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The Influence of Bedrock Location and Soil Characteristics
on Rainfall-Runoff and Large-Scale Landslides
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ABSTRACT
and bedrock location is one of the important factors. Since the investigation of geological structure is usually

Generally, the causes of large-scale landslides are related to geological conditions and tectonics,

time-consuming and expensive, many researchers have tried to explore a geological structure by analyzing ground-
water flow. This study uses an integrated Rainfall-Infiltration-Slope stability (IRIS) model to simulate the process of
rainfall-runoff and predict the time of occurrence and the scale of large-scale landslides. The simulation results show
that the bedrock location influences runoff, and the end time of interflow offers a better index for detecting the bed-
rock location when using runoff data. The simulation results also indicate that the soil strength dominates the scale of
landslides, and the soil hydraulic characteristics only affect the time of occurrence (or probability) of landslides. Ac-
cordingly, large-scale landslides tend to occur in areas which have a lower angle of internal friction, higher water re-
tention, and lower hydraulic conductivity. Moreover, the water contents of the soil are almost same in areas where
landslides occur even if under the different rainfall patterns. That is, the water contents of soil can be used as an ef-
fective index for predicting landslides.

Key Words : Large scale landslides, rainfall, infiltration, runoff, bedrock, water content.
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Fig.3 The simulation results of the landslide due to
typhoon 0514 in Taketa City in 2005
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Table 1 Hydraulic characteristics and soil strength of

the soil of the slope in Taketa city, Oita, Japan

Hydraulic parameters & s Y °
cm/s m’/m’ m’/m’ cm -
Surface 242x107  0.646 0.477 =792 0.875
Middle 332x10%  0.595 0.441 -595 1.36
Lower 5.69x10*  0.682 0.577 =797 1.02
Yeat C 9
Soil strength t/m’ tf/m’ degree
1.92 2.0 17

&2 2012 & 8 HEMAAREFF AT HIBELERSH
Table 2 Hydraulic characteristics and soil strength of
the soil of the slope in Uji city, Kyoto, Japan

Hydraulic parameters K o 0 Yo °
cm/s m’/n’ m’/m’ cm -
Surface 0.132 0.467 0.240 312 1.40
Middle 0.0035 0.468 0.270 -23.7 1.17
Vsat C ¢
Soil strength t/m’ tf/m’ degree
1.64 1.1 31
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a : the ground surface inclination
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n, : the thickness of downstream soil
L : the length of the slope
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| L '

15 layers

I | I I | I |
I 1 I I I T 1

...... 85 90 95 100 (m)
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Fig.5 (a) The simplified slope model (b) The paradigm of
the FEM grid

*3 BREHRE TIEHERZH

Table 3 Hydraulic characteristics and soil strength of
the soil of the simplified slope

60 g
£ o ----Observed slip surface 7 e K. 0. 0, Vi S
e 7 aulic parameters
i pe o Y P cm/s m/m’ mm’ cm -
,,r" Volcanic debris ~ 3.50x10°  0.684 0577  -7974 253
30
/// Weathered granite  6.71x10°  0.387 0.128 -91.38 227
20
Z Sandstoneshale 3 50,103 0468 0270 237 117
10 /’ interface
7 . Y C 4
Y ‘ ‘ ‘ ‘ ‘ ‘ Soil strength S B
0 20 40 60 80 100 120 t/m th/m degree
X{m) Volcanic debris 1.92 23 17
4 2012 & 8 HEMHAART AT AT AIBERER Weathered granite 2.0 05 30
Fig.4 The simulation results of the landslide due to Sandstone-shale
interface 1.64 08 31

heavy rainfall in Uji City in 2012
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Fig.6 The rainfall-runoff hydrograph in volcanic debris slope
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Table 4 The initial effective saturation of the soil of the

simplified slope

VBI10 VBI14 VBI8 GBI10 GB14 GBI18 SSB10 SSB14 SSBI8

S. (%

) 761 765 774 616 620 625 289 296 306
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Fig.10 The rainfall-runoff hydrograph in sandstone-shale interface slope
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Table 5 The occurring time and scale of landslide and water content for the volcanic debris slope under different
rainfall intensity

