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)e instability of the bank slope of the reservoir will cause great loss to the life and property of the people in the reservoir area.)e
landslide of the reservoir not only occurs in the period of water level plummeting, but also occurs in the period of water level
rising. In this paper, the mechanism of slope landslide in the rising stage of water level was studied from the perspective of soil
disintegration in water. A series of tests on the disintegration of prisms and cylinders with the same volume and different bottom
side lengths (diameter) were carried out. )e results show that the specific surface area of the same volume sample was different,
and the disintegration behavior was different. )e larger the specific surface area of the same shape sample was, the faster the
disintegration speed was. )e deeper the water depth was, the shorter the disintegration time was under the same initial
conditions. It shows that when the water level of the reservoir rose, the deeper the water depth was, the greater the pore osmotic
pressure was, and the more the soil mass of the slope collapsed. )is led to the reduction of the pressure on the lower part of the
slope, the decrease of the antisliding force of the soil, and the failure of the slope.

1. Introduction

)e instability of the bank slope of the reservoir will cause great
loss to the life and property of the people in the reservoir area.
)e water level of the Vaiont reservoir in Italy with a total
storage capacity of 170 million m3 rose 120min in 30 days,
which led to the catastrophic overall landslide. )e volume of
landslidemass was up to 240millionm3. Six towns in the lower
reaches of the river were destroyed by the surging waves
causing thousands of deaths [1]. According to investigation,
49% of the landslides near the Roosevelt lake occurred in the
early stage of water storage, 30% occurred in the period of
10–20m sudden drop in water level, and the rest occurred in
other small landslides. In Japan, approximately 60% of Res-
ervoir Landslides occurred in the period of sudden drop of
reservoir water level and 40% in the period of rising water level,
including initial impoundment [2]. After the completion of the
)ree Gorges project, there are more than 1190 landslides,
large and small, in the range affected by the water level of 175m

reservoir [3]. )erefore, the instability of the reservoir bank
slope may occur not only in the period of water level sudden
drop, but also in the period of water level rise. Liu pointed out
that the effect of water level rise on slope instability and failure
wasmainly reflected in the effect of pore water pressure and the
weakening of strength parameters of immersed sliding surface
[4]. )e stability coefficient of landslide decreased with the
increase of water level fall speed when the water level fell [5].
)e faster the water level rose, the higher the slope stability
coefficient was [6]. )e mechanism of slope stability under
different water level rise and fall rates studied by Ru-Xue et al.
showed that when the water level dropped, the water pressure
outside the slope decreased rapidly, while the water pressure
inside the slope decreased relatively slowly, and the increased
sliding force of the slope led to the instability of the em-
bankment slope with forming the pressure difference from the
inside to the outside of the slope [7]. Han et al. showed that the
higher the slope height, themore obvious the lag effect of pore
water pressure and matrix suction [8]. Liu showed that the
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curve between relative permeability coefficient and matrix
suction of unsaturated soil has a great correlation with the
location of saturation surface and safety coefficient of
reservoir bank slope [9]. Xu and Jian showed that the
larger the permeability coefficient of soil, the deeper the
soil moisture spread distance, and the faster the speed
[10]. To sum up, water is an important factor affecting the
stability of the slope. )e landslide caused by the reservoir
includes the landslide caused by the rise of water level in
the early stage of water storage and the sudden drop of
water level. It is generally believed that the dynamic
seepage pressure caused by the change of seepage field
caused by the drop of reservoir water level affects the
stability of slope. )e buoyancy caused by the rise of
reservoir water level, the pore water pressure produced by
slope, and the weakening of strength parameters of sliding
surface lead to the decrease of slope stability. )e effect of
water on the collapse of slope soil is seldom considered,
and the influence may not be ignored.

