to normal about 11 days after the earthquake with a magnitude of 7 and
for an earthquake with a magnitude of 6 according to the repair strategy and the location of the
earthquake is about 5 to 7 days after the earthquake. In this paper, we are looking forward the 5
objectives of identifying critical pipelines, determining the degree of resilience, determining critical
areas based on failure criteria, the relationship between resilience index and failure criteria and
examining different urban areas in terms of water leakage in pipes for city planners and city managers.
It was found that the entire network has the potential to maintain the flow rate and pressure head
approximately 14 days after the earthquake. Examining both hydraulic resilience and failure indices, we
find that the behavior of the index changes is similar for different scenarios. Also, changes in the amount
of water leakage in broken pipes over time were investigated by two approaches. The first approach is
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to investigate the effect of earthquake intensity on changes in leakage rate and the second approach is
to investigate the effect of earthquake location (north, center or south) on leakage rate. The investigation
revealed that the amount of leakage from the earthquake with a magnitude of 6 and above has a large
increase and we are witnessing the most leakage in the northern region. In this paper, high-risk areas,
pipes with high vulnerability and densely populated areas were identified and introduced. He considered
the critical numbers as pipes No. 28006, 32002, 16031, 9008, 8011, 27001, 7014 and 2042. In order to
rehabilitate and rehabilitate the water network by identifying vulnerable pipes, it is recommended that
these pipes be repaired or replaced to reduce the damage caused during the earthquake by rehabilitating
them. Also, according to the repair strategy mentioned in the article (second case strategy), less
populations are affected by earthquakes, which is a good way to deal with it. Finally, a conceptual
relationship between resilience dimensions and crisis management stages is shown.

Conclusion

Investigating the resilience of the water network against earthquakes and reducing vulnerability in terms
of the number of affected people and the return time of the network to normal condition is important in
urban crisis management and sustainable urban development. Considering the structural and
organizational dimensions of resilience (redundancy, resource ability, resilience and reversibility), in
this article, the relationship between crisis management stages (prevention, preparedness, response and
reconstruction) with these dimensions was identified. To express the concept of prevention of high-risk
areas, highly vulnerable pipes were identified in densely populated areas. In order to have preparedness,
the proper location of the network repair teams based on high-risk areas are identified. Number of repair
teams could also been estimated accurately upon the results. In the reconstruction and rehabilitation
phase, by identifying vulnerable pipes, it is suggested that these pipes be repaired or replaced in order
to reduce the damage caused by the earthquake during the earthquake.
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