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ABSTRACT

The earthquake resistance and disaster prevention of the water supply networks
(WSNSs) is a war between human beings and nature. The importance is self-evident. It
can be said that WSNs and earthquake fields are the two sides of the war. WSNs are
the internal cause of the contradiction while earthquake fields are the external cause.
Therefore, to correctly assess the internal and the external causes and win the war
with the minimum expenditure is the actual requirement of strategies and tactics. The
Art of War ever points out that “Know yourself and know your enemy, you will win
every war.” All in all, this study focuses on two sides, namely to know oneself (WSNs)
and to know the enemy (earthquake fields).

The first chapter firstly reviews the study on the seismic response analysis of
buried pipe networks and the seismic reliability research of WSNs. Different methods
are classified and their fundamental principles, development sequence, merit, and
demerit are summarized. By analyzing the physical mechanism of WSNs to resist
earthquakes, it is verified that the seismic response analysis of buried pipe networks
and the seismic reliability research of WSNs are two backbones of the seismic
resistance study of WSNs. Therefore, the study of this project also focuses on these
two sides.

The second chapter concentrates on the external cause, namely the earthquake
field. It firstly modifies the physical random function model of ground motions
suggested by our research team. Based on that, a new coherence function model of
ground motion in engineering sites based on physical mechanism is suggested. Also,
the rationality is verified. Then the coherence function in four kinds of sites is
analyzed. Then the amplitude spectrum and phase spectrum are modified to establish
a new earthquake field model, which cannot only reflect the wave passage effect but
also show up the dispersion effects of seismic waves in local sites.

The third chapter firstly analyzed the lateral pipe-soil spring stiffness by wave
theory. Different influence factors are discussed. Then the finite element model of
buried pipe networks to obtain the seismic response is validated by an artificial
earthquake test. The influence of deformed pipes in the network is also discussed by
the numerical model.
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The fourth chapter realizes the stochastic response analysis of buried pipe
networks based on the Probability Density Evolution Method (PDEM). Meanwhile,
the Chinese codes are modified according to the numerical results of seismic response
of typical pipelines based on the PDEM.

The fifth chapter obtains the steady and transient flow in leaking WSNs after
combining with the leakage model with the steady and transient flow analysis method
of normal WSNSs. Also, the numerical program is verified.

The sixth chapter firstly analyzes the reliability index and the physical
mechanism of WSNs to resistant earthquakes. Based on the physical mechanism, a
new approach to evaluate the aseismic functional reliability of WSNs is suggested
based on the transient flow theory by use of PDEM. Then a small WSN is studied as
an example to demonstrate the feasibility of the new method.

The seventh chapter uses the WSN in Mianzhu City as an example to prove the
engineering meaning of suggested method. The finite element model is built and the
stochastic seismic response of buried pipe network is obtained based on PDEM. Then
the seismic functional reliability of the WSN is got based on the transient flow theory,
which verifies the engineering value of the new method.

The eighth chapter summarizes the main conclusions of this paper and the
problems requiring further studies are discussed.

The innovation of this thesis lies in the following three points: (1) Based on the
results of artificial earthquake test, the modeling method of underground pipe network
is validated; (2) The transient flow analysis of leaking pipe network under
earthquakes is realized; (3) A framework for seismic reliability accessment of water
supply networks based on physical mechanism is established.

Key Words: water supply network, earthquake field, stochastic seismic response,
reliability, probability density evolution method, pipe-soil interaction,
steady flow, transisent flow, finite element method
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