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On July 23, 2019, a high-speed and long-runout landslide occurred in Jichang Town, Shuicheng County, Guizhou Province, China,
causing 42 deaths and 9missing.,is paper used the discrete element softwareMatDEM to construct a three-dimensional discrete
element model based on digital elevation data and then simulated and analyzed the movement and accumulation process of the
landslide. ,e maximum average velocity of the source area elements reached 14m/s when passed through the scraping area;
meanwhile, the velocity of the scraping area elements increased rapidly. At 90 s, the maximum displacement of the source area
elements reached 1358.5m. ,e heat generated during the movement of the landslide was mainly the frictional heat, and the
frictional heat increased sharply when the source area elements passed through the scraping area.,e change of frictional heat has
a certain positive correlation with the velocity of the scraping area elements. Finally, the volume of the scraping area elements was
2.4 times greater than the source area elements in the deposits. ,e scraping effect increases the volume of the sliding body and
expands the impact area of the landslide disaster. Additionally, by setting different compressive and tensile strengths as well as
internal friction coefficients to analyze the influences of their value changes on the landslide movement process, the results show
that the smaller the strengths and internal friction coefficient of the model, the greater the depth and area of the scraping area,
which will result in a thicker accumulation; meanwhile, the average displacement, average velocity, and heat will also increase.

1. Introduction

High-speed and long-runout landslide is a landslide with
great velocity and displacement, which has the character-
istics of huge volume, strong destructiveness, and high
fluidity [1–3]. China has a vast territory and complex
geological structure, with a wide range of landslide hazards
[4], especially in southwest mountainous areas [5], such as
the Touzhai landslide [6], Yigong landslide [7], Donghekou
landslide [8], Jiweishan landslide [9], Guanling landslide
[10], and Xinmo landslide [11]. ,e high-speed and long-
runout landslide often causes huge property losses and
casualties due to the difficulty of early identification and
spatial prediction. Research on the genetic mechanism and

movement characteristics of high-speed and long-runout
landslides has important practical significance for pre-
venting landslide disasters.

High-speed and long-runout landslides last for a short
time and generally occur in remote areas, so it is difficult to
obtain information about the real situation when the
landslide occurs. ,erefore, many researchers have con-
ducted model tests to study the genetic mechanism and
characteristics of high-speed and long-runout landslides
[12–15]. A model test can reproduce the movement and
accumulation process of the landslide, but due to the scale
effect of the high-speed and long-runout landslide [1], the
reliability of the model test results still remains to be
proved.
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Numerical simulations have played an important role in
quantitatively analyzing landslide movement and evaluating
the area of landslide disasters owing to their low cost, high
efficiency, and avoidance of scale limitation in the test. At
present, many numerical simulation methods have been
applied to the study of the mechanism and failure process of
landslides. Xu et al. used the dynamic finite element method
(FEM) to reconstruct the 3D failure and associated damming
caused by the Tangjiashan landslide [16]. ,ere are many
unknown parameters to be solved in the finite element
method, which requires a large scale of equations for the
solution and a large amount of data for calculation.,e finite
difference method (FDM) can be used to simulate landslides
and the process of flow slide and soil creep [9, 17, 18]. Its
disadvantage is the difficulty in guaranteeing the conser-
vation characteristics of discrete equations. Li et al. pre-
sented a methodology based on the smoothed particle
hydrodynamics (SPH) approach, which can simultaneously
determine multiple failure slip surfaces and the debris flow
process. But, it is time consuming to carry out an SPH
analysis, and the postprocessing of the results in a SPH
analysis requires a certain amount of effort [19]. Song et al.
used the discontinuous deformation analysis (DDA) to
simulate the run-out and deposit pattern of the Daguangbao
landslide [20]. ,e discrete element method (DEM) can be
used to investigate the failure processes and mechanisms of
jointed rock slopes as well as fragmentation during rockfalls
and rock avalanches [21, 22]. ,e discrete element method
can be computationally expensive when the number of el-
ements is very great. ,ere are also some coupling methods.
Zhou et al. presented a numerical method combined with a
FEM and DEM for simulation of the landslide debris flow
under seismic loading [23], while the mechanical parameters
are hard to determine. Cascini et al. used an enhanced
numerical model which combines a 3D depth-integrated
hydro-mechanical coupled SPH model for the propagation
analysis of debris flows and a 1D vertical FDMmodel for the
evaluation of the pore water pressure [24].

