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Model test of the linear loess fill slope instability
induced by rainfall
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(State Key Laboratory of Geohazard Prevention and Geoenvironmental Protection, Chengdu University of
Technology, Chengdu, Sichuan 610059, China; 2. College of Geosciences and Engineering, North China

University of Water Resources and Electric Power, Zhengzhou, Henan 450045, China)

Abstract: In recent years, many linear loess fill slopes have appeared with the continuous development of
“Governing valleys” and “Retaining plateau” projects in the Loess Plateau. Slope instability is induced by rainfall,
which is an important factor. However, there are few studies on the deformation evolution characteristics and
failure modes of rainfall-induced linear loess fill slopes. In this paper, the linear loess fill slope is taken as the
research object, and the indoor rainfall model test is carried out through sensor monitoring, three-dimensional laser
scanning technology and artificial rainfall system. The hydrological response characteristics and failure process of
slope under rainfall infiltration are recorded, and the wetting front, soil particle migration, internal deformation
response, fracture evolution characteristics and failure mode are analyzed. The test results show that with the

infiltration of rainfall, when the wetting front is reached, the volumetric moisture content increases and remains
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stable at the maximum, while the matric suction decreases and remains stable at the minimum. The gully has a
greater impact on the fill slope. The development of slope changes the characteristics of the water content in the
slope, and at the same time it is the boundary that controls the overall sliding of the slope. The deformation
response area of the slope is mainly the front accumulation area and the back slide area of the filling slope. The
cracks evolve from the leading to the trailing edge, and its development offers preferential seepage channels for
the infiltration of rainwater. At the same time, the cracks also intensifies the deformation and failure of the slope.
The hydrodynamic force formed by rainfall drives the loss of fine particles in the slope from the rear edge of the
fill slope to the front edge, weakens the cementation among the soil particles, reduces the shear strength, and
causes the slope instability and failure. Therefore, under the rainfall infiltration, the deformation and failure modes
of the linear loess fill slope are: gully failure at the top of slope and toe softening —local traction collapse and
overall instability — block segmentation and at last the flow slip failure. The research results can provide a

theoretical reference for the engineering construction of linear loess fill slope and the prevention and control of

7K SCHb BT TR b S 9564

landslide disaster.

Keywords: linear loess fill slope; rainfall infiltration; failure mode; model test
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Fig. 1 Experimental instruments
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Fig.2 Grading curve of the test soil
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Table 1 Volume percentage of different particle sizes
in the test soils

% Wk by Bk
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Fig.3 Sensor arrangement for the test
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Table 3 Density of different layers after model filling

BSHBES kR BE(gem”) THE/(gem’)  JESIE
1 14.5 1.79 1.56 0.90
2 15.6 1.79 1.55 0.89
3 16.4 1.81 1.55 0.89
4 152 1.80 1.56 0.90
5 15.6 1.79 1.54 0.89
6 14.2 1.77 1.55 0.89
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Table 4 Rainfall schemes
W R R A 1l % FEMRS ) /min - FERTIREL/ (mm-h ")
H1K 14:24—15:34 70 18
H2k 16:14—16:24 10 18
i3k 16:34—16:44 10 18
AR 16:54—17:04 10 18
Sk 17:14—17:29 15 18
EH)S 17:44—18:04 20 18
HTIR 18:24—18:44 20 18
8K 18:59—19:14 15 18
oW 19:29—19:39 10 18
H101% 19:49—22:29 160 18
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Fig. 4 Variation curve of water content in different positions of

the fill slope during rainfall
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Fig.5 Variation curve of matric suction at different positions of
the fill slope during rainfall
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Table 5 Response time of water content at different monitoring
points during rainfall
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Table 6 Response time of matric suction at different monitoring
points during rainfall
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Fig. 6 Schematic diagram of wet front migration
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Table 7 Average velocity of the wetting front
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Fig. 8 Cloud image of deformation response of the fill slope during rainfall infiltration
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Table 8 Gradation parameters of particles at different
positions of the fill slope

G AL D,o/mm Dgy/mm D5/mm C, C,
JE i 0.009 0.037 0.022 1.453 4.111
Al 0.012 0.040 0.025 1.302 3.333
e 0.010 0.038 0.023 1392 3.800
el 0.008 0.044 0.023 1.503 5.500
HERUA 0.006 0.035 0.016 1.219 5.833
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Fig. 10 Deformation and failure mode of the

fill slope during rainfall
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