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Tab. 1 Various stresses governing debris flow movement
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Tab.2 Observed data of debris flows in Jiangjia gully
H5 p/(grem™) o/ (mes') h/m J wn/ (pa.s) We p/(g-em™) w/(m-s7h) h/m J wn/ (pa.s)
1 2.10 6.70 0.40 0.06 0.13 40 2.25 6.40 1.09 0.06 0.29
2 2.17 5.70 0.35 0.06 0.18 41 2.20 6.00 1.20 0.06 0.22
3 2.00 7.50 0.45 0.06 0.09 42 2.25 7.40 1.45 0.06 0.28
4 2.20 8.84 1.50 0.06 0.22 43 2.12 5.80 1.03 0.06 0.15
5 2.21 7.36 2.00 0.06 0.23 44 1.91 5.60 0.70 0.06 0.06
6 2.25 7.89 2.00 0.06 0.29 45 1.99 4.90 0.60 0.06 0.08
7 2.25 7.36 0.55 0.06 0.29 46 1.97 4.70 0.60 0.06 0.08
8 2.07 7.63 1.10 0.06 0.12 47 2.07 3.92 0.55 0.06 0.11
9 2.19 7.63 1.00 0.06 0.20 48 1.92 4.75 0.93 0.06 0.06
10 2.21 7.32 0.90 0.06 0.22 49 2.15 5.87 0.90 0.06 0.17
11 2.19 6.63 0.70 0.06 0.20 50 2.24 6.29 1.20 0.06 0.27
12 2.09 7.63 1.27 0.06 0.13 51 2.33 7.33 1.80 0.06 0.51
13 2.21 9.15 3.72 0.07 0.22 52 2.15 5.50 0.80 0.06 0.17
14 2.21 9.56 2.75 0.07 0.23 53 2.21 8.80 2.20 0.06 0.23
15 2.19 7.45 1.70 0.07 0.20 54 2.24 7.33 1.50 0.06 0.27
16 2.20 8.36 2.10 0.07 0.22 55 2.09 6.29 1.00 0.06 0.13
17 2.22 8.08 1.60 0.07 0.24 56 1.89 4.94 1.30 0.11 0.06
18 2.20 8.17 1.30 0.07 0.22 57 1.89 7.13 0.60 0.11 0.05
19 2.29 9.56 2.20 0.07 0.38 58 2.07 9.16 2.00 0.11 0.26
20 2.21 9.37 2.10 0.07 0.23 59 2.25 9.03 1.20 0.11 0.13
21 2.21 9.30 2.10 0.06 0.23 60 2.05 7.91 1.20 0.11 0.15
22 2.27 6.90 2.04 0.06 0.32 61 2.12 5.66 0.70 0.11 0.18
23 2.22 6.90 2.50 0.06 0.24 62 2.07 5.47 1.50 0.11 0.12
24 2.21 6.60 2.26 0.06 0.23 63 2.13 6.07 1.80 0.11 0.25
25 2.24 5.00 0.65 0.06 0.27 64 1.95 8.05 1.30 0.11 0.08
26 2.21 5.90 1.22 0.06 0.23 65 2.11 5.34 1.00 0.11 0.17
27 2.28 7.45 1.68 0.06 0.34 66 2.19 6.80 1.50 0.11 0.20
28 2.29 5.80 1.07 0.06 0.37 67 2.14 6.15 0.50 0.06 0.15
29 2.25 7.70 1.61 0.06 0.29 68 2.20 7.97 1.20 0.06 0.17
30 2.24 7.70 1.77 0.06 0.27 69 2.15 7.53 0.80 0.06 0.12
31 2.07 4.92 1.40 0.06 0.12 70 1.68 2.04 0.40 0.11 0.04
32 1.58 3.98 0.17 0.06 0.03 71 1.52 4.23 0.20 0.11 0.04
33 1.83 3.67 0.17 0.06 0.05 72 1.65 2.00 0.20 0.11 0.06
34 1.84 4.56 0.17 0.06 0.05 73 1.59 3.94 0.20 0.11 0.04
35 1.57 4.44 0.20 0.11 0.03 74 1.81 6.30 0.50 0.11 0.14
36 1.80 2.56 0.30 0.11 0.8 75 1.85 3.08 0.30 0.11 0.11
37 1.65 2.53 0.30 0.11 0.04 76 1.74 2.35 0.30 0.11 0.10
38 1.71 1.86 0.40 0.11 0.11 77 1.69 2.00 0.30 0.11 0.05
39 1.54 1.95 0.30 0.11 0.04
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Fig. 1  Variation of velocity and Manning coefficient with flow depth: (a) velocity; (b) Manning coefficient
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Fig.6 Relationship between u/u, and relative flow depth
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Dimensionless Analysis of Resistance of Debris
Flow in the Jiangjia Gully, China

MIAO Lyu,MA Chao” ,LYU Liqun

( School of Soil and Water Conservation ,Beijing Forestry University , Betjing 100083 , China )

Abstract: Velocity is a key parameter of debris flow control engineering, and the value of debris flow resistance is
very important to its calculation process. However, there are few studies on the effect of internal stress change of
debris flow on resistance. In this work, the observed data of debris flow at the Jiangjia gully in Dongchuan, Yunan
province, China were used to back estimate the Manning coefficient, which is an indirect value expressing the
comprehensive resistance property. Three dimensionless parameters, i. e. , Bagnold number, Savage number and
friction number were used to analyze the relationship between resistance and Manning coefficient. The results show
that: the values of Bagnold number and Savage number were all less than the critical value, but the friction number
of viscous debris flow was greater than the critical value, and the friction number of diluted debris flow was less
than the critical value. Therefore, the contribution of grain contact friction to the motion of viscous debris flow
exceeded the inertial stress and viscous shear stress. The contribution of viscous shear stress to the movement of a
diluted debris flow exceeded the dispersive stress from inertial grain collision and the friction stress caused by grain
contact. The resistances of viscous- and dilated debris flow had a weak correlation with the Bagnold number and
Savage number, and were closely related to the friction number. As the Friction number increased, the
comprehensive resistance kept increasing. The relative average velocity of stony flow increased with the relative flow
depth, but the relative average velocity of viscous debris flow and diluted debris flow decreased with the relative

flow depth. The results of this study are expected to deepen the understanding of debris flow resistance.

Key words: resistance of debris flow; velocity; Manning coefficient; Jiangjia gully



