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In order to investigate the safety and stability of loess high slope under dynamic ramming, the MatDem software was used to
simulate the process of heavy rammer compacting the spot which was 11m away from the toe of loess high slope.Te rammer was
applied with diferent energies of 10000 kN·m, 8000 kN·m, and 6000 kN·m. In this way, the safety and stability of slope under the
action of diferent dynamic tamping energies can be determined. Te results show that the loess high slope presented circular
landslide damage by dynamic compaction. Under the same ramming times, with the decrease of ramming energy, the damage
degree of loess high slope gradually reduced. According to the displacement value of diferent monitoring points, the large
horizontal and vertical displacement points in landslide were obtained. When the ramming energy was 10000 kN·m and
8000 kN·m, the maximum horizontal displacements were 15.45m and 10.72m, and the maximum vertical displacements were
17.43m and 11.91m. When the ramming energy was 6000 kN·m, the soil at the bottom of slope would produce slight vibration.
Considering the actual project, when the ramming energy was 10000 kN·m and 8000 kN·m, the minimum safe distance was
recommended to be 25m and 20m. When the ramming energy was 6000KN·m, the slope remained stable as a whole, and the
minimum safe distance suggested should not be less than 11m. A safety distance of collapse of loess high slope under dynamic
compaction was determined, which provided a strong safety guidance for loess high slope construction under dynamic
compaction.

1. Introduction

Dynamic compaction method is an efective method to
strengthen the foundation, heavy hammer from ten tons to
hundreds of tons falls freely from a height of several meters
to dozens of meters to tamp soil body. and the requirements
of bearing capacity and anti-deformation ability of foun-
dation in engineering construction are met [1]. Te dynamic
compaction method is mainly suitable for coarse granular
soil with particle sizes larger than 0.05mm, especially for
collapsible loess foundation. It has been widely promoted in
the Loess Plateau region of Northwest China, such as cutting
mountains to make land and increasing land use area.
However, the dynamic compaction will have irreversible
efects on the surrounding soil and even cause damage to the

surrounding slope soil [2], such as slope spalling, small slip
collapse, and landslide.

In order to study the destruction of surrounding slope
soil by the dynamic compaction method, relevant scholars
have carried out research through theoretical analysis,
laboratory, feld, and model tests [3]. Chow et al. [4] studied
the propagation law of dynamic compaction vibration stress
wave in soil based on one-dimensional wave equation
theory. Jiang et al. [5, 6] studied the stress process of
foundation reinforcement by dynamic compaction and
analyzed the change process of diferent types of stress wave
and soil stress caused by dynamic compaction. Lee and Gu
[7] proposed a method to evaluate the depth and degree of
infuence of dynamic compaction on sand foundation
treatment. Ghassemi et al. [8] established a mathematical
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model to analyze the efects of initial density and dynamic
compaction energy level on the sand. Wang et al. [9] ana-
lyzed the infuence of impact load on soil stress and de-
formation through a dynamic triaxial laboratory test. Arslan
et al. [10, 11] analyzed the infuence of diferent rammer
shapes on foundation soil. Han et al. [12] used a ramming
method with the same energy level, diferent rammer weight,
and falling distance and studied the motion law of the
rammer by analyzing the changes in rammer acceleration,
velocity, and displacement using the model test. Ali et al.
[13, 14] believed that the stability of the slope was related to
the geometric shape of the slope and the distance between
dynamic load and slope and analyzed the related parameters
afecting the safety and stability of the slope. However,
laboratory and related model tests cannot fully refect the
problems in practical engineering and only analyze the
related mechanical changes and failure forms of soil under
dynamic load to a certain extent, which has a certain lim-
itation. Li and He [15] studied the failure mode and dynamic
stability of rock slope under earthquake and expounded the
failure mechanism of rock slope. For example, in order to
obtain real and efective test data, Feng et al. [16] studied the
efect of high energy dynamic compaction on collapsible
loess through the feld test. Fu et al. [17] studied the at-
tenuation law of dynamic compaction vibration and pro-
posed a safety impact distance of dynamic compaction on
surrounding buildings. In the case analysis of loess landslide,
the factors causing landslide are not only earthquake [18] but
also construction machineries, such as vibration of drilling
rig [19] and dynamic compaction vibration.

