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Dynamic response analysis of shallowly buried water pipelines in liquefiable
sites with impervious weak layers

HU Zhengyang', ZHANG Xinlei" %, GAO Hongmei' 2, WANG Zhihua':2, SUN Yue', GAO Mengting'
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Abstract: Due to the combined effects of special bedding structures, hydraulic barriers in impermeable layers and the formation
of "water interlayers", the dynamic responses of shallowly buried water pipelines in liquefiable interlayer soil sites are complex.
A series of shaking table tests on the shallowly buried water pipelines in liquefiable sites with impermeable weak layers are
conducted to compare and analyze various aspects, including soil acceleration responses, development patterns of dynamic pore
pressure, vertical displacements of pipelines, excess pore pressure responses at the pipe-soil interface and dynamic earth
pressures on pipeline walls. The uplift mechanisms of underlying pipelines and the enhancement of anti-uplift performance in
sites with impermeable layers are investigated. The results show that the differential dynamic earth pressures between the above
and below pipelines are primarily responsible for pipeline uplift. Furthermore, there exists a positive correlation between the
uplift rate and the differential dynamic earth pressures. The presence of impermeable layers isolates hydraulic gradients

between the upper and lower sand layers within the site, reducing the differential dynamic earth pressures at both sides of the
pipelines, decreasing their displacement and improving the seismic stability. Moreover, the absence or thickness of

strains on the pipelines, accompanied by noticeable asymmetric characteristics. As the thicknesses of the impermeable layers
shaking table test

increase, the deformations of the pipelines become more regularized.
Key words: impervious soft soil layer; shallowly buried water pipeline; uplift mechanism; dynamic earth pressure difference;

impermeable layers significantly influences the deformation patterns. The absence of an impermeable layer results in larger
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Fig. 1 Grain-size distribution curves of sand
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Table 2 Physical properties of sand
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# # Z ke t
Cu Cec Gs €max €min
3.37 0.89 2.72 0.62 0.27
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Table 3 Physical properties of clay
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w/% y/(kKN'-m?)  EEG w/% w/% Ir
46.8 17.8 2.71 41.03  24.76 17.27
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Fig. 2 Penetration resistances at different measuring points
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Table 4 Summary of shaking table tests
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Fig. 3 Acceleration curves of shaking table output
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Fig. 4 Sensors for model tests
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Fig. 5 Effects of interlayer thickness on uplift
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Fig. 6 Time-history curves of pore pressure ratio
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