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Abstract

Hydraulic analysis of pipe networks is generally done considering certain values for
independent parameters of the system such as roughness of pipes, nodal demands, etc.
Such analysis would inevitably lead to certain hydraulic responses of the system, i.e.
nodal pressures, etc. This is while, inherent uncertainties associated with independent
parameters as expected stresses, spread over the system and result in hydraulic stress in
nodal pressure heads as dependent uncertainties. Using optimization tools, this study
presents a reliable approach based on interval analysis to deal with these uncertain
hydraulic stresses. In the proposed approach, the optimization problem is formulated in
a manner that the nodal demands, roughness of pipes and water levels in elevated tanks
would be the decision variables while extreme nodal pressures for unknown intervals
are explored as the objectives functions. The large number of junctions in the case of
real pipe networks, leads to inefficient iterative use of single objective optimization
engine. In order to this problem, this study exploits a many-objective approach with an
appropriate performance. Applying the proposed approach on a real pipe network shows
that +15% variation in nodal demands and pipes’ roughness in addition to +1m in water
levels might produce hydraulic stress in pressure heads from -13.7% to +10.2% with
regard to the crisp values. In such a condition, it is possible for 125 junctions out of 128,
to fail in satisfying the minimum required pressure head. It is demonstrated that the
proposed approach has acceptable accuracy for analyzing hydraulic stress in real water
distribution networks.

Keywords: Hydraulic Stress, Uncertainty, Interval Analysis, Water Distribution
Network Analysis, Many Objective Optimization.
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Table 1. Crisp nodal demands for the case study

Node oo Node oo Node oo Node oo Node oo Node oo

(LPS) (LPS) (LPS) (LPS) (LPS) (LPS)

1 0 26 0.61 51 0.97 76 0.21 101 0.27 126 0

2 0.37 27 0.22 52 0 77 0.19 102 0.09 127 0.22

3 0.31 28 0.16 53 0 78 0.21 103 0 128 0.04

4 0.09 29 0 54 0.2 79 0.24 104 0.53

5 0.14 30 0.13 55 0 80 0.29 105 0.17

6 0 31 0.09 56 1 81 0.28 106 0.09

7 0.12 32 0.1 57 0 82 0.21 107 0.21

8 0.18 33 0 58 0.19 83 0.7 108 0

9 0.2 34 0.33 59 0 84 0.1 109 0.18

10 0.3 35 0.26 60 0 85 0.43 110 0

11 0.01 36 0.24 61 0.53 86 0.14 111 0.2

12 0.12 37 0.24 62 0 87 0.64 112 0

13 0.12 38 0.16 63 0.36 88 0.14 113 0

14 0 39 0 64 0.21 89 0.74 114 0.43

15 0 40 0.19 65 0.42 90 0.44 115 0.12

16 0.48 41 0.07 66 0.24 91 0.37 116 0

17 0.69 42 0 67 0 92 0.31 117 0.12

18 0.22 43 0.05 68 0.15 93 0.18 118 0

19 0.52 44 0 69 0.07 94 0.13 119 0.13

20 0.18 45 0.19 70 0.15 95 0 120 0

21 0.03 46 0 71 0.21 96 0.09 121 0.13

22 0 47 0.35 72 0.24 97 0 122 0.54

23 0.87 48 0.95 73 0.1 98 0.14 123 0.16

24 0 49 0.21 74 0.14 99 0 124 0

25 0.46 50 0.69 75 0 100 0.08 125 0.11
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Table 2. Pipe data for the case study

Pipe Start End Length Diamet Pipe Start End Length Diamet Pipe Start End Length Diamet Pipe Start End Length Diamet
ID Node Node h(m) er(mm) ID Node Node h(m) er(mm) ID Node Node h(m) er(mm) ID Node Node h(m) er(mm)

1 3 4 844 75 38 39 40 335 75 74 67 68 36.6 63 109 99 24 582 90

2 5 6 408 75 39 40 41 274 125 75 69 70 347 75 110 53 99 658 125
3 6 7 232 90 40 41 32 774 75 76 65 71 869 75 111 54 100 32.0 75

4 7 8 579 63 41 40 43 186 110 77 71 46 1445 75 112 12 101 497 90
5 8 9 750 75 42 43 45 436 9 78 71 72 344 63 113 101 102 75.6 63

6 8 10 655 75 43 39 47 68.0 90 79 43 73 85.6 75 114 101 9 634 75

7 5 11 238 75 44 47 48 622 125 80 73 69 893 63 115 9 103 765 75

8 12 13 63.7 90 45 47 49 969 63 81 73 74 36.6 63 116 103 104 933 75

9 1 14 475 140 46 49 36 518 75 82 75 76 354 75 117 104 105 65.5 75

10 15 16 533 75 47 49 50 1100 75 83 69 77 86.0 63 118 105 106 83.5 75
11 1 17 1847 90 48 50 51 1241 75 84 77 44 1692 75 119 106 4 619 75
12 17 2 920 90 49 51 52 163.1 125 8 77 78 3738 75 120 7 107 80.8 75
13 14 17 1539 90 50 51 53 442 110 86 41 79 89.0 75 121 108 12 585 63
14 14 18 137.8 110 51 53 54 576 75 87 79 75 893 63 122 108 109 853 75
16 18 19 106.1 75 52 48 55 640 110 88 79 80 582 63 123 110 111 338 63
15 18 20 80.2 63 53 55 45 378 110 89 75 81 604 75 124 3 112 527 75
17 20 15 485 90 54 55 56 439 75 90 75 82 86.0 63 125 112 113 454 75
18 21 22 344 110 55 35 58 1003 63 91 82 42 1725 75 126 110 114 229 75
19 22 23 567 110 56 Resl 1 997 125 92 82 83 619 63 127 114 108 439 75
20 24 25 320 90 57 Res2 59 695 110 31 32 84 564 75 128 114 115 31.7 75
21 16 26 161.8 75 58 59 57 649 110 94 84 85 96.0 63 129 11 116 128 75
22 26 11 155 90 59 52 60 1366 140 93 84 86 8l.1 75 130 116 110 19.8 63
23 25 26 1049 75 60 60 48 1332 125 96 86 87 1067 63 131 116 117 338 63
24 25 27 512 75 61 Res3 60 357 200 95 86 88 692 75 132 112 118 11.0 75
25 27 28 66.1 75 62 57 61 259 110 98 88 89 1183 75 133 118 5 597 75
26 28 29 192 63 63 61 46 283 125 97 88 90 917 90 134 118 119 39.0 75
27 29 16 555 75 64 46 62 329 110 99 90 33 1164 110 135 120 3 408 90
28 29 30 759 63 65 62 44 195 110 100 90 91 140.8 63 136 120 121 53.0 63
29 15 31 223 90 66 44 42 457 110 101 56 92 329 75 137 2 122 28.0 110
30 31 34 479 75 67 42 33 887 110 102 50 93 67.1 63 139 122 123 509 110
32 34 32 1058 63 68 56 63 2984 63 103 94 95 235 75 138 122 124 8.8 63
33 34 35 1088 90 69 63 57 1637 75 104 95 96 100.0 63 140 124 120 62.2 90
34 35 36 277 9 70 63 64 38.1 75 105 96 28 25.6 75 141 124 125 393 63
35 36 37 1042 75 71 65 66 375 63 106 54 97 262 63 142 20 126 1274 75
36 37 38 469 63 72 45 67 832 63 107 97 98 363 63 143 126 21 274 110
37 37 39 732 75 73 67 65 88.7 63 108 13 99 573 90 144 126 127 49.1 63
145 96 128 594 63
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