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Abstract

This study systematically investigates the effects of cavities with different morphologies beneath wind
turbine foundations on the overall stability and deformation characteristics of both the turbine and
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foundation using the geotechnical numerical analysis software FLAC3D. As a typical geological haz-
ard, cavities pose a serious threat to the safety of superstructures. To quantify these risks, a three-
dimensional numerical model accounting for wind turbine-soil-karst interaction was established,
employing the Mohr-Coulomb constitutive model to simulate soil elastoplastic behavior. Key factors
such as cavity diameter, shape, and spatial location were critically analyzed. The study systemati-
cally obtained the foundation’s displacement field, stress field, and the relationship and develop-
ment patterns of displacement with depth. Simulation results indicate: 1) Caves within 1~2 meters
of the foundation exhibit significant influence. 2) Beyond 2 meters, reducing cave location has neg-
ligible effect on the foundation. 3) Caves within a specific range significantly impact the wind tur-
bine, with influence diminishing beyond this range. 4) At equivalent depths, smaller cave volumes
exert lesser Z-axis effects on the turbine.
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Figure 1. Schematic of the model wireframe
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Figure 2. Schematic diagram of the 3D model
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Figure 3. Schematic diagram of grid partitioning
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Figure 4. Displacement contour map for conditions without underground cavities
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Figure 5. Stress contour map for conditions without cavities
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Figure 6. Displacement contour map of the spherical cavern (radius 2 m) located 1 m below the cushion layer
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Figure 7. Stress variation contour map
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Figure 8. Displacement variation contour map
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Figure 9. Stress contour map
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Figure 17. Stress contour map
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