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Seismic reliability assessment of water supply pipeline networks
based on equivalent scenario

JIA Rui, DU Kun, SONG Zhigang
(Faculty of Civil Engineering and Mechanics, Kunming University of Science and Technology, Kunming 650000, China)

Abstract: The seismic reliability of water supply networks refers to its capacity to satisfy water demands of customers
in the presence of potential seismic events. Currently, the majority of seismic reliability assessments for water supply
networks employ Monte Carlo simulations to generate numerous seismic damage samples for evaluation. However, this
approach becomes highly demanding in terms of labor and time when assessing extensive and intricate networks. To
address these challenges, the equivalent scenario method is proposed as a means to enhance computational
efficiency. The proposed method involves the generation of posterior probabilities using seismic damage scenarios.
Subsequently, these probabilities are employed to generate equivalent scenarios. Finally, the equivalent scenarios
are utilized to determine both the node reliability index and the system reliability index. The simulation results
obtained using the proposed algorithm are then compared with those obtained using the traditional Monte Carlo
method.The results demonstrate the feasibility of generating equivalent scenarios based on posterior probabilities.
Specifically, when evaluating the reliability of 100 equivalent scenarios at a seismic intensity of 8 degrees, a few
nodes exhibit evaluation errors exceed 10%, while the evaluation errors for the remaining nodes at lower seismic
intensities are below 5%. Additionally, the evaluation errors for small seismic intensities are all below 5%. Moreover,
increasing the number of equivalent scenarios from 100 to 250 can further reduce the assessment error to less than

5%. Thus, the algorithm proposed in this paper ensures accurate results while enhancing computational efficiency.
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Fig. 1  Generation of the seismic damage state matrix

1.2 ETEBRRSEENEIIREM
1.2.1 R TR bR M Y 5 S5 A i

AT 10,2 795 A A AR A R R A Sy 52 P el , o8 3% IR B2 40 1) St 9 AR A M0 E 47 0 2 0 X
Gy SRR EE B (R R R, AN R 5 B A I e AR AT G, SR DR R AT T A AR R e A
Xt TR TSP I S AN R TR H R SO R R BGIEA T, ORI EL IR R 5 561
R BN e G 1.2 T A GRS AR A TR 2 iR RSO AR X R
R BT 28 R R BT g 5 00— 28 R TH RO — 283 5 RS S s B LA R
N m SRR B AR AN 2 B,

|_0 1 - 2 1_| 1 S BN BTTS
| 1 - 1 - 2 0 I 1 P=T\/m TRE R0 T4,
Do =) : =) Y ONT,
P,=T.,/m
{2 2 - 1 2] ] BSOS
T L S N

B : Y EEONT,
P=Ty/m Ry AT
T | w | RO = e g

TE:m NEFF RIS o WEIBEG POSRERCE | MRIBER, TOVBREEUL i A

B2 ERBREM

Fig. 2 Posterio probability generation
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Fig. 3 Flow chart for generating equivalent scenes
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Table 1 Basic informations of two benchmark networks

(4L KR R EERE A FEAKE/km BIDKE/(Ls)  WACFEET)/m
Grid 1 36 61 120.10 2131.20 56.37
Modena 4 268 317 71.81 406.94 25.12
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Fig. 5 Percentage of scenes and the number of Monte Carlo scenes
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Fig. 7 Scatter plots of nodal reliability at seismic intensity of 8 degrees
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