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Reinforcing Effect of a Soil Nailing on Plane Failure of a Slope by
Comparing Finite Difference Analysis with Limit Equilibium Analysis
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Abstract

It is very important to design and construct slopes safely because damage cases are increasing due to slope failure.
Recently, Limit Equilibrium Method (LEM) based programs are commonly used for slope designs. Though LEM can
give factors of safety through simple calculation, it has a disadvantage that the sliding surface should be assumed in
advance. On the other hand, the use of Finite Difference Method (FDM) is increasing since the factor of safety can
be easily estimated by using shear strength reduction technique. Therefore the purpose of this study is to present a
reasonable slope design methodology by comparing the two commonly used analysis approaches; LEM and FDM. To
this end, the reinforcement effects of the two methods were compared in terms of the support pattern of soil nailing
reinforced in the section where plane failure is anticipated. As a result, the reinforcement effects by nail angle and
nail spacing turned out to be equal. Also it was found that the factor of safety increased in LEM, but not changed

in FDM when the nail length increased.
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Fig. 1. Geometric condition for plane failure
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Fig. 4. The condition of the slope of interest
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Table 1. Discontinuities properties
Joints Orientation Persistence Spacing Aperture Weathering Filling Roughness
(m) (cm) (mm)
1 30/200 1.0 100 3 Heavy Little 5
2 42/130 0.7 20 3 Normal No 4
75/060 0.15 5 1 Normal No 5
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Fig. 11. Support pattern of soil nailing

Classification Densitay Cohesion Friction angle Porosity Skin friction rgsistance Limit preszsure Strain mogulus
(kN/m”) (kPa) ) (kN/m?) (kN/m®) (kN/m®)
Soil 17.66 19.62 30 0.2 196.2 1,177.2 7,848
Rock 23.54 49.05 35 0.1 588.6 4,905 39,240
Infilling material 16.68 4.91 20 - 98.1 49.05 491

Table 3. Soil nail properties

Size Diameter | Cross—section | Allowable tensile | Elastic modulus | Hole diameter | Plastic moment | Bending stiffness
(m) area (m?) stress (MPa) (MPa) (m) (N-m) (N-m?)
SD 400 | 0.0254 5.067x107* 392.4 210 0.1 618 4,208
Table 4. Grout properties
Compressive strength Poisson’s ratio Elastic modulus Bond stiffness Bond strength
(MPa) (v) (GPa) (MN/m/m) (MN/m)
20 0.2 15.3 2,922 0.314
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