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Seismic performance of PHC pipe piles of high-rise building in layered soft soils
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Abstract: Considering the high-rise building which is supported by piled raft foundation with PHC pipe piles in
layered soft soils of Tianjin, a structure-pile-layer soil model was built using finite element method to ascertain
seismic performance of the piles. The research shows that the piles around the corner of the pile group suffer
larger internal force under earthquake load. Reducing the constraint of cap on pile top at rotational degree of
freedom can effectively improve the seismic performance of PHC piles. The structure with basement generates
lower internal force of pile top than the structure without basement during the earthquake, and the influence zone
of basement is in the range of 10 times of pile diameter from the pile top. Besides, the PHC pipe piles with soft
soil layer around the top suffer larger internal force under seismic load. Both the effect of basement and soft soil
layer around pile top should be considered in the foundation design. Only considering the influence of the
basement is likely to make the pile under adverse stress state during earthquake. Improving the soil properties
around pile top can reduce the internal force of top of the PHC pipe piles under earthquake load significantly.
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Table 1 Structure size and equivalent parameter of frame-shear wall structure
BeoOkE R BERS (m)  #HMEEBE (MPa) 24 240 T AR (m*/m) S8 20048 T M8 1 4 (m/m)
0.35x0.9
Uiz — (0.35%0.9x2+0.7x1x2) /27 (0.35%0.9°x2+0.7x1°x2) /12/27
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AL
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LR ZE PR 3.25x10* (1.02%2+ AL x2)/27 (1.0°%2/12+1.x2)/27
AL
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AL
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0.7%x0.7
+H. INVE R 3.0x10* (0.72%2+ AL x2)/27 (0.7%x2/12+1I.x2)/27
AL
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Fig.3 Influence of field width on the numerical
calculation result

HEAE-30 Sy i
=
HEETS e RR

H R Bekerbed  HE2EHE R
-ﬂ%WWM%\\ —EEREL R

iizg

(N Y B R B

i NHLRE D

B4 BETEEZE

Fig.4 Model diagram for the numerical calculation
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Table 2 Soil layer parameters for numerical simulation

T2 e EE (m) B (kg/m®) JE4E i (MPa) WEEHEF (0 #HEI (kPa) PERVNEA
®, S 3.5 1918.37 4.57 9.9 30.5 0.42
®), B+ 1.5 1989.80 5.10 18.2 18.3 0.3
®, e 0.8 2000.00 8.51 24.8 8.7 0.25
@, e 2.6 1979.59 8.53 24.7 9.3 0.25
@, TV TR 5 F L 1.5 1846.94 3.04 3.1 13.7 0.35
@, ¥t 4.7 1979.59 8.53 24.7 9.3 0.25
®), B TR 0.9 2030.61 5.63 17.0 20.0 0.3
®, B R 3.8 2051.02 5.83 19.0 21.0 0.3
@, kA L 4.7 2061.22 6.41 19.9 27.5 0.3
@ b 5 2122.45 14.98 30.5 5.0 0.25
®, *nt 2 2122.45 10.93 29.0 14.6 0.25
©, R B+ 4 2051.02 8.72 21.4 43.9 0.3
ON i 5 2071.43 17.57 30.7 4.8 0.25
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Fig.6 Internal forces of piles at condition of rigid
connection between piles and cap
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Fig.8 Influence of different connection type between piles
and cap on internal forces of PHC piles
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Fig.9 Influence of basement on internal forces of PHC piles
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internal forces of PHC piles
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Fig.12 Influence of pile-soil stiffness ratio around the pile
top on the internal forces of the PHC piles
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