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As a new type of reinforced material, geocells are widely used in flexible reinforced retaining wall projects, and a lot of practical
experience shows that the geocell retaining wall has a great effect on earthquake resistance, but theoretical research lags behind
engineering practice, and the deformation and failure mechanism under earthquake need to be further studied. In this paper, we
use the FLAC3D nonlinear, finite-difference method to study the failure mechanism of geocell-reinforced retaining walls under
earthquake, to analyze the advantages of the geocell retaining wall in controlling deformation compared with the unreinforced
retaining wall and geogrid-reinforced retaining wall, and we try to study the deformation of the reinforced wall by changing the
length of the geocell and reinforcement spacing of the geocell. Research indicates the horizontal displacement of the wall edge of
the reinforced retaining wall under the earthquake is slightly smaller than that of the center of the wall and the back of the wall..e
geocell can effectively reduce the horizontal displacement of the retaining wall, and the effect is better than the geogrid. Increasing
the length of the geocell and reducing the spacing of the geocell can effectively reduce the horizontal displacement of the retaining
wall, and the effect of displacement controlling at the top of the wall is better than in other positions.

1. Introduction

.e geocell retaining wall is a flexible reinforced retaining
wall. It is an artificial reinforced retaining wall that sets the
geocell horizontally and fills it with soil as the reinforcement
material. As we all know, the excellent tensile strength of the
geocell can well compensate the characteristics of high
compressive strength but with low tensile strength of the
soil, thereby effectively increasing the overall strength of the
soil and ensuring the safety and stability of the structure.
Geocell is a stretchable three-dimensional net structure that
can be folded to reduce space during transportation; during
construction, it can be expanded into a net structure and
then filled with fillers such as soil, sand, or concrete, and
when the filler reaches sufficient strength, the entire geocell
will become a large rigid composite structure.

At present, the geocell is widely used in many engi-
neering projects worldwide to deal with uneven settlement,

improve pavement performance, slope protection, and
retaining wall reinforcement and has achieved good benefits
[1]; many related scholars have conducted research on the
application of geocells in different fields. Some scholars used
the numerical simulation and field test to analyze the re-
inforcement effect of geocell; Isik and Gurbuz concluded
that the pullout capacity of geocell reinforcement in cohe-
sionless soils is limited to the seam peel strength at junctions
of longitudinal and transverse of geocell strips [2]; Ven-
kateswarlu et al. found that the lateral spreading of vibra-
tions can be significantly controlled in the presence of
geocell reinforcement [3]; Tafreshi and Dawson came to a
conclusion that the geocell reinforcement system behaves
much stiffer and carries greater loading and settles less than
does the equivalent planar reinforcement system from
laboratory model tests [4]; Mehrjardi andMotarjemi studied
the application of geocell in granular soil and found that
geocell can effectively improve the shear strength
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characteristics at the interface of granular soil [5]; some
researchers have analyzed the engineering application of
geocell; Liu et al. found that geocell can effectively improve
the stability of the slope reinforced by antislide piles and
proposed that, after the geocells are set up, the pile spacing
can be appropriately increased to achieve the purpose of
reducing the project cost [6]; Kazemian used the three-di-
mensional strength reductionmethod to analyze the stability
of the geocell slope under local loads and proposed that the
safety factor will improve as the length of the geocell layer
increases up to a certain length and ceases to develop af-
terwards [7]; the performance of geogrid-reinforced
retaining structures with various layouts was analyzed by
FLAC, and the results show that a wall with a facing angle
less than 80° will significantly reduce the lateral displacement
of the wall face [8]; Tafreshi et al. carried out experimental
simulation on circular foundations of noncohesive soil
reinforced by multilayer geocells and obtained a simplified
method for predicting foundation settlement [9]; Liu and Jia
conducted a sensitivity analysis on the stability of the geogrid
retaining wall and concluded that the internal friction angle
of the fill is the most critical factor to ensure the safety and
stability of the reinforced retaining wall [10].