Some researchers have studied the infuence of dynamic
compaction on surrounding soil by numerical calculation
methods, such as fnite element method and fnite diference
method. Elham and Hamidi [20] used ABAQUS FEM to
simulate the safe and stable state of the sand slope with
diferent slope angles under dynamic compaction impact
load. Abdizadeh et al. [21] performed transverse dynamic
compaction of slope based on the principle of soil re-
inforcement by dynamic compaction, and the ABAQUS
FEM was used to simulate the transverse dynamic com-
paction of the three-dimensional slope model. Giri and
Sengupta [22] used FLAC FEM to analyze the slope stability
under dynamic compaction after soil nailing support, and
the numerical results were close to the experimental results.
Chang et al. [23] used the discrete element method to an-
alyze the failure law of loess slope under seismic load. Xue
et al. [24] used the discrete element method to establish a 3D
discrete element and fnite diference coupling model and
verifed the process of soil dynamic stress propagation
through the model impact test. Liu et al. [25] used the
discrete element method to efectively simulate the princi-
ples of discontinuity, inhomogeneity, and large deformation
failure of rock and soil. On the basis of the matrix calculation
of the discrete element method, a high-performance Mat-
DEM was developed, and a discrete element simulation of
the project scale was realized. Scaringi et al. [26] used PFC
and MatDEM as well as MassMov2D and Massfow to
conduct a comparative analysis of the process of rock
landslide, and the calculation results showed that MatDEM

had obvious advantages in imaging of slope landslide
movement process. It was close to the actual process of
debris fow landslide. Le et al. [27] usedMatDEM to conduct
discrete element simulation of dry cracking in thin clay
layers and more clearly analyzed the development process of
the fracture network. Zhang et al. [28] carried out the
secondary development of MatDEM software and analyzed
the macro and microdeformation and failure of surrounding
rock, and the results were close to the engineering practice.
Xia et al. [29] used MatDEM to construct a three-
dimensional discrete element model to analyze the mo-
tion process of high slope landslide and the distance of slope
slip. Te construction of high-energy dynamic compaction
will cause a destructive infuence on the loess high slope, so
the numerical simulation software used should be able to
simulate the destruction process of the loess high slope
under dynamic compaction. Te discrete element method
has obvious advantages over the fnite element method and
the fnite diference method in simulating discontinuity,
inhomogeneity, and large deformation failure of soil. Te
MatDEM uses the matrix discrete element method to realize
a application of engineering scale, which can realize a macro
and microtransformation of discrete element model, and the
fnal slope failure state calculated is closer to the actual
situation.

In engineering practice, dynamic compaction may cause
large deformation and even landslide failure of loess high
slope. Te stability of slope under dynamic load by the
propagation mechanism of vibration waves in slope was
analyzed by many scholars, but the stability of loess high
slope under dynamic compaction was few studied.Te fnite
element method was more used to simulate the stress of
slope deformation, but the discrete element method was
seldom used to simulate the destruction of the loess high
slope by dynamic compaction. Tere is not a quantitative
evaluation for the failure of the loess high slope under
ramming, which could not provide a reasonable and ac-
curate safe distance for the construction near the loess high
slope. Based on a practical engineering and the mechanism
of dynamic compaction energy transmission in the loess
high slope, MatDEM software was used to analyze the failure
form of loess high slope under dynamic compaction and to
quantitatively analyze the vertical and horizontal distance of
landslide in this paper. Te safe distance of loess high slope
collapse under dynamic compaction was determined. It
provides a powerful safety guide for compaction engineering
of peripheral foundation soil of loess high slope.

2. Engineering Background

Tis study takes the failure of a high slope around loess
foundation of a project site in Shaanxi Province, China as the
research object. Te ramming position of the project site and
the failure of the slope are shown in Figure 1(a), and the
gradient and height of the slope are shown in Figure 1(b).
According to survey results, the site strata were mainly cul-
tivated soil and eolian loess of the quaternary middle re-
generation system, and no groundwater was found within the
survey depth. Te elevation of the dynamic compaction
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construction site was 895m, the elevation of the surrounding
slope top was 945m, the slope height H was 50m, the slope
Angle α was 60°, and the soil moisture content was 0.16. Te
dynamic compaction position was about 11m away from the
slope toe. Te energy level of dynamic compaction used in site
construction was 8000 kN·m.After ramming fve times, the soil
on the slope surface cracked, and the slope showed integral
failure and forward slipped. At the slope toe, some blocks of
diferent sizes were scattered, and soil particles of diferent sizes
were scattered around some stacked blocks.Te slump damage
of the slope had a severe impact on the safely constructing of
subsequent projects and increased the cost of the project.

