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Abstract

This study aimed to explore the retardation characteristics of different geogrid-reinforced layers and mesh sizes in the
failure process of a reinforced tailings dam. The Qidashan tailings of Ansteel Mining were considered as the engineering
background. The tailings-dam model test was conducted by laying a geogrid in the tailings dam. We analyzed the effects
of different reinforcement layers and mesh sizes of reinforced tailings dams on the surface settlements, phreatic lines, and
vertical pressures within the dam body. We explored and tested the reinforcement mechanism and its effect. The test results
indicate that the final surface settlement yields a positive correlation with an increase in the number of reinforced layers.
The surface settlement increases rapidly at first before becoming stable as the geogrid mesh size decreases. The phreatic
line of the dam body can be reduced considerably by increasing the number of reinforcement layers. Moreover, a reasonable
mesh size of the reinforcement can reduce the phreatic line of the dam body. The vertical pressure inside the dam decreases
considerably as the number of reinforced layers increases. With a smaller geogrid mesh size, vertical pressure inside the
dam body decreases. Therefore, reinforcement has a significant retarding effect on the development of tailing accumulation

dam failure and enhances its stability.

Keywords Model test - Reinforcement of the tailings dam - Geogrid - Phreatic line

Introduction

Tailing ponds are an important facility for the production
of mining enterprises. Their operation statuses are related
to the smooth progress of mine production and construc-
tion, as well as people’s safety and property downstream
of the dam and surrounding environment (Mcdermott and
Sibley 2000; Marcus et al. 2001; Fourie et al. 2001; Kemper
and Sommer 2002; Tynybekov and Aliev 2007; Zhuang et al.
2022). Reinforcement methods have been comprehensively
studied and applied in many fields (Zhao et al. 2020; Chen
and Yu 2009). Therefore, some scholars have also studied
the application of reinforcement methods for improving the

>4 Ben Niu
niul8535527973@163.com

P< Fu Yi

yifu9716@163.com

School of Civil Engineering, Liaoning Technical University,
Fuxin, Liaoning Province 123000, China

College of Architecture and Transportation, Liaoning
Technical University, Fuxin, Liaoning Province 123000,
China

Published online: 15 October 2022

stability of the tailings dams. Yi and Du (2020) studied the
influence of geogrid and geotextile reinforcements on the
stability of the tailing accumulation dams, revealing that the
quasi-cohesive force of reinforced tailings increases linearly
as a function of the number of reinforced layers. Zheng et al.
(2019) used basalt to reinforce tailings dams and showed
that the mechanical properties of basalt fiber-reinforced tail-
ings increase as a function of fiber length and content. Liu
et al. (2021a) also studied basalt fiber-reinforced tailings and
revealed that adding basalt fibers into tailings can enhance
the shear strength and cohesion of tailings. Liu et al. (2021b)
studied the influence of reinforcement on a tailings dam at
an overtopping dam break and demonstrated that reinforce-
ment has an effective blocking effect on the movement of
tailing particles.

