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1
Table 1 Particle distribution of soil source
1%
60 ~40 40~20 20~10 10~5 5~2 2~0.50.5~0.10.1~0.05 0.05~0.010.01~0.005 <0.005
1 4.20 8.48 17.41 13.82  19.98 17.06 8.51 1.31 3.35 2.03 3.83
2 21.00 11.15 17.90 8.96 7.97 10.01 2.43 2.46 1.65 7.78 8.66
3 14.53 5.11 17.0 12.90 7.76 11.2 6.89 8.75 3.20 1.12 11.54
4 25.61 8.68 17.75  17.75 14.02 8.03 5.42 0.20 1.4 0.7 0.44
5 64.00 3.10 4.65 4.25 5.40 5.50 6.95 2.05 2.00 1.10 1.00
6 13.68 9.71 14.30 16.23  14.30 10.65 12.21 4.36 2.10 0.90 1.58
7 10. 00 7.50 17.20 15.70 15.20 11.00  14.40 3.22 3.58 1.50 0.70
8 17.50 17.90 11.84 5.04 5.50 5.94 14.25 7.98 4.95 4.60 4.00
9 16.62  29.43 11.72 6.92 3.60 6.79 6.80 4.10 8.12 0.81 5.09
10 11.84 19.27 16.15 10. 66 16.24  11.35 3.24 5.80 1.32 4.15
11 13.45 14.05 14.6 17.29  15.71 14. 60 0.71 3.30 2.30 4.00
12 9.90 11.60 13.10 22.10 10.80 15.10 1.10 5.60 2.20 8.60
13 18.27 13.03 9.12 9.54 13.35 11.75 12.71 4.10 4.00 1.30 2.82
14 11.38  24.91 14.51 17.21 14.32 12.51 1.40 2.00 0.56 1.20
15 11.60  31.00 7.80 6.50 19.50 6.00 14.20 2.00 1.40
16 17.00 16.00 14.70 13.70 9.61 6.29 6.70 1.70 6.30 4.00 4.00
17 7.00 7.59 13.05 12.66  12.68 9.36 5.30 4.9 16.32 5.58 5.2
18 22.00 9.64 13.42 9.01 8.91 3.98 20.85 4.20 4.95 1.78 1.27
19 10.00 22.00 21.20 19.16 4.62 5.52 3.40 3.10 5.40 2.80 1.80
mmo
1.2 dM( <r) o r""dr (5)
dM( <r) o r*dN(r) (6)
(2) (5) (0)
. " r D=3-b (7)
<r N(r) M( <r) /M <r
N(r) o r™” (1) le M( <r) /M~ lgr
(1)
dN(r) oc r " 'dr (2) b D=3
Weibull b
M( <r)/M=1-exp 1 =(r/r,)" (3)
M( <r) <r M
Vo b ! o
o T<r, Taylor
M( <r) /M=(r/ry)" (4) R*>=0.90
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2
Table 2 Valleys of one dimension fractal and relevant indexes
1 2 3 4 5 6 7 8 9 10 11 12 13 14
D 2.641  2.753  2.768 2.445 2,597 2.557 2.514 2.704 2.720 2.644 2.640 2.719 2.631  2.485
RX 0.991 0.983 0.990 0.991 0.991 0.984 0.953 0.946 0.961 0.993 0.994 0.995 0.985  0.992
Pe 568  7.43 12,05 251 2,05 0.99 1.13 401 501 400 410 7.07 2.3l 1.62
Da  2.682 2.762 2.779 2.601 2.647 2.510 2.530 2.673 2.691 2.662 2.654 2.700 2.600  2.518
. D: ; Pe:
1
; (r=0.1 mm 5 mm)
0.005 0.1 0.15 5
60 D, 2.345 ~2.465.D,
; 2.761 ~2.868 D, 2.325~2.582 R’
o =0. 930 2.565,
1.3 4 1(d) .
3
o 14 Table 3 Valleys of three dimensions fractal and relevant indexes
D, D, Dy R* R® R  Pe  Da
D 2.445 ~2.798 19 2.346 2.826 2.487 0.919 0.986 0.963 1.64 2.565
R*=0. 946 Da  2.518 ~2.779.
2
1(a) o
(r =0.1 mm r =0.5 mm)
0.005 0.1 0.1 .
60 0.005 0.5 0.5 60 ( mm)
D, 2.039 ~ 2
2.561 D, 2.558 ~2.809 R*=0.918
Da  2.452 ~2.547
3 2.1
I(b) . 1(¢)-
\ N S
Table 3 Valleys of two dimensions fractal and relevant indexes ’
D, D, R,? R,? Pc Da
15 2.039 2.742 0.983 0.953 2.17  2.452 ’
16 2561 2.712  0.921 0.977 2.73  2.546
17 2.401  2.809 0.962 0.977 2.89  2.547 (0.05 ~0.1)
18 2.221 2.769 0.980 0.941 0.64  2.500 2( a) ; (0.1~0.5)
15 ~17 0.005 0.1 0.1 60 18 2
0.005 0.5 0.5 60 .
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Fig. 1 Particle size distribution curve and fractal dimension
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Fig.2  Bar chart of particle distribution of gravel soil possessed two dimensions fractal
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Fig.3  The relationship between particle size fractal and clay contents

