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Fig. 1 The plane figure of the ground condition and

pipe network
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Tab.1 Known data of the nodes

(ET= S F WREER || W T R/
5 mfE/m (Lesh 5 EE/m (Les™H
1 109.0 18.7 18 106. 0 18.0

2 114.3 29.8 19 112.4 16. 2

3 116. 3 58.1 20 112.4 18.3
4 116. 4 24. 8 21 112.8 24.0

5 117.5 28.7 22 112.0 24.0

6 120. 4 17.0 23 114.4 18.4

7 121.2 23.6 24 115.3 18.0

8 123.6 25.2 25 114. 2 35.3

9 124.0 19.0 26 115.8 34.5
10 127.5 24.9 27 117.1 34.7
11 122.9 18.0 28 118.9 21.7
12 118.7 12.9 29 120.5 4.0
13 117. 4 43.5 30 123.1 12.3
14 116.0 38.8 31 114.0 19. 6
15 115.0 23.2 32 103.0 —654. 8V
16 114.2 38.0 33 153. 8 —115. 7V
17 112.6 23.3
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Tab. 2 Known data of the pipes
BEYS HEs ANA BK/m Hf/m CHW | HES KW ZWH HK/m H%/m  CHW

1 1 2 1100 0. 50 130 26 23 24 430 0. 50 130
2 2 3 850 0. 50 130 27 23 31 520 0. 50 130
3 3 | 550 0. 40 130 28 2 31 680 0.25 130
4 4 5 980 0. 35 130 29 22 31 530 0.50 130
5 ) 27 600 0.15 130 30 21 22 1 050 0. 50 130
6 13 27 530 0.15 130 31 1 22 550 0. 50 130
7 13 14 950 0. 30 130 32 5 6 960 0. 30 130
8 14 15 1030 0. 20 130 33 6 7 550 0. 30 130
9 15 16 1020 0. 20 130 34 7 8 960 0. 30 130
10 16 25 600 0.25 130 35 8 9 780 0.25 130
11 24 25 780 0. 40 130 36 9 10 900 0. 30 130
12 3 24 380 0.25 130 37 8 30 970 0. 20 130
13 4 26 670 0.25 130 38 7 28 580 0.15 130
14 26 27 960 0. 35 130 39 27 28 980 0. 35 130
15 14 26 600 0. 25 130 40 28 29 360 0. 30 130
16 25 26 820 0. 40 130 41 29 30 250 0. 30 130
17 14 16 820 0. 30 130 42 10 30 600 0. 30 130
18 16 17 930 0. 35 130 43 10 11 700 0.25 130
19 17 18 800 0.15 130 44 12 29 750 0. 20 130
20 18 19 800 0. 20 130 45 11 12 895 0.25 130
21 17 19 330 0. 40 130 46 12 13 600 0. 30 130
22 19 20 300 0. 40 130 47 10 33 1150 0. 45 130
23 20 25 920 0. 30 130 48 22 32 2 400 0. 60 130
24 20 21 400 0. 50 130 49 1 32 2 050 0. 60 130
25 21 23 680 0.25 130
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Tab. 3 Damage states of the pipe under different earthquake intensity

