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Fig. 1 Movement distances of landslide
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Fig.3  Apparent coefficients of friction and volumes of landslides
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1 Tab.2 Horizontal movement distances on the bottom  ( unit: m)
Tab.1 Factors and levels of orthogonal analysis 14 a=25° a=34° a=45° a=55°
V/m3 al® M1 0 0.70 1.50 1.60
1 0.20 M1 25 0.2m? M2 0 1.45 2.40 1.80
2 0.15 M2 35 M3 1.1 2.10 3.40 2.70
3 0.10 M3 45 M1 0 0.55 1.27 1.52
4 0.05 55 0.15m’ M2 0 1.35 2.10 1.70
M3 1.1 1.96 2.90 2.50
3 M1 0 0.30 1.15 1.45
0.1m’ M2 0 1.20 2.05 1.60
M3 1.05 1.85 2.70 2.40
31 L M1 0 0.45 1.03 1.08
0.05m* M2 0 1.10 1.85 1.28
( 2) M3 1.00 1.70 2.60 2.30
e}
25 M1 M2
0. 3.2 L
L (dso) 3.2.1 L
o 3
o V\ M 63 ~
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Tab.3  Orthogonal analysis of horizontal movement distances on the bottom ( unit: m)
M e
\4
I I I Ry I I I v R,
0.2m? 1.27 1.88 2.73 1.46 - 1.42 2.43 2.03 1.01
0.15m’ 1.11 1.72 2.45 1.34 - 1.29 2.09 1.91 0.8
Ry >R,
0.1m? 1.00 1.62 2.32 1.32 - 1.15 1.97 1.82 0.82
0.05m’ 0.85 1.41 2.20 1.35 - 1.08 1.83 1.55 0.75
a v
M
I I v R, I I m v Ry
Ml 0.53 1.24 1.41 0.88 1.27 1.11 1.00 0.85 0.42
M2 1.28 2.10 1.60 0.82 1.88 1.72 1.62 1.41 0.47 R, >Ry
M3 1.90 2.90 2.48 0.58 2.73 2.45 2.32 2.20 0.53
M A
I I I Ry I I | v Ry
a=34° 0.53 1.28 1.90 1.37 1.42 1.29 1.15 1.08 0.34
a=45° 1.24 2.10 2.90 1. 66 2.43 2.09 1.97 1.83 0.6 Ry >Ry
a=55° 1.41 1.60 2.48 1.07 2.03 1.91 1.82 1.55 0.48
26
24
22
20
£
— 1.8
=3
1.6
E
1.4 +
1.2
10 1 1 |
0.05 0.1 0.15 0.2 M1 M3 34° 45° 55°
V/m? a
6

Fig.6 Range analysis of the influence factors horizontal distances on the bottom
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Tab.5 Apparent coefficients of friction
( 4) o v ds50 Mo B
o =25° a=34° o =45° a=55°
: M1 0.47 0.57 0. 64 0.78
o 0.2m* M2 0.47 0.49 0.53 0.74
M3 0.39 0.44 0.44 0.59
4 Ml 0.47 0.59 0.67 0.78
Tab.4 Variance analysis of horizontal distances on the bottom 0.15m? M2 0.47 0.50 0.55 0.74
Jo.os Jo.or F M3 0.39 0.44 0.47 0.60
3 2.87 4.38 16.627 0.689 M1 0.47 0.61 0.68 0.78
2 3.26 5.25 6.422 28.98 Kk ok 0.1m? M2 0.47 0.51 0.55 0.75
a 2 3.26 5.25 13.183 5.654 * M3 0.39 0.45 0.48 0.60
M 0.47 0.60 0.70 0.86
4 0.05m> M2 0.47 0.52 0.56 0.81
M3 0.39 0.46 0.48 0.60
4.1
25° M1 M2 (
7).
o a :
; v
4.2.3
' (
( 5. 7)
4.2
4.2.1 5
6, V.M « N
I[.I.IT.IV 1.2.3.4
Ry<R, R, o
4.2.2
Ry ~
< Ra °
; R, >R,
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6
Tab.6  Orthogonal analysis of the apparent coefficients of friction
M o
v
I I I - Ry I I} | v R,
0.2m? 0.62 0.56 0.47 - 0.15 0.44 0.50 0.54 0.70 0.26
0.15m’ 0.62 0.56 0.48 - 0.14 0.44 0.51 0.56 0.70 0.26
Ry <R,
0.1m? 0.63 0.57 0.48 - 0.15 0.44 0.52 0.57 0.71 0.27
0.05m’ 0.66 0.59 0.48 - 0.18 0.44 0.52 0.58 0.76 0.32
e v
M
I I 11 v, R, I I | v Ry
M1 0.47 0.59 0.67 0.80 0.33 0.62 0.62 0.63 0.66 0.04
M2 0.47 0.50 0.55 0.76 0.29 0.56 0.56 0.57 0.59 0.03 R, > Ry
M3 0.39 0.45 0.47 0.60 0.21 0.47 0.48 0.48 0.48 0.01
M \%
a
I I m - Ry I I ] v Ry
o =34° 0.47 0.47 0.39 - 0.08 0.44 0.44 0.44 0.44 0.00
a =45° 0.59 0.50 0.45 - 0.14 0.50 0.51 0.52 0.52 0.02 Ry >Ry
a =55° 0.67 0.55 0.47 - 0.2 0.54 0.56 0.57 0.58 0.04
0.74 0.74 0.74
0.70 0.70 0.70
E0.62 0.62 | 0.62
"-%0.58 0\'\_’ 0.58 | 0.58
-
=~ 0.54 | 0.54 0.54
0.50 0.50 - 0.50
0.46 0.46 0.46
0.42 : - : 0.42 ! ! ! 0.42
0.05 0.1 0.15 0.2 M1 M2 M3 34° 45° 55°
V/im? M
Fig.7 Range analysis of apparent coefficients of friction and influence factors
7
Tab.7 Variance analysis results of apparent coefficients of friction .
fo.0s fo.or F
\4 3 2.80 4.22 0.736 0.119 R
M 2 3. 5.08 0.539 8.456 #*
a 3 2.80 4.22 0.250 25.792 K %
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Susceptibility Degree of Factors Influence on the Movement

Parameters of Landslide — Debris Avalanches

FAN Xiaoyi YANG Hailong TIAN Shujun ZHANG Youyi SUN Xinpo WANG Haigua

( School of Civil Engineering and Architecture Southwest University of Science and Technology Mianyang Sichuan 621010 China)

Abstract: The movement parameters of middle and small landslide-debris avalanches were significant differences in
the same scale volumes based on the field investigation data. The differences result in the couple effect among the
volumes soil-mass and topography which were not completely discovered by the theory analysis and numerical cal—
culation. Therefore Laboratory experiments extreme difference analysis and variance analysis are used to investi—
gate some factors influencing the movement of landslide-debris avalanches including volumes particle sizes and
gradients of slope. In the conditions of the volume change in the same scale and identical fall height the results
showed as follows. The particle size was the most important factor which influenced on the horizontal movement dis—
tances after slope toe followed by gradient of slope volume in turn. The particle size was the critical factor for the
distances and volume change in the same scale was not. The gradient of slope was the most important influential
factor on the apparent coefficients of friction followed by particle size and volume. The gradient of slope played an
important role of controlling the apparent coefficients of friction. The volume was the insignificant one of the param—

eters.

Key words: landslide-debris avalanches; particle size; gradient of slope; volume; movement parameter