)e disintegration of soil, also known as wetting in
geotechnical engineering, refers to the phenomenon of
disintegration and collapse of soil after being immersed in
water [11]. )e disintegration of soil mass is due to the
inconsistent thickening rate of the diffusion layer between
particles after the soil is submerged in the water, which
makes the repulsion force between particles exceed the
suction force, and the soil mass collapses along the surface
with the largest repulsion force [12]. )e soil mass would
collapse when encountering water, which would cause bank
slope instability and endanger the engineering safety.
According to the studies, soil disintegration did not occur in
the process of water loss, but in the process of water ab-
sorption.)e drying degree of soil mass had a great influence
on the disintegration degree of soil mass [13]. Yamaguchi
believed that the disintegration of soil mass was significantly
affected by water content but less affected by temperature
change [14]. Chen proposed that the main cause of soil mass
disintegration was water absorption expansion of minerals,
which resulted in compression of air and generated tensile
stress. )en, the stress concentration resulted in soil mass
collapse due to differential expansion [15]. Xu et al. found
that the wettability of expansive soil after remolding was
affected by water content and dry density [16]. )e influence
of water content and particle composition on the disinte-
gration rate in the research on the disintegration charac-
teristics of residual soil was analyzed by Cui and Yang. It was
shown that the greater the water content, the faster the
disintegration rate, the more the coarse particle content, and
the faster the disintegration rate [17].

)erefore, the collapse of slope soil in water should be
one of the important factors that affect the stability and
cause damage of the reservoir bank slope. In this paper,
test studies on the disintegration behavior of soil with
different shapes and different water depths under the same
volume condition will be conducted. )e influence on the
slope instability and failure will be explored. It is of great
significance for the prevention and control of the geo-
logical hazards of the slope.

2. Preparation of Soil Samples

In this test, Xiashu clay was used as the soil sample. )e
basic physical indexes of the soil sample are shown in
Table 1.

)e soil sample was completely dried in an oven. After
passing the 2mm standard sieve, water was added the soil
until the moisture content was 15%. )e samples were di-
vided into cylinder with bottom diameter of 7 cm, 10 cm,
and 12 cm, and quadrangular with bottom side length of
7 cm, 10 cm, and 12 cm, respectively, as shown in Figure 1.
)ere were 6 kinds of samples in total. All samples with the
same volume were prepared according to standard com-
paction, as shown in Table 2.

3. Tests and Results

3.1. Test Description. )e test water tank was made of
transparent acrylic to facilitate the observation of the sample
disintegration process, as shown in Figure 2. A scale was set
outside the side wall of the model box to observe the sample
depth.

)e water was added to the tank to 55 cm depth, and the
prepared sample and the wire mesh tray were put into the
water to the predetermined depth. )e wire mesh tray was
hung on the dynamometer hook through the four-angle
sling. )e depth of the sample from the water surface was
18 cm, 30 cm, and 42 cm, respectively. )e data every half
minute was recorded until the soil sample disintegrates
completely. Repeat the above test steps until all tests were
completed.

3.2. Test Results. )e disintegration curve of the same vol-
ume samples in different water depth is shown in Figure 3. It
can be seen from Figure 3 that the deeper the position was,
the shorter the disintegration time was under the same initial
conditions. )e disintegration time of the sample is the
longest at the water depth of 18 cm and the shortest at the
water depth of 42mm. It also can be seen that, in the process
of sample disintegration, the rate of sample disintegration in
the early and later stages of the disintegration test was
relatively small, and the rate of sample disintegration in the
middle stage was relatively large.

)e disintegration residual mass curve of the soil
samples with the same volume and different shape at dif-
ferent water depth is shown in Figure 4. It can be seen from
the curve in Figure 4 that the disintegration rate of qua-
drangular specimen was faster than that of cylinder speci-
men in the early stage of sample disintegration, but the
disintegration rate of quadrangular specimen was slower
than that of cylinder specimen in the later stage.

)e disintegration residual mass curve of the cylinder
soil samples with the same volume and different diameter at
different water depth is shown in Figure 5. It can be seen
from the curve in Figure 5 that the disintegration time of the
thin cylinder soil sample is longer than that of the thick and
short cylinder soil sample under the same volume and water
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depth condition. For the same volume of cylinder sample,
the larger the diameter of the sample was, the larger the
surface area was, the more the soil particles interact with
water, and the easier the soil disintegration was.

)e disintegration residual mass curve of the qua-
drangular prism soil samples with the same volume and
different side length at different water depth is shown in
Figure 6. It can be seen from the curve in Figure 6 that the
disintegration time of the slender quadrangular prism soil
sample was longer than that of the thick and short qua-
drangular prism soil sample under the same volume and
water depth conditions. )e final disintegration time of soil
samples 10 cm and 12 cm side length was very close at the
same depth of water. )e disintegration law of the soil with
quadrangular prism is consistent with that of the cylinder
soil sample.

