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Coupled Effect of Pile/Slope Systems
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Abstract

In this paper, a numerical comparison of predictions by limit equilibrium analysis and 3D analysis is presented for slope/pile

system. Special attention is given to the coupled analysis based on the explicit finite difference code, FLAC 3D. To this end,

an internal routine (FISH) was developed to calculate a factor of safety for a pile reinforced slope according to shear strength

reduction technique. The case of coupled analyses was performed for stabilizing piles in slope in which the pile response

and slope stability are considered simultaneously. In this study, by using these methods, the failure surfaces and factors of

safety were compared and analyzed in several cases, such as toe, middle and top of the slope, respectively. Furthermore, the

coupled method based on shear strength reduction technique was verified by the comparison with other analysis results.
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Fig. 1. A pile subjected to lateral soil pressure
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Table 1. Material properties and geometries
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unit weight (kN/m?®) 20.0
. cohesion (Pa) 1.0x10°
Sol (Mohr[il-%sctluclomb) friction angle (°) 20°
dilation angle (°) 0
. elastic modulus (Pa) 2.0x108
elastic
poisson's ratio 0.25
unit weight (kN/m?) 78.5
elastic modulus (Pa) 2.0x10", 6.0x10"
Steel pile poisson's ratio 0.2
diameter (m) 0.8
thickness (mm) 30
normal stiffness (Pa) 2.0x10°
shear stiffness (Pa) 2.0x10°
Interface cohesion (Pa) 1.0x10*
friction angle (°) 20
dilation angle (°) 0
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Fig. 5. Flow chart of computer program{RSSP)
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critical slip circle(Bishop) r

Fig. 7. Nodal velocity vectors induced by Flac 3D and critical slip circle located by Bishop's simplified method for slope without piles
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Fig. 8. Nodal velocity vectors by Flac 3D and critical slip circle by Bishop's simplified method
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Fig. 9. Comparison of the depth and shape
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Table 2. Comparison of numerical method on safety factor

Flac 3D
Youngs Modulus .
of piles(GPa) Free Fixed Bishop (RSSP)
60 1.46 1.56 1.49
200 1.55 1.56 1.49

Bishop(slip depth : 3.6m)]

Flac 3D(6.33m)

extreme point
of shear force

Pile element detailed

of critical slip surface
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Table 3. Material properties and geometries

unit weight (kN/m?) 19.63
cohesion (Pa) 2.4x10*
plastic . N
ol (Mohr—Coulomb) friction angle (°) 10
dilation angle {°) 0
, elastic modulus {Pa) 4.79x10°
elastic
poisson's ratio 0.35
unit weight (kN/m?® 23.0
elastic modulus (Pa) 2.5x10"
pile poisson's ratio 0.2
diameter (m) 0.62
thickness(mm) 90

10.0m L=23.7m

20.0m

Fig. 11. Model slope and element mesh
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