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Model tests on stress and deformation properties of composite foundation with
controllable rigid piles and drainage bodies
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Abstract: In a composite foundation, the deformations of piles and soils are affected by many factors. The cushion is difficult
to coordinate and match the differential settlement between all piles and soils. Therefore the piles often carry the excessive
loads and are destroyed, or the piles bear too small loads and are wasted. A new composite foundation composed of controllable
rigid piles and drainage bodies is proposed. The differential settlement between piles and soils is coordinated by the grouting
device at the top of piles in the composite foundation, rigid piles hardly carry the upper loads before grouting, and the
foundation soils are fully consolidated and their bearing capacity is improved. After grouting, the rigid piles begin to support
the loads, and the piles and soils work together to share the loads and to control settlement. The stress and deformation
properties of the composite foundation are studied through indoor model tests. The results show that the settlement of the new
composite foundation mainly increases before grouting and is effectively controlled after grouting. Moreover, the new
composite foundation can effectively reduce the differential settlement. The load pressure shared by the cover plate on piles is
less than that shared by the soils between piles before grouting, and the pressure shared by the cover plate increases rapidly
after grouting, while that by the soils between piles decreases correspondingly. The bearing capacity of rigid piles can be
controlled by grouting.
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Fig. 1 Schematic diagram of new composite foundation
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Table 1 Physical and mechanical indexes of foundation and embankment

+Z 7/(KN-m ) wl % ce/kPa Pl () Es /MPa kn B ky/(107cm s ™)
"+ 17.2 50.6 16.9 3.4 0.364 2.69
i+ 18.6 30.8 28.4 18.6 3.981 —
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Fig. 3 e-p curve of soft soils
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Fig. 4 Schematic diagram of bagged sand drains and controllable

rigid piles
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Fig. 5 Structural diagram of cover plate, sleeve and rigid piles
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Table 2 Additional pressures at base center generated by

embankment and overloading

H+ JEFE fRFR VEE="2 (5 B0 s /3 /kPa
) /em /m? /KN R TR

F1E 10 0.5303 10.023 1.890 1.790
F2FE 10 0.4702 8.887 1.890 1.587
F3E 10 0.4100 7.749 1.890 1.384
F4F 20 0.6400 12.096 3.780 2.160
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Fig. 11 Loads on embankment top
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Fig. 12 Relationship between additional pressure and time
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Table 3 Comparison of settlements at center of embankment
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