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Rock slopes have the characteristics of complex geological conditions, weak
structural surface development, steep slope, and great damage. In this study, the
Sujiaba overpass slope in Chongqing was selected as the evaluation object, and
themain stability evaluationmethods of rock slopewere analyzed. Combinedwith
the special geological conditions and geographical location of the rock slope,
through a geological survey, the slope was qualitatively analyzed based on the
stereographic projection method, and the slope stability safety factor was
calculated by using the finite element strength reduction method. FLAC3D was
used to simulate the initial stress state of the unstable rock mass, the limit state
stability of the unstable rock mass before bolt support, and the stability after bolt
support. The simulation results show that the stability coefficients of selected
unstable rockmassesW1,W2,W6, andW7 under the limit state before bolt support
are, respectively, 1.22, 1.80, 5.90, and 2.10. Unstable rock masses separate from
the parent rock, causing a large displacement due to their instability and
downward sliding. After bolt support, stability coefficients for those four
unstable rock masses are 1.60, 2.40, 8.60, and 3.20, respectively. Under the
same reduction coefficient, rock masses are stable and the displacement is
small. The results show that the calculation results of the initial stress state of
the rock slope are consistent with the theoretical understanding and field
investigation. After the implementation of bolt support, the anti-sliding stability
of unstable rock is obviously improved. The research results have important
scientific guiding significance and practical value for revealing the failure
mechanism of rock slope and analyzing the stability of unstable rock mass.
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1 Introduction

China has a vast territory, complex topography, and undulating terrain. Only three types
of topography and geomorphology in plateau, mountain, and hilly areas account for about
65% of the land area. China has become one of the countries with the most serious geological
disasters and the most threatened population in the world due to the complicated and
changeable geomorphological conditions. There are many kinds of geological disasters that
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occur in China, including landslides, collapses, debris flows, ground
collapses, and ground fissures. Among them, landslides and
collapses are the main types, accounting for about 70% and 20%
of the total geological disasters, respectively. For the prevention and
control of slope disasters such as landslides and collapses, it is first
necessary to correctly analyze the slope stability state. Many experts
and scholars have carried out a lot of research on slope stability
analysis, which can be summarized into three categories: qualitative
analysis, quantitative analysis, and uncertainty analysis methods.

The qualitative analysis method mainly analyzes the main
factors affecting the slope stability, the deformation failure mode,
and the instability mechanical mechanism through geological
exploration and analyzes the causes and evolution history of the
deformed slope. Qualitative analysis includes the stereographic
projection method (Kincal, 2014; Xiao et al., 2015; Zhang et al.,
2019; Liu, 2022), engineering geological analogy method (Liu et al.,
2007; Gao, 2015; Tu et al., 2015), and expert system method (Hao
et al., 1995; AlHomoud and Tahtamoni, 2000; Naghadehi et al.,
2011; Liu and Yin, 2012; Azarafza et al., 2021a). The quantitative
analysis method analyzes the deformation and stability of rock mass
under various force fields by establishing the mechanical model of
engineering rock mass and using appropriate analysis methods and
provides quantitative basis for rock engineering protection design
and construction. Quantitative analysis mainly includes the limit
equilibrium method (Zhong, 2016; Faramarzi et al., 2017) and
numerical analysis method (Ning et al., 2011; Dadashzadeh et al.,
2017; Yang et al., 2021). The limit equilibrium method includes the
slice method (Huang, 2013; Su et al., 2022), Bishop method (Sheng
et al., 2021), and transfer coefficient method (Bi et al., 2012).
Numerical analysis methods include the finite element method
(Wang and Lin, 2021), boundary element method (Wijesinghe
et al., 2022), discrete element method (Wang et al., 2020a;
Azarafza et al., 2020), Lagrange method (Chen et al., 2019), and
discontinuous deformation analysis method (He et al., 2018;
Azarafza et al., 2020). The uncertainty analysis method (Li et al.,
2016; Deng et al., 2017) refers to the analysis and calculation of slope
stability by using the uncertainty principle and the method based on
the deformation data of slope rock and soil mass obtained by
investigation technology. Uncertainty analysis includes reliability
analysis (Zai et al., 2021), fuzzy mathematics analysis (Li et al., 2015;
Azarafza et al., 2021a), grey system analysis (Zhang and Xu, 2019),
neural network analysis (Ray et al., 2020; Meng et al., 2021; Hu et al.,

2022), genetic algorithm (Xu et al., 2019), cluster analysis
(Alimohammadlou et al., 2014), and machine learning (Wang
et al., 2020b; Xu et al., 2022; Zhang et al., 2022).