However, most of the research studies on geocell-rein-
forced retaining walls are in the static calculation part at
present. .ere is little research on the deformation of
reinforced retaining walls under earthquakes. China is a
country with frequent earthquakes, which has a significant
influence on the stability of Geotechnical engineering
projects [11–15]. Due to the suddenness, complexity, and
instantaneity of earthquakes, the safety and stability of
retaining walls are often not guaranteed. Large horizontal
displacements, vertical settlements, or even complete col-
lapse of retaining walls under earthquakes often result in
large economic losses. Seismic damage in major earthquakes
shows that most of the unreinforced retaining walls under a
strong earthquake have suffered a certain degree of damage,
while the seismic damage of geocell-reinforced retaining
walls is much less. With the increasing application of
reinforced retaining walls in earthquake-prone areas, related
theoretical research must closely follow engineering practice
and provide theoretical support for practice. .erefore, this
paper uses FLAC3D’s nonlinear finite difference method to
calculate and analyze the dynamic response and deformation
characteristics of geocell-reinforced retaining walls under
earthquakes and then, by changing the reinforcement length
and cell spacing to further explore the dynamic character-
istics of geocell-reinforced retaining wall, provide theoretical
basis for engineering practice.

2. Features of Dynamic Computing in FLAC3D

FLAC3D is geotechnical numerical simulation software with
very powerful dynamic analysis capabilities [16–20]. It uses a
completely nonlinear analysis method for dynamic calcu-
lation analysis. Compared to the equivalent linear method
which is more widely used [21, 22], the completely nonlinear
calculation method used by FLAC3D has the following
advantages:

(1) FLAC3D dynamic calculation can well follow any
specified nonlinear constitutive model. In addition,
the hysteretic characteristics of the soil under dy-
namic action in the fully nonlinear method are
achieved by setting reasonable damping parameters,
while the equivalent linear method achieves the
hysteresis of the soil by transforming the backbone
curve.

(2) Due to the use of nonlinear material laws, the
program can naturally cause interference andmixing
between waves of different frequencies, making the
simulation process more in line with actual condi-
tions, which cannot be achieved by equivalent linear
methods.

(3) Because the elastoplastic model is used, the short-
comings of the equivalent linear method that cannot
calculate the permanent displacement spontaneously
are overcome; in addition, the completely nonlinear
method uses a reasonable plastic theory to correctly
construct the functional relationship between the
plastic strain incremental tensor and the stress
tensor.

(4) .e completely nonlinear method can not only
simulate the propagation of P-waves and S-waves but
also consider the effect on soil materials when the
two waves are coupled, and the influence of this
coupling effect under strong earthquake cannot be
ignored. For example, for some friction materials,
this coupling effect will reduce the shear strength of
the soil by dynamically reducing the normal stress.

.erefore, compared to the widely accepted equivalent
linear method, the completely nonlinear method adopted by
FLAC3D is more able to reflect the real situation of soil
under earthquakes, and the calculation results are more
convincing [23].

3. Numerical Simulation of Geocell-Reinforced
Retaining Wall

3.1. Geometric Model. .e calculation model is a staircase
retaining wall; the wall height is 4.2m, with one step per two
floors, and the step gradient ratio is 1 : 4; the thickness of the
foundation is 6.0m, and the length is 16.8m; the length of
the geocell is 3.0m, and the geocell spacing is 0.3m; the
basement depth is 1.2m, and length is 3.0m; and the width
of the entire model is 3.6m. .e foundation, the soil behind
the wall, and the fillings are mainly medium coarse sand.
Interface elements are set between the back of the wall and
the soil behind the wall, between the bottom of the wall and
the basement, and between the basement and the founda-
tion, which are used to simulate the relative sliding between
different material surfaces. In order to ensure the accuracy of
the calculation results, the grids in the area where the geocell
is located are encrypted. .e calculation grids are shown in
Figure 1.

In terms of boundary condition selection, static boundary
conditions are used for static calculations, with full
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constraints on the bottom of the model in three directions,
constraints on the front and back sides in the Y-direction, and
constraints on the left and right sides in theX-direction. In the
dynamic analysis, free-field boundary conditions are applied,
that is, generating two-dimensional planar grids and one-
dimensional cylinder grids on each side of the model, which is
used to simulate free-field motion without a ground structure
and to simulate the same effect as an infinite venue.