8-913



583

(Da)

2.511,

2.45~2.78 ( Da)
(Pe)
Da =0.108In( Pc) +
(References)

Chen Xiaoqing Cui Peng Chen Jie et al. Infiltration experiment of
wide — graded gravel soil in the Jiajiagou Ravine J . Journal of

Mountain Science 2006 24 ( Suppl.) : 190 - 197

J. 2006 24 ( ) 1190 - 197
Chen Ningsheng Cui Peng Wang Xiaoying et al. Testing study on
strength reduction of gravelly soil in triggering area of debris flow un—
der earthquake J . Chinese Journal of Rock and Mechanics and

Engineering 2004 23 (16) :2743 -2747

2004 23 (16) :2743 —2747

Chen Ningshen Zhang Jun. The research of permeability on lose
gravelly soil in debris flow original area J . Journal of Mountain
Science 2001 19 (1) :169 - 171

J. 2001 19 (1) :169 -
171
Wei Houzhen Wang Ren Hu Mingjian et al. Strength behavior of
gravelly soil with different coarse — grained contents in Jiangjiagou

Ravine J . Rock and Soil Mechanics 2008 29 (1) :48 -52

J. 2008 29 (1) :48 -52
Turcotte D. Fractals and fragmentation J . Journal of Geophysical
Research 1986 91 ( B2) : 1921 -1 926
V Rasiah B D Kay E Perfect. New mass — based model for estima—
ting fractal dimensions of soil aggregates J . Soil Science 1993
57:891 - 895
Perfect E B Kay. Fractal theory applied to soil aggregation ] .
Soil Science 1991 55:1 552 -1 558

Xu Yongfu Liu Sihong Dong Ping. Microstructural model for granu—

11

—_
w

lar soils J . Rock and Soil Mechanics 2001 22 (4):366 —372
I

2001 22 (4) :366 -372

Hu Ruilin Li Xiangquan Guan Gualin et al. Application of fractal

theory in study of microstructure effect on loess collapsibility J .

Journal of Nonlinear Dynamics in Science and Technology 1996 3

(4) :366 -372

1996 3 (4) :366 —372

Xu Wenjie Hu Ruilin. Particle size fractal characteristics of the
soil — rock mixtures in the right bank slope of jinsha river at long
pan tiger — leaping gorge area J . Journal of Engineering Geolo—

gy 2006 14 (04) :496 - 501

I 2006 14
(4) 496 -501
Chen Yong Chen Lin. Fractal Geometry M . Beijing: Seism
Press 1998:85 -87 . M .
1998 85 -87

Ni Huayong Liu Xilin. A preliminary study on debris flow grain —
size fractal dimension J . Research of Soil and Water Conserva—
tion 2006 13 (1) :89 -92
I . 2006 12 (1) :89-92

Xie Jing Chen Wenwu Cheng Jia et al. Research into the relation—
ship between microstructure fractal and porosity and compressive
strength ] . Journal of Lanzhou University: Natural Sciences
2009 45 (2):26 -30

2009 45 (2):26 -30

Yi Shunmin Sun Yunzhi. The fractal features of debris flow and its
significance J . Scientia Geographica Sinica 1997 17 (1) :24 -
31 . I

1997 17 (1) :24 -31
Gao Zhaoning. Study on self — organized criticality fractal and theory
of disasters
101 - 108 . . D .
2008: 101 - 108

D . Chengdu: Southwest Jiaotong University 2008:

Chen Zhongxue. Research on clay particles content for Initiation
and antistrophe mechanism of debris flows in Jiangjia Ravine D .

Wuhan: Institute of Rock & Soil Mechanics CAS. 2010. 23 - 27

D . : 2010:23 -
27



584 30

Particle Size Fractal Characteristics of the Gravel Soil
in Original Area of Debris Flow Valleys

HUANG Qi' > CHEN Ningsheng' > ZHU Yunhua' >* LU Yang' >® LU Liqun' >’

(1. Insttute of Mountain Hazards and Environment Chinese Academy of Sciences Chengdu 610041 China;
2. Key Lab of Mountain Hazards and Surface Processes Chinese Academy of Sciences Chengdu 610041 China,
3. Graduate University of Chinese Academy of Sciences Beijing 100049 China;

4. Southwest Petroleum University Chengdu 610500 China)

Abstract: Based on the particle distribution of 75 gravel soil samples from 19 debris flow valleys the fractal theory
is applied to study the characteristics of particle composition of gravel soil the relationship between the characteris—
tics of fractal dimension and particle composition is discussed later. The results show that: 1. the gravel soil posses—
ses the characteristic of fractal and mainly in one dimension fractal; 2. particles with one dimension fractal is fine
graded; particles with two dimension fractal is weak graded and it emerges when there exists a particle abrupt; 3. the
average particle size fractal is between 2.45 and 2. 78 in the 19 debris flow valleys and it goes up with the increas—
ing of clay content. The relationship between particle size fractal in one dimension and clay content can be ex—
pressed by: Da = 0. 108In( pc) +2.511. At last the significance of researching on the fractal characteristics of

gravel soil in original area of debris flow valleys is discussed.

Key word: debris flow; gravel soil; fractal; particle composition
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