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Movement and Deposition Characteristics of Debris
Flow According to Rheological Factors

o] m x| Lee, Mi-Ji

AR EHZ Kim, Yun-Tae

Abstract

Most of the landslides induced by rainfall in summer rainy season appear in the type of debris flow. Debris flow
gives a lot of economic losses and human casualties due to high moving velocity and volume of debris flow. In order
to analyze movement and deposition characteristics of debris flow, numerical analysis using FLO-2D program was
conducted with various viscosities and yield stresses. As a result of numerical analysis, velocity and runout distance
of debris flow decreased as its viscosity increased due to resisting force between particles of debris flow. Consequently,
flow depth of debris flow increased and impact force decreased. Yield stress of debris flow affected its initiation and
deposition characteristics. As yield stress increased, runout distance of debris flow decreased and its impact force
increased. Based on the results of numerical analysis, it was found that velocity of debris flow mainly depended on
viscosity, while deposition characteristics (runout distance, deposition width, deposition area) of debris flow depended

on both viscosity and yield stress.
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Fig. 1. The damage of steep slope failure due to heavy rainfall
in 2011
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Table 1. Flow behavior as a function of sediment concentration (FLO-2D, 2004)

Sediment concentration
- Flow characteristics
by volume by weight
0.65 - 0.80 0.83 - 0.91 Will not flow; failure by block sliding
Landslide idi i ith i i i ide; i
055 - 0.65 076 - 0.83 Block sliding failure with internal deformation during the slide; slow creep prior
to failure
048 - 0.55 072 - 0.76 Flow evvlder?t; slow. cr.eep sustained mudflow; plastic deformation under its
Mud flow own weight; cohesive; will not spread on level surface
0.45 - 0.48 0.69 - 0.72 Flow spreading on level surface; cohesive flow; some mixing
Flow mixes easily; shows fluid properties in deformation;
0.40 - 0.45 0.65 - 0.69 spreads on horizontal surface but maintains an inclined fluid surface; large
particle (boulder) setting; waves appear but dissipate rapidly
Marked settling of gravels and cobbles; spreading nearly complete on horizontal
0.35 - 0.40 0.59 - 0.65 T : : .
Mud flood surface; liquid surface with two fluid phases appears; waves travel on surface
0.30 - 0.35 054 - 0.59 Separation of water on surface; waves travel easily; most sand and gravel has
settled out and moves as bedload
0.20 - 0.30 041 - 0.54 Dlgtlnct wgye action; fluid surface; all particles resting on bed in quiescent
fluid condition
Water flood <0.20 < 0.41 Water flood with conventional suspended load and bedload
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Table 2. FLO-2D input variable conditions
Case Viscosity Yield stress c Discharge Simulation
Pa.s a B Pa a Bs v (m%/sec) time (hr)
Mo 24.614 0.00693
10mo 246.140 0.06930 23.284 2.834 0.128 12 0.45 1.89 9 18
100m0 2461.400 0.69300
Ty0 2.834 0.128
101y0 24.614 0.00693 23.284 28.340 1.280 12 0.45 1.89 9 18
1007y 283.400 12.800
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Fig. 3. Viscosity as a function of sediment concentration
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Table 3. Movement characteristics of debris flow according to viscosity

Viscosity (Pa.s) Runout distance (m) Average width (m) Maximum width (m) Depositional area (m?)
Mo 520 520.8 660 270,800
10no 360 317.8 380 114,400
100N 160 170.0 220 272,00
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Table 4. Movement characteristics of debris flow according to yield stress

Yield stress (Pa) Runout distance (m) Average width (m) Maximum width (m) Depositional area (m?)
Ty0 520 520.8 660 270,800
101y0 300 496.0 640 248,000
1007y0 220 260.0 420 109,200
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