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3D discrete element analysis of displacement and strain fields in
sand during pile installation
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2. Zhejiang Provincial Engineering Research Center for Digital and Smart Maintenance of Highway, Hangzhou 310058, Zhejiang, China)

Abstract: Calibration chamber tests could be used to analyze the stress, displacement, and strain fields in the soil mass
during pile installation, which are crucial for accurately assessing the bearing characteristics of driven pile. The study
employed a GPU powered 3D discrete element method (DEM) code to model a 60° fan-shaped calibration chamber test of
a closed-end pile penetrated into sand by adopting the axisymmetric assumption and particle refinement method. The tip
resistance, displacement and strain fields in sand were analyzed and compared with the experimental and the finite element
modeling results from the literature, verifying the effectiveness of the discrete element model. The main conclusions
include: (1) The DEM model can quantitatively reflect the deformation pattern and its evolution in sand during pile
installation, provided that the requirements on minimum size ratios of chamber-to-pile and pile-to-particle are satisfied. (2)
Based on the morphology of the displacement fields during the pile installation, the soil around the pile can be divided into
vertical compression zone, transition zone, and radial compression zone, with the largest displacement occurring in the
transition zone. (3) The sand beneath the pile tip is mainly under vertical compression, with strain concentration at the tip,
while the soil close to the pile shaft is mainly under radial compression, with strain concentration at the shoulder. The
numerical results in conjunction with the stress fields around the driven pile provide valuable bases for improving the

design methods and bearing capacity calculations of driven piles.
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Fig. 2 Particle size distribution curves
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Fig. 12 Radial and vertical strain increments at varying penetration depths



54 1]

MG, 55 Wb+ T AMEDTHES A7 A2 5 AR 1) =2 B Hoe 7 i 365

22

z/R

23 0.25

24

25

26

0 2 4 6
LR

(c) L, =20R kM4

zIR

0 2 4 6
LR
(b) L, =6R By

z/IR

24

25

) 7] 7 3
Ly/R

(d) L, =20R B4

B 13 AEFTARERNENESHNEEERE

Fig. 13 Volumetric and shear strain increments at varying penetration depths
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