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Abstract

Due to South Korea’s concentrated summer rainfall, constituting 70% of the annual total, landslides
frequently occur during the rainy season, necessitating accurate prediction methods to mitigate asso-
ciated damage. In this study, a reduced-scale and full-scale slope was configured using weathered
granite soil to find the possibility of establishing measurement management criterias through landslide
reproduction. The experiment focused on matric suction, analyzing changes in ground properties and
failure patterns caused by rainfall infiltration. Subsequently, an unsaturated infinite slope stability
analysis was conducted. By calculating the failure time when the safety factor falls below 1 for each
experiment, landslide prediction was demonstrated to be possible, approximately 17 minutes prior for
the reduction-scale experiment and 6.5 hours for the full-scale experiment. These findings provide
useful data for establishing Korean soil slope measurement management criteria that consider the
characteristics of weathered granite soil.

Keywords: reduction-scale experiment, full-scale experiment, weathered granite soil, measurement
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Fig. 1. Panoramic view of the landslide model test device (reduction-scale).
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Fig. 2. Schematic diagram of the landslide model test device (reduction-scale).
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Fig. 3. Panoramic view of the landslide model test device (full-scale).
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Fig. 4. Schematic diagram of the landslide model test device (full-scale).
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Table 1. Landslide model test device specifications

Reduction-scale Full-scale
Length (m) 2.1 21
) Height (m) 0.5 2.5
La‘tljssthj;?zdel Width (m) 0.4 4
Rainfall intensity (mm/hr) 10~140 10~160
Slope angle (°) 0~40 0~40
Nozzle Nozzle shape Vertical spray nozzle Rotating spray nozzle, Vertical spray nozzle
Nozzle height 4m 16 m
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Table 2. Physical property of weathered granite soil

Property Symbol Value
Specific gravity (-) G; 2.60
Natural water content (%) w 18.95
Dry unit weight (g/cm’) Y4 1.67
Effective particle size (mm) Do 0.42
Uniformity coefficient (-) Cy 341
Coefficient of curvature (-) C, 0.79
USCS (-) - SP
Coefficient of permeability (cm/sec) K 7.6 x 107
Liquid limit (%) LL 22.56
Plastic limit (%) PL 18.92
Cohesion (kPa) c 11.84

Friction angle (°) 10) 27.02
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Fig. 5. Grain size distribution curve of the soil used in model tests.
Table 3. Experimental conditions of the model slopes for the landslide model tests
Unit weight Rainfall intensity Slope angle Initial water content
(gfem’) (mmv/hr) @) (%)
Case 1 1.45 50 35 8.50
Case 2 1.47 50 35 7.20
Case 3 1.48 50 35 10.60
Reduction-scale Case 4 1.60 50 35 13.10
experiments Case 5 1.54 50 35 10.90
Case 6 1.62 50 35 10.50
Case 7 1.61 70 35 12.20
Case 8 1.68 70 35 11.50
Full-scale Case 1 1.51 50 40 10.00
experiments Case 2 1.60 50 35 10.00
100000 g 100000 § )
Eerd=0.13 ® Measured value (drying) §9r‘”=0-13} © Measured value (wetting)
10000 E ——van Genuchten model (drying) 10000 ; H --=-van Genuchten model (wetting)
_ i Air Entry Value=AEV - 3 ! Water Entry Value=WEV
© : o [
£ 1000 & 1000 § ?-_
5 | N
g 100 E S 100 3 ! \\‘
= E ~- = E 4.
(7] I U2 F SO
2 i 8 i R
£ 10} ® 10 ¢ e
= f__AEV=27kPa _________Thw I = F WEV=1.8kPa e,
@ S e
1k 1 E U
F []
6,9=0.492 8,v=0.447 |
0.1 ‘ 0.1
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.00 0.10 0.20 0.30 0.40 0.50 0.60
Volumetric water content (o) Volumetric water content (o)
(a) Drying path (b) Wetting path

Fig. 6. SWCC of the soil used in model tests (Song and Song, 2023).
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Table 4. Fitting parameter of SWCC for the weathered granite soil (Song and Song, 2023)

Soil Path a(kPa™) n m

. . Drying 0.145 1.990 0.497
Granite soil ]

Wetting 0.245 1.712 0.416
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Fig. 8. Landslide failure characteristic (progressive failure).
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Fig. 13. Changes in representative matric suction and volumetric water content (full-scale).
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Failure time Failure time L .. . .
(experiments) (FOS < 1) Detection time Critical matric suction
(hour) (hour) (hour) (kPa)
Case 1 - Data error
0.78 0.18 0.80
Case 2 0.96 0.95 0.01 0.84
0.89 0.07 0.81
0.79 0.71 0.84
Case 3 1.50 0.87 0.63 0.83
0.83 0.67 0.84
Case 4 1.00 0.92 0.08 0.83
Reduction-scale - - -
experiments - - -
Case 5 1.02 - - -
Case 6 - Data error
Case 7 0.81 0.52 0.29 0.83
0.55 0.26 0.76
Case 8 0.78 0.58 0.20 0.83
0.62 0.16 0.83
1.32 9.94 1.84
Case 1 11.26 4.17 7.09 1.84
Full-scale 1.00 10.26 1.84
experiments 3.80 6.56 1.84
Case 2 10.36 7.99 2.37 1.84
7.39 2.97 1.84
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