During the movement of a landslide, the sliding bed can
be scraped to increase the volume of the sliding body
[25–28], thereby expanding the area of the disaster. ,e
analysis of the parameters affecting the scraping effect is of
great significance for evaluating disaster risk. Some studies
have analyzed the influence of friction angle, pore water
pressure, consolidation coefficient, friction coefficient, and
stiffness coefficient on the scraping effect [29–32]. Zhang
et al. [33] used PFC to simulate the motion process of the
Jiweishan landslide and obtained the conclusion that the
friction coefficient of the sliding surface and strength of the
sliding mass significantly affect the distribution of the sliding
mass in deposited areas.

Since the real movement process of a high-speed and
long-runout landslide is difficult to obtain, this paper used
the discrete element software MatDEM to rebuild the
movement process of the Shuicheng landslide. Firstly, we
used MatDEM to construct a three-dimensional discrete
element model based on digital elevation data and simulated
the initiation, high-speed sliding, and accumulation process
of the Shuicheng landslide. Subsequently, the displacement,

velocity, heat generated during the movement of the
landslide, and the distribution characteristics of deposits
were analyzed. Finally, by setting different compressive
strengths, tensile strengths, and friction coefficients, we
analyzed the influence of those parameters’ value change on
the landslide movement process. MatDEM uses the matrix
method to perform iterative calculations on the GPU, which
is better than other similar discrete element software in
terms of calculation quantity and time [34]. UsingMatDEM,
people can quickly evaluate landslide hazards, determine the
scope of potential hazards, and provide guidance for disaster
relief.

2. Study Area

2.1. Overview of the Landslide. At around 20 : 40 on July 23,
2019, a high-speed and long-runout landslide occurred in
Pingdi Village, Jichang Town, Shuicheng County, Guizhou
Province, China (26°15′35″ N, 104°40′24″ E) (Figure 1). ,e
total length of the sliding body was more than 1.3 km. ,e
elevations of the scrap and the toe of the landslide were
about 1740m and 1230m, respectively, and the elevation
difference is about 500m. ,e sliding direction was NNE.
,e total affected area of the landslide is about 3.3×105m2,
and the sliding body volume was about 2×106m3 [35]. ,e
landslide scene taken by the UAV (unmanned aerial vehicle)
is shown in Figure 2. By comparing the photos before and
after the sliding (Figure 3), the Shuicheng landslide can be
divided into three areas: the source, scraping, and deposition
areas.

2.2. Topography andLandform. Shuicheng County is located
in the western part of Guizhou Province, China, in the
middle of the Yunnan-Guizhou Plateau. ,e terrain is
undulating, dominated by high-altitude mountains. ,e
terrain slowly descends from northwest to southeast. ,e
highest elevation is 2861m, the lowest elevation is 633m,
and the average elevation is 1747m. ,e development of
karst landforms in the study area provides basic conditions
for the development of landslides, ground collapses, and
other geological hazards. Landslides in the area mainly occur
in the gradient between 20° and 50° [36].

High and steep terrain conditions are the key factors that
trigger landslides [37]. ,e upper part of the Shuicheng
landslide was steep with an average dip angle of 28°, while the
lower part was slightly gentler with an average dip angle of
10°. ,ere were multiple gentle slopes and terraces in the
trailing edge and central area of the landslide, which con-
ducted to the collection of rainwater [38]. In addition, the
narrow gullies on both sides of the landslide formed a fa-
vorable circulation channel for the sliding body.