4. Theoretical Analysis

Clay particles have high hydrophilicity. A layer of water
film is adsorbed on the surface of clay particles. )e water
film on the surface of the clay particles is composed of
strong bond water, weak bond water, and free water in
sequence, as shown in Figure 6. )e formation of bound
water film on the surface of clay particles can be roughly
divided into two stages. )e first stage is the formation
process of the strong bound water layer with the strongest
interaction with clay and the existence of chemical bond.
)e water molecules closest to the clay particles are firmly
connected to the particle surface by coordination, elec-
trostatic attraction, and hydrogen bond. )e water mol-
ecules are oriented near the adsorption center to form a
layer of adsorption layer (also known as stern layer),

Table 1: Basic physical indexes of soil sample.

Name Water content w (%) Unit weight c (kN/m3) Specific gravity Gs Plastic limit WP (%) Liquid limit WL (%) Plasticity index IP
Soil 23.7 19.9 2.73 19.2 34.8 15.6

(a)

(b)

Figure 1: Soil samples, (a) cylinder samples, (b) quadrangular prism samples.

Table 2: )e initial conditions of the soil samples.

Shape Diameter/side length (cm) Height (cm) Volume (cm3) Weight (g) Surface area (cm2)

Cylinder
7.0 10. 2

392.7 805.0
301.3

10.0 5.0 314.2
12.0 3.5 358.1

Quadrangular prism
7.0 8.0

392.7 805.0
322.0

10.0 3.9 356.0
12.0 2.7 417.6
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Figure 2: Model test system, (a) schematic diagram of test system (unit: cm), (b) test picture.

400

300

200

100

0
0 2 4 6 8

Re
sid

ua
l m

as
s o

f s
oi

l s
am

pl
e (

g)

Time (min)

–18cm
–30cm
–42cm

(a)

0 2 4 6

400

300

200

100

0

Re
sid

ua
l m

as
s o

f s
oi

l s
am

pl
e (

g)

Time (min)

–18cm
–30cm
–42cm

(b)

Figure 3: Continued.
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whose density is much higher than that of bulk solution.
)e mechanical property with great viscosity, elasticity,
and shear strength is similar to that of solid. )e stern
layer is unable to transmit hydrostatic pressure, non-
conductivity, and non-dissolving ability. )e second stage
is the formation process of weak interaction with the clay
particles under a certain binding force. )e water mole-
cules slightly away from the surface of clay particles are
oriented under the action of weak electrostatic attraction
and Van der Waals force and form the weak bond water
layer (also known as diffusive layer). )e diffusive layer is
a kind of viscous water film, which can move slowly from
the thicker part to the thinner part; that is to say, the
weakly bound water film can deform. )e cations con-
tained in the stern layer and diffusive layer are opposite to
the negative charge potential on the surface of the soil
particles, which form an anti-ionic layer. )en, a double
electric layer is formed together with the negative charge
on the surface of the soil particles, as shown in Figure 7.

Clay particles adsorb water molecules to form hydration
membrane on the surface of particles, which increases the
distance between clay lattice layers, produces expansion and
dispersion, and leads to disintegration of soil. )ere are two
stages of clay hydration expansion: surface hydration ex-
pansion and infiltration hydration expansion. )e surface
hydration expansion is caused by the surface hydration,
which is the interaction of clay and water in a short distance.
)ere are four water molecular layers between the clay
layers, with a thickness of approximately 10Ǻ. At this time,
the forces include Van der Waals force of interlayer mol-
ecules, electrostatic attraction between positive and negative
charges of the layer, and hydration energy (adsorption
energy) between water molecules and the layer, of which the
hydration energy is the largest. )e net energy of these three