As prototype research is difficult to achieve, it is neces-
sary to introduce a physical model for experimental research.
As an important means of engineering scientific research,
physical models have been extensively used in many fields
(Hancock 2004; Chen et al. 2015; Shen et al. 2012; Bathurst
and Ezzein 2016; Festugato et al. 2015; Wei et al. 2009;
Consoli et al. 2017; Du and Yi 2020). Although a physi-
cal phenomenon cannot be described completely using a
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physical model, it can be observed qualitatively. Using the
similarity between the model and prototype, the laws and
mechanisms of the physical phenomena can be analyzed,
and quantitative analysis can be conducted through the scale
bar to a certain extent. Recently, scholars have conducted
considerable work on the model testing of reinforced struc-
tures. Dash et al. (2004) compared the results obtained from
laboratory model tests of the bearing capacity of a sand bed
reinforced with randomly distributed geogrid elements on
a geocell, plane geogrid, or strip foundation and found that
geocell reinforcement was the most favorable reinforcement
form. Yin et al. (2005) used the tailings in the Longdu tail-
ing pond as the test material. They considered the Longdu
tailing pond as the prototype stacked tailings dam model
and then conducted a failure model test of the reinforce-
ment of the tailings dam. In particular, the failure model
test of the reinforced tailings dam was conducted, and the
reinforcement effect of the tailings dam with tailing accu-
mulation was tested. Subsequently, different failure modes
and mechanisms of reinforced and unreinforced tailings
dams were obtained. Matsuoka and Liu (2003) proposed
a new geotextile bag reinforcement technology for slopes
and foundations and studied the enhancement mechanism,
engineering characteristics, and design methods. Mehrjardi
and Khazaei (2017) considered the size effects of fill parti-
cles, geogrid aperture, and loading plate on reinforced soil-
retaining walls. Moreover, they evaluated the response of
the retaining wall model by the applied load and surface
settlement to understand the characteristics of the retain-
ing wall of the reinforced soil. Ehrlich et al. (2012) studied
the effect of compaction on the performance of geogrid-
reinforced earth walls and revealed that compaction plays
a decisive role in terms of the reinforcement tensions and
post-construction displacements. Portelinha and Zornberg
(2017) studied the influence of the permeability of fill on
the structural performance of retaining walls. A full-scale
retaining wall with reinforced soil was established, and an
irrigation system was used to simulate the rainfall process.
The changes in the filling volume’s moisture content, matrix
suction, wall displacement, and geogrid strain were meas-
ured. Jing et al. (2019) conducted an overtopping failure
model test of a reinforced tailings dam and demonstrated
the blocking effect of the reinforcement belt in the overtop-
ping failure process of the tailings dam. They concluded that
considering reinforcement measures can effectively reduce
the overtopping failure of tailing pond floods.

Based on the design data of Ansteel’s Qidashan iron
ore tailing pond, geogrids were laid in the tailings dam,
and model tests of reinforced tailing accumulation dams
with a different number of reinforced layers and differ-
ent geogrid mesh sizes were conducted. They revealed the
effects of the retardation characteristics of the different
numbers of geogrid reinforcement layers and mesh sizes
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on the damage process of the dam body, stability of the
geogrid-reinforced tailing accumulation dam and possi-
ble damage, and reinforcement effect after the dam body
became the reinforced mechanism.

Model test device and material
Engineering background and similarity scales

We considered the main dam of the Fengshuigou tailing
pond in the Qidashan concentrator of Ansteel Mining as
an example. The tailing pond accumulation dam adopts the
upstream flushing and filling method and multipipe scat-
tered ore draws. The height of each sub-dam of the tailing
accumulation dam was approximately 5 m, the average
outer slope ratio of the accumulation dam was approxi-
mately 1:5, the total storage capacity was approximately
6.84 x 10® m3, and the tailing pond was first-order. This
model test simulates the main dam of the Qidashan tail-
ing pond with a maximum dam height of 120 m, which
is reduced with a scale of 1:300. In this model, there is a
30-m accumulation layer at the bottom of the dam, con-
sidered as part of the accumulation dam in the model.
Therefore, the vertical dimension of the model is 0.5 m.
The primary dam height was 20 m, and the external slope
ratio was 1:2. This study did not consider the influence
of the main dam on the stability of the accumulation
dam. Therefore, the primary dam was not built during
the model-stacking process. Considering that the model
test of the reinforced tailings dam is to reveal the retarda-
tion characteristics of different geogrid-reinforced layers
and mesh sizes on the dam failure process, the model test
results are analyzed according to the single-factor method.
In this experiment, the outer slope ratio of the model was
1:2, and the inner slope ratio was fixed at 1:5, as shown in
Fig. 1. Other similarity scales evaluated in this study are
listed in Table 1 (Jing et al. 2011).
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Fig.1 Section sizes of the main dam of the Fengshuigou tailing pond
(unit: m)
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Table 1 Similarities between physical model and prototype