3. Analysis of Fluctuation Theory

3.1. Damage Mechanism of Dynamic Compaction Vibration
Wave to Soil. In the process of dynamic compaction, the
gravitational potential energy of the drop hammer, falling
from a height, was converted into kinetic energy. When the
drop hammer interacted with soil, a part of the kinetic energy
was converted into acoustic energy propagating around and
thermal energy generated by friction between drop hammer
and soil. Most of the kinetic energy was converted into an
impact kinetic energy of random free vibration of soil, which
propagated in the soil body as a wave system consisting of
compression wave, shear wave, and Rayleigh wave, and
formed a wave feld in foundation (as shown in Figure 2).

According to the propagation properties of wave, Ray-
leigh waves could carry about 2/3 of the energy, centered in
the ramming pit, and propagated around the surface, which
caused the surrounding objects to vibrate. During the process
of vibration propagation, due to the infuence of Rayleigh
waves, the surrounding soil produced compression and
tension, one part formed extrusion deformation, and the
other part formed tensile deformation. Rayleigh waves
reached the slope along the surface, caused tensile and ex-
trusion failure of slope soil, and gradually formed a loose
layer. Under the action of continuous ramming, the particle
connection of the loose layer weakened, constantly fractured,
and fnally formed exfoliation and collapse of slope soil, which
may also form a certain range of serious landslides.

3.2. Computational Analysis. In the context of dynamic
compaction numerical simulation, the impact load was
calculated using the Scott formula modifed by Qian et al.
[30]. When ignoring the efect of viscous force on the dy-
namic response under impact load, the Scott formula could
be simplifed to the following equation:

M €w + Sw � 0, (1)

whereM is the mass of drop hammer, w is the settlement of
contact surface, S is the elastic coefcient under loading,
S � 2rE/(1 − ]2), r is the radius of drop rammer, E is elastic
modulus, and ] is Poisson’s ratio.

According to initial conditions, w(0) � 0 and €w(0) �

V �
����
2gh


. where h is the initial height of drop hammer and

g is the gravitational acceleration. Te diferential equation
is as follows:

σ � −
M €w

πr
2 �

VS

πr
2ω

sin (ωt), (2)

where ω �
����
S/M

√
, the impact load duration is t, and

t � π/2ω.
Combined with the simulated site situation, mechanical

parameters of dynamic compaction are shown in Table 1.

4. Experiment Program

4.1. MatDEM Software. MatDEM is a high-performance
discrete element software for rock and soil mass de-
veloped by Nanjing University. By using the matrix discrete
element algorithm and 3D contact algorithm, the efcient
discrete element numerical simulation of millions of par-
ticles in the university can be realized. Te software can
iteratively calculate the velocity and displacement of parti-
cles through time steps.Te acceleration is obtained by force
and mass of particle at the current step, after dT time the
velocity and displacement of particle in next step are ob-
tained, and in this way, the process of discrete elements
iterative calculation is shown in Figure 3.

4.2. Micromechanical Mechanism. In MatDEM, soil parti-
cles are composed of many spherical elements which squeeze
into each other, as shown in Figure 4. Tere is a common
contact point between two adjacent particles, and the normal
force is Fn � Kn · Xn, where Kn is the normal stifness and
Xn is the normal relative displacement. Xn is positive when
there is no contact between the two particles, and Xn is
negative when there is contact and overlap, as shown in
Figure 5(a). If the normal relative displacement Xn exceeds
the fracture displacement, the normal connection breaks.

Te shear stress FS � Ks · Xs, where Ks is the shear
stifness and Xs is the relative tangential displacement, as
shown in Figure 5(b). If the shear force exceeds the ultimate
shear stress FSmax, the tangential connection breaks. FSmax �

FSo − μpFn, where FSo is the initial shear strength and μp is
the coefcient of friction between particles. In soil, due to the
randomness of normal and tangential connections, when Fn

or FS exceed the corresponding limits, the connection be-
tween particles breaks.

Te model obeies the Mohr-Coulomb breach criterion.
τn � c + σn tanφ, FSmax � τn, c � FSo, μp � tanφ, Fn � σn.
Te relevant parameters in MatDEM are as follows:

Kn �

�
2

√
Ed

4(1 − 2])
,

KS �

�
2

√
(1 − 5])Ed

4(1 + ])(1 − 2])
,
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,
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,
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+ μi 
2
,

(3)
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where Xb is the breaking displacement, Tu is the tensile
strength, Cu is the compressive strength, and μi is the co-
efcient of intrinsic friction.