forces can reach thousands of atmospheric pressure when
the first layer of water molecules enters. )e expansion of
infiltration and hydration is caused by the infiltrative force.
When the distance between clay layers exceeds 10Ǻ, the
surface adsorption energy no longer plays an important
role. )en, the continuous expansion of clay is caused by
osmotic pressure and double electric layer repulsion. As the
water molecules enter the interlayer of clay crystal cells, the
cations adsorbed on the surface of clay will be hydrated and
diffused into the water, and the diffusion double electric
layer is formed. As a result, the repulsion between the layers
gradually plays a leading role, which leads to the further
expansion of clay layer spacing. Secondly, there are many
cations adsorbed between layers of clay, and the concen-
tration of ions between layers is much higher than that
inside the bulk solution [18]. Due to the existence of
concentration difference, clay layer can be regarded as a
permeable membrane. Under the action of osmotic pres-
sure, water molecules will continue to enter into the clay
layer, which causes further expansion of clay [19, 20]. )e
membrane expansion caused by infiltration and hydration
can make the spacing of clay layer reach 120Ǻ. When the
hydration expansion of clay reaches the equilibrium dis-
tance (the interval between layers is about 120Ǻ), the crystal
cells will separate and the soil will disintegrate under the
action of shear force.

For the remolded dense clay, the soil particles have
strong cementation ability. )e cohesive force of the soil is
large, and the water is not easy to penetrate into the clay. As
the soil is immersed in the water, the diffusive layer between
the soil particles thickens, and the bond water film thickens.
)e repulsion force between clay particles exceeds the
suction force, the crystal cells separate, and the soil
disintegrates.
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Figure 3: Disintegration curve of soil samples with the same volume at different water depth, (a) quadrangular prism of 10 cm section side
length, (b) cylinder of 10 cm section diameter, (c) quadrangular prism of 12 cm section side length, (d) cylinder of 12 cm section diameter.
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Figure 4: Disintegration curve of soil samples with the same volume and different shape, (a) −18 cm, (b) −30 cm, (c) −42 cm.
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Figure 5: Disintegration curve of soil samples with the same volume and different diameter, (a) −18 cm, (b) −30 cm, (c) −42 cm.
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Figure 6: Continued.
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Before the soil is put into the water, the strong cohesive
water in the soil occupies most of the channels in the soil
pores, and the permeability is very low. With the increase of
the water depth, the hydraulic gradient increases, the
seepage pressure increases, the water molecules are easy to
enter the clay layer, and the clay expansion, hydration, and
disintegration are accelerated. It is shown that the deeper the
water depth, the faster the soil disintegration. )erefore,
water depth has an important influence on soil
disintegration.

)e specific surface area of the four prism samples is
larger than that of the cylinder samples, and the clay particles

combined with the water film at the corners are easy to
absorb water and expand, resulting in soil disintegration.
)erefore, the disintegration of the quadrangular specimen
is faster than that of the cylinder specimen in the early stage
into the water.

5. Conclusion

)e collapse behavior of soil in water is related to the sta-
bility and failure of the bank slope. In this paper, a series of
soil disintegration tests with different shapes and different
depths under the same volume conditions are carried out.
)e conclusion is as follows:

(1) Water depth has an important influence on soil
disintegration. )e disintegration rate of the sample
increases with the increase of water depth under the
same initial conditions. For the reservoir bank slope,
when the reservoir water level rises, the deeper the
water depth of the soil slope below the water surface
is, the greater the pore osmotic pressure is. )e more
the slope soil collapses, the less the pressure weight
leads to the lower part of the slope, and the less the
anti-sliding force of the slope soil is. At the same
time, the shear strength of the soil decreases when
the slope is immersed in water. )e anti-sliding force
is less than the sliding force, and the slope is unstable
and collapsed when the water level rises under the
conditions.

(2) )e specific surface area of soil is one of the factors
that affect soil disintegration. )e larger the specific
surface area of soil mass with the same volume and
shape is, the faster the disintegration rate of soil is.
With the same volume and different shape, the
disintegration speed of quadrangular prisms in the
early stage is faster than that of cylinders, but they are
opposite in the later stage.
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Figure 6: Disintegration curve of soil samples with the same volume and different side length, (a) −18 cm, (b) −30 cm, (c) −42 cm.
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(3) )e disintegration of soil can be explained by the
theory of soil particle surface combined with water
film and soil double electric layer. )e soil disinte-
gration is mainly affected by the thickness of weak
bound water film. In the expansion stage of infil-
tration and hydration, water molecules enter into the
interlayer of clay crystal cells, which are separated
and disintegrated by osmotic pressure and double
electric layer repulsion.
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