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Simplified algorithm for soil rebound deformation influenced
by engineering piles
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Abstract: Soil rebound induced by unloading in deep excavations can generate significant tensile stress in pre-
embedded vertical structure components such as engineering piles. In severe cases, it may lead to component
fracture and structure instability. To address the limitations of the traditional Geddes stress solution under
unloading conditions, this study first reveals the distribution of pile shaft resistance and determines the neutral
point position based on numerical analysis, thereby modifying and extending the Geddes additional stress
theory. Subsequently, by incorporating soil small-strain stiffness characteristics and the layer-wise summation
method, a simplified algorithm for soil rebound which accounts for pile-soil interaction is established.

Furthermore, the validity of the simplified algorithm is verified through 3D finite element simulations under
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both single pile and piles group conditions, and the influence of piles group effects on calculation accuracy is
analyzed. The results indicate that the calculated values from the proposed simplified algorithm are slightly
larger than the numerical simulation, providing a certain safety margin. The calculation errors for discrepancies
primarily attributed to the simplifications of pile shaft and tip resistances. Finally, the simplified algorithm is
validated using field measurement data from the V-D excavation of the Beijing Sub-Center Transportation Hub
Project. Although the calculated results are approximately 32% larger than the numerical solutions, the overall
trend is consistent with the actual engineering model, which suggests that the proposed algorithm offers
valuable reference for the design of engineering uplift piles and prediction of soil rebound in similar deep
excavations.

Keywords: unloading rebound; engineering piles; additional stress; three-dimension finite element; small-

strain stiffness; single pile-piles group analysis
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Table 1 Soil parameters for 2D axisymmetric FEM model
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Fig. 1 Schematic diagram for single pile resistance

distribution of Geddes method
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Fig. 3 Resistance distribution and its simplification of

engineering pile under soil rebound
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pile’s shaft resistance distribution
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Fig. 5 Analysis results of influencing factors on pile’s shaft resistance distribution
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Fig. 13 Actual engineering excavation rebound

deformation analysis model
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Fig. 4 Axial force and shaft resistance results of actual

engineering
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Table 3 Soil parameters of engineering area for sand

. J%bﬁﬁ Yol Yl jpa U B ./ EY/  El/  EY/ Gy e K,
#i/m (kN/m®)  (kN/m®) MPa MPa MPa MPa MPa 10"
1-O 20.00 19.0 19.9 15.00 25.00 9.97 9.97 9.97 29.91 44.87 0.5 3.0 0.45
2-Q® 17.13 19.4 19.9 16. 00 27.00 9.05 9.96 9.05 27.15 40.73 0.6 2.0 0.34
3-Q® 12.43 20.0 20.0 0.00 28.00 21.87 21.87 21.87 65.61 98.42 0.5 3.0 0.30
4-@ 7.73 20.5 20.5 0.00 32.00 27.03 27.03 27.03 81.09  121.64 0.5 3.0 0.30
5-® 1.63 20.5 21.0 0.00 32.00 32.04 32.04 32.04 96.11  144.16 0.5 3.0 0.30
7-©® —11.37 20.6 21.0 0.00 34.00 37.11 37.11 37.11 111.34  167.01 0.5 3.0 0.30
9-@, —18.27 20.6 21.0 0.00 34.00 31.56 31.56 31.56 94.69  142.03 0.5 3.0 0.30
11-@, —20.27 20.6 20.8 59.50 34.70 29.38 32.32 29.38 88.14 132.21 0.6 2.0 0.32
12-® —22.77 20.8 21.0 0.00 35.00 38.74 38.74 38.74 116.22  174.33 0.5 3.0 0.30
13-®, —24.77 20.6 20.7 5.00 25.00 49.86 54.85 49. 86 149.58  224.37 0.6 2.0 0.32
14-® —25.87 20.8 21.0 0.00 35.00 38.74 38.74 38.74 116.22  174.33 0.5 3.0 0.30
15-©, —29.57 20.3 20.5 19.00 31.60 33.94 37.33 33.94 101.82  152.73 0.6 2.0 0.33
17-© —31.57 20.8 20.8 0.00 36.00 41.83 41.83 41.83 125.49 188.23 0.5 3.0 0.32
19-@, —38.47 20.7 20.8 21.30 29.90 37.03 40.73 37.03 111.09  166. 64 0.6 2.0 0.33
21-@ —41.37 21.0 21.0 0.00 36. 00 46.73 46.73 46.73 140.19  210.28 0.5 3.0 0.30
23-@ —52.87 21.0 21.0 0.00 36.00 52.26 52.26 52.26 156.79  235.19 0.5 3.0 0.30
25-®, —69.57 21.0 21.0 0.00 38.00 54.71 54.71 54.71 164.13  246.20 0.5 3.0 0.30
E:REAREESTORREEL,©.0,.0,.0, 0, FEHE-BFEHL,0.@.0.0.0,.0.0.0.0.0, FH-hib.
x4 IEGHHFLSH
Table 4 Soil parameters of engineering area for clay
e JZ Tk y/ yw/(tkN/ o/kPa ¢/ Ea-o/  EX El/  ELY/ G/ L 7/ K.
m/m o (kN/m?) m?) (kPa/m)  MPa MPa MPa MPa MPa 10"
6-©, —10.37 19.4 19.7 76.83 2.45 14.58 16. 04 14.58 58.32 87.48 0.8 2.0 0.38
8-@ —17.57 19.7 19.9 97.48 3.53 18.23 20.05 18.23 72.92 109.38 0.8 2.0 0.38
10-@ —18.87 19.7 19.9 97.48 3.53 18.23 20.05 18.23 72.92 109.38 0.8 2.0 0.38
16-@, —30. 37 19.2 19.4 53.96 1.38 17.94 19.73 17.94 71.76 107.64 0.8 2.0 0.33
18- —36.17 20.1 20.3 65.25 2.60 23.60 25.96 23.60 94.40 141.60 0.8 2.0 0.32
20-O —40.17 20.1 20.3 65.25 2.60 23.60 25.96 23.60 94.40 141.60 0.8 2.0 0.32
22-@, —51.87 19.9 20.0 70.91 2.16 28.78 31.66 28.78 115.12  172.68 0.8 2.0 0.32
24-® —63.37 20.3 20. 4 79.45 3.16 28.79 31.67 28.79 115.16  172.74 0.8 2.0 0.33
26-@ —72.57 20.1 20.3 108. 11 2.75 30.45 33.50 30.45 121.80 182.70 0.8 2.0 0.32
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Fig. 14 Results of rebound for actual engineering model
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