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Stress Analysis and Parametric Study of Retaining Pile Designs for

Road Slope Stability
Yu-En Huang® Zheng-Yi Feng @~

ABSTRACT This study presents a case analysis of the reconstruction project at a landslide site located at marker
32K on Provincial Highway 159A in Guanghua Village, Chiayi County, Taiwan. The investigation employs the finite
difference method using the Fast Lagrangian Analysis of Continua (FLAC) software to perform a two-dimensional
stress analysis and a parametric study of retaining piles. A baseline case was established as the foundation for simulation
analysis. The road collapse in this case was attributed to a rising groundwater level caused by continuous rainfall. This
study examines the variations in stress distribution and safety factors in pile design under different groundwater table
depths. Simulations were conducted for scenarios with and without cantilever-type retaining piles to compare lateral
displacement differences under various conditions. The results, presented in graphical form, provide valuable insights

for engineers involved in road pile design.

Key Words: Retaining pile, numerical model, slope, stress analysis, FLAC
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1 MEENL (BRE Google Map)
Fig.1 Location map of landslide site (Ref: Google Map)
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Fig.2 Landslide photo during disaster (Ref: Chien-Ho
Engineering Consultants, Inc., August 2021)
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Table 1 Soil and rock mass parameters
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Fig.3 Numerical model of retaining pile in Baseline

case
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B2 x 101 (Pa)< it RIS (E) WHE, = 150004/f;
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(Pa) - HEFETHEIMERBEL (Epie) STEMKIEMEES A (2016)
2N Epue = (BEs X As + Ec X A/ Apire K 75 Epite =
2.73 X 1010 (Pa) -

Soil Density Bulk modulus Shear modulus Poisson’s ratio C @

Type (kg/m’) (Pa) (nu) (Pa) (deg)
Colluvium (CL) 1950 3.09x 108 1.03x 108 0.35 1.30x 10* 30
Clayey sandstone 2400 2.25x 10° 1.35x 10° 0.25 2.24% 10° 35
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Table 2 Materials parameters of the ‘Pile elements for the retaining pile

Diameter Material area A,; Density Elastic modulus E,; Moment of inertia
Element type o pile 7 pile "
(m) (m?) (kg/m’) (Pa) (m%
Pile 1 0.785 2,400 2.73x 101° 0.04909

&3 HMAFRRLIMHZH

Table 3 Material parameters for reinforced steel and concrete

Material type Diameter (m)

Material area Ag and A,

Concrete strength (fc”) Young’s modulus

(kg/cm2) (Pa)
Steel (#10 rebar) 0.032 - 2.00x 10t
Concrete 1.000 245 2.30x 101°

AtEfHE FLAC 223 e PR (Fast unsatu-
rated flow) REECAGELEE T /KORENTT Ky » N KGRI R
Z2HANFE 4 FR o KAVEEp F51000 (kg/m?) 5 ZKAVEETE
% (B) WE M2 % 10° (Pa) « LIRERIFE (S) » AIHS =
X Gs/eKf5 > Hfw * &/KE (%)~ G thE ~ et fLFREE -
TIEFLIEER (n) "JHn =e/(1+e) K5 -
x4 TREEAEZEMAESH
Table 4 Seepage calculation parameters for soil and

rock layers

. . . Permeability

Material Porosity (n) Saturation (S) (cmls)
Colluvium (CL) 0.41 0.85 6.33 x 1077
Clayey sandstone 0.2 1.0 6.33 x 107°
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Fig.4 Numerical model of cantilever retaining piles in

scenario simulation
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Fig.5 The distribution of lateral displacement, shear
force, and bending moment for the Baseline case
of retaining piles
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Fig.6 The impact of groundwater depth on lateral dis-
placement (X-direction) of piles
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Fig.7 The impact of groundwater depth on shear force
of piles
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Fig.8 The impact of groundwater depth on bending mo-
ment of piles
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Fig.9 The impact of groundwater depth on the safety
factor
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Fig.10 Potential sliding surface of slope without re-
taining piles (Baseline case GW -4 m)
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Fig.11 Potential sliding surface of the slope with re-
taining piles (Baseline case GW -4 m)
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Fig.12 The impact of cantilever height on lateral dis-
placement (X-direction) of piles
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Fig.13 The impact of cantilever height on shear force
of piles
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Fig.14 The impact of cantilever height on bending mo-
ment of piles
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