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This study proposes a modified equation to calculate the factor of safety for an infinite slope considering the satu-
ration depth ratio as a new variable calculated from rainfall infiltration into unsaturated soil. For the proposed equa-
tion, this study introduces the concepts of the saturation depth ratio and subsurface flow depth. Analysis of the factor
of safety for an infinite slope is conducted by the sequential calculation of the effective upslope contributing area, sub-
surface flow depth, and the saturation depth ratio based on quasi-dynamic wetness index theory. The calculation pro-
cess makes it possible to understand changes in the factor of safety and the infiltration behavior of individual rainfall
events. This study analyzes stability changes in an infinite slope, considering the saturation depth ratio of soil, based
on the proposed equation and the results of soil column tests performed by Park et al. (2011 a). The analysis results
show that changes in the factor of safety are dependent on the saturation depth ratio, which reflects the rainfall infil-
tration into unsaturated weathered gneiss soil. Under continuous rainfall with intensities of 20 and 50 mm/h, the time
taken for the factor of safety to decrease to less than 1.3 was 2.86-5.38 hours and 1.34-2.92 hours, respectively; in the
case of repeated rainfall events, the time taken was between 3.27 and 5.61 hours. The results demonstrate that it is
possible to understand changes in the factor of safety for an infinite slope dependent on the saturation depth ratio.

Keywords : Equation of the factor of safety for an infinite slope, Rainfall infiltration, Saturation depth ratio, Weath-
ered gneiss soil, Landslide prediction
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Table 1. Test conditions for weathered gneiss soils under continuous rainfall.

Gneiss Rainfall intensity Rainfall duration Unit weight of soil Porosity Mean infiltration velocity
(mm/h) (hour) (g/em?) (%) of rainfall (cm/s)
GnCl 20 10 1.35 48.8 2.854x1073
GnC2 20 10 1.55 412 2.012x1073
GnC3 20 10 1.61 39.0 1.297x1073
GnC4 50 1.35 48.8 4.509x1073
GnCs 50 1.55 41.2 2.423x107
GnC6 50 4 1.61 39.0 2.016x1073
Table 2. Test conditions for weathered gneiss soils under repeated rainfall.
Rainfall Rainfall  Rainfall pause Unit weight No. of First infiltration Repeated
Gneiss intensity duration duration of soil re eiition velocity infiltration velocity
(mm/h) (hour) (hour) (g/em®) P (cm/s) (cm/s)
GnCl 20 10 0 1.35 1 2.854x1073 -
GnR1 20 1 1 1.35 5 1.871x1073 1.320x1072
1to3
GnR2 20 (30 minutes 1 1.35 1 2.090x1073 1.486x1072
interval)
3t01
GnR3 20 (30 minutes 1 1.35 1 2.247x10° 1.366x107
interval)
1 to 25
GnR4 20 1 (30 minutes 1.35 1 1.756x107 1.307x1072
interval)
25t 1
GnR5 20 1 (30 minutes 1.35 1 1.309x1073 1.718x1072
interval)
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3FES tET AL zizF W3l A1 oH, ol wE 2011 a; Park et al.,, 2011 b).
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(b) Repeated rainfall

Fig. 2. Changes in the factor of safety in weathered gneiss soils under continuous rainfall (a) and repeated rainfall (b).
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Fig. 3. Time taken for the factor of safety to decrease to
less than 1.3 in weathered gneiss soils dependent on
rainfall conditions.
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