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Analysis of bucket-soil failure interface and stability
improvement in deep composite foundation
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Abstract: To address the problems of multiple weak failure surfaces, unclear failure mechanisms and complex
instability modes existing at the interface between bucket foundations and soil in deep composite foundations, the
finite element strength reduction method is adopted. The numerical model is validated by field measured data and
geotechnical in-situ test results, and the effects of parameters such as the area replacement ratio of sand columns,
the penetration depth of the lower bucket and the compartment arrangement of the lower bucket on foundation
stability are systematically analyzed. The calculation results indicate that the failure surface at the bottom of the
lower bucket is not a horizontal sliding surface as assumed in the specification, but a curved surface intruding into
the bucket compartments. The depth of the lower bucket penetrating into the sand column composite foundation
has a significant impact on the overall stability, when the penetration depth reaches 1 m, the safety factor is
increased by about 1 time compared with the non-penetration condition, and the stability reaches the optimal level
at this time. The increase in the sand column replacement ratio can improve the safety factor, but the growth rate
tends to flatten out when it exceeds 35%, indicating that 35% is the optimal replacement ratio. Reducing the
compartment width is conducive to improving stability. When the width decreases to 13. 3 m, the growth of the
safety factor slows down, and 10. 0 m is the optimal compartment setting. This study reveals the curved failure
mechanism of the bucket foundation and provides a theoretical basis for the optimization of key parameters.
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Fig.1 Typical cross-section of bucket foundation structure ( elevation: m; dimension:mm)
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Tab.1 Physical and mechanical parameters of natural soil layers

TBAHK y/(kKN-m™) Ey. 10.,/MPa ¢'/kPa ©'1(°) C,/kPa
@, WP TR+ Je b 17.6 3.3 11.0 18.0 15.0
@, BB+ Jeth 18.1 3.5 12.0 17.0 15.3
@, HITRHS 21.4 12.9 - - -
@, mEE L 17.7 3.1 17.0 17.3 21.0
@,, B+ 18. 1 3.3 22.7 17.0 21.0
@, ALuRAD 18. 1 12. 4 - - -
@, BrBE+ 18.5 3.8 19.0 23.0 -
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Fig.2 Finite element model
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Tab.2 Parameters of composite foundation

v/ Eg 102/ c'/ o'l
(kN-m™)  MPa kPa  (°)

@, W TR R+ e 17.6 1265 7.15 27.7
®),, B iE e 18. 1 12.78 7.80 27.4

EEF A

@, M+ 17.7 12.52 11.05 27.5
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Fig.3 Comparison of seaward settlement
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Tab.3 Composite foundation parameters
under different replacement ratios

BHERI%  HEER S EJ/MPa ¢'/kPa ®'1(°)
25 3.0 10.13 9.0 25.50
35 3.0 12.78 7.8 27.38
45 2.5 15. 43 6.6 28.20
55 2.0 19.73 5.4 28. 80
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Fig. 6 Penetration depth of lower bucket structure into sand column
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