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Numerical simulation on the time-dependent load transfer of
XCC rigid pile composite foundation
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Abstract: As a novel composite foundation system featuring an X-shaped cross-section rigid pile, the XCC rigid
pile composite foundation has been increasingly applied in soft soil improvement projects due to its capability to
effectively enhance side friction resistance, reduce settlement, and improve bearing capacity. However, most
existing studies have not sufficiently considered the time-dependent behavior of piles, soils, and cushion layers
under loading. To address this issue, this study established a three-dimensional finite element model using

ABAQUS, incorporating piles, soils, cushion layers, and embankments, to systematically analyze the effects
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of pile layout and cross-sectional shape, pile spacing, embankment height, XCC geometry, and pile cap height
on the time-dependent bearing characteristics of XCC rigid pile composite foundations. The results show that,
as the spacing of the piles, the height of the embankment and the height of the pile cap increase, the surface
settlement of the XCC rigid pile composite foundation and the pile-soil stress ratio both show an upward trend.
Differences in cross-sectional shape and pile layout have little influence on excess pore pressure dissipation;
however, rectangular layouts can induce higher soil arching effects. Furthermore, the side friction resistance of
XCC piles differs between the strong and weak axes, leading to varying positions of the neutral point. Overall,
the XCC rigid pile composite foundation exhibits distinct time-dependent characteristics under load, and its
unique cross-sectional geometry promotes optimized stress transfer and settlement coordination, providing a
valuable reference for the long-term performance analysis and design of soft ground composite foundations.

Keywords: XCC pile; rigid pile composite foundation; soil improvement; time-dependent analysis; finite

element simulation
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Fig.1 Plan view of finite element model
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Fig.2 Three-dimensional finite element model of XCC

rigid pile composite foundation
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Table 1 Calculation parameters of Mohr-Coulomb model

and linear elastic model
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different pile layouts
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Fig.10 Variation of surface settlement with time under

different pile spacings

1.0 r

. l ....... 3D EE
%0.8 ‘ ===3DTFZ
< —d4D -2
0.6 \ == 4D Z|
= 5D L2
Hoal \ 5D T2
=10\
zozf

N

"'.r—*g-‘.--,
0 14 28 42 56 70
VA —1b I} 8], tk/D

E 11 AREMEEETR—EFLEREREELRE

Fig.11 Variation of normalized excess pore pressure with

o
=]

time under different pile spacings
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Fig.12 Variation of pile-soil stress ratio with time under

different pile spacings
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Fig.13 Variation of normalized embankment stress with

time under different pile spacings
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Fig.14 Variation of neutral point with time under

different pile spacings
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Fig.15 Variation of surface settlement with time under

different embankment heights
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Fig. 16 Variation of normalized excess pore pressure with

time under different embankment heights
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Fig.17 Variation of pile-soil stress ratio with time under

different embankment heights

IO 7 32 /0N AR TOURE 7 A BRI R, L SR
P AR N 7 R R I T A B A
0 2 19 O, PR 1 g N g e A B O B A
I, 48 402 10 25 S ULREAE T A R8I0 A Rt s
S T R A 338 AR IO, DAY IR S R R RO, N )
IR AT ROR B

12
(a) (b
10
2
x 8
]
i %
o
X4
i
2 {)
0005 16 74 08 16 24 32

32 00
AL g 8, psp,
i : (a) 2 1=0d, (b) } 1=400d .

E18 ARERSETHRE—UEAMEEEELRE

Fig.18 Variation of normalized embankment stress with

time under different embankment heights
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Fig.19 Variation of neutral point with time under

different embankment heights
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Fig.20 Variation of surface settlement with time under

different cross-sectional dimensions
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Variation of hole pressure with time under

different
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Fig.22 Variation of pile-soil stress ratio with time under

different cross-sectional sizes
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Fig.24 Variation of normalized lateral friction resistance

with time under different cross-sectional sizes
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Fig.25 Variation of surface settlement with time under

different pile cap heights
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Fig. 26 Variation of normalized excess pore pressure with

time under different pile cap heights
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Fig. 27 Variation of pile-soil stress ratio with time under

different pile cap heights
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Fig. 29 Variation of neutral point with time under

different pile cap heights
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