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Abstract: Under continuous heavy rainfall conditions, the hydraulic gradient of loess increases, and
the soil transitions from an unsaturated to a saturated state, which can easily lead to instability of trans-
mission tower foundations in loess areas. To investigate the influence of rainfall on the stability of tow-
er foundations in collapsible loess areas, a seepage-stress coupling model for tower foundations was es-
tablished based on the Mohr-Coulomb model for unsaturated soil. This model incorporated the nonlin-

ear relationships between soil cohesion, internal friction angle, density, Poisson's ratio, and satura-
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tion, considering the coupling between rainfall infiltration and the stress field. Using this model, the
spatiotemporal evolution patterns of hydraulic characteristics in collapsible loess foundations under
rainfall were revealed, and the spatial strain and stress response characteristics of the foundation - soil
system were analyzed under four rainfall patterns: early-peak, late-peak, mid-peak, and uniform pat-
terns. The results showed that under the same total rainfall and additional stress conditions, the latter
two rainfall patterns caused the most significant disturbance to the foundations in collapsible loess ar-
eas, with the early-stage cumulative settlement of the foundation being significantly greater than that
under early-peak and late-peak patterns. During the rainfall infiltration process, the vertical effective
stress in the infiltrated soil gradually decreased, and the absolute value of the negative lateral friction
resistance at the foundation-soil interface increased accordingly. A comparative analysis of the anti-set-
tlement performance of three common foundation types—excavated, cast-in-place pile, and stepped
foundations—in collapsible loess areas during the rainfall process revealed that the excavated founda-
tion can effectively delay the development of negative friction resistance due to its enlarged head struc-
ture, demonstrating excellent resistance to collapsible settlement.

Keywords: collapsible loess; transmission tower foundation; rainfall conditions; fluid-solid interaction;

foundation stability
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Table 4 Rainfall intensity and rainfall pattern settings for

simulation
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Fig.16  Spatiotemporal distribution of soil saturation
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