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Determination of pile-soil stress ratio for compaction foundation
using cavity expansion theory

SHEN Cai-hua®2, WANG Yuan®?, LI He-wen*?, HU Yu-tian?
(1. Key Laboratory of Ministry of Education for Geomechanics and Embankment Engineering, Hohai University, Nanjing, Jiangsu 210098, China;
2. College of Civil and Transportation Engineering, Hohai University, Nanjing, Jiangsu 210098, China)

Abstract: Based on cavity expansion theory, a method for calculating compression modulus of sand compaction pile is developed by
considering the change of sand pile volume in the compaction process. The yield zone of the soil around the pile is calculated by
Mohr-Coulomb vyield criterion. Using the e-p soil compression curve, a formula for average compression modulus is deduced. A
method considering the influence of buried depth is proposed for calculating pile-soil stress ratio of sand compaction pile. The
Honai-Haiphong highway project in Vietnam is selected as a case study. Analysis indicates that as the casing pipe diameter increases
from 0.5 m to 0.6 m, the compression modulus of sand compaction piles and soil around pile decrease, and the average pile-soil stress
ratio increases from 2.56 to 2.72. This confirms the statement in Technical Code for Composite Foundation that the pile-soil stress
ratio adopts the low value for the soil around pile with high strength, or vice versa. The theoretical calculation result of the pile-soil
stress ratio is between 2 and 3 suggested by specification, demonstrating the theoretical method is reasonable and reliable, and greatly
improves the sand compaction pile design.
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Fig.1 Model of circular cavity expansion
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Table 1 Parameter values of different types of sand
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Table 2 Parameters of soil
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Table 4 Parameter values of compacted soil with different initial diameters of casing pipe

2R, /m  Z/m P /kPa 2R, /m E, /MPa A%/m & /kPa 3 a/ /Mpa! E! /MPa
5 175.98 1.56 294 1.25 111.77 0.903 0.183 10.47
0.50 15 281.36 1.37 39.8 1.25 200.62 0.895 0.123 15.54
25 384.80 1.24 453 1.25 287.83 0.89 0.098 19.58
5 162.36 1.40 273 1.25 102.49 0.904 0.199 9.61
0.55 15 264.39 1.23 38.6 1.25 163.30 0.899 0.129 13.67
25 364.52 1.12 44.4 1.25 24491 0.893 0.104 18.38
5 145.69 1.20 242 1.25 71.61 0.910 0.221 8.69
0.60 15 243.54 1.06 36.9 1.25 153.09 0.898 0.155 12.33
25 339.66 0.95 432 1.25 232.36 0.892 0.118 16.20
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Table 5 Pile-soil stress ratio at various depths with
various initial diameters of casing pipe

2R,/m  Z/m E, /MPa E./MPa n, m

5 294 10.47 2.81

0.50 15 39.8 15.54 2.56 2.56
25 453 19.58 231
5 273 9.61 2.84

0.55 15 38.6 14.82 2.60 2.62
25 444 18.38 242
5 24.2 8.69 2.78

0.60 15 36.9 13.67 2.70 2.72
25 43.2 16.20 2.67
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