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Model tests study on mechanical mechanism of drainage rigid
pile in coral sand foundation under horizontal cyclic loading
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Abstract: To address the critical issue of pile foundations in coral sand foundations being subjected to wave-
induced cyclic loading during island and reef construction, model tests were designed based on the Buckingham
n similarity theory. A drainage rigid pile model suitable for model tests was developed, and the pile-soil
interaction mechanism of drainage rigid piles under horizontal static/cyclic loading was investigated through
model test methods. Firstly, the ultimate bearing capacity of the drainage rigid pile was determined via static

loading tests. It was found that the peak bending moment of the pile shaft occurs at a depth of 2.0 to 2.8 times
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the equivalent pile diameter below the foundation surface, and the slope of the p-y curves flattens with
increasing embedment depth. Subsequently, under the condition of unidirectional sinusoidal cyclic loading, a
comparative study was conducted on the dynamic responses of drainage rigid piles and conventional rigid piles
under horizontal cyclic loading. The results show that: the pile head displacement and extreme bending moment
values of conventional rigid piles are all greater than those of drainage rigid piles, and the peak bending moments
of both types of piles appear at a depth of 3 to 4 times the equivalent pile diameter below the foundation surface;
the slopes of the hysteresis loops of the p-y curves for both conventional rigid piles and drainage rigid piles
increase with the increase of soil depth. The attenuation amplitude of soil resistance and dynamic stiffness of

drainage rigid piles are both smaller than those of conventional rigid piles, while their maximum soil resistance

and dynamic stiffness are greater than those of conventional rigid piles.
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Fig. 1 The grain size distribution curve of coral sand
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Fig.2 Model test chamber layout diagram
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Fig.4 Lateral displacement of piles at the foundation

surface as a function of lateral static load
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Fig.5 The pile bending moment distribution diagram
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Fig. 7 Displacement diagram of pile top under cyclic load
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Fig. 9 The p-y curve hysteresis loop of working conditions 2 and 3
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Table 3 The maximum soil resistance and pile-soil

relative displacement

— IR EDTT P/ &N/m) - B RBE F A LA 0,/ M
1D 2D 3D 1D 2D 3D

T2 0.361  0.352 0.339  0.409 0.315 0.231

T3 0.383  0.364 0.351 0.345 0.275 0.198
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Fig. 10 The schematic diagram of soil resistance

attenuation of working conditions 2 and 3
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Fig. 11 The schematic diagram of dynamic stiffness

attenuation amplitude in working conditions 2 and 3
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