Similarity Displacement Length Area  Volume  Gravitational Gravity Porosity Permeability Flow  Time/
ratio acceleration coefficient seepage
Prototype A A A2 Sl 1 1 1 1 A2 A2
Model 1 1 1 1 1 1 1 1 1 1

A is the proportional coefficient

Test device

The test device consists of a model box, vertical loading
system, and data acquisition system, as shown in Fig. 2. The
size of the model box was 1320 mm X 800 mm X 700 mm
(Iength x width X height). To observe the evolution process
of the phreatic line of the tailing accumulation dam, a trans-
parent tempered glass with a thickness of 12 mm was pasted
on the frame of the model box and sealed to prevent the
water in the dam body from draining through the gap in
the model box. Glass plates were not pasted on the wall of
the modeled accumulation dam in the drainage direction,
which facilitated the timely discharge of the water precipi-
tated from the accumulation dam and reduced the impact
of accumulated water. The loading system adopted an inte-
grated design using a 1:2 ratio lever to apply an overlying
pressure. Additionally, there was a pressure plate under the
lever node to ensure the uniform application of the overly-
ing pressure. The overlying pressure was applied by add-
ing suitable weights to the load tray. The data acquisition
system consists of a transparent acrylic tube, dial indica-
tor, and micro-pressure gauge used to measure the phreatic
line, surface settlement, and vertical pressure inside the dam,
respectively. The specific instrument layout is shown below.

Fig.2 Dimensions of the test Phreatic line

device )
Reinforcement

tube (acrylic pipes)

Tube with water

&S] Vertical soil stress sensor

Stress system

Dynamic

and static
Computer | .
strain gauge

Phreatic line measurement

Layout of measuring instruments

The layout of the measurement instruments used in the
experiment is shown in Fig. 3. Three main measurement
instruments were used for the model test:

1 The dial indicator was arranged above the dam body and
placed horizontally on the bearing plate to measure the
surface settlement of the dam body during the test (see
Fig. 2).

2 Four acrylic pipes were arranged at the boundary of
the model box to observe the development of the dam’s
water level and phreatic line during the test (see Fig. 2).

3 Ten miniature earth pressure gauges were arranged
inside the dam body, as shown in Fig. 3, to measure the
pressure change inside the dam body during the test.

The miniature earth pressure gauge uses the LY-350 strain
type (see Fig. 4a) with a small volume and waterproof func-
tion. The main technical indicators are listed in Table 2. This
strain type is suitable for model tests on a small scale. The
data acquisition instrument used in the test is a DH3817K
dynamic and static strain gauge (Fig. 4b). The measure-
ment type of the micro-pressure gauge in this test is the

Test box
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Fig.3 Schematic of the layout of test instruments

compressive strain inside the dam. The micro earth pressure
gauge is connected to the data acquisition instrument, and
the full-bridge wiring mode is selected.

Selection of model test materials

This study introduces a physical model to conduct a
similarity test research. The study uses the similarity
between the model and prototype to analyze the laws and
mechanisms of the physical phenomena and make quali-
tative conclusions on the research object. Therefore, the
test materials discussed in this paper are from Ansteel’s
Qidashan iron ore tailing pond. Scholars (Jing et al. 2019;
Yin et al. 2005) also used prototype sand to conduct
similar model tests and reached credible conclusions.
The tailing filler used in the test was obtained from the
Fengshuigou tailing pond of the Qidashan concentrator of
Ansteel Mining, with a density of 1.83 g/cm® and a mois-
ture content of 3.75%. The physical properties of the tail-
ings are as follows: effective particle size d;;=0.10 mm,
median particle size d3,=0.19 mm, and restricted particle
size dgy=0.30 mm. After calculations, the nonuniformity
coefficient C,=3 <5 and curvature coefficient C,=1.2

