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Failure Mode and Calculation Method of Ultimate Bearing Capacity
of a Single Stone Column in Soft Soil under Vertical Loading
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(1. Institute of Geotechnical Engineering, Hunan University , Changsha 410082, China;
2. Key Laboratory of Building Safety and Energy Efficiency of Ministry
of Education( Hunan University ) , Changsha 410082, China )

Abstract : The finite difference method is used to numerically simulate the complete bearing and failure process
of a single stone column under vertical loading in soft soil. The plastic hardening constitutive model considering volu—
metric strain interception is used to simulate the stone column,which can well reflect the nonlinear dilatancy mechan—
ical behavior of the stone column and the resulting column—soil interaction. The bulging deformation of the stone col-
umn, the evolution of soil stress acting on the stone column,the failure modes and the corresponding typical p —s
curves are analyzed. The overall shear failure mode assumed by the traditional formula is only applicable to soils with
high stiffness, while the local shear failure mode is more common in soft soils. Therefore,, based on the theory of circu—
lar hole expansion in elastoplastic media,the calculation formula of ultimate bearing capacity of single stone column
considering the column bulging deformation and the soil stiffness is derived. The formula is verified by the numerical

simulation solution. The bearing mechanism and failure mode of the single stone column in soft soil are systematically
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studied , which provides a theoretical foundation for further study on the bearing mechanism of composite ground rein—

forced with stone columns.

Key words: stone column;failure mode ;ultimate bearing capacity ; circular hole expansion ; numerical simulation
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Fig.1 Stress—strain curves in triaxial compression tests
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Fig.2 Numerical model of a single gravel pile under load
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Tab.1 Material parameters of stone column
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Tab.2 Material parameters of soft soil

KR c,/kPa /(°) E/MPa v p/(kN+-m™)
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Tab.3 Parameters of contact unit at column—soil interface
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Fig.3 Vertical load and settlement p—s curve
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Fig.4 Cloud map of plastic zone distribution
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Fig.6 Curve of radial stress and strain along the stone column

in the range of the bulging section with depth (E = 5 MPa)
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modes of a single stone column in soft soil
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