.e geogrid element of FLAC3D is arranged horizontally
and vertically in the model to simulate the layout of the
geocell. .e friction characteristics between the reinforce-
ment and the soil can be simulated by the spring-slider
system, which can reasonably solve the problem that there is
no structural element of the geocell in FLAC3D..e specific
model of the geocell is shown in Figure 2.

3.2. Loads of Earthquake. .e calculation loads adopted in
this paper mainly include gravity load, 5 kPa overload which
is applied on the filling surface, and seismic load. .e Kobe
seismic wave was used as the seismic load and applied to the
bottom of the model in the vertical direction. .e Kobe
earthquake had a magnitude of 7.2 and caused a major
earthquake disaster at the time. Afterwards, the researchers
recorded the seismic wave waveform and used it extensively
in subsequent scientific research. .is paper investigates the
deformation of geocell reinforced retaining walls under
earthquakes. .erefore, the representative Kobe seismic
wave in current seismic research is selected as the seismic
wave during calculation.

Because the seismic frequency is in the range of 1 to 5Hz,
the SeismoSignal seismic wave processing software is used to
filter out the part of the seismic wave with a frequency less
than 1Hz or greater than 5Hz. .e filtered seismic wave
waveform is shown in Figure 3.

3.3. Mechanical Damping. .e main causes of damping are
friction betweenmaterials, possible slippage between contact
surfaces, and hysteretic energy dissipation of local yielding
of structural materials. In order to make the dynamic
equations converge faster, more damping is often used in
quasistatic calculations to save calculation time; for damping
in dynamic calculation, you need to reproduce the damping
of the natural system under dynamic load conditions in
numerical analysis and simulation. Initially, Rayleigh
damping was set in the structural and elastomer dynamic
analysis to reduce the natural vibration amplitude of the
system. .e following formulas are commonly used in
calculations to show the relationship between the damping
matrix C, the mass matrix M, and the stiffness matrix K in
the dynamic equation [24]:

C � αM + βK. (1)

In the abovementioned formula, α represents a damping
constant proportional to mass and β represents a damping
constant proportional to stiffness.

.e two parameters that need to be determined for
Rayleigh damping are the minimum center frequency and
theminimum critical damping ratio, which can be calculated
by the following formula:

ξmin � (α•β)
1/2

, (2)

ωmin �
α
β

 

1/2

. (3)

In the abovementioned formula, ξmin represents the
minimum critical damping ratio and ωmin represents the
minimum center frequency.

For geotechnical materials, the critical damping ratio is
generally in the range of 2%–5%, which is 0.05 in this paper;
for simpler models, the natural frequency of the structure
can generally be used as the minimum center frequency of
Rayleigh damping. In this paper, the boundary conditions
introduced above are set on the calculation model, without
setting damping, applying gravity, solving 5000 steps, to
make the model oscillate..en, the displacement response is
extracted at each calculation step at the bottom midpoint of
the retaining wall for analysis, an oscillation period is found ,
and the reciprocal is taken to get the natural frequency of the
model. It is calculated that the oscillation period of the
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Foundation
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Figure 1: Elements of the calculation model.

Figure 2: Layout of the geocell.
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model is 0.1901 s, and the natural frequency of the system,
that is, the minimum center frequency, is 5.26Hz.

3.4.Material Parameters. .eMohr–Coulombmodel shows
good applicability in many practical problems of geotech-
nical engineering. Because its material parameters are easy to
obtain, it is widely used in numerical simulation of geo-
technical engineering. .e Mohr–Coulomb model is used
for the basement part, the geocell interior filling, and the
foundation and the filling behind the wall. .e parameters
required for the model are determined by geotechnical tests.
See Table 1 for detailed parameters.

To simulate the interaction between the retaining wall
and the soil behind the wall, between the cell and the fill, and
between the basement and the fill, the interface at the contact
surfaces is set between the retaining wall and the soil behind
the wall and at the contact surfaces between the foundation
and the cell-filling soil. Since the geogrid element in
FLAC3D is a structural surface element, there is no need to
establish an interface between the geocell and the filling. .e
relevant parameters at the interface between the geocell and
the soil are shown in Table 2.

