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Introduction

Rainfall has been causing many landslides and slope failures. The drainage boring is an cffective measure to lower the
ground water level and 1o increase the slope stability during ranfall. The effects of the length, the spacing, and the
direction angle of the drainage boring on the ground water level 1s conducted with the 3D FE analysis of transient water
flow through unsaturated-saturated soils. The slope stability is evaluated with the global safety factor, obtained with the
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hydraulic charactenistics for the Glendale

clayey loam (GCL), the Uplands silty sand '
(USS), and the Bet Degan loamy sand
(BLS), as shown in Table 1, are used to investigate their effects on the ground water level and the slope stability during

Fig.1 Model slope and 3D finite element mesh

rainfall. The initial relative degree of saturation 1s assumed to be 0.617, at the slope crest, and linearly mcreases to unity

at the horizontally initial water level. ) . )
) Table 1 Hydraulic properties of soils

In ord'erA to compare 'thc effects of hydraulic Soil | e’ - 7 2. K10 om’s)
characteristics, the mechanical parameters of the three GCL 1 10601 113954 | 0106 | 0.469 516
soil types are assumed to be the same as follows: | USS | 7.0870 | 1.8103 | 0.049 | 0.304 18.292
F=98.1 MPa,v=03,y=17.66 KN/m’, ¢'’=7.85 kPa, | BLS | 2.7610 | 3.0224 | 0.044 | 0375 63.832

#'=25° and ¢ =0°. The rainfall of the uniform intensity 10mm/hr is assumed to last 72 hours. The calculated results show

that the ground water level reaches the steady state after the rainfall lasts a certain hours less than 72 hours.

taets of drai ; o— 1.4
Effects of drainage boring length GCL USS BLS

The horizontal drainage boring is ]

b
[\
T

mnstalled at the height of the lower // /9///’;” o - —a— GCL
o 1 ; — —&8— USS
ground surface, as shown in Fig. 1, o T R Be

Safety factor
o

and simulated with the specified 4| — [
- I

IP— 0.8 ! i . 1
pressure head of zero. The spacing | g——— |—+ F4— 0 10 20 30 40
. L g b Length (m)
of the drainage boring is assumed to - )
Fig.2 Contours of pressure head Fig.3 Safety factor versus length

be 10m, i.e. S=5m in Fig.1. The
contours of the pressure head for the
longitudinal sections at the appointed points (Fig.2) shows the 3D effect of the drainage boring in the slopes, which is

more remarkable for the soils with lower hydraulic conductivity. The pressure head at the bottom of any longitudinal

for longitudinal section at point B

section is about the same, so that the effects of the drainage boring on the ground water level can be confirmed by the
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pressure head at the appointed points in Fig.1.

The ground water level is cffectively lowered, and slope stability increases with
the drainage boring installed. However, the ground water level at the points B and C
is not lowered further, and the slope stability does not incrcase further when the
drainage boring are extended beyond a certain length, i.e., the horizontal distance
between the slope toe and slope shoulder (Fig.3-4)

Effects of drainage boring spacing

When L= 7.5m, the ground water level is slightly lowered, therefore, the slope
stability increases a little with the spacing becoming smaller. In contrast, when
L=15m, the ground water level is definitely lowered, and the slope stability increases
with the spacing becoming smaller except for the BLS slope, due to its very low
ground water level even when the spacing is 20m (Fig.5).
Effects of drainage boring direction

The drainage boring is mstalled in a group in the horizontal plane for easy
construction. It 1s assumed that the group consists of three drainage borings, and only
half of the group is analyzed due to its symmetry. When 1=7.5m, the spacing is
assumed to be 15m. When L=15m, the spacing is assumed to be 30m. The ground
water level is changed little during rainfall for different direction angle of the

drainage boring for all three types of soil either
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Fig.4 Pressure head versus length
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length of the drainage boring in the group is the same, E ’ \‘\. - gﬁg L=15m
(]
because the ground water level has been lowered by ©* g g : ! —L t L :
installing the firainage boring with. the direcvtion.angb 0 épacir?g @ 12160 4 Spagingl(?n ) 16 20
of zero degree and the other drainage boring in the ) ) .
. ) . i Fig.5 Safety factor versus spacing
group are installed in the region with the lowered 9
ground water level. iw; ; (B)
Conclusion 7 ;&_.__H_____' W
The ground water level is effectively lowered and 5 L —— P
the slope stability increases with the drainage boring 12 b .
installed in the slope, and it is the most effective to -, 19 F~g—a—a—"1 .\(C')/.’,.____.
g
extent the drainage boring until the length of the ‘-g ©) L ‘\G/a/a/"
. . . . 8 i -
drainage boring reaches a certain value, iec. the & a9
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Fig.6 Pressure head versus direction angle



