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Rainfall Seepage-induced Stability Analyses of Unsaturated Slopes

with Tie-back Retaining Piles
Der-Guey Lin M Sheng-Hsien Wang? Jui-Ching Chou Bl Sheng-Fu Sheu ¥

ABSTRACT During the raining season in Taiwan, heavy rainfall often causes landslides, debris flows and collapses
on slopes. The tie-back retaining pile method is one of the most popular methods used for slope rehabilitation. In the
past, the infiltration and seepage behaviors of slopes during rain fall have usually been ignored in the stability analyses.
In this study, a large scale test on the infiltration and seepage behaviors of a slope is modeled using the three-dimen-
sional finite element program, PLAXIS 3D, to validate and calibrate the numerical model. Then, a model of an unsatu-
rated slope consisting of a homogeneous layer of the colluvium was established for a series of slope stability analyses.
Meanwhile, the effects of infiltration and seepage behavior and the tie-back retaining pile system on the slope stability

under different water table levels and rainfall patterns were investigated.
Key Words: Rainfall infiltration, tie-back retaining pile, slope stability, PLAXIS 3D.
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Table 2 Material model parameters of soil for numerical simulation
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B 16(19) 23.4 44.20 0 2x10* 0.33 0.180 1 9.8 2.04 0.51 2.7
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Fig.3 Simulated degree of saturation for soils with different permeability under specific rainfall condition (I=100 mm/h)
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Table 3 Material model parameters of soil strata for the slope without tie-back retaining piles
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Fig.8 Design rainfall of different patterns used for rainfall-induced seepage analyses
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Fig.9 Unsaturated hydraulic conductivity function
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Table 4 Analysis cases for numerical simulation of rain-
fall-induced seepage of slope without tie-back
retaining piles
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3 5.5 k() g
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7 35 k (1.59) g
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Fig.10 Simulated contour of saturation degree (S value) for slopes without tie-back retaining piles for different initial
groundwater level (red color: higher S value, blue: lower S value)
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Fig.11 Factor safety of slopes without tie-back retaining piles for different initial groundwater level
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Fig.12 Simulated contour of saturation degree for slopes without tie-back retaining piles for different design rainfalls
(red color: higher S value, blue: lower S value)
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Fig.13 Factor safety of slopes without tie-back retaining piles for different design rainfalls
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suctions (red color: higher S value, blue: lower S value)
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Fig.16 3-D Numerical model of slope with tie-back retaining piles
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Fig. 7 Factor safety of slopes with tie-back retaining piles for (a) different initial groundwater levels (hw,=1.5 m=higher
level; hwo=5.5 m=lower level) (b) different design rainfalls
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Table 6 Factor of safety of slopes with and without tie-back retaining piles for different initial groundwater levels

[k R AEE TR FS st E fr S HEE R FS B B REERTT E 53 ER(%)
TR (FSo) (FSpia) [(FSy:4-FSo)/FS,]x100 %)
(h) = 7KAL thKAL EK AL 1= 7KL th7KAL 7KL 1= 7KAL 7KL 7KL
0 1.171 1.219 1.225 1.364 1.494 1.595 16.5% 22.6% 30.2%
6 1.074 1.209 1.234 1.235 1.489 1.586 15.0% 23.2% 28.5%
12 1.007 1.084 1.131 1.094 1.412 1.488 8.6% 30.2% 31.6%
18 0.997 1.030 1.099 1.025 1.335 1.399 2.8% 29.6% 27.3%

24 0.993 0.998 1.089 1.002 1.217 1.266 0.9% 21.9% 16.3%
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Table 7 Factor of safety of slopes with and without tie-back retaining piles for different design rainfalls

N R TBE DEBYEFS TG R B FS TV % R T 1 S TL(%)
|‘¢ﬁﬁh@5§ (FS,) (FS,.0) [(FSyea— FSo)/FS,]x100 %)

® HijlgERY Rk it 3 ixl Gz ikl ek Sit] 3=kl Gz ikl R it 3 =ixl

0 1219 1219 1219 1.494 1.494 1.494 22.6% 22.6% 22.6%

1.182 1.209 1214 1.478 1.489 1.493 25.0% 23.2% 23.0%

12 1.108 1131 1.136 1.32 1.412 1.413 19.1% 24.8% 24.4%

18 1.081 1.099 1.101 1.177 1.335 1.367 8.9% 21.4% 24.1%

24 1.049 1.089 1.091 1.062 1217 1.221 1.2% 11.8% 11.9%
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Fig.18 Total displacement increment contour of the central cross section of slope for different initial groundwater
levels (red color: larger displacement increment with potential sliding zone)
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