2.3. Geological Conditions. ,e study area is located in the
middle of the Weining northwest trending structure de-
formation zone in the Liupanshui fault depression of the
Yangtze platform [38].,e exposed stratamainly include the
Carboniferous (C), Permian (P), and Triassic (T). ,e
stratigraphic lithologies are the Upper-Middle Devonian
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Figure 1: Geographical location of the Shuicheng landslide.
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Figure 2: UAV photograph of the Shuicheng landslide.
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gray crystalline dolomite (D2-3), the Lower Carboniferous
limestone (C1), the Upper Carboniferous dolomite (C2, C3),
the Lower Permian quartz, sandstone, and limestone (P1),
the Middle Permian Emeishan basalt (P2), and the Lower
Triassic limestone, sandstone, and claystone (T1) [35]. ,e
Shuicheng landslide occurred in the Emeishan basalt in the
Middle Permian. Due to the columnar joints in the basalt of
the Shuicheng landslide and the influence of weathering and
tectonic effects, the basalt is relatively broken, and unstable
structural surfaces develop inside it, which is easy to cause
geological disasters [39]. ,e joints and fractures in basalt
are also natural seepage channels [40].

2.4. Climate and Rainfall Characteristics. Shuicheng County
has obvious characteristics of plateau monsoon climate, with
abundant rainfall and annual precipitation ranging from 940
to 1450mm [36]. ,e effective rainfall in the early stage has a
great inducing effect on the occurrence of landslides [41, 42].
,ere were 3 heavy rains in the week before the landslide on
July 23, which were 49mm (July 19), 37.1mm (July 20), and
85.5mm (July 22), respectively.,e three days of rainfall were
the three most rainy days in July, even the rainfall was close to
the magnitude of the heavy rainstorm on July 22. Rainstorms
often cause the phreatic line to rise which in turn induces
seepage damage [43], and the concentrated mountains and
rainfall are the causes of landslides [44]. ,e accumulated
rainfall from July 18 to July 22 was 189mm (Figure 4) [39].
Continuous rainfall will increase the pore water pressure
inside the rock and soil of the slope, reducing the effective
stress. Soaking in the rain water will also reduce the shear
strength of the rock and soil and increase the self-weight stress
of the slope body. Hu et al. [45] carried out ring shear tests on

dry and saturated mudstone granules with different grain
sizes, and the results showed that saturated gravel-sized
granules exhibited significant and abrupt reversible rate-
weakening. In addition, the rain will lubricate the potential
sliding surface. Eventually, the sliding force continues to
increase until it becomes greater than the antisliding force,
which will cause landslide disasters to happen.

3. Numerical Model of the Shuicheng Landslide

3.1. 5e Discrete Element Method. In order to quantitatively
analyze the movement process of the Shuicheng landslide
due to instability and failure, this paper used the discrete
element software MatDEM to simulate the landslide. Mat-
DEM is based on the innovative matrix discrete element
calculation method, which realizes the fast simulation of the
large-scale discrete element model with millions of elements
[46, 47]. ,e discrete element method was proposed by
Cundall and Strack [48], which builds a rock and soil model
by packing a series of discrete elements. ,e elements are
connected and interacted through a certain contact, and
numerical simulation is carried out through the time-step
iteration based on Newton’s law of motion.

In this paper, the linear elastic contact model is used. As
shown in Figure 5, the force between elements is composed
of normal and shear forces, which can be determined by

Fn � KnXn, (1)

Fs � KsXs, (2)

where Fn is the normal force, Kn is the normal stiffness, Xn is
the normal relative displacement, Fs is the shear force, Ks is
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Figure 3: Comparison of (a) the presliding satellite photo from Google Earth and (b) the postsliding photo taken by the UAV of the
Shuicheng landslide.
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the shear stiffness, and Xs is the tangential relative dis-
placement. ,e maximum normal force (Fnmax) that the
cementation between elements can withstand is

Fnmax � KnXb, (3)

where Xb is the breaking displacement. When the relative
displacement between the two elements is greater than Xb,
the cementation between the elements will break, and there
is no longer any force. ,e maximum allowable shear force
(Fsmax) for cementation between elements is

Fsmax � Fs0 − μpFn, (4)

where Fs0 is the initial shear resistance between the elements
and μp is the friction coefficient. When the shear force of the
elements in the tangential direction is greater than Fsmax, the
cementation between the elements will break and relative
sliding occurs, and the friction between the elements will
reduce to −μpFn.