Fig.4 Instrument photographs.
a Miniature earth pressure
gauge (LY-350 strain type) and
b DH3817K dynamic and static
strain gauge device
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Table 2 Performance index of the miniature earth pressure gauge

Type LY-350

Measuring range/MPa 0-100

Resolution/% full scale (F-S) <0.05

Dimensions/mm 28 % 10 (diameter X height)
Impedance/Q 350

Insulation resistance/MQ >200

had values in the range of 1-3, thus indicating that the
tailings were poorly graded; the particle grading curve
is shown in Fig. 5. The mechanical indicators of the tail-
ings are the natural bulk density y =18 kN/m?>, cohesion
¢=9.4 kPa, friction angle ¢ =28°, Poisson ratio v=10.42,
elastic modulus E = 1.6 x 10° kPa, and permeability coef-
ficient K=2.75x107* cm/s.

The reinforcement used in this model test was an EGA30
geogrid, which was cut into different mesh sizes. The
EGA30 geogrid has been applied in various reinforcement
engineering environments, and good results were obtained.
Table 3 summarizes the specific material performance
parameters.

Test scheme and steps

According to the test conducted by Du et al. (2022), when
studying a reasonable mesh size of the geogrid-reinforced
tailings, the geogrid is into different mesh sizes, and the orig-
inal dimensions are 12.7 mm X 12.7 mm (C). The geogrid is
then cut to dimensions equal to 25.4 mm X 25.4 mm (B) and
38.1x38.1 mm (A) (see Fig. 6).

Before the formal test, we conducted a series of pretests.
Finally, the overburden pressure of the dam body was set to
1 kN, which can make the compaction state of the accumula-
tion dam similar to the actual compaction of the tailings dam
onsite. According to the pretest results, the water addition
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Fig.5 Gradation curve of the tailing sand

to the dam body was set to 40 L, which can make the accu-
mulation dam meet the phreatic line state of the real tailing
pond (see Fig. 7).

There are six groups of simulation test schemes for
geogrid-reinforced tailings. The influence of the number
of reinforced layers and mesh sizes of the geogrid on the
surface settlement, internal pressure, and phreatic line of
the reinforced tailing accumulation dam were analyzed. The
specific test design scheme is shown in Table 4. The rein-
forcement positions of the geogrid with different reinforced
layers are shown in Fig. 8.

The steps of testing the geogrid-reinforced tailings dam
model were as follows:

1 The amount of tailing sand used for each test was made
consistent. The tailings of the dam were stacked in
layers and compacted, and then they were paved. The
geogrid was laid according to the requirements of differ-
ent test schemes, and the laying structure of the geogrid
was positioned such that the outer side was folded
back; additionally, the micro earth pressure gauge was
arranged as shown in Fig. 3 during the stacking process.

2 After model stacking, the model was maintained for 2 h.
The overlying pressure was applied above the accumula-
tion dam through a lever, and a large-range dial indicator

Table 3 Technological parameters of the geogrid

EGA30 geogrid Technical index
Mesh size (Iength X width)/mm 12.7x12.7
Fracture strength/(kNmm™) Radial 30

Zonal 30
Elongation at break >/% Radial 4

Zonal 4
Temperature resistance >/C —100-280

11

254 x 254 38.1 x 38.1

12.7 x 12.7 &

Fig.6 Geogrids with different mesh sizes

was arranged above the dam body before starting the
test.

3 After the test started, water was slowly injected into the
dry beach surface of the dam body until the required
water injection volume was reached. The variation
law of the internal pressure against time was observed
by connecting the computer with the data acquisition
instrument, with the surface settlement of the dam crest
in different periods recorded simultaneously.

4  The surface settlement of the dam crest and vertical
pressure inside the dam was observed to be stable, and
the test was terminated.