4.3. Experiment Plan. According to the actual situation of
the project, the length of a slope numerical model estab-
lished was 150m, the height was 80m, the height diference
between the top and toe of the slope was 50m, the slope
angle was 60°, and the soil was assumed to be homogeneous
loess. During the dynamic compaction simulation, the drop
hammer falled freely from diferent heights, such as 15m,
20m, and 25m.Te distance between the drop hammer and
the slope toe was 11m. Monitoring points were set along the
slope from the top to the toe of slope, which were A, B, C, D,
E, F, G, H, and I, and the horizontal projection distance of
adjacent monitoring points was 3m, as shown in Figure 6.
Te macro and microparameters of soil layer were shown in
Table 2.

4.4. Calculation Process. After a slope modeling was com-
pleted, the soil particles were compacted, and the initial in-
situ stress was calculated in the model. After compaction, the
compression shape of soil particles was consistent with the
feld. Five uninterrupted rammings were then performed
and numerically calculated. After the ffth rammings were
completed, the slope stability was calculated until reaching
a new stability after the landslide. Finally, the test results
were exported and sorted, as shown in Figure 7.

5. Results and Discussion

5.1. Infuence of Diferent Tamping Energies on Slope. In this
study, various ramming energies of 10000 kN·m, 8000 kN·m,
and 6000 kN·m were used to strike the slope at a distance of
11m from slope toe. Te deformations of the slope at the
frst, second, third, fourth, and ffth rammings were
recorded. After the ramming was completed, a landslide

(a)

Tamping
machine

Tamping
point α

Landslide H

(b)

Figure 1: Destruction site of high slope under dynamic compaction. (a) Actual site drawing. (b) Site location diagram.

relative amplitude

cut window compression wave

relative amplitude
geometric damping law

shear wave

horizontal componentvertical component

dynamic hammerrayleigh wave rayleigh wave

Figure 2: Propagation of shock kinetic energy in soil.

Table 1: Mechanical parameters of dynamic compaction.

Working condition Ramming energy
(kN·m)

Lifted height
(m)

Stress amplitude
(Pa) Diameter (m) Ramming duration Weight (kg)

1 6000 15 2.01× 109

3 0.08 4×1042 8000 20 2.32×109

3 10000 25 2.59×109
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Figure 5: Contact model of adjacent soil elements. (a) Compression. (b) Shear.
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dynamic calculation was carried out on the slope body.
Finally, the results were output, as shown in Figure 8.

Te drop hammer was 11m away from slope toe, and the
lifting height was 25m. After free falled, the drop hammer
hitted the ground, and the slope sufered a tamping energy of
10000 kN·m. After the frst ramming, it can be seen that
there was microvibration on the slope (Figure 8(a)). After
the second ramming, a relatively obvious fracture surface
appeared at a distance of 20m from slope toe (Figure 8(b)).
After the third and fourth rammings, the fracture surface
further extended along the height of slope (Figure 8(c) and
Figure 8(d)). Finally, after the ffth ramming, the fracture
surface penetrated to the slope top, forming a obvious arc
sliding surface, and causing the slope to be about to collapse
(Figure 8(e)). When the slope exceeded the original limit
stable state, a fracture surface slip occurred, and then, a new
stability after slipping was reached (Figure 8(f)).

Te drop hammer was 11m away from slope toe, and the
lifting height was 20m. After free falled, the drop hammer
hitted the ground, and the slope sufered a tamping energy of
8000 kN·m. After the frst and second rammings, the slope
appeared microvibration, and the impact of ramming on the
slope was weak (Figures 9(a) and 9(b)). After the third
ramming, there were clear microcracks on the slope surface
at 15m from the slope toe (Figure 9(c)). After the fourth
ramming, there was an obvious circular landslide surface in
slope surface (Figure 9(d)). After the ffth ramming, the arc
fracture surface on the slope was more obvious, but the
fracture surface did not penetrate through the slope top
(Figure 9(e)). When the slope exceeded the original limit
stable state, a fracture surface slip occurred, and then, a new
stability after slipping was reached (Figure 9(f)).

Te drop hammer was 11m away from slope toe, and the
lifting height was 15m. After free falled, the drop hammer
hitted the ground, and the slope sufered a tamping energy of
6000 kN·m. According to the simulation results, after fve
consecutive rammings, in addition to 8m vertical distance
from the slope toe, soil particles slided on the slope surface,
and it was found that the slope remained stable in general
(Figures 10(a)–10(f)).