MR L I\ JE JLE
4,7,10,13,14,15, 4,7,10,12,13,14,15,16.17,19,20,
K b S R AL T8 RS 5,6,8,9,10,13,15
16,17,19,45 25.28,35,37,43,44,45
PR ™ B o SR AR S TAE Jc 5.6.8,9.38 5,6,8,9,38
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Tab. 4 Failure probability of the pipe under different earthquake intensity
P tE NS L
=24
Pn Pp P Pn P P Py P P
1 0.601 0.209 0. 190 0.563 0.245 0.193 0.482 0.319 0.199
2 0.774 0.158 0.068 0. 747 0.183 0. 069 0. 687 0. 240 0.072
3 0.674 0.194 0.132 0.631 0.235 0.134 0.538 0.322 0. 140
4 0. 600 0. 324 0.076 0. 350 0.563 0. 086 0.038 0.852 0.111
5 0.259 0. 649 0.091 0.009 0. 869 0.122 0 0.795 0.205
6 0. 259 0. 649 0.091 0. 009 0. 869 0.122 0 0.795 0. 205
7 0. 548 0.373 0.078 0. 250 0.658 0.092 0.008 0. 869 0.123
8 0.227 0.613 0. 160 0.010 0.794 0.196 0 0.715 0. 285
9 0.227 0.613 0. 160 0.010 0. 794 0.196 0 0.715 0. 285
10 0.474 0. 444 0.082 0.139 0.762 0.099 0 0. 857 0.142
11 0.766 0.165 0. 069 0.730 0.199 0.070 0.648 0.278 0.074
12 0.748 0.183 0.069 0.688 0.239 0.072 0. 549 0.372 0.078
13 0.488 0.431 0. 081 0.158 0. 744 0.097 0.001 0.862 0.137
14 0. 580 0.342 0.077 0. 309 0.602 0. 089 0.021 0. 863 0.116
15 0.474 0. 444 0.082 0.139 0.762 0.099 0 0. 857 0.142
16 0.612 0.312 0.076 0.374 0. 540 0. 086 0. 050 0. 841 0.109
17 0.537 0. 384 0.079 0.230 0.677 0.093 0.005 0. 868 0.127
18 0.761 0.170 0. 069 0.719 0.210 0.071 0.623 0. 302 0.075
19 0.591 0.272 0.137 0. 447 0.407 0.145 0.177 0. 660 0. 164
20 0.621 0.244 0.135 0.514 0. 344 0.142 0. 289 0.556 0. 155
21 0.767 0. 164 0.068 0.733 0.197 0.070 0.655 0.271 0.074
22 0.767 0. 164 0.068 0.733 0.197 0.070 0.655 0.271 0.074
23 0. 755 0.176 0. 069 0.705 0.224 0.072 0.588 0. 336 0.077
24 0.774 0.158 0.068 0. 747 0.183 0. 069 0. 687 0. 240 0.072
25 0. 649 0.218 0.133 0.577 0. 285 0.138 0.420 0.433 0.147
26 0.774 0.158 0.068 0. 747 0.183 0. 069 0. 687 0. 240 0.072
27 0.774 0.158 0.068 0. 747 0.183 0. 069 0. 687 0. 240 0.072
28 0.748 0.183 0. 069 0. 688 0. 239 0.072 0. 549 0.372 0.078
29 0. 681 0.188 0.131 0. 647 0.220 0.133 0.571 0. 290 0.138
30 0. 681 0.188 0.131 0. 647 0.220 0.133 0.571 0. 290 0.138
31 0.773 0. 159 0.068 0.745 0.185 0.070 0. 682 0. 245 0.073
32 0.662 0.175 0.162 0. 606 0.228 0.166 0.483 0.342 0.174
33 0. 759 0. 140 0.101 0.714 0.182 0. 104 0.611 0. 280 0.109
34 0. 660 0.207 0.133 0. 601 0.263 0.136 0.472 0.384 0. 144
35 0.751 0. 148 0.102 0.695 0. 200 0. 105 0. 567 0.322 0.111
36 0. 757 0.142 0.101 0.710 0. 186 0. 104 0.601 0. 289 0.110
37 0.734 0.196 0.070 0.657 0.270 0.074 0.475 0. 444 0. 081
38 0.710 0.219 0.071 0.601 0.323 0.076 0. 353 0.561 0. 086
39 0.511 0.242 0.246 0.451 0.298 0.251 0. 329 0.410 0.262
40 0.756 0.175 0. 069 0.709 0.220 0.071 0.598 0. 326 0.076
41 0.756 0.175 0. 069 0.709 0.220 0.071 0.598 0. 326 0.076
42 0.755 0.176 0.069 0.705 0.224 0.072 0.588 0. 336 0.077
43 0.748 0. 150 0.102 0. 690 0. 205 0. 105 0. 554 0. 334 0.112
44 0.734 0.196 0.070 0. 657 0.270 0.074 0.475 0. 444 0. 081
45 0. 566 0.214 0.221 0. 488 0.285 0.227 0. 331 0.430 0.239
46 0.756 0.175 0.069 0.709 0.220 0.071 0.598 0. 326 0.076
47 0.674 0. 194 0.132 0.631 0.234 0.135 0. 536 0.323 0. 140
48 0. 605 0.206 0. 190 0.570 0.238 0.192 0. 496 0. 306 0.198
49 0. 605 0.205 0. 190 0.571 0.237 0.192 0.499 0. 304 0.198
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Fig. 2 The changes of nodal water pressure under

different earthquake intensity
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Fig. 3 The changes of nodal flow under different

earthquake intensity
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assessment  through  water

Failure state simulation and functional analysis
of water supply system in post-earthquake

LIU Chun-guang”',

HE Shuang-hua’

( 1. State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China;

2. School of Civil Engineering and Communication, North China University of Water Resources and Electric Power,

Zhengzhou 450011, China )

Abstract: The water supply network is often damaged to some extent in earthquake, so the hydraulic
analysis of the water supply network with leakage is performed and then its seismic performance is evaluated
based on the failure state simulation of the pipelines. The relationship of nodal flow and nodal pressure is
adopted during the hydraulic analysis of the network combined with Chinese leakage model, and the nodal
flows and its pressure are obtained by solving a set of nonlinear equations. Since nodal flows are considered to
vary with nodal pressures in this model based on traditional hydraulic calculation method of the network,
negative pressures are avoided during the hydraulic calculations. The functional analysis approach is applied to

an example of water supply network after an earthquake.

Key words: water supply network; failure state; hydraulic analysis; leakage model



