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Experimental study of random distribution characteristics of diluted
debris-flow impact forces

HUANG Yuanhong' * > HU Kaiheng' * TANG Jingbo' > LIPu' ?°
(1. Key Laboratory of Mountain Hazards and Earth Surface Processes Chinese Academy of Sciences Chengdu Sichuan 610041
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Sichuan 610041 China 3. University of Chinese Academy of Sciences Beijing 100049 China)

Abstract Debris-flow impact force exhibits strong randomness due to irregular shape and motion of coarse
particles in the flow. In order to examine the influence of grain size on the impact force and its characteristics of
random distribution seven groups tests of debris-flow impact forces were carried out by large-scale flume in the
Dongchuan station Chinese Academy of Sciences. The material used in the tests originates from Jiangjia Ravine's
debris-flow deposition and the grain size is up to 8 cm. The experimental results indicate the dimensionless impact
force of debris-flow increases with the dimensionless maximum size of coarse particles and there is a good
exponential empirical relationship between them. The Log-Logistic probability density function is the best one to
describe the distribution of the impact force among six probability density functions. The values of the
Log-Logistic function’s scale and shape parameters increase with the dimensionless maximum size of coarse
particles showing the logarithmic empirical relationships between the parameters and size.
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Table | Impact force data of 7 groups of debris flow
/ / 1 3 4 1" 4
(kg-m*) (m-s )
13.68 1673 6.3 8.85 8.08 12.07 8.62 9.41
11.90 1731 5.5 8.04 8.67 11.19 6.92 8.70
10.10 1712 59 6.44 7.25 6.89 5.49 6.52
9.30 1571 6.0 4.95 7.06 6.46 6.56 6.26
7.14 1634 6.6 331 4.67 4.27 4.19 4.11
5.56 1678 6.0 2.10 5.60 2.32 1.53 2.89
5.26 1556 6.6 1.14 1.31 1.15 0.88 1.12
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Fig.6 Fitting curve of the coefficient of debris-flow impact

force with the dimensionless maximum grain size

0.152%
~=1307¢ > (R?=0.9) (1)
yol
F (kPa) p
(kgm’) v (m/s) F/(pv?)
Dmax
(mm) 1307 90% [0.519
2.095] 0.152  90% [0.1 0.204]
4.2
Matlab Exponential

Gamma Logistic Normal Nakagami Log-Logistic

1 8cm 7 3
1 cm
I cm
40 kPa
23 kPa
7
Log-Logistic
( 7) 2 cm
2 ( 2)
2 Log-Logistic

Log-Logistic

0.03

0.02

0.01

0.00

0.06 -
0.05
0.04
0.03
0.02
0.01

[
0.00 Tving Jaoscssssses |
20 40 60 80 100 120 140 160

/kPa

[E SRR NN

50 100 150 200 250 300 350 400

/kPa
(d) 4 cm
0.025
= 5cm
0.020 -
0.015 -+
0.010 - -
0.005 i
0.000
50 100 150 200 250 300 350 400 450
/kPa
(e) Scm
0.020
0.015F
0.010
0.005 -
50 100 150 200 250 300 350 400 450 500 600 650
/kPa
® 6 cm

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



37 2 ©3923 .
0.012r Los-Logisti
0g-L.0g1ISt1IC
0.010 g g
0.008 X§
0.006 FOXCu 9)=—— 2)
0.004 e’ +Xx°
0.002 Log-logistic
0.000 1
! 1 (xe™)s
fx a0 8)=—; 2 3)
Se 1
1+ (xe™)s
7 I 8cm
Fig. 7 Fitting impact force probability density function of
L F(x u 9) X
coarse particle sizes 1—8 cm
7 s
2 2cm Matlab 7 1" 4
Table 2 Logarithmic likelihood and variance of each function Log-Logistic Log-
of coarse particle size 2 cm Logistic U s( 3)
Exponential 28 650.4 1655.88 1 4
Gamma 214225 68.55
H S H
Logistic 21484.0 67.97 S
Normal 22 033.0 81.49
Nakagami 21714.5 74.03
Log-Logistic 21132.0 67.62
8 Y7 S
4.3
. Log-Logistic
Log-Logistic 508
7, s
[28]

L 95% 4
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Table 3 The dimensionless maximum size density velocity scale parameters & and shape parameters S of coarse particles
# # # # #
/ / ! 3 4 1" 4
3 1
(kg-m ) (m-s7) u s s u s u s u s
13.68 1673 6.3 0.817 0.159 0.798 0.162 1.191 0.179 0.886 0.226 0.923 0.182
11.90 1731 5.5 0.737 0.169 0.398 0.165 1.100 0.180 0.642 0.176 0.719 0.173
10.10 1712 59 0.551 0.165 0.633 0.148 0.611 0.172 0.400 0.163 0.549 0.162
9.30 1571 6.0 0.172 0.140 0.591 0.140 0.535 0.153 0.498 0.132 0.449 0.141
7.14 1634 6.6 0.190 0.163 0.156 0.133 0.070 0.136 0.215 0.133 0.064 0.141
5.56 1678 6.0 0.230 0.143 0.231 0.130 0.430 0.110 0.590 0.123 0.251 0.127
5.26 1556 6.6 0.830 0.142 0.750 0.142 0.760 0.101 0.910 0.114 0.812 0.125
Dmax DSD
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