On the basis of knowing the resultant force of each
particle, the displacement of elements is calculated by the
iterative algorithm of time step.,e resultant force is divided
by the mass of the element to get the acceleration of the
element at this moment. In the time step dT, the velocity of
the next time step can be obtained by adding the velocity
increment (acceleration times’ time) to the current velocity,

and the corresponding element displacement can be cal-
culated by the average velocity in the time step. ,en, the
dynamic simulation of the discrete element method is re-
alized by the iterative method until equilibrium or a specified
number of iterations are reached.

3.2. Discrete Element Model of the Shuicheng Landslide.
Firstly, we obtained high-resolution postsliding digital ele-
vation data with a resolution of 0.1m through UAV pho-
tography, and high-speed 3D dynamic shape measurement
is essential and can be widely applied in application fields
such as fluid dynamics, solid mechanics, and deformation
analysis under stress, impact, and tension [49]. Secondly,
according to the field investigation of the landslide area and
the ALOS PALSAR data before sliding (resolution is 12.5m),
the presliding digital elevation data was obtained through
calculation [35]. ,en, according to the scope of the land-
slide area, we built a cuboidmodel with the element radius of
1.55∼2.23m, and the size of the model is
1400m× 600m× 714m. Finally, we used the landslide layers
obtained by the digital elevation data to cut the cuboid
model and generate a thin shell model of the landslide. ,e
upper surface of the thin shell model is defined by the digital
elevation data before the landslide sliding, and wemoved the
smaller value of the digital elevation data of the slope before
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and after the landslide down by 38.5m to obtain the bottom
surface. ,e discrete element model is shown in Figure 6(a).
,e color of an element in the figure represents its radius.

,is paper inverts the macromechanical parameters of
rock and soil based on the shape and distribution of the
actual deposits of the landslide. Combining the previous
experience of simulations of the landslide movement process
using MatDEM [46, 47], the parameters are initially de-
termined, and then, the parameters are continuously ad-
justed to make the numerical simulation results close to the
actual situation. In MatDEM, the conversion formula
proposed by Liu et al. (see Appendix for details) is used to
convert the macromechanical parameters into the micro-
mechanical ones required in the numerical simulation [50].
,emacro- andmicromechanical parameters of the material
used in the numerical model of the Shuicheng landslide are
shown in Table 1.

A fracture surface is established at the location inside the
source area in Figure 3(b) to simulate the joint surface in
basalt, and the element connections at the corresponding
position in the model are completely broken to establish the
initial fracture surface.

As shown in Figure 6(b), in order to further analyze the
characteristics of the sliding body in the movement process,
the active elements at the coordinate X� 320∼ 700m were
set as the scraping area elements. ,e elements outside the
landslide disaster area were set as the wall elements to reduce
the amount of calculation. After the initial model of the
landslide was established, gravity loads were applied to all
elements, and the simulation of the landslide was completed
through continuous iterative calculations. ,e total number
of elements in the landslide model is 825,500, including
261,700 active elements. ,e numerical simulation carried
out 432,500 time steps, which corresponds to 155.7 seconds
in reality. By using a GPU workstation (Tesla P100 GPU) for
calculation, this simulation costs about 18 hours.