5.2. Analysis of the Soil Landslide Process at Diferent
Locations. In order to quantitatively analyze the stability
state of the slope, various monitoring points were arranged
along the slope surface. Te points from the top to toe of
slope were A, B, C, D, E, F, G, H, and I. Te horizontal
projection distance between two adjacent monitoring points
was 3m. Based on calculation results, the displacement
values in the X and Z directions of diferent monitoring
points under the action of diferent ramming energies were
obtained to quantitatively analyze the process of landslide
sliding.

It can be seen that when the slope sufered a ramming
energy of 10000 kN·m, the horizontal and vertical dis-
placements of soil at diferent locations were shown in
Figure 11. With the increase of ramming times, the hori-
zontal sliding distance of each monitoring point increased
continuously, and the slope soil had already slipped when
ffth ramming were completed. According to the calculation
results, when the soil reached a stable state, the horizontal
sliding distance of F point was the largest, which was
15.45m. Te vertical height of point F was 48.75m, which
was located below the midpoint of slope, consistent with the

Table 2: Macro and micromechanical parameters of soil layer.

Macromechanical parameters Micromechanical parameters

Elastic
modulus
E/(GPa)

Poisson’s
ratio
λ

Tensile
strength

Tu

/(MPa)

Compressive
strength

Cu/(MPa)

Internal
friction

coefcient
ui

Normal
stifness

Kn

/(kN·m−1)

Tangential
stifness

Ks

/(kN·m−1)

Fracture
displacement

Xb/(m)

Shear
resistance
Fso/(kN)

Friction
coefcient

μp

5 0.35 0.02 0.3 0.55 2.34 × 104 0.4 × 104 1.29 × 10− 5 6.73 0.16

Build a slope
model

Stress
calculation

Finally power
calculation

Fively power
calculation 

Forthly power
calculation

Tirdly power
calculation

Secondly power
calculation

Firstly power
calculation

Finished output

Figure 7: Schematic diagram of calculation fow.
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actual running state of landslide. Te horizontal sliding
distance of point G was 14.22m, and G point had a vertical
height of 42.5m, which was below point F. Te horizontal
sliding distance of point E was 11.92m, and E point had
a vertical height of 55m, which was above point F. Te
horizontal sliding distances of other points were shown in
Figure 11(a). Terefore, when the ramming energy acting on
the slope was 10000KN·m and the slope angle was 60°, the

1.5 times maximum horizontal sliding distance in slope
monitoring points was recommended as the minimum
distance from the slope toe to the machinery or personnel of
dynamic compaction construction. Considering the actual
project, the minimum safe distance was recommended to be
25m.

With the increase of ramming times, the vertical sliding
distance of each monitoring point increased continuously,
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Figure 8: Te efects of diferent ramming times on slope under the tamping energy of 10000 kN·m. (a) Te frst time ramming; (b) the
second time ramming; (c) the third time ramming; (d) the fourth time ramming; (e) the ffth time ramming; (f ) the failure state of slope.
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and the slope soil had already slipped when ffth ramming
was completed. When the slope reached a stable state, the
vertical falling distance of point B below the highest point A
was the largest, which was 17.43m. Te vertical height of
point B was 73.75m. In the soil particles falling, the particles
on the slope surface frst falled while the particles at the

bottom of slope reached the level ground in advance. Par-
ticles in the upper part of slope were hindered by the
particles which had reached the ground earlier, and the
slipping speed of the particles in the upper part gradually
decreased. However, the horizontal and vertical displace-
ments of particles gradually increased until moving forward
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Figure 9:Te efects of diferent ramming times on slope under the tamping energy of 8000 kN·m. (a)Te frst time ramming; (b) the second
time ramming; (c) the third time ramming; (d) the fourth time ramming; (e) the ffth time ramming; (f ) the failure state of slope.
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and falling at zero velocities. Te vertical drop distances of
other points were shown in Figure 11(b).

