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Abstract

Abstract

Lifeline systems including transportation systems, water and gas transmission
networks, power supply systems and so on, are fundamental infrastructure systems to
support modern cities’ functions and maintain regional economic development. Also,
the lifeline systems are essential for sustaining the life of community after a
catastrophic event such as a destructive earthquake. Unfortunately, they are often
frangible under seismic action, and second disaster thereof is quite severe. The
seismic reliability of lifeline systems has become an important topic in earthquake
engineering field.

The design of lifeline systems consists of seismic reliability analysis and
optimization. Seismic reliability analysis of lifeline systems under earthquake load is
the basic problem in the lifeline systems’ design. Based on the failure characteristics
of buried pipelines, a theoretical point-type leakage model is applied which takes the
deformation of pipeline joints as the main damage mechanism to seismic reliability
analysis. Based on the hydraulic analysis of leaked water distribution networks after
earthquake, the reliability of nodes and systems are estimated by using the first-order
second-moment method.

Seismic optimization is the ultimate objective of seismic reliability analysis. Taking
network’s annual reduced cost as optimization object and seismic reliability as
optimization restriction, a network topology and pipe diameter optimization model is
established firstly. Then, particle swarm optimization is applied to the seismic
optimization problem of water distribution network successfully.

Combined with network elements sensitivity analysis, particle swarm optimization,
genetic algorithms, ant colony algorithm, Max-Min ant colony algorithm, and
simulated annealing genetic algorithm are used to solve the optimization problem of a
typical water distribution network. Then, some results of comparison are presented.
Finally, simulated annealing genetic algorithm which is the best one among all the
algorithms is chosen to optimize Mianzhu city water distribution network.

The strategy of automatic network topology generation is proposed, which makes
pipelines laid along roads. It makes the automatic generation of initial topology
population possible and is the foundation of the intelligent design of lifeline network.
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Abstract

Based on the strategy of automatic network topology generation, particle swarm
optimization is chosen to redesign Mianzhu city water distribution network.

An optimal water distribution network should not only have high reliability, but
also good robustness. In the thesis, the notion of robustness in water distribution is
first proposed, and preliminary study on analysis method for robustness is carried out.
Finally, some suggestions for the future research are given according to problems

found in the process of research.

Keywords: seismic reliability, network topology and pipe diameter optimization,
sensitivity analysis, automatic network topology generation, robustness
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