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Abstract

The characteristics of volumetric water content changes in soil slopes were studied here in an effort to
identify the signs of heavy rain causing shallow slope failure. Volumetric water contents in cases with
and without shallow failure were measured in flume and test-bed experiments. Measurement data
from 282 experiments of both types revealed that the volumetric water content gradient in shallow
failure events ranged from 0.072 to 0.309. In non-failure cases, the range was 0.01~0.32. Therefore,
this one specific value cannot predict shallow slope failure. However, as the volumetric water content
gradient increased, there was a clear tendency to shallow failure. By using this trend, criteria for four

warning levels are suggested.
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Fig. 1. Example relationship between VWC and #/ tmax proposed by Chae and Kim (2012).
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Fig. 2. Relationship between VWC gradient and rainfall proposed by Chae and Kim (2012).
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Table 1. Physical properties of the soil and the model slope for flume tests

Property Value

Specific gravity 2.60
Moisture content (%) 18.95
Dry density (t/m’) 1.67
Effective grain size (D10) 0.16
USCS SP

Soil conductivity (cm/sec) 25x%10°

Liquid limit (%) 22.56
Plastic limit (%) 18.92
Uniformity coefficient (Cu) 9.38
Curvature coefficient (Cg) 0.84
Cohesion (kPa) 11.84
Friction angle (°) 32.5

Table 2. Measurement depth according to slope angle

Measurement depth (cm)

Slope angle (°
pe angle (°) Crest part Slope part Toe part
35 10, 20, 30 10, 20, 30 10, 20, 25
40 10, 20, 30 10, 20, 30 10, 20, 25

50 5,15,25 5,15,25 5,10, 15
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Fig. 3. Schematic diagram of the landslide flume test equipment for a 35° slope angle.
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Fig. 4. (a) Location of the test bed site and (b) cross section of installed sensor.
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Fig. 5. Example calculation of volumetric water content gradient.
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Fig. 6. Volumetric water content gradient with respect to measurement depth.
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Fig. 7. Volumetric water content gradient with respect to slope angle.
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Fig. 8. Volumetric water content gradient with respect to measurement location.
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Fig. 9. Volumetric water content gradient of the test bed.
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Table 3. Rainfall on the test bed

Busan Yeonki Inje

Total rainfall 256 905 541
Maximum rainfall (hour) 56 70 29
Maximum rainfall (day) 90 155 70
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Fig. 11. Frequency of cases with and without shallow failure for different volumetric water content gradients.
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Fig. 12. Rate of landslide occurrence with respect to volumetric water content gradient.

Table 4. Criterion for volumetric water content gradient

Volumetric water content gradient Level of alarm Description
<0.075 Pre-alert Very low failure rate for less than 3%
0.075~0.1 Alert Failure rate for more than 20%
0.1~0.2 Pre-warning Failure rate for more than 66%
0.2< Warning Very high failure rate for more than 80%
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