5 Subsequently, the model was disassembled. During the
disassembling process, samples were obtained accord-
ing to the position of the micro earth pressure gauge in
Fig. 3, and the drying oven was then used to measure the
water content of these 10 sampling positions.

6 After disassembling the test model, test results were ana-
lyzed. Figure 9 shows the results after model stacking.

Test results and analysis
Influences of the reinforced layers
Settlement analysis of the dam crest

Figure 10a shows the temporal variation in the dam surface
settlement in different reinforced layers, where the varia-
tion of the surface settlement with time was approximately
the same. The surface settlement increased almost linearly
with time, and the surface settlement of the dam tended to
be stable at approximately 80 min. When four-reinforced
layers were used, the variation range was the largest, and
the final surface settlement was 18.3 mm. In the cases
where 1, 2, and 4 reinforced layers were used, the final
surface settlement increased by 61.4%, 77.1%, and 161.4%,
respectively. In particular, the variation range of the sur-
face settlement increased when the number of reinforced
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Fig.7 Comparison between the
model test and actual phreatic
lines following the addition of
40 L of water

Actual phreatic line of
tailings pond

— — — Model test phreatic line

layers increased. By fitting the final surface settlement
of the dam crest with the reinforced layers, as shown in
Fig. 10b, the final surface settlement is considered posi-
tively correlated with the number of reinforced layers, thus
meeting the linear relationship y =7.54 4 2.69x. Therefore,
the number of reinforced layers has a significant impact
on the surface settlement of the dam. This result shows
that increasing the reinforced layers of the accumulation
dam can considerably improve the bearing capacity of the
dam body and enhance its overall compactness because,
after the phreatic line maintains a high water level for a
certain period, the meshing effect of the geogrid reduces
the tailing sand downfall of the dam body, thus resulting
in a smaller displacement change in the vertical direction,
which increases the deformation resistance and stability
of the dam body.

Phreatic line analysis in the tailings dam

After the test, 10 micro earth pressure gauge positions
embedded in the modeled box dam body were sampled to
measure the moisture contents of the tailings at these posi-
tions in combination with the water-level results measured
by the four water-level pipes arranged at the boundary
of the model. The variation of the accumulation dam’s
phreatic line at different reinforced layers was obtained
as shown in Fig. 11. Compared with the unreinforced
dam, the phreatic line of the tailing accumulation dam

Table 4 Model test scheme

decreased, especially for the inner slope of the dam. Based
on the premise that the reinforcement spacing remained
unchanged, an overall decrease of the phreatic line of the
dam body became evident as the reinforced layers of the
accumulation dam increased. In particular, the increase in
the reinforced layers can significantly reduce the phreatic
line of the dam body, thus indicating that the reinforce-
ment of the tailing accumulation dam can promote the
discharge of water and reduce the phreatic line in the dam
body. This is because the reinforcement of the tailings dam
can make the reinforced tailing complex form a drainage
prism that can promote the drainage of water inside the
dam and reduce the phreatic line inside the dam.

Internal pressure analysis of the tailings dam

During the test, pressure changes at 10 micro-pressure gauge
positions inside the dam body (see Fig. 3) were measured.
The pressures at 10 positions were divided into horizontal
(positions 1, 2, 3, 4, and 5) and vertical (positions 3, 6, 8,
and 10) positions. The variations of the vertical pressure
at different positions inside the tailing accumulation dam,
which comprised different reinforced layers, are shown in
Fig. 12. The maximum vertical pressure in both the hori-
zontal and vertical directions is at position 3, that is, the
position with the lowest pressurization of the dam body.
The maximum vertical pressures of the one-, two-, and four-
reinforced layer cases were 18.6%, 22.3%, and 39.9% lower
than that of the unreinforced layer, respectively. When the

