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Dynamic stability analysis of high liquid-gas landfills considering
three-phase coupling and reinforcement hardening effect in MSW
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(a. State Key Laboratory of Disaster Reduction in Civil Engineering; b. Department of Geotechnical Engineering;
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Abstract: Municipal solid waste (MSW) landfills in China are generally characterized by high water levels and
high gas pressures, creating a complex solid-liquid-gas coupling environment that poses significant challenges to
their seismic safety. However, existing research has insufficient understanding of the dynamic stability of high
liquid-gas landfills under seismic loading. To address this gap, this study develops an elastoplastic dynamic
constitutive model for MSW considering liquid-gas pressure accumulation and fiber reinforcement effects. By

introducing a liquefaction softening function and confining pressure-dependent stiffness modification for the
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reinforced phase, the nonlinear influences of degradation-induced gas generation on effective stress paths and
shear modulus attenuation are quantified. A solid-liquid-gas three-phase coupled dynamic analysis framework for
MSW is further established, and an explicit central difference algorithm based on the finite element VUEL
subroutine is developed to achieve fully coupled numerical simulation of landfill dynamic responses. The results
indicate that low-frequency seismic waves tend to induce cumulative permanent deformation due to continuous
energy input, while high-frequency waves amplify the instantaneous dynamic response. High pore gas/liquid
pressure significantly exacerbates the risk of dynamic instability in landfills, with the plastic connection zone
progressively expanding from the slope toe-liner interface toward the interior of the waste mass. Under low-
intensity seismic loading, the landfill exhibits a higher risk of interfacial slip failure. As the seismic intensity
increases, a combined failure mode develops, suggesting that the traditional assumption of a single slip surface

is not applicable for dynamic stability analysis of landfills.

Keywords: landfills; elastoplastic constitutive model; high liquid-gas pressure; dynamic stability analysis
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Fig.1 Schematic diagram of the basic assumptions for

municipal solid waste
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Fig.2 Effect of pore gas pressure softening coefficient on

effective stress path of MSW
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Fig.14 Development of plastic penetration zones in

landfill at different time stages
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