4. Simulation Results

4.1. Characteristics of Displacement. In order to understand
the regulation of movement of the Shuicheng landslide, the
displacement of the landslide was first analyzed. Figures 7(a)–
7(d) show the displacement of the landslide at 19 s, 44 s, 90 s,
and 121 s, respectively. ,e color in the figure represents the
displacement of the elements from the initial position. At 19 s,
the main slope body passed through the scraping area. Due to
the change of topography, the main slope body was divided
into two parts and slid down along the gully. At 44 s, the front
of the slope body reached the toe of the slope and began to
accumulate. At 90 s, the main body of the landslide had al-
ready accumulated and was in a basically stable state, only
partial sliding and adjustment occurred. ,e displacement of
the landslide at 121 s and the 90 s did not change much, only a
small number of elements in the scraping area jumped and
slid down. ,e shape and distribution of the final accumu-
lation obtained by numerical simulation are more consistent
with the reality.

Figure 8 shows the curves of the maximum and average
displacement of the source area and the scraping area

elements during the movement. At 90 s, the scraping area
elements reached the maximum displacement of 1358.5m,
which is consistent with the result that Gao et al. obtained of
the maximum displacement of 1360m of the Shuicheng
landslide by the numerical simulation software DAN3D
[51]. ,e average displacement changed little after 60 s,
indicating that the main sliding process of the landslide had
been completed, and only a few elements were further
adjusted to achieve equilibrium. ,is is in line with the
conclusion that Ma et al. proposed that the landslide
movement process lasts about 60 s [35]. As the topography
of the end of the accumulation area increased, some ele-
ments slid down after being pushed up, so after 40 s, in
Figure 8, the maximum displacement of the element
dropped down.

4.2. Characteristics of Velocity. Figure 9 shows the velocity
curve of the source area and scraping area elements in the
Shuicheng landslide within 155.7 s. ,e simulation data
shows that, as the depth of the sliding body increases, the
velocity of the sliding elements gradually decreases. ,e
average velocity of the top 6.25% of all elements approxi-
mately reflects the average velocity of the sliding body
surface elements. It can be drawn from the figure that the
velocity of the source area elements increased rapidly at the
initial state of the landslide. At 19 s, it can be drawn from
Figure 7(a) that the source area elements passed through the
scraping area and produced huge shear and dynamic in-
teractions on the slope elements, which broke the connec-
tions between the scraping area elements, and the element
speed increased rapidly. ,e average velocity of the source
area elements reached a maximum of about 14m/s at 25 s,
which is closer to the average velocity of 16.6m/s calculated
by Ma et al. using the Scheidegger method [35]. ,e average
velocity of the top 6.25% of the source area elements was up
to 44m/s. ,e scraping area elements reached the maximum
speed at about 34 s, and it had a hysteresis compared with the
source area elements. ,is is because it takes a certain time
for the scraping area elements to start moving under the
scraping effect to reach the maximum velocity. After that,
the velocity of all elements gradually decreased, and at 90 s,
the curve of average velocity of the elements gradually be-
came flat. At 121 s, the average velocity of all elements
dropped to nearly 0, indicating that the elements’ motion at
this moment was basically in a stable accumulation state,
which is consistent with the phenomenon observed in
Figure 7(d).

4.3. Characteristics of the Heat Transformation. Figure 10
shows the heat change curve during the sliding process of the
landslide. ,e heat is mainly derived from the friction heat
generated by the mutual friction between the elements. ,e
change trends of the total heat and the friction heat are
basically the same, and the total energy of nearly 8×1012 J is
finally generated. At about 19 s, due to the source area el-
ements passing through the scraping area and generating
friction, the frictional heat increased rapidly. When the
frictional force is greater than the maximum shear force that
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Figure 6: ,e discrete element model of the Shuicheng landslide. (a) Initial model. (b) Grouped model.

Table 1: Macro- and micromechanical parameters of the material in the Shuicheng landslide.