At present, there are many analysis methods for analyzing rock
slope stability, and all kinds of analysis methods have their
applicable conditions and limitations (Table 1). However, the
actual slope engineering is extremely complex, and any single
analysis and evaluation method cannot solve the practical
problems well. Therefore, in the actual slope stability analysis, a
variety of analysis methods should be used for comprehensive
analysis according to its specific characteristics. It can more
accurately determine the current situation and trend of rock
mass development and obtain a more objective, reliable, and
reasonable evaluation result, so as to take reasonable prevention
and control measures.

In this study, the coupling strength reduction and numerical
simulation methods are used to fully consider the impact of
boundary conditions, and appropriate cohesion and internal
friction angle are given to the fracture surface at the rear edge of
the rock slope. This method can easily and accurately calculate the
stability coefficient that is more consistent with the actual shape of
the unstable rock and can automatically find the potential failure
location of the slope.

2 Locality, materials, and methods

The Sujiaba overpass slope (Figure 1A) is located next to the
Sujiaba overpass OP6 ~ OP9 pier of the Caiyuanba Bridge in
Chongqing. There is a residential district with large population
between the slope and Nanbin Road. The slope is about 350 m long,
and the highest point is about 40 m from the ground. The north side
slope is anchored shotcrete slope protection. The slope next to the
OP6 ~ OP9 pier adopts the cantilever anti-slide pile and anchor
frame structure. On 1 July 2020, the Sujiaba slope caused landslides
in local areas due to rain and building loading. This study selected
the Sujiaba overpass slope as the research object for carrying out
stability numerical simulation analysis.

The regional landform belongs to the tectonic denudation
shallow hill landform, and the site micro-landform belongs to
the cliff, slope, and treated slope. The slope area includes a
municipal park and a residential area. The south side of the

TABLE 1 Advantages and disadvantages of common stability analysis methods.

Advantage Disadvantage

Qualitative
analysis

For slopes with relatively simple geological conditions, conclusions can be
directly drawn for engineering design and construction. It has significant
advantages in determining landslide patterns and deformation mechanisms.
It is mainly used for the qualitative evaluation of the overall slope stability at

the initial stage of engineering construction

The problem of multiple solutions of results is not easily solved, and the
analysis process is often empirical and subjective

Quantitative
analysis

The calculation model is simple and the calculation formula is concise,
which can solve non-linear problems

The factors considered in applying mathematical methods are too single,
resulting in errors in the calculation results, which either cannot truly reflect
the intrinsic characteristics of slope rock mass or it is too complex to be

applied

Uncertainty
analysis

It is more applicable when there are uncertain factors such as rock mass
properties, loads, calculation models, and human error

There are many random factors that cannot refine parameters. It leads to
deviations in mechanical and mathematical models, and the probability of

each factor is difficult to accurately determine
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community is a built road with an elevation of about 263–267 m.
The key survey of the cliff slope is 15–25 m high, the cliff top
elevation is about 259–264 m, the cliff bottom elevation is
248–250 m, and the cliff dip angle is 60°–80°. The slope is under
the cliff slope, and the slope is mainly covered by artificial fill, with
an inclination angle of 5°–35°. The buildings at the bottom of the
slope (Figures 1B, C) include another residential area and
Tongyuanju Light Rail Station.

In this study, combined with a geological survey, the
stereographic projection method was used to qualitatively analyze
the rock slope, and the finite element strength reduction method
(Bai et al., 2014; Jiang et al., 2015; Nie et al., 2019; Azarafza et al.,
2021b) and FLAC3D (Sun et al., 2011; Zhan et al., 2019) were used to
numerically simulate the stability of the unstable rock mass in the
study area.

The basic principle of the finite element strength reduction
method is to divide the shear strength parameter values (cohesion
and internal friction angle) of the rock and soil mass by a reduction
factor at the same time. Then, a new set of strength parameter values
is obtained and used in the finite element as newmaterial parameters
for trial calculation until it reaches the limit failure state. When the
calculation is just convergent, that is, when the reduction factor is
slightly larger, the calculation does not converge, and the
corresponding reduction factor is called the minimum safety
factor of the rock mass.

The finite element strength reduction safety factor is expressed
as ω � τ/(τ′), where τ is the initial shear strength of rock and soil
material and τ′ is the shear strength when the slope reaches the limit
state after reduction.

Different strength yield criteria can be used in the finite element
strength reduction method. The strength τ has different expressions

due to the different strength yield criteria. For the Mohr–Coulomb
criterion (Figure 2), τ � c + σ tanφ, the strength reduction process is
expressed as

τ′ � τ

ω
� c + σ tanφ

ω
� c

ω
+ σ

tanφ

ω
� c′ + σ tanφ′. (1)

So, c′ � c/ω and tan φ′ � tan φ/ω.
This strength reduction form is consistent with the definition of

the safety factor of the traditional limit equilibrium slice method for
slope stability analysis. The limit equilibrium method of traditional
slope stability analysis assumes a sliding surface in advance, and it
calculates the safety factor according to the balance of force
(moment). The stability safety factor is defined as the ratio of
anti-sliding force (moment) to sliding force (moment) of the
sliding surface, namely,

FIGURE 1
Location of the study area. (A) Traffic location of the study area. (B,C) Field situation of the Sujiaba overpass slope.

