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Abstract: Soil nailing is an economical and convenient bracing structure for foundation pits. In previous researches, the
strength control is the main standard in the structural design of the soil-nail braced structure, but the deformation control is
rarely considered. A closed-form solution for the horizontal displacement of the soil-nail braced structure is presented. An
energy equation is established based on the mechanica characteristics of the surface layer. According to the principle of the
minimum potentia energy, a closed-form solution on the horizontal displacement of the soil-nail braced structure is derived.
The results are validated through a comparison with a project case. It shows that this anaytical solution is reasonable and

Analytical solution on the displacement of soil-nail braced structure based on the

feasible and can satisfy the engineering requirements.

K ey words: foundation pit; soil nailing; minimum potential energy principle; closed-form solution
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Fig. 1 Spatial distribution of displacement of surface layer
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Fig. 2 Sketch of deformation of surface layer
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Fig. 3 Forces acting on surface layer
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Fig. 4 Earth pressure distribution on the surface layer
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Table 1 Mechanical properties of soils, soil-nail and surface layer
+= +4T (1)

g kO fy Eeq Tuk 9 g Eeq m D
I(kN + m®) IMPa/GPa/GPa/(°) /(kN « m®) /GPa = /mm

20 0.64 340 48 60 O 26
%2 EZ4 EBEESHE
Table 2 Parameters of nonlinear E-B model

22 03 20

C o Ao p K K, n K& m

kPa 1) I(°)
5 36 3 079 548 1370 05 360 0.3
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Table 3 Comparison of results
S S d |z UEME SHME BEm KE

/m /m /mm /m /m /mm /mm /mm
1.1 13 20 75 13 9.3 8.5 6.3
1.1 13 20 80 26 7.7 6.8 6.1

1113 20 78 39 54 5.2 58 T4IfLE
D1=100
11 1.3 20 6.0 52 29 47 5.2 o

1113 20 52 65 1.0 2.8 4.6
1113 20 46 7.8 0.1 1.2 0.5
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Fig. 5 Relationship between horizontal displacement and different
thicknesses of soil-nail
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Fig. 6 Relationship between horizontal displacement and different
angles of soil-nail
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Fig. 7 Relationship between horizontal displacement and different
diameters of soil-nail
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