Test group Reinforced Outer slope ratio Geogrid mesh size Remarks

layers
1 0 1:2 No reinforcement Reference model test of the plain tailing accumulation dam
2 1 Geogrid B Combined with test 1, the influence of reinforced layers on
3 2 the model test is analyzed
4 4
5 2 Geogrid A Combined with tests 1 and 3, the influence of the geogrid
6 Geogrid C mesh size on the model test is analyzed
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Fig.8 Schematic of the geogrid
layout (unit: cm)
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reinforcement spacing remains unchanged, the decrease in
the vertical pressure in the dam body becomes evident when
the number of the reinforced layers of the tailing accumula-
tion dam increases, thus indicating that the reinforcement of
the accumulation dam can reduce the vertical pressure in the
dam body and enhance its stability. Owing to the fact that
the laying structure of the geogrid causes the outer side to be
folded back, the geogrid forms a net pocket that can convert
the vertical pressure inside the dam body into a horizontal
tension that the geogrid can bear. Subject to the blocking
effect of the geogrid, the tailings do not fall to reduce the
internal pressure of the dam body, thus resulting in a smaller
change rate of the internal stress of the reinforced tailings
dam body than that of the plain tailings dam.

Influences of the geogrid mesh size
Settlement analysis of the dam crest
The variation in the surface settlement of the tailings dam

with time at different geogrid mesh sizes is shown in Fig. 13a.
When unreinforced, the final surface settlement is 7.0 mm.

:\"-T-ﬁfiln‘! IS R s 4

Phreatic line

Fig.9 Test device

When the geogrid mesh sizes are A, B, and C, the final sur-
face settlements are 9.2 mm, 12.4 mm, and 12.3 mm, respec-
tively, meaning, when the geogrid mesh sizes are A, B, and
C, the final surface settlement increases by 31.4%, 77.1%, and
75.7%, respectively, compared with that without reinforce-
ment. The final surface settlement first increases rapidly and
then stabilizes with a decrease in the geogrid mesh size, thus
indicating that the geogrid mesh size has a certain impact on
the dam surface settlement (see Fig. 13b). When the mesh size
is reduced from A to B, the net pocket effect provided by the
geogrid is gradually enhanced and leads to the increase of the
dam crest surface settlement. When the mesh size is reduced
from B to C, the mesh pocket effect caused by the geogrid
continues to increase. However, because the drainage chan-
nels provided by the geogrid with two mesh sizes can rapidly
discharge the water in the dam body, the settlements of the
dam crest surfaces are similar.

Phreatic line analysis in the tailings dam

The variation in the phreatic line of the tailings dam rein-
forced with different geogrid mesh sizes is shown in Fig. 14.
The geogrid mesh size has a certain impact on the phre-
atic line inside the dam in that a reasonable geogrid mesh
size can effectively reduce the phreatic line of the dam. The
influence of the reinforcement on the phreatic line is caused
by the drainage channel provided by the reinforcement, and
the mesh sizes that are significantly small or large are not
conducive to the water discharge in the dam body. When
the mesh size of the geogrid is A, the drainage channels
provided are too few to achieve the best drainage effect.

Internal pressure analysis of the tailings dam

The variation relationship of the vertical pressure at differ-
ent positions in the tailings dam at different geogrid mesh
sizes is shown in Fig. 15. As the mesh size of the geogrid
decreases, the vertical pressure inside the dam decreases.
When the geogrid mesh sizes are A, B, and C, the maximum

@ Springer
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vertical pressure is reduced by 4.7%, 22.3%, and 28.5%,
respectively, compared with that without reinforcement.
When the reinforcement spacing remains unchanged, the
vertical pressure inside the dam decreases gradually with a
decrease in the geogrid mesh size. However, when the mesh
size of the geogrid is reduced, the effect of reducing the
vertical pressure inside the dam begins to weaken. As part
of the vertical pressure is transformed into the horizontal
tension acting on the geogrid by the mesh pocket effect,
the reduction of the mesh size leads to the increase of the
transformed vertical pressure, thus resulting in the gradual
weakening of the vertical pressure inside the dam as the
mesh size of the reinforcement decreases.