.e interface parameters at the interface between the
retaining wall and the soil behind the wall and at the in-
terface between the basement and the filling mainly include
cohesion, friction angle, normal stiffness, and tangential
stiffness. Chen and Xu [25] carried out simulation experi-
ments on a large number of engineering examples and found
that the cohesive force and friction angle at the contact
surface are about 0.5–0.8 times of the adjacent soil layer at
the contact surface. .e values of normal stiffness and shear
stiffness can be calculated by using the following formula:

kn � ks � 10max
(K +(4/3)G)

Δzmin
 . (4)

In the abovementioned formula, K is the bulk modulus,
G is the shear modulus, andΔzmin is the minimum size of the
normal connection area of the contact surface.

According to the calculation, the specific parameters of
the interface are shown in Table 3.

4. Results and Analysis of Calculation

4.1. Analysis of the Reinforcement Effect of the Geocell on
Retaining Walls under Earthquake. In order to analyze the
calculation results more simply, a total of 45 monitoring
points were arranged in the retaining wall model to record
the deformation of different parts of the retaining wall. .e
positions of themonitoring points are selected on the surface
of the corner points in the width direction of the retaining
wall. .e specific locations of the points are shown in
Figure 4.

4.1.1. Deformation Analysis of the Geocell Retaining Wall at
Some Point. In order to show the reinforcement effect of the
geocell on the retaining wall more intuitively, this paper
selects the overall deformation of the retaining wall without
and with the geocell at a representative time. .is paper
analyzes the displacement of two retaining walls over time
under earthquakes. Because the geocell has a better rein-
forcement effect at the top corners of the wall [26] and the
length of the article is limited, in this paper, the displacement
at monitoring point A is taken every 0.1 s, and the dis-
placement-time relationship is established for analysis.

It can be seen from Figure 5 that the trend of the dis-
placement-time-history curve of the retaining wall with or
without the geocell is similar, but the displacement ampli-
tude of the retaining wall with the geocell are much smaller
than those of the unreinforced retaining wall, and the av-
erage amplitudes of displacement-time-history curves of the
two types of retaining walls were 9.75 cm and 2.0 cm, re-
spectively. .e maximum displacement of the geocell
retaining wall occurred at 18.4 s, and at this moment, the
horizontal displacements of the geocell-free retaining wall
and the geocell retaining wall were 16.38 cm and 4.65 cm,
respectively; the maximum displacement of the geocell
retaining wall occurred at 13.2 s, which was 4.73 cm. At this
time, the displacement of the geocell-free retaining wall was
12.9 cm. .erefore, this paper chooses the time when the
displacement of the two types of retaining walls is relatively
large, that is, at the 18.4 s, for further analysis.

Figures 6 and 7, respectively, show the deformation of
the unreinforced retaining wall and geocell flexible retaining
wall at 18.4 s (magnification 5 times). It can be seen that the
deformation of the retaining wall mainly occurs at the side of
the wall, and the horizontal displacement there shows a
tendency of “inner concave,” that is, the horizontal dis-
placement at each corner point in the Y-direction is greater
than in other parts. .e top surface of the wall back has a
slight upward tendency. .e back of the wall and the soil
behind the wall are separated to a certain extent. .e other
parts such as the soil behind the wall and the foundation are
not affected by the earthquake to a great extent.

.e overall deformation trends of the two retaining walls
under earthquakes are generally similar, but the overall
deformation degrees are quite different. .e horizontal
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Figure 3: Seismic waveform.
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displacement of the unreinforced retaining wall at the top
corner of the wall shown in Figure 6 is 16.38 cm, and serious
damage has occurred. At this time, the horizontal dis-
placement of the geocell retaining wall is only 4.65 cm, which
shows that the reinforcement effect is obvious. It can be seen
that the reinforcement effect of the geocell as a reinforced
material on the retaining wall is very significant.

4.1.2. Analysis of the Reinforcement Effect of the Geocell on
Different Parts of Retaining Walls. .e control effect of the
geogrid on the overall horizontal displacement of the
retaining wall at 18.4 s is mentioned above. .is section
examines the displacements of the two types of retaining
walls in different parts of the wall at their most dangerous
moments (the moment when the horizontal displacement of
the retaining wall reaches its maximum value. For a retaining
wall without the geocell, this moment is 18.4 s, and for a
retaining wall with the geocell, it is 13.2 s during the entire
earthquake, and the reinforcement effects of the geocell at
different parts of the retaining wall are studied.

