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1. Fuzzy reliability index
2. Hydraulic benefit in terms of adequate nodal pressure
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1. Introduction

Gradually, with urban population growth and development of Ahar city, old houses in the lanes and alleys
are changing into high-rise buildings. In most of these buildings the regulations are violated. This issue has
created a lot of problems for the inhabitants. The goal of the paper is to answer this question: "what is the
consequence of high rise building constructions without observing urban rules and regulations on hydraulic
performance of the Ahar water distribution network?" To answer this question, Ahar water distribution
network was selected as a case study and its hydraulic performances were investigated in different situations.

2. Methodology

In this paper, the ant colony optimization algorithm is used to adjust the model parameters by minimizing
the difference between the model-predicted and the field-observed data that are coupled with EPANET
(Rossman, 2000). The probability function of the ACO algorithms (Zecchin et al.,, 2005) is as eq. (1):

B
(73] [y ©]
B
DR TOINUMG)
where P;(k, t): is the probability of the k-th ant situated at node j at stage t, to choose an outgoing edge i,
T;;(t): is the pheromone intensity present on the edge i at node j and stag t, U;(t): is the desirability factor

present on the edge i at node j and stage t, and o, 3 are the parameters controlling the relative importance of
pheromone intensity and desirability for each ant’s decision. The pheromone intensity function is as eq. (2):

Py(k,t) = 6

where p: is the pheromone persistence factor representing the pheromone decay (evaporation) rate (note:
0<p<1); A T;;(t): is the pheromone addition on edge i at node j and stage t. The decay of the pheromone levels

enables the colony to forget poor edges and increases the probability of good edges being selected; T;;(t + 1):
is the pheromone intensity present on the edges i at node j and the stage(t + 1). The objective function is
written as eq. (3) (Dini &Tabesh 2013).

N T

F= z Z(Potj - ps,;)° (3)
=1

j=1t=1
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where N: is the number of observation locations; T: is the number of times that field data has been collected;
POtj: is the observed pressure head; and PSt;j: is the calculated pressure head at node j during time t; Ahar is an
old town, where most buildings are one or two floors and in certain areas the floors are 4 at most. In recent
years, incidentally some approvals were issued to construct high rise buildings up to 12 floors in Ahar city that,
in most of these buildings the regulations are violated. All high rise buildings were constructed in central and
western parts of the city. The construction of these buildings has changed the demands needed for network
nodes. To study the effects of these changes on hydraulic performances of network, water distribution network
was selected as a case study. Figure 3 shows the Ahar water distribution network that has been skeletonised
by excluding dispensable pipes (Dini & Tabesh 2014). The simplified network includes 192 pipes, 169 nodes,
one reservoir, 5 tanks and 3 pumping stations. To study the hydraulic performance of the Ahar water distribution
network, Fuzzy Reliability Index (FRI) (Ghajarniya, 2009), Hydraulic Benefit of Nodal Pressure (HBNP) and the
Hydraulic Benefit of Satisfactory Demand (HBSD) (Karijoo et al. 2004) are used.

Ts T

Figure 1: The structure of Ahar water distribution network

3. Results and discussion

To study the effects of excessive high-rise building constructions to the performance of Ahar water
distribution network, first water distribution network model is calibrated and then its hydraulic performance
is studied in three conditions such as the status before constructions, the present status (after the recent
constructions), and the future status (developing the constructions in central parts of the city in the future). To
simplify the problem, pipe roughness coefficients were classified into limited categories, based on the pipe
diameter in the network. Table 1 illustrates the results of a calibration of Ahar water distribution network.

Table 1: The results of a calibration of Ahar water distribution network

Category 4 Category 3 Category 2 Category 1
C Adjusted C C Adjusted C C Adjusted C C Adjusted C
C1 128 C1 70
Cc2 77 Cc2 84 cl 83
C3 140 C3 104
4 77 Cc2 80 Cc1 86
C117 103 C5 91
C118 119 Cé6 150 €3 o4
Learning data error
30.5 177.3 225 233.6
Testing data error
15.2 12.6 13.2 17.9

C= Number of pipe roughness coefficient subcategories
Adjusted C = The adjusted amount of pipe roughness coefficient
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The results of a calibration showed that the minimum testing data error belonged to the category of C3 with
a value of 12.6. For evaluating the hydraulic performance of the network in three conditions, the network is
modeled for the category of C3. Table 2 illustrated the results of evaluating of the Fuzzy Reliability Index (FRI),
Hydraulic Benefit of Nodal Pressure (HBNP) and Hydraulic Benefit of Satisfactory Demand (HBSD) in three
conditions as a total and areal reliability index.

Table 2: The hydraulic performance of the network in three conditions

Conditions FRI (%) HBNP (%) HBSP
Before status Total 0.31 0.41 0.16
Areal 0.44 0.45 -
Total 0.30 0.41 0.17
Present status Areal 036 039 ]
Total 0.26 0.31 0.14
Future status Areal 0.19 022 )

Comparison of the performance of Ahar water distribution network for three proposed statuses showed
that all of three reliability indices have small reductions in present status, but they have a big reduction in
future status. On the whole, if the constructions continue as the trend before and out of regarding the
comprehensive and developmental city and considering that the constructions are mainly focused in the city
center, the performance of the network will be endangered. The highest reduction of nodal pressure ending in
areas under constructions and the great reduction in the hydraulic performance of the network in that area is
among the consequences.

4., Conclusions

The aim of this paper is to study the effects of constructing high-rise buildings without considering the
regulations of the comprehensive city design in Ahar on the performance of water distribution network. Thus,
the ant colony optimization algorithm is used to adjust the model parameters by minimizing the difference
between the model-predicted and the field-observed data that are coupled with EPANET. Then the best
calibrated model was used to simulate the hydraulic performance of the water distribution network for
different conditions before and after high-rise building constructions. They were assessed by using the fuzzy
reliability index (FRI), hydraulic benefit in adequate nodal pressure (HBNP), and hydraulic benefit in
satisfactory demand (HBSD). The results showed that Ahar water distribution network enjoyed a good
performance after the constructions and meanwhile, it encountered with a shortage of pressure in some areas
before the constructions and these constructions have made the problem more severe. Hydraulic performance
of the network will be endangered if the present trend of constructions is continued and they are concentrated
in certain areas of the city. For example, the pressure in node 42 will decrease from 31.6m to 21.7m and the
areal amount of the fuzzy reliability index will be reduced from 0.44 to 0.19.
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