When the slope sufered a ramming energy of
8000 kN·m, the horizontal and vertical displacements of soil
at diferent locations were shown in Figure12. With the
increase of ramming times, the horizontal sliding distance of
each monitoring point increased continuously, and the slope

soil had already slipped when ffth ramming was completed.
According to the calculation results, after the soil reached
a stable state, the horizontal sliding distance of point E was
the largest, which was 10.72m.Te vertical height of point E
was 55m. Te horizontal sliding distance of point G was
10.19m, and the vertical height of point G was 42.5m. Te
horizontal sliding distance of point F was 10.04m, and the
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Figure 10: Te efects of diferent ramming times on slope under the tamping energy of 6000 kN·m. (a) Te frst time ramming; (b) the
second time ramming; (c) the third time ramming; (d) the fourth time ramming; (e) the ffth time ramming; (f ) the failure state of slope.
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vertical height of point F was 48.75m.Te horizontal sliding
distances of other points were shown in Figure 13(a).
Terefore, when the ramming energy acting on the slope was

8000KN·m and the slope angle was 60°, the 1.5 times
maximum horizontal sliding distance in slope monitoring
points was recommended as the minimum distance from the
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Figure 11: Horizontal and vertical displacements of soil at diferent positions under the action of 10000 kN·m. (a) Horizontal displacement
and (b) vertical displacement.
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Figure 12: Horizontal and vertical displacements of soil at diferent positions under the action of 6000 kN·m. (a) Horizontal displacement
and (b) vertical displacement.
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slope toe to the machinery or personnel of dynamic com-
paction construction. Considering the actual project, the
minimum safe distance was recommended to be 20m.

Te vertical drop distance of each monitoring point
increased with the increase of ramming times. When the
ffth ramming was completed, the slope soil had already
fallen. When the slope reached a stable state, the vertical
falling distance of point C was the largest, which was
11.91m. Te vertical height of point C was 67.5m. Te
vertical drop distance of point D was 11.31m, and the
vertical height of point D was 61.25m. Te vertical drop
distances of other points are shown in Figure 13(b).

When the slope sufered a ramming energy of
6000 kN·m, the horizontal and vertical displacements of soil
at diferent locations are shown in Figure 12. After fve
consecutive rammings, the horizontal sliding distance and
vertical falling distance of each monitoring point were very
small. Te horizontal sliding distance of point I at the
bottom of slope was the largest, which was only 1.8 cm. Te
horizontal sliding distance of the H point was 1.7 cm. Te
horizontal sliding distances of other monitoring points were
less than 0.5 cm, as shown in Figure 12(a). Terefore, when
the ramming energy acting on the slope was 6000KN·m and
the slope angle was 60°, the slope remained stable as a whole.
According to the distance between dynamic compaction
machine and slope toe in the established numerical model, it
was suggested that the minimum safe distance should not be
less than 11m.

After fve consecutive rammings, the vertical sliding
distance of point I at the bottom of slope was the largest,
which was only 1.8 cm. Te vertical sliding distance of the H

point was −2.9 cm. It showed that the particles vibrate
upward and did not return to the original position under the
action of vibration. It was related to the principle of ram-
ming vibration wave propagation, which was consistent with
the actual situation. Te vertical displacements of other
points were small and could be ignored, as shown in
Figure 12(b). It could be judged that when the ramming
energy was 6000 kN·m, the soil at the bottom of slope which
was about 5m from the slope toe would vibrate slightly, and
there would be intermittent falling phenomenon of slope soil
particles. However, the entire slope remained safe and stable.

6. Conclusions

Combined with a construction project, the infuence of
dynamic compaction on the stability of high loess slopes was
analyzed, which takes into account the diferent ramming
energies in this paper. Te horizontal and vertical dis-
placements of the key monitoring points of slope were
calculated and analyzed. Te key conclusions are as follows:

(1) According to the engineering practice and numerical
simulation results, when a high energy rammer was
used, the loess high slope in surrounding mainly
exhibited circular landslide failure.

(2) Te point with largest horizontal and vertical dis-
placements in landslide was located in the middle of
slope. It shows that the soil particles in the middle
position of slope increased by the compression force
of upper soil particles. Lower soil particles released
space which increased the speed of the soil particles
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Figure 13: Horizontal and vertical displacements of soil at diferent positions under the action of 8000 kNm. (a) Horizontal displacement
and (b) vertical displacement.
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in the middle position of slope. Te forward
movement and falling distance of intermediate po-
sition points were the largest.

(3) Combined with the actual engineering background,
at a slope angle of 60°, when the ramming energy
acting on the slope was 10000 kN·m and 8000 kN·m,
the 1.5 times maximumhorizontal sliding distance in
slope monitoring points was recommended as the
minimum distance from the slope toe to the ma-
chinery or personnel of dynamic compaction con-
struction. Considering the actual project, the
minimum safe distance was recommended to be
25m and 20m. When the ramming energy acting on
the slope was 6000KN·m, the slope remained stable
as a whole, and it was suggested that the minimum
safe distance should not be less than 11m.
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