.e horizontal displacement of each part of the retaining
wall with or without the geocell is shown in Figure 8. .e
horizontal displacement of the side of the stepped retaining
wall under earthquakes is smaller than that of the other
parts. .e distribution of wall displacement along the wall
height of the two types of retaining walls generally follows
the same trend of decreasing first and then increasing, but
the degree of displacement is different; for the retaining wall
without the geocell, the average horizontal displacement
along the side of the wall is 6.20 cm, and the displacement
increases along the wall height after the minimum value at
the wall height of 0.6m. .e horizontal displacement in-
creases faster after the wall height exceeds 3.6m and reached
the maximum at the top of the wall, 16.38 cm, which has not

Table 1: Calculation parameters of soil.

Material Density (kg·m−3) Cohesion (kPa) Friction (°) Bulk modulus (MPa) Shear modulus (MPa)
Wall 2228 40 30 41.7 19.2
Basement 2360 70 40 36.1 27.1
Foundation 1800 30 25 16.6 11.1

Table 2: Related parameters of the geocell.

Geocell Coupling parameters of the geocell-soil interface
Parameters Density (kg·m−3) .ickness (mm) Poisson’s ratio Stiffness (MPa) Cohesion (MPa) Friction (°)
Value 1000 5 0.33 2 2 29

Table 3: Material parameters of the interface.

Shear stiffness (MPa) Normal stiffness (MPa) Cohesion (kPa) Friction (°)
Between the wall and the soil behind the wall 4.48×103 4.48×103 56 26
Between the wall and the basement 4.67×103 4.67×103 56 26
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Figure 4: Layout of the monitoring point.
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met the requirements of the minimum horizontal dis-
placement of the retaining wall; for the reinforced retaining
wall of the geocell, the average horizontal displacement
along the side of the wall is 2.84 cm. When the horizontal
displacement reaches a minimum value at the height of
1.8m, the growth rate along the height of the wall slows
down significantly. .e maximum value of horizontal dis-
placement at the wall occurs at the top of the wall, which is
4.73 cm. Compared with the maximum displacement of the
retaining wall without the geocell, the maximum displace-
ment has been reduced by 71.1%. It can be seen that the
geocell has a significant effect on the retaining wall. In
addition, the horizontal displacement in the middle of the

wall and the back of the wall is smaller than the side of the
wall, and it is more evenly distributed along the wall height;
Figure 8 shows that the geocell can indeed reduce the
horizontal displacement of the middle wall and the back of
the retaining wall, but the effect is not as good as that for the
horizontal displacement of the side of the wall.

.e vertical settlement of each part of the retaining wall
with or without the geocell is shown in Figure 9. It can be
seen that all of the vertical settlements of the wall edge, the
middle of the wall, and the back of the wall generally show a
gradually increasing trend along the wall height. .e
maximum vertical settlement of the retaining wall occurs at
the top surface of the wall. .e maximum vertical
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Figure 6: Displacement of the unreinforced retaining wall at 18.4 s.
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displacements of the retaining wall with or without the
geocell are 2.70 cm and 0.401 cm, respectively, the reduction
is 85%, and the reinforcement effect is obvious. When no
geocell is added, the vertical settlement at the side of the wall
and the upper part of the back of the wall is larger, and it
grows faster along the wall height; with the addition of the
geocell, the maximum vertical settlement reductions of the
side of the wall, the middle of the wall, and the back of the
wall were 85%, 40.1%, and 30%, respectively. .e vertical
settlement of the retaining wall was significantly controlled.
It is easy to see from the figure that the control effect of the
geocell on the vertical settlement of the retaining wall mainly
occurs at the upper part of the wall, and it also has a certain
control effect on the vertical settlement of the bottom of the
wall, but it is not obvious in comparison; in addition, the
reinforcement effect of the geocell is mainly reflected at the
side of the wall and the back of the wall, but the effect of
controlling vertical settlement in the middle of the wall is not
obvious enough.

