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Optimal Design and Analysis of Seismic Reliability of
Urban Water Distribution Network

Xu Liang'”?, Peng Yongbo® and Li Jie'
(1. School of Civil Engineering, Tongji University, Shanghai 200092, China;
2. Shanghai Nuclear Engineering Research and Design Institute, Shanghai 200233, China;
3. Shanghai Institute of Disaster Prevention and Relief, Shanghai 200092, China)

Abstract: A first-order second-moment method with pipe leakage model for seismic reliability of water
distribution network is proposed in the present paper, which includes the randomness inherent in the occurrence of
earthquake damage of pipe network, and integrates the second-order statistics of responses of base-excited pipes.
The water distribution network of an urban city in the central China is investigated for illustrative purpose. The
reliability analysis of the network under basic seismic intensity is carried out. The results reveal that the nodes in
the network are all in the sound state in cases of the lower and medium seismic intensity, some of them, however,
are in the state of serious risk even of water break in case of the higher seismic intensity. Further, an optimal
design scheme for newly-planned water distribution network is constructed using a particle swarm optimal algorithm.
This scheme involves the objective function representing referred value of annual cost of network, the optimization
parameters indicating the network topology and pipe diameter, and the conditional quantity with node reliability of
network. A strategy of automatic generation of network is then proposed by introducing the road information of the
network area into the optimal design scheme, in virtue of which the intelligent seismic design method of water
distribution network is achieved. Numerical investigations show that the design method provides a foundation for the
rational balance between risk and investment, and a decision-maker can thus get access to the desirable scheme.

Key words: Seismic reliability; first-order second-moment; particle swarm; optimal topology; automatic

generation; water distribution network



