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Seismic performance and influencing factors of pile foundation of
bridges in permafrost regions

ZHANG Xi-yin, WANG Wan-ping, YU Sheng-sheng, GUAN Jia-da, QIN Xun-cai
(School of Civil Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract: In order to study the seismic performance and influencing factors of the pile foundation of bridges in permafrost

regions, the pile foundation of bridges with elevated caps widely used in the permafrost regions of China is taken as the

research object. The seismic failure characteristics of the pile foundation of bridges in the permafrost regions, and the influences

of the physical and mechanical properties of frozen soil on its seismic performance are discussed by using the quasi-static tests

and combining with the finite element method. It is found that the lateral bearing capacity and the initial stiffness of the

pile-frozen soil system increase with the decreasing temperature of the frozen soil. The displacement of piles changes

significantly before and after soil freezing. The change of the initial moisture content of soil has small influences on the lateral

bearing capacity of the pile - frozen soil system and the displacement of piles. Take the optimal moisture content of soil as a

boundary, the stiffness changes of the pile-frozen soil system are quite different under both sides of the boundary moisture

content. The change of soil compaction degree has small influences on the change of the lateral bearing capacity of the pile -

frozen system and the displacement of piles. The initial stiffness of the pile-frozen soil system increases with the increase of

compaction degree of soil. Therefore, the physical and mechanical properties of the surrounding frozen soil of piles should be

fully considered in the seismic performance evaluation of bridges with pile foundation in frozen soil regions.
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Fig. 1 Sizes and reinforcement of model pier
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Fig. 7 Hysteresis curves of the system
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Table 1 Mechanical parameters of soils with different variables
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Table 2 Finite element simulation conditions

B ToL  BKE % REeC T /(g em ™)
R 14 2 1.75
BiR 2 14 -5 1.75
iR 3 14 -9 1.75
B 4 10 -5 1.75
iR 5 14 -5 1.75
TR 6 16 -5 1.75
HRL 7 14 -5 1.65
HR 8 14 -5 1.75
HAL 9 14 -5 1.85

Wi K TWE RE EE SRR BRSO NEE

TH #/% /(grem?) /°C /kPa  /kPa /kPa /(")
1 10% 175 -5 50

2 10% 175 -5 100 35595  24.76
3 10% 1.75 -5 200 85723.19

4 14% 175 -5 50

5 14% 175 -5 100 568.05  25.99
6 14% 1.75 -5 200 54347.82

7 16% 175 -5 50

8 16% 175 -5 100 500.67  25.36

9 16% 1.75 =5 200 49083.27

10 14% 1.75 2 50

11 14% 1.75 2 100 15.57 19.52
12 14% 1.75 2 200 5433.04

13 14% 1.75 -9 50

14 14% 1.75 -9 100 79841  30.49
15 14% 175 -9 200 158985.18

16 14%  1.65 -5 50

17 14%  1.65 =5 100 407.62 24.16
18 14%  1.65 -5 200 51916.93

19 14% 1.85 -5 50

20 14%  1.85 -5 100 638.96  27.85

21 14% 1.85 -5 200 123211.26
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Fig. 15 Skeleton curves of systems under different initial
conditions
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