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Bearing capacity of composite foundation with granular material pile
considering bulging effect and self-weight of soils
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Abstract: The granular material piles are damaged by lateral bulging, while the calculation method for bearing capacity
of composite foundation with granular material piles by considering both the bulging effect and self-weight of soils as
well as pile-soil interaction, is rarely reported in the literature. In view of this, based on the elasticity theory of
axisymmetric half-space, the mechanical properties of composite foundation with granular material piles are analyzed.
Considering the factors, such as lateral bulging of piles, the coordination of pile-soil deformation in radial direction and
the equality of radial stress on the pile-soil interface, the vertical stress expression of both pile and soil with consideration
of radial deformation is given, and the corresponding calculation formula of pile-soil stress ratio is provided. Furthermore,
the Mohr-Coulomb failure criterion of soils is applied to develop the calculation formula of ultimate bearing capacity of
piles by considering the influence of the self-weight stress of soils around the pile, then the bearing capacity of composite
foundation with granular material piles is obtained. Finally, the calculation formula of bearing capacity for composite
foundation is applied to calculate the indoor model tests and the actual engineering case. The deviation of bearing
capacity of composite foundation between the theoretical calculation results in this study and the indoor model test is only
20.2%, while that obtained by classical BRAUNS’ method instead of the proposed theoretical calculation is as high as
229.4%. The theoretical calculation results of the artificial island in Shanghai Yangshan port have a deviation of 15.4%

from the measured value, while the deviation by the classical HUGHES and WITHERS’ method is up to 59.4%. These
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results show that the calculation results by the proposed method is closer to the measured values than those by classical

methods, which indicates that the proposed calculation method is feasible to be applied in the actual project.

Key words: granular material pile; composite foundation; pile-soil stress ratio; ultimate bearing capacity; lateral bulging
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Fig. 1 Column-soil unit of lateral deformation
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Table 1 Bearing capacity of granular material piles calculated
by different calculation methods
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calculated by different calculation methods
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Table 3 Bearing capacity of granular material piles calculated
by different calculation methods
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Table 4  Ultimate bearing capacity of composite foundation
calculated by different calculation methods
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