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MECHANISM OF DEBRIS FLOW
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Synopsis

The structure of shear stress in debris flow is devided into two regimes, viscous
and inertia ranges, according to the degree of shear rate. In this study, the shear
stress of uniform debris flow is discussed, first, in the inertial range, and described
in termes of yield stress due to the friction of particle to particle and fluid shear
stress caused by the turbulence within pore water. The friction law is formulated,
based on this shear stress model. Second, one-dimentional governing equations,
which are composed of mass and momentum equations for the mixture of water and
solid particles and bed elevation equation, are derived from basic differential equa-
tions and the friction law. Erosion and deposition of sediment from or into debris
flow can be analized by these governing equations. The friction law and governing
equations are tested by flume experiments pertaining to the velocity profile and dep-
ositional process with glass beads as well as with sand-gravel particles.
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Fig. 2. Particle size distridutions

3.1 JKigER employed in the flume test.
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Table 1. Flume experiments for the velocity profile of debris flow

Run No. | 0.(deg) 0i(deg) material dsolcm) gqs(cd7s) gquled /s) ¢ h(cm)
1-1-1 28.0 — sand 0.265 59.3 64.0 0.481 1.97
1-2—-1 28.0 — sand 0.370 59.0 63.2 0.483 1.68
1-2-2 28.0 — sand 0.370 53.4 75.3 0.415 1.79
1-3-1 28.0 — sand 0.775 79.0 74.7 0.514 2.83
1-3-2 28.0 — sand 0.775 60.6 102.8 0.371 2.45
2-1~1 25.0 — sand 0.265 43.0 72.0 0.374 1.43
2-1-2 25.0 — sand 0.265 61.3 76.8 0.444 1.72
3—-4-1 20.0 — bead 0.375 62.2 66.6 0.483 1.65
3-4-2 20.0 — bead 0.375 84.3 67.9 0.554 2.26
4-1-1 18.0 — sand 0.265 28.6 54.6 0.344 1.65
4-1-2 18.0 — sand 0.265  31.8 57.8 0.355 1.67
4-3-1 18.0 — sand 0.775 28.5 66.9 0.299 2.52
4-3-2 18.0 — sand 0.775 28.5 86.0 0.249 2.35
4-4-1 18.0 — bead 0.375 28.6 54.5 0.344 2.05
4-4-2 18.0 — bead 0.375 25.2 57.8 0.304 1.89
4-4-3 18.0 — bead 0.375 29.5 57.8 0.338 1.61
4-4-4 18.0 — bead 0.375 28.6 65.2 0.305 1.71
4-4-5 18.0 — bead 0.375 28.6 83.2 0.256 2.00
4-4-6 18.0 — bead 0.375 28.6 83.5 0.255 1.86
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Table 2. Flume experiments for the formation process of bed profile

Run No. 0,(deg) 0s(deg) material desolcm) qs(ch /s) qulcd ss) ¢

i—-1-o0 18 8 sand 0.265 28.6 67.3 0.298
1-2-o0 18 8 sand 0.370 28.6 65.9  0.307
1-3-0 18 8 sand 0.775 28.6 66.2 0.301
1—4-o0 18 8 bead 0.375 28.6 65.7 0.303
2-1-o0 18 4 sand 0.370 28.6 66.2 0.302
2-2-o0 18 4 bead 0.375 28.6 66.0 0.302
3-1—-o 25 8 sand 0.370 28.6 66.6 0.300
3-2—-0 25 8 bead 0.375 28.6 66.6 0.300
3-3-0 25 8 sand 0.370 28.6 28.5 0.500
3-4-o0 25 8 bead  0.375 28.6 27.9  0.506
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Fig. 3. Experimental results on the ratio of shape-paramters, (k,/k,,)‘/a.
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Fig. 4. Comparison between Eq. (9) and flume data for friction factors.
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Fig. 5. Comparison between velocity profiles
predicted with Eq. (7) and flume data
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with very steep slope.
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Fig. 8. Depositional process of debris flow in terms of the particle density, o.
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Fig. 9. Comparisin between formation processes of bed profile obtained from flume
experiments with sand particles and calculated from governing equations.
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Fig. 10. Comparison between formation processes of bed profile obtained from flume
experiments with glass beads calculated from governing equations.
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