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A Scaling Distribution for Grain Composition of Debris Flow
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Abstract: Based on soil samples from living debris flows in Jiangjia Gully and deposits of debris flows in various valleys and regions in Chi—

na a general form of grain size distribution P(D) = CD ™exp( -D/D,)

which fitted the soils of debris flows perfectly and universally was

proposed. The values of w and D, were used to describe the nature of grain composition where the power exponent represents some characteris—

tic porosity of the soilin natural condition and D, defines a characteristic scale for the range of grains. According to soil samples of debris flow

from various sources w is less than 0.1 and for high density debris flow g is less than 0.05. The bulk density of debris flow increases with D,

in a power law. So the parameter D can depict the power of the transportation of debris flow. Finally the parameters were used to evaluate

the debris flows occurred in the Wenchuan earthquake area which agrees well with the observations in Jiangjia Gully.
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Tab.1 Grain composition of debris flow fluid in Jiangjia Gully
/ ( mm) 1%
(g cmd) 80 40 20 10 7 5 3 2 1 0.5 0.25 0.1 0.05 0.01 0.005 0.001
1 1974 -06 -29 1.567 —  — — 3.5 3.8 4.28 5.61 28.47 46.33 52.45 59.12 66.4 70 8 943 97.1
2 1974 -06 -29 1.83 — 2,74 5.72 9.9 11.71 17.45 29.04 48.54 50.16 53.54 58.07 63.94 68 84 97.2 97.2
3 1974 -06 -29 1.841 —  8.54 10.44 15.87 21.05 27.29 41.05 47.22 54.11 60.8 65.29 68.16 71.2 85 95 97.3
4 1974-06-30  2.168 1.96 6.36 20.37 39.44 46.53 53.29 61.44 65.6 70.38 72.5 74.9 77.33 79 8 95 98.2
5 1974-07-16 1.995 — 1.03 8.79 23.44 31.87 38.92 50.3 57.08 61.6 67.1 70.56 74.16 76.4 84.5 96.5 97.9
6 1974-07-16 2.077 —  5.31 18.67 36.64 44.7 51.06 61.22 66.25 67.86 69.67 74.94 77.31 79.4 94.2 97.4 98.14
7 1974 -07 - 16 2.204 — 11.49 29.33 43.01 50.56 59.52 64.59 69.2 72.38 76.35 78.26 80.58 83 94 97.2 98.4
8 1974 -07-16 2.21 —  19.4 32.95 47.92 56.78 60.75 68.47 72.39 75.87 78.59 80.65 83.22 84.8 93.8 97.8 98.6
9 1974 -07-16 2.25 8.46 16.99 34.95 51.43 58.87 63.56 71.06 74.38 77.89 80.65 82.4 84.43 86 942 98  98.7
10 1974-07-16  2.164 3.26 2.09 11.94 30.8 39.91 46.25 56.24 60.84 64.79 68.83 76.5 75.27 77.2 91 96.8 98
11 1974 -07 - 16 2.251 — 8.7 17.16 37.2 45.91 54.26 63.73 70.05 71.58 74.65 77.02 79.41 81.6 92 97.5 98.4
12 1974 -07-16 2.074 .22 2.18 15.26 34.76 42.86 48.39 57.27 62.44 66.02 70.35 72.97 76.08 78.4 92  97.2 98.2
13 1974 -07 -16 2.09 — 2,07 10.76 27.73 35.85 43.05 59.41 59.15 62.81 68.08 70.88 75.18 78 91.8 96.8 98.3
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Fig.1 Grain size distribution of debris flows 3
Fig.3 Rescaled exponential distribution of grain size of

debris flows

2
Tab.2 GSD parameters of debris flows

p/ 2
(g*em?) C m D, /mm

1 2.168 72.89  0.04176  18.87  0.9954

2 2.250 80.07  0.03256  28.69  0.996 1

3 2.164 70.65  0.050 14  13.99  0.993 3

4 2.074 70.77  0.05058  16.06  0.994 2

5 2.251 76.08  0.03850  16.70  0.990 8

6 1.830 56.29  0.08502  6.08 0.979 3

7 1.841 59.83  0.07504  9.06 0.985 7

8 1.995 67.41  0.05563 11.16  0.9945

9 2.077 72.39  0.04764 17.72  0.990 1

10 2.204 75.76  0.04085  23.36  0.994 5

11 2.210 77.80  0.03730  28.47  0.994 3

12 2.090 69.39  0.05377 13.11  0.9897

13 2.210 74.41  0.05099  30.42  0.9917

14 2.267 77.15  0.03736  29.68  0.989 6

) 15 2.276 77.47  0.02667  25.01  0.996 6

. . L . 16 2.285 78.62  0.01380 19.70  0.998 1
Fig.2 Exponential distribution of grain size for debris flows

