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ABSTRACT :

properties of the fine fraction in the ground, the evaluation of both properties is necessary to estimate the behavior of the debris

As the behavior of the debris flow due to the torrential rains in mountain is affected by shear strength and rheological

flow. The objective of this study is to evaluate the shear strength and rheological properties using the direct shear apparatus. The
direct shear tests are conducted for two kinds of fine-grained soil specimens, which are in dry state and liquid limit state. From the
direct shear tests, shear strengths are measured according to the normal stresses applied on the specimens to evaluate the cohesion
and internal friction angle. In addition, reversal shear tests are performed for the fine-grained soil specimens in liquid limit state
according to the shear rate to evaluate the residual shear strength. The results of direct shear tests show that the specimen at the
liquid limit state has lower internal friction angle and higher cohesion compared to the dry stated, and the residual friction angle
and cohesion at the residual state are lower than those at the peak state. In the result of reversal shear test, the residual shear strength
is directly proportional to the shear rate and viscosity is calculated as 73.60 Pa-s. This study demonstrates that the direct shear
apparatus can be effectively used for the evaluation of the shear strength and rheological properties of the fine-grained soils related
with the debris flow.

Keywords : Cohesion, Direct shear test, Internal friction angle, Rheology, Shear strength, Viscosity
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Table 1. Index properties of Hwacheon fine—grained soil

Property Value

Liquid limit, LL [%] 69.73
Plastic limit, PL [%)] 49.75
Plasticity index, PI [%] 19.98
Specific gravity, Gs [-] 2.71
Maximum void ratio, €max [-] 1.12
Minimum void ratio, emin [-] 0.81
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Table 2. Cohesion and internal friction angle for fine—grained soil of dry and liquid limit states

Internal friction angle [°] Cohesion [Pa]
Dry condition 19.39 60
Peak PR
Liquid limit state 1.33 179
Dry condition 17.99 53
Residual PTIETI
Liquid limit state 1.08 174
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Table 3. Viscosity for fine—grained soil of liquid limit state in other researches

Test method Specimen Viscosity (w=LL) Remarks
Transparant plexiglass channel Kaolinite 45-10° Pa-s Vallejo & Scovacco (2003)
Fall cone Kaolinite 735.3 Pa-s Mahajan & Budhu (2006)
Fall cone Kaolinite 196.7 Pa-s Mahajan & Budhu (2008)
Flow box test Fine-grained soil of Maokong, Kaolinite 0.05 Pa-s, 2.5 Pa-s Lee & Widjaja (2013)
Reverse shear test Fine-grained soil of Hwacheon 73.60 Pa-s This study
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Hopazhe 19,3902 AP el on, HAIFA Alef ol A
£ 717} 179.2Pa, 1.33°
Agee el At
$ Ao YRehEAE A AAEe S o

=
Qlek. R, AR miEolA ARRELEZ Ul

L

- 2
FAReo] R U HEgRenct 2
hepgeh

) BPAAR AYES AQTAH oA & 53] HAgtox
AFADHES AAstgon, 2 Agels S48
SAGFE] L Aehig B4 5] ulgste] S5}
Ao etk S48 ARARGEe} Aoy
S| Phllo| SFHAIR AlTEe] AS 73.60Pass
2 dojzlon], 712 the AoR AE AYs
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2l 2
®ATE FEVEFLIEDFR|SAFY A7)
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Y.
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