4.1.3. Analysis of the Reinforcement Effect of the Geocell
Compared to the Geogrid. .is section also introduces a
geogrid retaining wall and further validates the reinforce-
ment effect of the geocell on the retaining wall by comparing
the dynamic response of the geocell-free retaining wall, the
geocell retaining wall, and the geogrid retaining wall under
earthquake. When the geogrid is added to the geocell-free
retaining wall model, the geogrid material properties are the
same as those of the geocell but with the different layout
methods: layered horizontally along the height of the wall, a

layer of geogrid is arranged every 0.3m, and the length is
3.0m. Figure 10 shows the layout of the geogrid.

Figure 11 shows the horizontal displacement of the
geogrid-free retaining wall, the geocell retaining wall, and
the geogrid retaining wall at the most dangerous moment of
the earthquake. It can be seen that the overall trend of the
horizontal displacement of the three types of retaining walls
is the same, generally showing a gradually increasing trend
along the wall height. It can be clearly seen in the figure that
the geocell retaining wall has a better control of horizontal
displacement than the geogrid retaining wall and the un-
reinforced retaining wall. .e horizontal displacements of
the three types of retaining walls are roughly the same at the
bottom of the wall, but the horizontal displacements are
quite different at the top of the wall. Compared to the
unreinforced retaining wall, the horizontal displacements of
the geocell retaining wall and the geogrid retaining wall are
reduced by 11.857 cm and 9.644 cm, respectively, and the
reductions were 73.1% and 59.5%..e analysis results on the
one hand show the superiority of the geocell compared to the
geogrid in terms of earthquake resistance and, on the other
hand, verify the correctness of the numerical simulation
process.

.e vertical settlement along the wall height of the three
types of retaining walls is shown in Figure 12, and it can be
seen that the geocell and the geogrid have a certain control
effect on the vertical settlement of the retaining wall. .e
vertical settlement of the side of the unreinforced retaining
wall gradually increases along the height of the wall, and the
increase is greater at a height of 3.0m or higher; the vertical
settlement curve along the wall height of the geocell
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retaining wall and the geogrid retaining wall showed a trend
of increasing first and then decreasing, but the vertical
settlement along the wall of the geocell retaining wall is more
evenly distributed along the wall height; the average vertical
settlement of the unreinforced retaining wall is 1.055 cm,
and the average settlement of the geogrid retaining wall and
the geocell retaining wall is 0.469 cm and 0.314 cm, re-
spectively, and the settlement decreases are 55.54% and
70.23%. It can be seen that the geocell retaining wall has a
better control of vertical settlement than the geogrid
retaining wall. .e control effect is mainly reflected in the
upper part of the wall, and the reinforcement effect at the top

of the wall is the best, with a reduction of 84.99%. At the
same height of the wall, the reduction of vertical settlement
by the geogrid is only 47.59%; the geocell has a poor control
of vertical settlement at the bottom of the wall, and the
vertical settlement has a small increase compared to the
unreinforced retaining wall.

4.2. Influence of Geocell Length on Retaining Walls. In order
to further investigate the horizontal displacement of the
geocell-reinforced retaining wall at the most dangerous
moment of the earthquake, under the condition that other
factors remain unchanged, the influence of the reinforce-
ment length on the deformation behavior of the geocell
retaining wall is discussed by changing the reinforcement
length.

Figure 13 shows the horizontal displacement of the
retaining wall when the reinforced lengths are 2.4m, 3.0m,
3.6m, 4.2m, and 4.8m, respectively. It can be seen from the
figure that as the reinforcement length gradually increases,
the effect of controlling the horizontal displacement of the
wall is better. .is is due to the small elastic modulus of the
soil filling in the cell and the large difference with the elastic
modulus of the geocell reinforcement. .e displacement
values generated when the earthquake load is shared as a
whole are inconsistent, leading to greater friction between
the cell layer and the soil filling. .erefore, as the rein-
forcement length increases, the contact surface area of the
two materials will also increase, resulting in further increase
in friction. In this way, the horizontal displacement of the
reinforced retaining wall under earthquakes will be effec-
tively reduced. When the reinforcement length is different,
the trend of the horizontal displacement of the wall edge
along the wall height is generally the same, and the hori-
zontal displacements of the two types of retaining walls show
a trend of decreasing first and then increasing along the wall
height. It is not difficult to find that the increase of the
reinforcement length will cause the minimum value of the
horizontal displacement curve to gradually move up. .e
increase of the reinforcement length has a certain control
effect on the horizontal displacement of the wall edge, but it
has the greatest effect on the horizontal displacement of the
top of the wall side, and the horizontal displacement of the
4.2m geocell retaining wall is reduced by 4.645 cm compared
to the 2.4m geocell retaining wall, a decrease of 60.8%;
However, when the reinforcement length is further in-
creased to 4.8m, although the horizontal displacement is
reduced to a certain extent, the decrease is not obvious. It can
be seen that there is a limit to the length of reinforcement,
and beyond this limit, increasing the reinforcement length
will not significantly improve the reinforcement effect.

