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Characteristics of gravelly soil and their implications for slope instability in
Jiangjiagou ravine

WANG Zhi-bing, WANG Ren, HU Ming-jian, CHEN Zhong-xue

(State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics,
Chinese Academy of Sciences, Wuhan 430071, China)

Abstract: Jiangjiagou ravine is one of the most world-famous rainfall-induced debris flow or flow-like landslides gully in Southwest
China. The surface layers of the slopes are covered by unsaturated weak-cohesion gravelly soil which can be classified as a porous
non-plastic soil. Broadly graded gravelly soils have uniformity coefficients much greater than 20, and the grain size distribution
curves are up concave or double peak, and they can be as internally unstable soils. The main clay mineral composition of fine
fraction (<1 mm) of gravelly soil is chlorite and illite by X-ray diffraction analysis. The microstructure was investigated by
environmental scanning electron microscopy; and a particular bonding was found. The bonding of the soil is easily broken by rainfall
infiltration, which not only can decrease the soil cohesion, but also detach free particles from the bonding, the diameters of these
particles were tens of microns. This is due to high dispersion of the clay part of gravelly soil. In addition, these free particles can be
transported and will clog at pore throats during the process of self-filtration in soil. This process will decrease the permeability of
gravelly soil, and be favorable to the formation of transient perched water zones in slopes during rainfall; thus can be as pre-failure of
the slopes. The results indicate that the characteristics of gravelly soils and the particle detachment, transport and clogging play an
important role in the stability of slopes.
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Table 1 Physical parameters of gravelly soils
in Jiangjia ravine

TREORRE MY RARWE TEIY R Ay LB
S KEw% B (glem®) /(glem®)  /(glem®) - 1%
GS1 4.84 2.76 1.59 1.52 1.97 0.82 45,05
GS2 089 279 184 1.82 2.17 053 3459
GS3 793 273 182 1.69 2.07 062 3823
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Table 2 Particle size distributions and consistency indices of the three gravelly soil samples
URERE I 7347 1 % ARLAH
it
L AP >20 20~2 2~0.075  0.075~0.005 <0.005 Cu Cc Wp Wy Ip
GS1 3.72 38.79 14.73 21.28 21.48 12195 0.02 246 330 84
GS2 14.50 47.41 25.28 7.46 5.35 265.2 3.76 184 216 32
GS3 5.61 51.46 21.44 13.62 7.87 476.4 2.71 201 246 45
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Fig.1 Particle size distributions curves of the three samples
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Fig.2 Diagrams of X-ray diffraction of fines in
sample GS1
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Table 3  The main mineral composition of fines

it %
TR —— - —
aga PRE B A Al KA
GS1 30 20 30 2 13 5
GS2 25 25 34 10 3 3

GS3 35 20 30 5 7 3
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Fig.3 The morphology features under low magnification
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Fig.4 A particular bonding and a broken bonding
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Fig.6 The formation of a transient perched water table in
the unsaturated zone of the slope during rainstorm
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