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Dynamic Response Law of Pile Group Foundation in Liquefiable
Ground Under Different Vertical Loads

LIU Libo, LIU Zengpei“ , JIANG Yuchen, YE Menghui, DU Jiahao
(School of Civil Engineering, Hebei University of Engineering, Handan, Hebei 056038, China)

Abstract; In order to study the influence of vertical loads on the dynamic response of pile group
foundation in liquefiable ground, the high cap pile group is taken as the research object. The shaking
table test is used to take 5%, 10%, 15% and 20% of the ultimate vertical bearing capacity of the pile
foundation as the vertical load, and the test is carried out under the seismic intensity of 0. 20g, 0. 34¢
and 0.50g. The effects of different vertical loads on sand liquefaction and dynamic response are
analyzed from aspects of pore pressure ratio time history, acceleration time history, pile cap
displacement time history and pile bending moment response time history. The results showed that with
the increase of vertical load, the peak pore pressure ratio and the liquefaction degree of sand decreased.
The peak values of pile top acceleration, pile cap displacement and pile bending moment decreased first
and then increased with the increase of vertical load, and the values were the smallest when the vertical
load was 15%. The increase of vertical load can inhibit the liquefaction of sand and increase the inertial
force of the structure. With the combined influence, the dynamic response effect of pile group in
liquefiable ground is optimal under the vertical load of 15%.
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Tab. 1 Main technical parameters of one-way shaking table

FEHEARSH ZHH
B 1R SE/m 3.0x3.0
R AR TE i/t 10
B KM 15/ (kN + m) 300
B KA 18/ (KN« m) 1 000
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Fig. 1 Shearing model box
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Tab. 2 Similarity constants of physical quantities
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Tab. 3 Physical and mechanical parameters of

Fujian standard sand
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Fig. 2 Particle gradation curve of Fujian standard sand
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Tab. 4 Test loading conditions
e AU i 8/ kN HIRZ SR PRBYFFLLIT 1]/
Testl El Centro J 0.36 0.20g.0. 342 .0. 50g 30
Test2 El Centro 3 0.71 0.20g.0. 342 .0. 50¢ 30
Test3 El Centro 1.07 0.20g.0. 342 .0. 50g 30
Test4 El Centro 3% 1.42 0.20g.0. 342 .0. 50¢ 30
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Tab. 5 Peak pore pressure ratios under different seismic intensities of various working conditions

i Testl Test2 Test3 Test4
0.20g 0.34g 0.50¢ 0.20¢ 0.34g 0.50¢ 0.20g 0.34g 0.50g 0.20g 0.34g 0.50g
pP6 0.70 0.82 0. 89 0. 65 0.71 0. 81
P2 0.88 1.04 1.12 0.79 0.91 0.98
P7 0. 67 0.72 0. 80 0.62 0. 67 0.72
P8 0.59 0. 65 0.72 0.55 0.59 0. 66
P14 0. 68 0.74 0. 87 0.61 0.69 0.77
P10 0.83 0.97 1. 06 0.76 0. 87 0.94
P15 0. 65 0. 68 0.73 0.55 0.59 0. 67
P16 0.56 0. 63 0. 69 0.54 0.58 0.63
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Fig. 5 Pore pressure ratio time history curves
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Fig. 6 Acceleration time history curves of pile top
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Tab. 6 Peak acceleration and occurrence time of soil at different measuring points under various working conditions

g, Testl Test2 Test3 Test4
A2/A6 0.248g-8.12 s 0.240g-8.19 s 0.210g-8.23 s 0.230g-8.29 s
A3/A7 0.238g-8.45 s 0.232g-8.55 s 0.220g-8.57 s 0.210g-8.63 s
A4/A8 0.210g-8.68 s 0.209¢-8. 81 s 0.200g-8. 89 s 0.170g-8.92 s
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Fig. 7 Displacement time history curves of pile cap
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Fig. 8 Variation law of pile bending moment
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Tab.7 Peak value and occurrence time of pile bending moment under various working conditions

HRTRAEAR L Test1 Test2 Test3 Test4
2.0 20.09 kN + m-9.37 s 13.86 kN - m-9. 41 s 8.74 kN » m-9.46 s 10. 85 kN - m-9.52 s
0.4 27.12 kN * m-9.39 s 24.61 kN - m-9.42 s 21.60 kN - m-9. 54 s 31.34 kN - m-9.54 s
-1.2 19.96 kN * m-9.44 s 12. 66 kN - m-9. 49 s 9.49 kN + m-9.53 s 14.26 kN - m-9.57 s
-2.8 11.20 kN + m-9. 56 s 9.89 kN + m-9.52 s 8.70 kN + m-9. 60 s 9.95 kN - m-9.62 s
-4.4 10. 70 kN *» m-9. 59 s 9.39 kN * m-9.62 s 7.53 kN + m-9.64 s 14.97 kN - m-9. 82 s
-6.0 14.67 kN * m-9. 67 s 8.99 kN - m-9.70 s 8.59 kN * m-9. 66 s 12.31 kN - m-9.81 s
-7.6 8.04 kN - m-9. 66 s 5.63 kN - m-9.72 s 5.93 kN +m-9.77 s 8.64 kN + m-9.90 s
-9.2 3.67 kN - m-9.70 s 4.02kN - m-9.79 s 3.63 kN - m-9.86 s 6.28 kN - m-9.93 s
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