4.3. Influence of Geocell Spacing on RetainingWalls. In order
to investigate the horizontal displacement of the geocell-
reinforced retaining wall at the most dangerous moment of
the earthquake at different geocell spacings, five kinds of
reinforced retaining walls with different geocell spacings of
0.15m, 0.3m, 0.6m, 0.9m, and 1.2m were selected, the
reinforcement length is selected to be 3.6m, and the other
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Figure 10: Layout of the geogrid.
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edges.
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conditions are the same as mentioned above. It can be seen
from Figure 14 that the effect of reducing the geocell spacing
is less obvious than the effect of increasing the geocell length.
.e overall trend of the curve is roughly the same. .e
horizontal displacement along the wall height continues to
decrease and reaches an extremum and then increases, and
the effect of the geocell spacing at the bottom of the wall is

almost negligible. When the geocell spacing is large, a small
decrease in geocell spacing has little effect on the horizontal
displacement of the retaining wall; however, when the
geocell spacing is reduced to 0.6m, further reducing the
geocell spacing can effectively reduce the horizontal dis-
placement at the top of the reinforced retaining wall. .e
control effect of the geocell spacing on the horizontal dis-
placement is mainly reflected at the top of the wall; when
0.15m and 1.2m are spaced, the displacement there is
3.018 cm and 5.958 cm, respectively. It is easy to obtain that
the displacement of the top of the wall can decrease by
49.36% by reducing the spacing of the cells, and the control
effect is obvious. In addition, it can be seen that the hori-
zontal displacement of the lower part of the retaining wall
increases slightly as the geocell spacing decreases, but the
effect is not significant.

5. Conclusions

.is paper uses the FLAC3D nonlinear finite difference
method to calculate and analyze the horizontal displacement
of a stepped geocell-reinforced retaining wall under earth-
quake. By comparing with the unreinforced retaining wall
and the geogrid-reinforced retaining wall, the reinforcement
effect of the geocell as a reinforced material on the retaining
wall is studied. .e horizontal displacement of the stepped
retaining wall under earthquake is studied by changing the
length and spacing of the geocell. .e following conclusions
were reached:

(1) .e horizontal displacement of the retaining wall
and the vertical settlement of the upper part of the
retaining wall can be well controlled by setting up the
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Figure 14: Horizontal displacement of the retaining wall under
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geocell, and the “inner concave” effect of the
retaining wall along the wall edge can be significantly
controlled.

(2) Since the geogrid cell has the best control of hori-
zontal displacement of the retaining wall edge, the
horizontal displacement of the unreinforced
retaining wall edge under the earthquake is larger
than that of the middle and the back of the retaining
wall, but for geocell retaining walls, the horizontal
displacement of the wall edge is slightly smaller than
the other two.

(3) .e reinforcement effect of the geocell and the
geogrid on the retaining wall is obvious, but the
geocell has better control of the horizontal dis-
placement of the retaining wall under the
earthquake.

(4) .e increase of the length of the geocell has the best
effect on the control of horizontal displacement at
the top of the wall. .ere is a limit to the length of the
reinforcement. After the limit is exceeded, the effect
of increasing the length of the reinforcement on the
horizontal displacement is not significant.

(5) .e effect of the change in the spacing of the geocell
on the horizontal displacement is mainly reflected in
the top position of the wall, and it has little impact at
the bottom of the wall. When the geocell spacing is
large, slightly reducing the geocell spacing has little
effect on reducing the horizontal displacement of the
retaining wall. When it is reduced to 0.6m, the
control effect of further reducing the geocell spacing
is obvious.
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