FIGURE 2
Mohr–Coulomb criterion.
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ω � ∫τdl
∫τsdl

� ∫l

0
c + σ tanφ( )dl

∫l

0
τsdl

, (2)

where ω represents the safety factor, τ represents the shear
strength of each point on the sliding surface, and τs represents the
actual shear stress of each point on the sliding surface.

By dividing both sides of Eq. 2 by ω, Eq. 2 becomes

1 � ∫l

0
c
ω + σ tanφ

ω( )dl

∫l

0
τsdl

� ∫l

0
c′ + σ tanφ′( )dl

∫l

0
τsdl

, (3)

where c′ � c
ω and tanφ′ � tanφ

ω .
It can be seen that the traditional limit equilibrium method is to

reduce the shear strength indexes c and tanφ of the soil to c/ω and
tanφ/ω so that the slope reaches the limit state (the safety factor is
equal to 1), and ω is called the safety factor, which is actually the
strength reduction factor.

FLAC3D can be used to simulate the three-dimensional
structural stress characteristics and plastic flow analysis of soil,
rock, and other materials. The actual structure is fitted by
adjusting the polyhedral elements in the three-dimensional mesh.
The element material can adopt a linear or non-linear constitutive
model. Under the action of external force, when the material yields,
the mesh can deform and move accordingly. FLAC3D adopts the
explicit Lagrangian algorithm and mixed discrete partition
technique, which can simulate the plastic failure and flow of
materials very accurately. Since there is no need to form a
stiffness matrix, it is possible to solve large-scale three-
dimensional problems based on a smaller memory space.

3 Results

3.1 Characteristics of unstable rock mass

According to the geological survey report, on the sandstone cliff,
due to the influence of fracture cutting, topography, and rock cavity-
free conditions, some rock masses are separated from the parent
rock and slightly deformed to form unstable rock, which has a poor
stability. The unstable rock mass is mainly controlled by two sets of

structural fracture surfaces. The stability polar stereographic
projection of the relationship between the fracture of the unstable
rock mass and the occurrence of the free surface shows that the
unstable rock mass is mainly controlled by the cutting of the
posterior wall fracture or the two sets of intersecting type
fractures and the cutting and decomposition of other structural
fractures. The unstable rock mass is in a basically stable state to an
unstable state.

In the investigation area, from the investigation of the location of
the cliff, it is deduced that the deformation characteristics and the
development of the fissures control the stability of the unstable rock,
the rock mass is under the action of its own weight, and the wedge
splitting of the water pressure of the rear wall fissure is added. The
fissure is continuously widened and deepened, and finally, the
locking part is destroyed and the unstable rock collapses.
According to the survey, the unstable rock area has different
sizes of unstable rock rolling in the annual flood season. From
the stability and development trend of unstable rock, it is concluded
that the overall stability of unstable rock in the survey area is
declining.

According to the results of the field geological survey data, in the
local scarp topography, due to the influence of differential
weathering between sand and mudstone, a total of seven obvious
unstable rocks (unstable rock zones) were found. The volume of a
single unstable rock is 10.8–1016.4 m3, the total volume is 2040.3 m3,
the linear density of unstable rock distribution is per/25 m, and the
volume linear density is 11.7 m3/m. Among them, the terrain slope
under the unstable rock mass W1–W4 is generally slow, and the
rolling distance of the rock block after the collapse of the unstable
rock mass is not very large, which mainly threatens the sidewalks,
steps, park facilities, and so on. The terrain slope below the unstable
rock mass W5–W7 is generally steep, and the rolling distance of the
rock block after the collapse of the unstable rock is large, which
mainly threatens the residential area at the bottom of the slope. The
basic statistics of each unstable rock mass are shown in Table 2.

The cliff is controlled by lithology, cut by layers and fissures,
and affected by the weathered rock cavity of the base. The shapes
and sizes of unstable rock masses are different. The shapes of
unstable rock masses are mainly cuboid, square, and columnar,
and some are cone-shaped, inverted triangle-shaped, disc-shaped,
and irregular.

TABLE 2 Essential feature of unstable rock mass.

