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Stochastic seismic response analysis and reliability evaluation of pipelines in
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Abstract: The liquefaction of saturated sand under the action of earthquakes can cause the buried pipeline to float up and the
system failure. To investigate the seismic response and reliability level of buried pipelines in liquefaction sites, a probabilistic
analysis method based on the probability density evolution method and equivalent extreme value distribution is proposed to
fully consider the randomness and non-stationarity of ground shaking. According to the excess pore water pressure, acceleration
and displacement of structures, the random dynamic analysis and reliability assessment of the buried pipeline are carried out.
The results show that the randomness of ground motion has a significant effect on the dynamic response of buried pipelines,
and the traditional deterministic analysis methods may underestimate the seismic response of pipelines. The proposed method
can be use to comprehensively study the floating mechanism and reliability level of buried pipelines. Under the action of
earthquakes, the pore water pressure increases, which leads to a decrease in the effective soil stress, and then liquefaction of the
soil occurs, causing the pipe to float up. The compression of soil at both sides towards the bottom of the pipe and the seepage
pressure towards the bottom of the pipe further aggravate the uplift of the pipe. Finally, the disaster mitigation effect and
mechanism of U-shaped gravel drainage on buried pipelines are studied based on disaster mechanism. The proposed stochastic

probability analysis method can be employed to accurately evaluate the buoyancy mechanism and reliability of pipelines.
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Fig. 1 Comparison between mean, standard deviation and response

spectrum and target values
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Fig. 2 Finite element mesh and position of observation nodes
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Fig. 3 Drainage measures for U-shaped gravel
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Table 1 Parameters of sand

Go Ko M, M: a a,
95.8 192.5 1.15 1.03 0.45 0.45
Huwo Ho Po B Vom Yy
800 600 4.2 0.2 0 2
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Table 2 Parameters of drainage crushed stone

Go Ko My Mt a; a,
217 500 1.32 1.30 0.45 0.45
Huo Ho Bo B YoM 7pm

4000 750 42 0.2 4 2
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Table 3 Parameters of ideal elastic-plastic contact surface

Kiw/MPa Ks/MPa o/(° ) c t
1000 10 23 0 0
F4 BERRLTSH
Table 4 Parameters of elastic concrete
E/MPa u p/(kg'm3)
25500 0.167 23
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Fig. 4 Distribution of excess pore water pressure
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Fig. 5 Time histories of excess pore pressure at characteristic

nodes
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