Macromechanical parameters
Young’s modulus (GPa) 29
Poisson’s ratio 0.1
Tensile strength (MPa) 30
Compressive strength (MPa) 300
Internal friction coefficient 0.43
Density (kg/m3) 2600
Normal stiffness (GN/m) 44.86
Shear stiffness (GN/m) 20.39
Breaking displacement m 0.0023
Shear resistance kN 55.58
Friction coefficient 0.0654
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an interelement connection can withstand, the connection
will break, and the breaking heat will also begin to rise.
Comparing Figures 9 and 10, it can be drawn that the heat
has a certain positive correlation with the speed of the
scraping area elements at 19 s, and the average speed and
heat of the scraping area elements both increase signifi-
cantly. At 90 s, the main sliding body had stabilized, so the
curve of the total heat generated during the movement of the
landslide at this moment also gradually tended to be flat.

4.4. 5e Distribution Characteristics of the Deposit. In order
to analyze the final accumulation and distribution charac-
teristics of the elements, Figures 11(b)–11(d) plot the cross-
sectional views at X� 800, 900, and 1000m, respectively. It
can be drawn that the source area and the scraping area
elements are mixed together, and among them is the small
mixed amount of other active elements. ,e deposits are
mainly distributed in two gullies. Due to the scraping effect
during the landslide movement, the volume of the sliding
body increases. ,e final volume of the deposits is much
larger than the volume of the source area elements. ,e
volume of the scraping area elements is 2.4 times than the
source area elements in the deposition area. Due to the scale
effect of the high-speed and long-runout landslide, the in-
crease in the volume of the landslide will make the slide
distance farther and expand the impact area of the landslide
disaster. ,rough comparison, it is found that the gully
deposits on the left (west) are thicker than the one on the
right (east), and the volume of the left deposits is larger,
which is consistent with the actual situation [51].

4.5. Influence of the Strengths and the Internal Friction
Coefficient Change on the Landslide Movement Process

4.5.1. Influence of the Compressive and Tensile Strengths’
Change on the Landslide Movement Process. ,e basalt
strength will reduce because of weathering. We used dif-
ferent compressive and tensile strengths to simulate the
influence of strength drop of the landslide. Four sets of
control experiments were carried out. ,e compressive

strength was set to 150MPa (Material 1: Xb � 1.3mm and
Fs0 �1.80×109N), 200MPa (Material 2: Xb � 1.7mm and
Fs0 � 2.41× 109N), 250MPa (Material 3: Xb � 2.1mm and
Fs0 � 3.01× 109N), and 300MPa (Material 4: Xb � 2.6mm
and Fs0 � 3.61× 109N), respectively, and the tensile strength
was set to one-tenth of the compressive strength. In fact, the
strength parameters used will be smaller when they are
substituted into the conversion formula in MatDEM, so the
strength parameters taken here will look much larger [50].
Other parameters were consistent with Table 1.

Figure 12 shows the scraping depth and the thickness of
the deposit under different strengths. Comparative analysis
shows that the smaller the strength, the greater the depth and
area of the scraping. Since the scrapped volume increases
greatly, the thickness of the deposits will also become
greater.

Figures 13 and 14 show the average displacement and
velocity of the source area and the scraping area elements
under different strengths. Comparative analysis shows that
the smaller the strength, the greater the average displace-
ment and velocity of the elements.

Figure 15 shows the total heat generated by landslide
movement under different strengths. It can be seen from the
figure that, as the strength decreases, the total heat generated
will gradually increase.

It can be drawn from formulas A3 and A4 of Appendix
that, under the same conditions of other parameters, when
Tu and Cu decrease, the fracture displacement Xb and the
initial shear force Fs0 between the elements also decrease. At
this time, the connection between two elements is easily
broken. ,erefore, with the increase in the volume of the
scraping elements and the thickness of the deposits, the
scraping effect increases. ,e sliding distance will also be-
come longer due to the scale effect of the high-speed and
long-runout landslide. Meanwhile, more and more gravi-
tational potential energy is converted into heat, so the total
heat generated gradually increases.