VBI10 VB14 VBI18
Fsi 1.008 1.046 1.123
Occurring | Slip surface | Water con- | Difference | Occurring | Slip surface | Water con- | Difference | Occurring | Slip surface | Water con- | Difference
time (min) | area (m?) | tent (m*/m) | rate of water | time (min) | area (m®) | tent (m*/m) |rate of water| time (min) | area (m? | tent (m*m) |rate of water
content (%) content (%) content (%)
=60 655 1130.7 1026.1 20.09 854 926.6 791.4 0.12 937 645.0 546.6 20.05
=80 487 1130.7 1025.4 0.16 649 926.6 790.2 028 721 645.0 546.0 0.16
Mean 1027.0 Mean 792.4 Mean 546.88
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Fig.11 The soil water pressure head of the sandstone-shale interface slope with bedrock inclination of 14° at various

time (a) t=Oh (b) t=56h (c) t=96h (d) t=408h
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Table 6 The occurring time and scale of landslide and water content for the weathered granite slope under different
rainfall intensity

GB10 GB14 GBI18
Fsi 1.365 1.370 1.384
Occurring | Slip surface | Water con- | Difference | Occurring | Slip surface | Water con- | Difference | Occurring | Slip surface | Water con- | Difference
time (min) | area(m?®) | tent(m’) |rate of water|time (min)| area(m?) | tent(m®) |rateofwater|time (min)| area(m?) | tent(m’) |rateof water
content (%) content (%) content (%)
1=20 5880 63.5 518.6 535 5125 81.3 400.5 5.63 4544 82.5 281.4 5.69
=40 | 2905 63.5 496.7 0.90 2399 78.6 382.9 0.98 2093 82.5 270.4 1.56
I=60 | 2014 63.5 488.0 -0.86 1623 55.3 3743 -1.27 1378 60.6 262.4 -143
1=80 1620 63.5 481.6 -2.15 1285 553 370.9 -2.18 1047 60.6 2594 -2.55
=100 1288 63.5 476.2 -3.25 1042 553 367.2 -3.16 886 60.6 2575 -3.27
Mean 4922 Mean 3792 Mean 266.2
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Table 7 The occurring time and scale of landslide and water content for the sandstone-shale interface slope under

different rainfall intensity

SSB10 SSB14 SSB18
Fsi 1.493 1.501 1.534
Occurring | Slip surface | Water con- | Difference | Occurring | Slip surface | Water con- | Difference | Occurring | Slip surface | Water con- | Difference
time (min) | area (m?) | tent(m’) |rate of water|time (min)| area(m?) | tent(m’) |rateof water|time (min)| area(m?) | tent(m’) |rate of water
content (%) content (%) content (%)
1=20 8090 133.8 636.5 293 6588 143.8 489.6 1.90 5721 137.7 342.6 0.85
=40 | 3550 93.7 622.3 0.64 3057 109.1 480.9 0.09 2767 132.8 339.8 0.05
I=60 | 2288 93.7 615.1 -0.52 2024 109.1 479.0 -0.30 1840 1284 339.3 -0.11
1=80 1721 93.7 610.0 -1.35 1521 109.1 4769 -0.73 1373 1284 3383 -0.40
=100 1421 93.7 607.9 -1.69 1240 109.1 4758 -0.96 1106 1284 3383 -0.40
Mean 618.4 Mean 480.4 Mean 339.7
&8 TIENREHERBNE AR TS
Table 8 Theinfluence of soil strength on occurring time and scale of landslide
Soil strength VBI10 GB10
C (tf/m?) ¢ (degree) Fsi Occurring time (min) | Slip surface area (m?) Fsi Occurring time (min) | Slip surface area (m?)

1.8 20 1.08 670 1000.1 1.08 2067 976.9

1.5 20 1.04 525 1013.6 1.04 1243 1013.6

1.2 20 1.00 169 1018.5 1.00 508 1018.5

1.5 23 1.18 733 231.1 1.18 No collapse

1.2 23 1.14 634 1819 1.14 No collapse

0.9 23 1.09 520 103.5 1.10 1275 103.5

0.6 23 1.04 406 434 1.05 972 72.8

0.9 26 1.23 600 136.7 1.24 No collapse

0.6 26 1.19 473 67.1 1.19 1158 67.1

0.3 26 1.14 634 181.9 1.13 785 433
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