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Numerical simulation research of inclined liquefiable soil
improved by concrete-stone composite pile

FAN Xiaoxue, JIA Kemin, XU Chengshun, PAN Rujiang
(Key Laboratory of Urban Security and Disaster Engineering of the Ministry of Education, Beijing University of Technology, Beijing 100124, China)

Abstract; The investigation of earthquake damage shows that the lateral spread of gently inclined soil is a common
form of foundation failure. As the concrete pile has a high vertical bearing capacity and shear resistance, and the
stone column has a high permeability, which can effectively reduce the degree of liquefaction of the surrounding
soil, whether the concrete-stone composite pile can be used as an effective engineering measure to deal with the
large lateral deformation of liquefaction in gently inclined soil, its feasibility is worthy of in-depth research.
Therefore , the numerical model of liquefiable soil-pile foundation is established based on OpenSees finite element
platform, then the reliability of the numerical model is rerified. On this basis, the reinforcement effect of
concrete-stone composite pile on inclined liquefaction soil is studied. In addition, the effects of area ratio of core
pile and thickness of stone shell on dynamic response of inclined liquefaction soil are discussed. The results show
that the concrete-stone composite pile has a significant anti lateral displacement effect, which can effectively reduce
the lateral displacement of the surrounding soil and the bending moment of the concrete core pile. When the
proportion of concrete core of pile body is about 20% and the proportion of stone shell area is 80%, it is the optimal
design scheme.
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= SRR ATAED 2 LR

ke 1.00 2.00

B p/ (U/m?) 175 2.00
B G, /kPa 60000 86000
TRFEELLE B, /kPa 94000 105000

- BESEA 0/ () 31.00 33.50
E1 BOVUIRS AR MM RREGHREE SEE p/kPa 101.00 101.00
Fig.1 Schematic diagram of prototype soil HIRHHEHA 0/ () 31.00 25.00

corresponding to the centrifuge shaking table test BBEREL (X107 m/s) 3.00 0.60
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Fig.5 Comparison of pile bending moment time history curves
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Table 2 Parameters of stone column materials
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Fig.6 Section diagram of three pile types

SRR Bl SRR Hife
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B p/(1/m?) 2.4 Z %[ K p/kPa 101.0
YR G, /kPa 138000 HARLEE AT o/ (°) 25.0
RFIEE B, /kPa 400000 BB ZER/ (X107 m/s) 1.5
3 BEIMBSH x4 WEHHSH
Table 3  Parameters of concrete materials Table 4 Parameters of reinforcement materials
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Fig.8 Pore pressure ratio response of soil around piles at different depths under the reinforcement of concrete-stone composite pile
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Fig. 11  Pore pressure ratio response of point A,B and C under three reinforcement conditions
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Fig. 14 Lateral displacement of soil response of point A,B and C under three reinforcement conditions
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