4.5.2. Influence of the Internal Friction Coefficient Change on
the Landslide Movement Process. Since rainfall has a lu-
bricating effect on the sliding surface and causes the internal
friction coefficient to decrease, we use different internal
friction coefficients to simulate the influence of the decrease
in the friction. Four sets of control experiments were carried
out. ,e internal friction coefficient μi was set to 0.43, 0.45,
0.47, and 0.49, respectively, and the other parameters were
consistent with Table 1.

Figure 16 shows the scraping depth and the deposits’
thickness of the landslide under different internal friction
coefficients. Comparative analysis shows that the smaller the
internal friction coefficient, the greater the depth and area of
scraping. ,e scrapped volume increases greatly, so the
thickness of the deposits will also become greater. When the
internal friction coefficient is too large (μi � 0.49), there is no
scraping, and the elements are mostly accumulated on the
scraping area.

Figures 17 and 18 show the average displacement and
velocity of the source area and the scraping area elements
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Figure 10: Heat change curve of the landslide movement.
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under different internal friction coefficients. Comparative
analysis shows that when the internal friction coefficient
becomes smaller, the average displacement and velocity of
the elements will become larger.

Figure 19 shows the total heat generated by the landslide
movement at different internal friction coefficients. It can be
seen from the figure that, as the internal friction coefficient
decreases, the total heat generated will gradually increase.
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Figure 12: Distribution of scraping depth and deposit thickness of four materials with different strengths. (a) Material 1, (b) Material 2, (c)
Material 3, and (d) Material 4.
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Since the internal friction coefficient is smaller, the el-
ements are easier to slide, so the number of active elements
in the scraping area will increase, which leads to the increase
of the average speed and displacement of the elements as well
as the depth and accumulation thickness of the scraping. It
can be drawn from Figure 10 that the total heat is mainly
generated by the frictional heat. When the internal friction
coefficient decreases, the scraping effect between the ele-
ments will increase, and the friction between the elements
will also increase which causes the friction heat to become
larger.

5. Discussion

When the source area elements passed through the scraping
area, the elements’ velocity and friction heat increase rapidly
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Figure 13: ,e average displacement of the (a) source area and (b) scraping area elements of four materials with different strength.

18

16

14

12

10

8

6

4

2

0

Av
er

ag
e v

elo
ci

ty
 o

f t
he

 so
ur

ce
ar

ea
 el

em
en

ts 
(m

/s
)

0 20 40 60 80 100 120 140 160
Time (s)

Material 1
Material 2

Material 3
Material 4

(a)

9

8

7

6

5

4

3

2

1

0

Av
er

ag
e v

elo
ci

ty
 o

f t
he

 sc
ra

pi
ng

ar
ea

 el
em

en
ts 

(m
/s

)

0 20 40 60 80 100 120 140 160
Time (s)

Material 1
Material 2

Material 3
Material 4

(b)
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(Figures 9 and 10). ,e friction heat change has a certain
positive correlation with the velocity of elements in the
scraping area. Related references show that the high tem-
perature generated by frictional heat will weaken the friction
effect and cause the elements’ velocity to increase rapidly
[52–55].

Considering the genetic mechanism of high-speed and
long-runout landslides, some researchers have successively

proposed the fluidized-bed hypothesis [56], the air-layer
lubrication hypothesis [57], grainflow hypothesis [1], and
various hypotheses considering the effect of pore water
[58, 59]. ,e final conclusions of these theories are to reduce
the strength of the rock and soil or the frictional resistance of
the sliding surface, which ultimately leads to the occurrence
of high-speed and long-runout landslides. ,is paper ana-
lyzes the influence of several different strengths and internal
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Figure 16: Distribution of scraping depth and deposit thickness under different internal friction coefficients. (a)μi � 0.43. (b)μi � 0.45.
(c)μi � 0.47. (d)μi � 0.49.
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Figure 17: ,e average displacement of the (a) source area and (b) scraping area elements under different internal friction coefficients.
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friction coefficients on the landslide movement. ,e results
show that when the strengths and internal friction coefficient
decrease, the scraping effect will increase, and the average
displacement and velocity of the elements as well as the total
heat will increase, which is consistent with the conclusions
drawn in the existing references. In addition, the scraping
effect will increase the volume of the sliding body. According
to the scale effect of the high-speed and long-runout
landslide, this will increase the area of the disaster. ,e
scraping area elements in the deposition area account for a
large proportion (Figure 11), which also proves that at this
point.