17 2.292 82.71 0.016 15 29.22  0.999 4

1.3 18 1.947 66.29 0.04291  13.88  0.998 6

1 19 2.211 76.68  0.02381  20.34 0.997 6

20 2.204 71.84  0.04174 22.40  0.9778

° 21 2.246 77.60  0.01012  18.67  0.9949

( GSD) 2 1.914  61.28  0.06068  5.88  0.9927

23 1.988 60.22  0.09386  13.98  0.9937

P(D) = CD*exp( - D/D,) (3) 24 1.826 52.35  0.07446  3.02 0.987 9

25 1.797 49.88  0.06373  3.73 0.997 4

1% 26 1.916 61.48  0.03419  6.12 0.998 1

( ) o 27 2.069 72.16  0.02183  14.83  0.995 4

28 1.701 43.34  0.12730  4.91 0.997 9

29 1.701 39.93  0.11960  2.67 0.997 8

( 2. 4), 30 1.567 61.62  0.06914  2.25  0.984 4
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Fig.4 Rescaled GSD of debris flows
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Fig.5 Relationship between density and GSD parame-—
ter
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Fig.6 Relationship between density and GSD parame-—

ter
3

Tab.3 Debris flow properties and GSD

/
( g) C m D, /mm
g cm

1.2 ~ 1.5 10 ~20 0.20 ~ 0.30 <2

1.6 ~1.9 30 ~60 0.05 ~0.10 2 ~ 15

>2.0 60 ~8  <0.05 >15
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Tab.6 Comparison between GSD parameters and granu—

lar coefficients

o

1.9 ~ 2.2 g/em’ " 0. 05 c, P G . # De fmm
CO o 1.567 185.24 0.252 4 0.069 1 2.25
« ” 1.83 315.50 0.107 5 0.0850 6.08
s c, C. 1.841 420.35  0.2057  0.0750 9.06
o 2.168 1255.25 15.346 3 0.041 8 18.88
4 1.995 624.03 2.2754 0.0556 11.16
Tab.4 GSD for debris flows in Zhouqu 2.077 409.78 1.255 8 0.047 6 17.72
2.204 497.05 10.208 3 0.040 9 23.36
c m R?
D, /mm 2.21 568. 66 16.564 7 0.037 3 28.47
92.83 0.022 09 26.12 0.999 2 2.25 555.49 20.870 1 0.032 6 28.69
90.93 0.028 93 13.72 0.997 7 2.164 540.50 2.3722 0.050 1 13.99
90.32 0.040 23 12.68 0.999 4 2.251 510.71 25.2202 0.038 5 16.70
90. 44 0.031 64 13.75 0.997 3 2.074 507.43 2.2816 0.050 6 16.06
88.68 0.049 45 23.28 0.989 7 2.09 384.25 1.213 3 0.053 8 13.11
90.94 0.046 97 9.77 0.9959
90.58 0.009 5 13.27 0.991 6
87.42 0.047 96 26.89 0.998 7
96.67 0.005 7 27.61 0.982 5
85.27 0.061 25 36.11 0.982 1
85.89 0.052 12 26.21 0.999 2
93.55 0.013 98 23.83 0.993 6
84.96 0.040 86 29.75 0.992 9
5
Tab.5 GSD for debris flows in various regions
¢ B D, /mm K 7 C
86. 69 0.023 86 226.30 0.992 1 Fig.7 Relationship between C_ and u
77.24 0.045 87 25.64 0.994 1 2
62.57 0.114 8 20. 14 0.986 8
84.43 0.029 02 25.13 0.998 5 3
95.91  0.007721  5.79 0.998 7 M M
71.22 0.050 53 25.38 0.9959 K
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Tab.7 GSD for debris flows in Wenchuan earthquake area

D,/
C M
mm
1 79.35 0.05 15.18 B
2 90.28 0.02 26.41 A
3 81.06  0.043 11.83 B
4 93.75 0.011 25.22 A
5 86.25 0.029 34.19 A
6 93.14 0.016 8.16 A
7 1# 73.37 0.07 12.43 C
8 ot 75.48  0.063 8.19 C
9 90. 63 0.02 34.75 B
10 84.81 0.037 10.62 A
11 97.19  0.006 19.33 A
12 66.62 0.087 23.56 C
13 86.35 0.03 101.03 A
14 80.25 0.05 26.44 B
15 89.71 0.025 24.95 A
16 85.62 0.037 39.08 A
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Fig.8 Relationship between the parameters of seismic

area
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