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Calculation of Probability of System Failure for Pipe Network with
Surge Tank regarding Unsteady Flow
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Abstract

In the present study, a reliability analysis calculating the probability of system failure has been performed using cut set and
results of numerical analysis for unsteady flow in pipe. Especially, the probability of system failure has been evaluated regarding
the effect of valve closure which is a really important activity in operation of piping system. In spite of small amount of demand,
it was found that fast valve closure can generate high probability of system failure. Furthermore, it was confirmed that surge tank
can reduce the unsteady effects and probability of system failure in water distribution system. From the results, it was found that
the unsteady flow has a significant effect on the probability of system failure Furthermore, it was able to find which pipe or cut
set has high probability of system failure. So it could be used to determine which pipe or cut set has a priority of repair and
replacement. Therefore, reliability analysis regarding unsteady flow has to be performed for the planning, designing, maintenance,

and operation of piping system.
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Table 1. Discharge and Piezometric head at steady state

condition
‘ Discharge : Piezometric ——
Pipe No. (m3 /8) Junction No. head(m) A
1 0.170 J-1 430.0
2 0.063 J-2 429.8 A
3 0.105 3 4284
4 0.007 -4 4298 A—><| | Check valve
5 0.107 J-5 4284
Pipel ———  a Pipe2 JL S
6 0.092 J-6 429.9
7 0.199 J-7 430.0
8 0.107 J-8 4284
9 0.038 Fig. 2. Schematic of Two-Way Surge Tank
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Fig. 1. Pipe network with Surge Tank
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Fig. 3. Piezometric head at J-4 with and without Surge Tank
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Fig. 4. Piezometric head at J-5 with and without Surge Tank
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Fig. 5. Discharge at P-4 with three different cases
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Fig. 6. Discharge at P-9 with three different cases
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Fig. 7. Discharge at P-4 with and without Surge Tank (CASE 1)
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Table 5. COV of the pipes regarding transient effect (CASE 3)

Tahla 2 OOV of tho ninoc rooarding dranciont offact (CAQE )

Table 2. Mean discharge and pipe number of the cut set Fine No. COV of the pipes (valve at J-3 closed in 2.0s).
e [ et | pgmfsl i g | g
1 17 0.359 J oo Gl
2 1,6,8 0.369 2 DA Hdse
3 1,69 0.300 8 b 0556
4 349 0.150 % DEP o)
5 2469 0.200 & A3 0058
6 25,7 0.369 LS @0 0oz
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Table 4. COV of the pipes regarding transient effect (CASE 2)

COV of the pipes (valve at J-3 closed in 1.0s)
Pipe No.
w/o Surge Tank w/ Surge Tank

1 0.300 0.087

2 0.250 0.110

3 0.212 0.066

4 0.411 0.320

5 0.287 0.089

6 0.258 0.086

7 0.283 0.09%5

8 0.245 0.079

9 0.425 0.174

7

r | O—8—F] case1

500t
;‘g 0.6
% 04 ”g
* 0.2

0.2 0.3 0.4
Demand at J-5(m%/s)

Fig. 9. Probability of system failure of Cut set #5 according to
demand at J-5 with three different cases
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Fig. 10. Probability of system failure of Cut set #10 according
to demand at J-5 with three different cases
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Fig. 11. Probability of system failure of Cut set #5 according to
demand at J-5 with and without Surge Tank (CASE 1)
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Fig. 12. Probability of system failure of Cut set #10 according
to demand at J-5 with and without Surge Tank
(CASE 1)
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Fig. 13. Probability of system failure of Cut set #5 according to

demand at J-5 with and without Surge Tank (CASE 2)
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Fig. 15. Probability of system failure of Cut set #5 according to

demand at J-5 with and without Surge Tank (CASE 3)
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Fig. 14. Probability of system failure of Cut set #10 according to

demand at J-5 with and without Surge Tank (CASE 2)
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Fig. 16. Probability of system failure of Cut set #10 according to

demand at J-5 with and without Surge Tank (CASE 3)
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