Rebuilding the movement process of landslides is con-
ducive to our understanding of its cause and movement
mechanism, and it plays an important role in the early
identification and warning of landslides. Analyzing the
parameters that affect the landslide movement is conducive
to the assessment of the impact area of landslide disasters so
that we can better prevent them and minimize the casualties
and property losses caused by landslides.

6. Conclusions

,is paper used the discrete element software MatDEM to
establish the Shuicheng landslide model based on the digital
elevation data of the landslide obtained by UAV and sim-
ulated the initiation, high-speed sliding, and accumulation
process of the landslide.,e displacement, velocity, and heat
generation during the movement of the landslide were
analyzed, as well as the distribution characteristics of de-
posits. Finally, by setting different compressive and tensile
strengths as well as friction coefficients, we also analyzed the
influence of their value changes on the landslide movement
process. ,e following conclusions were obtained:

(1) When the source area elements passed through the
scraping area, it interacted with the scraping area
elements, the speed of which increased rapidly. ,e
average speed of the source area elements reached
the maximum value of 14m/s. Compared with the
source area elements, the scraping area elements
had a hysteresis when it reached the maximum
speed. At 90 s, the displacement of the source area
elements reached the maximum value of 1358.5m.
,e curves of the average displacement and velocity
of all active elements gradually appear to be flat
until 121 s.

(2) ,e total heat generated by the landslide movement
process is mainly composed of the friction heat, and
the change trend of them is basically the same. When
the source area elements passed through the scraping
area, the friction heat increased rapidly, and the
breaking heat gradually rose. At this time, the change
of friction heat has a certain positive correlation with
the velocity of the scraping area elements.

(3) In the final deposition, the elements from the source
area and the scraping area are mixed, and the volume
of the scraping area elements is 2.4 times of the

source area elements. ,e scraping effect caused the
scraping area elements to slide and increased the
volume of the sliding body which expanded the
impact area of landslide disasters.

(4) ,e smaller the strength and internal friction coef-
ficient of the model, the greater the depth and area of
the scraping, and the thickness of the deposits will
increase accordingly, as well as the average dis-
placement, average velocity, and heat.

Appendix

Macro- and Micromechanical Properties’
Conversion Formulas of the Discrete
Element Model

,ere is an analytical solution between the macro and
micromechanical parameters of the tightly packed discrete
element model, that is, the conversion formula proposed by
Liu et al. For the linear elastic model, there are five
micromechanical parameters, that is, the normal stiffness
(Kn), shear stiffness (Ks), breaking displacement (Xb), initial
shear force (Fs0), and interparticle friction coefficient (μp).
,ese micromechanical parameters can be determined by
the five macromechanical parameters, i.e., Young’s modulus
(E), Poisson’s ratio (v), compressive strength (Cu), tensile
strength (Tu), and internal friction coefficient (μi). ,e
conversion formulas are as follows:

Kn �

�
2

√
Ed

4(1 − 2v)
, (A.1)

Ks �

�
2

√
(1 − 5v)Ed

4(1 + v)(1 − v)
, (A.2)

Xb �
3Kn + Ks

6
�
2

√
Kn Kn + Ks( 

· Tu · d
2
, (A.3)

Fs0 �
1 −

�
2

√
μp

6
· Cu · d

2
, (A.4)

μp �
−2

�
2

√
+

�
2

√
I

2 + 2I
,

I � 1 + μ2i 
(1/2)

+ μi 
2
.

(A.5)
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