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Simplified nonlinear method for settlement of root piles in multi-layered soils

LUO Xiao-guang' %, REN Wei-xin®, YIN Yong-gao'
(1. School of Civil Engineering, Hefei University of Technology, Hefei 230009, China; 2. School of Civil Engineering and Mechanics,
Xiangtan University, Xiangtan 411105, China; 3. Key Laboratory for Resilient Infrastructures of Coastal Cities, Ministry of Education,

School of Civil and Transportation Engineering, Shenzhen University, Shenzhen 518060, China)

Abstract: The root pile is a new type of pile, which improves the bearing capacity by penetrating a certain number of horizontal
roots into soils from the reserved position of the piles. The load transfer model for the roots of a root pile is proposed based on
the hyperbolic function, and a simplified nonlinear method for settlement of the root piles in multilayered soils is derived. An
effective computer program based on MATLAB is developed for nonlinearly analyzing the load-settlement behavior of the root
piles. The comparisons among the proposed method, other analytical methods and the root pile load test results on sites are
carried out in terms of two real case root piles in Chizhou Yangtze River Highway Bridge in Anhui Province, China. It is
demonstrated that the proposed method can achieve a good agreement with the measured results, and the load-settlement curve
calculated by this method is more consistent with the real load-settlement characteristics of the root piles compared with that of
the other analysis methods. The parameter study of the root piles shows that the load-settlement behavior of the root piles is not
sensitive to the layout of roots and the load transfer parameters selected at root side-soil interface, but sensitive to the load
transfer parameters selected at root base-soil interface.
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Fig. 1 Schematic diagram of root pile
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Fig. 4 Hyperbolic load transfer function model
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Table 2 Coefficients Ci, C2 and C3

WEEEMI(C ) ¢ (Wt a (FtD C G
2 0.07 0.04 1.20 5.63
4 0.16 0.09 1.43 6.19
6 0.28 0.16 1.72 6.81
8 0.44 0.25 2.06 7.53
10 0.64 0.36 2.47 8.35
12 0.87 0.50 2.97 9.29
14 1.26 0.69 3.59 1037
16 1.73 0.95 434 11.63
18 2.33 1.27 526  13.10
20 3.14 1.70 6.40  14.84
22 422 2.26 782 16.88
24 5.70 3.01 9.60  19.32
26 7.70 4.07 11.85 2225
28 10.16 5.38 1472 25.80
30 14.26 7.32 18.40  30.14
32 19.51 9.90 23.18  35.49
34 27.27 13.83 2944  42.17
36 37.32 18.92 3775 50.59
38 54.75 27.10 4893  61.35
40 77.85 38.20 6420 7531
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Table 3 Soil layers and parameters for real case soils
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Hrmmb 30.00 7.0 300 0.3 2000  31.00
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Fig. 5 Soil stratigraphy for the real case root pile site
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Fig. 6 Schematic details for root piles No. 1 and No. 2
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Fig. 8 Comparisons of load-settlement curves for site root pile
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Fig. 9 Comparisons of load-settlement curves for site root pile
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Table 4 Structural types of fictitious piles
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Table 5 Load transfer parameters of fictitious piles

1/as 1/bs 1/ap 1/by 1/ar 1/br 1/av 1/bv

/MN-m?3) /MPa /(MN-m?3) /MPa /MN-m?3) /MPa /(MN-m?3) /MPa

86.96 0.05  57.47 7.46 86.96 0.05 111.73 450
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Fig. 10 Influences of different structural types of root piles
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Fig. 11 Influences of load transfer parameters selected at root-soil
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