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DEM analysis of installation and bearing process of open-ended piles
considering plugging effects
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Abstract: The penetration process of open-ended piles will cause complex plugging effects, which further influence the
installation and bearing characteristics of piles. Considering the high cost, long period and limitations in reflecting the
interaction between piles and soil plugs of the traditional experimental approach, the jacking installation and subsequent loading
process of open-ended piles in sand are simulated based on the discrete element method (DEM). The periodic cell replication
method is used to generate a homogeneous foundation sample with linear stress distribution. Based on the analysis of the soil
deformation characteristics, the characteristics of the active arch and passive arch distribution of the soil plugs are revealed.
Based on the analysis of the evolution of soil plugging parameters and plug bearing characteristics, it is found that the
incremental filling ratio (IFR) is more sensitive to the plug behavior, and the development of plug resistance shows good
consistency with the trend of the IFR value. Also, the open-ended piles are in the fully plugged mode under the static loads, and
the load-displacement response of soil plugs is elastic-plastic. Finally, the method for calculating the end bearing capacity of
open-ended jacked piles is established by considering the CPT cone resistances, plugging effects and pile size effects. The
above results reveal the evolution process and bearing mechanism of soil plugs and can provide reference value for the
prediction of installation resistance and calculation of bearing capacity of open-ended piles considering soil plugging effects.
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Table 1 Properties of UWA superfine sand and its DEM analogue
Wk )]~} /mm
S Gs Cu Ce ' (°
do dso deo /)
R 2.67 0.12 0.18 0.20 1.67 1.020 33
FEFE 2.67 1.80 2.70 3.00 1.67 0.975 32
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Table 2 Parameters for discrete model
A 55 M
k/(N'm') k/N'm') p /4 2 B s My k/(Nm') k/N'm") uw k/N'm') k/Nm" g
1X108 2X107 05 0.1 0.45 0.1 0.1 3 1X10% 1X10% 0 1.5%X10° 1.5X10° 0.5
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Fig. 2 Schematic view of soil foundation
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Fig. 5 Soil deformations around piles at the end of pile installation
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Fig. 12 Soil deformations around pile at the end of static loading

Fig. 13 Development of penetration resistance with displacement
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