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Finite element analysis of mechanical behavior of
steel pipe pile cap joints in high-pile wharf
LIN Hongxing, LEI Ming, CHEN Diyu, HE Cong, HUANG Sheng

(CCCC Second Harbor Engineering Co., Ltd., Wuhan 430040, China)

Abstract: The pile cap joint of the high-pile wharf is an important component to transfer the upper load of
the wharf. For the single pile cap joint and fork pile cap joint of the high-pile wharf, the structural deformation,
stress distribution, load displacement curve, and corner bending curve are compared by finite element analysis
method under different embedment depth of the pile end. The numerical results show that when the cap joint of a
single pile is subjected to horizontal load, the rotational stiffness of the structure in the early stage of loading is
mainly provided by anchorage steel bar of the pile core, and in the later stage, it is mainly provided by the pile core
concrete and steel pipe. When the embedded depth of the pile end is less than 0. 50 times the pile diameter, the
joint is a semi-rigid connection. When the cross pile cap joint is subjected to horizontal load, the yield of the
anchorage steel bars at the tensile side of the pile is the main reason for the decrease in structural bearing capacity.
It is recommended to be strengthen in the design. When the fork pile cap joint is subjected to the standard mooring
force of 30, 000 t general cargo ship, the influence of pile end embedment depth on the stress and displacement of
the joint is less than 14%, providing scientific reference for the design of pile cap joint of high-pile wharf.
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Fig. 1 Finite element model of single pile cap
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Tab.1 Finite element modeling material parameters

RE bR BB o/ WARALL PURSRIE e RaR

ET N
XA E/GPa  (kgm™) v Fon/MPa o /MPa

BENE C40 32 7850  0.30  47.2 -
BEI C40 32 2500 0.16 47.2 -
WERE Q235 200 7850  0.30 - 235
5 HRB400 200 7850  0.30 - 400
5 HPB300 200 7850  0.30 - 345
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Fig. 2 Grid sensitivity verification
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Fig.3 boundary condition of single pile cap joint
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Tab.2 Finite element calculation conditions
of single pile joint
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6 1200 1.00D 15 5 800
7 1320 1. 10D 15 5 680
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Fig. 4 Concrete stress of single pile joint pile cap
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Fig.5 Stress cloud map at the pile end of single pile joint
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Fig. 6 Load displacement curve of single pile joint
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Fig. 7 Bending moment-angle curve and
rotation stiffness-angle curve of single pile joint pile top
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Tab.3 Comparison of rotation stiffness with different
pile end embedment depths for single turning joints

A BA BN k,/ I
(107 rad) I (MN-m-rad™) o
0 1 545 0.73
0.13D 1599 0.76
0.33D 1773 0.84
0.50D 1 866 0.88
0.5 0. 66D 1975 0.93
1.00D 2104 1.00
1.10D 2207 104
1.20D 2 402 1. 14
1.50D 2 460 1.15
0 1022 0.57
0.13D 1037 0.58
0.33D 1 068 0. 60
0.50D 1152 0.65
1.0 0. 66D 1403 0.79
1.00D 1772 1..00
1.10D 2022 1. 14
1.20D 2324 1.31
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0 799 0.47
0.13D 784 0.47
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curve of single pile joint pile end
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Tab.4 Finite element calculation conditions of fork pile

e L BEEA A EEREE
VES T W m WE BEREER
1 150 0.13D 6 850
) 2 400 0.33D 6 600
iR L
3 800 0. 66D 6 200
4 1 200 1. 00D 5 800
5 150 0.13D 6 850
‘ 6 400 0.33D 6 600
KPS
7 800 0. 66D 6 200
8 1200 1. 00D 5 800
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Fig. 10 Boundary conditions for finite element

model of fork pile
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Fig. 11 Load displacement curve of fork pile cap joint
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Tab.5 Characteristic parameters of load displacement
curve of fork pile

s BESHRA  IE(EAT Y WE(EAIRS/  JE kAT SRR/

W MN mm MN mm
1 0.13D 5. 640 2.50 4.512 1.59
2 0.33D 7.870 4.76 6.296 2.62
3 0. 66D 10. 400 4.33 8.320 2.60
4 1.00D 12. 500 4.76 1. 000 3.06
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Fig. 12 Stress cloud map of fork pile structure under
different displacement conditions
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Fig. 14 Comparison of structural stress with different embedment depth
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