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Effects of Grain Size Distribution on the Shear Strength and
Rheological Properties of Debris Flow Using Direct Shear Apparatus
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Abstract

In this study, effects of grain size distribution on the shear strength and rheological properties are investigated for
coarse- and fine-grained soils by using direct shear apparatus. Shear strengths are estimated for fine-grained soils with
the maximum particle size of 0.075 mm and coarse-grained soils with the maximum particle size of 0.425 mm and
fine contents of 17% prepared at dry and liquid limit states. The direct shear tests are conducted under the relatively
slow shear velocity, which corresponds to the reactivated landslide or debris flow after collapse according to the landslide
classification. In addition, for the evaluation of rheological properties, residual shear strengths for both fine- and coarse-
grained soils prepared under liquid limit states are obtained by multiple reversal shear tests under three shear velocities.
From the relationship between residual shear strengths and shear rates, Bingham plastic viscosity and yield stress are
estimated. The direct shear tests show that cohesions of fine-grained soil are greater than those of coarse-grained soil
at both dry and liquid limit states. However, internal friction angles of fine-grained soil are smaller than those of
coarse-grained soil. In case of rheological parameters, the plastic viscosity and yield stress of fine-grained soils are greater
than those of coarse-grained soils. This study may be effectively used for the prediction of the reactivated landslide

or debris flow after collapse.
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Fig. 2. Shear strength properties: (a) Horizontal displacement vs. shear stress; (b) Failure envelope
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Table 1. Index properties of specimens

Property Coarse—grained soil Fine—grained soil
Coefficient of curvature, Cc [~] 4.4 8

Uniformity coefficient, Cy [~] 1.78 9.67
Maximum void ratio, emax [~] 0.93 0.84
Minimum void ratio, emin [~] 0.65 0.62
Specific gravity, Gs [~] 2.7 2.73
Liquid limit, LL [%] 38.52 45.20
Plastic limit, PL [%)] 29.15 37.72
Plasticity index, Pl [%] 9.37 7.48
USCS SM-SC ML

100 T

80

60

Fine-grained soil

Coarse-grained soil

Percent passing finer by weight [%]

0.1 1
Particle size [mm]

0.01
Fig. 6. Grain size distribution of two soil specimens
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Fig. 10. Cohesion and internal friction angle of specimens at dry and liquid limit states: (a) Coarse-grained soil; (b) Fine-grained soil

Table 2. Strength properties of coarse- and fine-grained soils at dry and liquid limit states

Internal friction angle [°] Cohesion [Pa]
Dry condition 28.25 97
Peak ——
. . Liquid limit state 1.66 218
Coarse—grained soil —
) Dry condition 21.58 61
Residual —
Liquid limit state 1.26 162
Dry condition 25.15 100
Peak ——
i ) } Liquid limit state 1.49 227
Fine—grained soil —
) Dry condition 19.00 53
Residual ——
Liquid limit state 1.01 147
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Table 3. Viscosity of coarse- and fine—-grained soils at liquid limit state

Viscosity [Pa-s] Yield stress [Pal

Coarse—grained soil

554.25

Fine—grained soil

563.52
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Table 4. Viscosity for soil of liquid limit state in other researches
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Test method Specimen Viscosity [Pa-s] Remarks
Transparent plexiglas channel Kaolinite 4.5-10° Vallejo and Scovacco (2003)
Fall cone Kaolinite 735.3 Mahajan and Budhu (2006)
Fall cone Kaolinite 196.7 Mahajan and Budhu (2008)

Reverse shear test Fine—grained soil 1580.1 This study

Reverse shear test Coarse—grained soil 620.9 This study
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