Discussion

By conducting model tests on the reinforced tailing accumu-
lation dam with different reinforcement layers and geogrid
mesh sizes, the retardation characteristics of different
geogrid reinforcement layers and mesh sizes on the failure
process of the dam were observed. This study provides an
effective method for exploring the effects of a reasonable
number of reinforced layers and mesh size range for geogrid-
reinforced tailings.

Based on the test results, the effects of different reinforced
layers and geogrid mesh sizes on the settlement of the top
of the dam body, as well as the internal phreatic line and

Fig. 11 Variation of phreatic
lines of a tailings dam at differ-
ent geogrid layers

Reinforced layers

pressure, were analyzed. The geogrid provided a drainage
channel for the reinforced tailing accumulation dam. As the
reinforcement layers increase, more drainage channels are
added, and a lower phreatic line larger range of settlement
variation at the top of the dam body and lower internal pres-
sure of the dam body are achieved. When the number of
reinforced layers was less than four, the overall performance
of the dam body increased as a function of the number of
reinforced layers. The different mesh sizes of the geogrid
also affected the drainage effect of the drainage channel and
blocking characteristics during dam failure. This study deter-
mined a reasonable mesh size with dimensions of approxi-
mately 25.4 mm X 25.4 mm (B). In an article published by
Du et al. (2022), the reported desired geogrid-reinforced tail-
ing mesh size range is similar to that reported in this study.
Therefore, the mesh size range of the geogrid-reinforced
tailings is accurate, and the mesh size within this range can
optimize the friction strength of the geogrid—tailing interface,
help increase the settlement of the top of the dam body, and
reduce the phreatic line and pressure inside the dam body,
thus improving the stability of the dam body.

Owing to the test conditions, the number of selected rein-
forced layers shall not exceed four. Additional control experi-
ments should be conducted to determine whether the overall
performance of the dam body increases as the number of rein-
forced layers increases. The geogrid selected in this study,
which is a two-way geogrid, and the application of other types
of geogrids and geocells should be studied further.

No reinforcement

— — — Reinforced one layer

Reinforced two layers

— Reinforced four layers
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Fig. 12 Variation of vertical
pressure in dams at different
geogrid layers. a Horizontal and
b vertical directions

Fig. 13 Variations of surface
settlements of the dam crest at
different geogrid mesh sizes. a
Temporal variations of surface
settlements and b final surface
settlement and different geogrid
mesh sizes

Fig. 14 Variations of the phre-
atic lines of the tailings dam at
different geogrid mesh sizes

Fig. 15 Variations of vertical
pressure in dams at different
geogrid mesh sizes. a Horizon-
tal and b vertical directions
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Conclusions

The geogrid improves the stability of the tailings dam body,
significantly improves the mechanical properties of the dam
body, and decelerates the failure process of the dam body. Fur-
thermore, the number of reinforcement layers and mesh size
influences the retardation characteristics of the geogrid on the
tailing accumulation dam. The main conclusions are as follows:

1 Reinforcement can significantly improve the ultimate
bearing capacity of the tailing accumulation dam. There
was a linear positive correlation between the final sur-
face settlement and number of reinforced layers. The
final surface settlement first increased rapidly and then
stabilized when the geogrid mesh size decreased.

2 Reinforcement can promote water discharge inside the
tailing accumulation dam. Increased reinforced layers
and reasonable geogrid mesh size can significantly
reduce the phreatic lines of the dam body and dam,
respectively.

3 Reinforcement can reduce the vertical pressure inside
the tailing accumulation dam body and enhance the sta-
bility of the dam body. With an increase in the number
of reinforced layers, the vertical pressure inside the dam
decreases significantly. A reasonable geogrid mesh size
can reduce the vertical pressure inside the dam.
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