No. Top–bottom
height

Scale Direction of
collapse (°)

Top
width (m)

Bottom
width (m)

Height
(m)

Thickness
(m)

Volume
(m3)

W1 249.5–260.3 20.3 23.8 10.8 3.7 629.3 241

W2 252.8–261.5 10.5 8.3 8.7 4.0 240.7 281

W3 250.2–253.4 3.5 2.5 3.2 2.0 21.0 280

W4 257.4–259.8 4.0 4.0 2.4 1.5 10.8 324

W5 257.5–263.7 3.8 3.0 6.2 3.0 75.3 324

W6 252.5–257.9 6.3 4.7 5.4 1.5 46.8 324

W7 250.5–260.9 24.2 24.2 10.4 5.0 1016.4 324

Frontiers in Earth Science frontiersin.org04

Wu et al. 10.3389/feart.2023.1181949

https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2023.1181949


According to the size of the volume, it is divided as follows: V <
10 m3 is a small unstable rock mass, 10–100 m3 is a medium
unstable rock mass, 100–1000 m3 is a large unstable rock mass,
and V > 1000 m3 is a super large unstable rock mass. According to

Table 1, there are seven main unstable rocks (zones) found in this
survey. The largest volume is that of the W7 unstable rock zone,
which is 1016.4 m3, and this rock zone belongs to the large unstable
rocks; the smallest volume is that of the W4 unstable rock zone,

FIGURE 3
Qualitative analysis. (A) Section drawing of W1. (B) Stereographic projection figure of W1. (C) Section drawing of W2. (D) Stereographic projection
figure of W2. (E) Section drawing of W6. (F) Stereographic projection figure of W6. (G) Section drawing of W7. (H) Stereographic projection figure of W7.
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which is only 10.8 m3, and this rock zone belongs to the medium
unstable rocks.

The destruction of unstable rock is often sudden, fast, and
difficult to monitor and prevent. For the whole slope, the focus
of potential safety hazard is the threat of the unstable rock mass
developed on the slope to the overpass and the residential area in the
front edge of the cliff zone. Therefore, according to the danger of
unstable rock mass and the importance of threat objects, this study
selects four typical unstable rockmasses ofW1,W2,W6, andW7 for
numerical model simulation, focusing on the simulation and
analysis of the current stability of the unstable rock mass and the
stability after bolt support. The section drawing and stereographic
projection figures for those four unstable rock masses are shown in
Figure 3.

3.2 Numerical model

According to the data of field investigation and treatment
engineering design, four typical unstable rock monomer

characteristic sections of W1, W2, W6, and W7 were selected for
numerical simulation analysis, and FLAC3D software was used for
calculation. The calculation model is as follows.

3.2.1 Numerical analysis model
W1: 36 m wide, 33 m high, and divided into 1,474 units and

3,092 nodes.
W2: 36 m wide, 32.8 m high, and a total of 1,436 units and

3,018 nodes.
W6: 23 m wide, 19.5 m high, and divided into 538 units and

1,166 nodes.
W7: 36 m wide, 28.8 m high, and a total of 1,166 units and

2,470 nodes.
The rock mass is simulated by the solid element. The bolt is

simulated by the cable structural element. The existing cracks at the
trailing edge of unstable rock are simulated by the structural plane
element interface, and the potential slip surface of the sliding
instability failure of unstable rock is simulated by the structural
plane element interface. The constitutive model of rock and soil is
considered the Mohr–Coulomb constitutive model.

FIGURE 4
Numerical calculation models. (A) W1. (B) W2. (C) W6. (D) W7.
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FIGURE 5
Boundary conditions. (A) W1. (B) W2. (C) W6. (D) W7.

TABLE 3 Physical mechanics parameters.

Sort Elastic modulus (GPa) Internal friction angle (°) Cohesion (MPa) Poisson ratio Density (kg/m3)

Sandstone 40 36.6 3.54 0.2 24.30

Mudstone 20 31.2 0.98 0.25 24.60

TABLE 4 Bolt parameters.

Elastic modulus (GPa) Adhesion with cement
slurry (MPa)

Cross-sectional
area (mm)

Tensile
strength

Compressive
strength (MPa)

195 2.95 53.9 1,320 390

TABLE 5 Unit parameters of the structural plane.

Normal stiffness (GPa) Tangential stiffness (GPa) Binding power (kPa) Friction angle (°) Tensile strength (MPa)

20 20 100 21 0
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FIGURE 6
Initial stress state. (A)Vertical stress ofW1. (B)Horizontal stress ofW1. (C)Vertical stress ofW2. (D)Horizontal stress ofW2. (E) Vertical stress ofW6. (F)
Horizontal stress of W6. (G) Vertical stress of W7. (H) Horizontal stress of W7.
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3.2.2 Calculation conditions
According to the relevant unstable rock control design and

geological survey data, as well as the research objectives of this
project, the calculation is divided into three parts. The specific
analysis parts are as follows:

Initial state analysis: The stress state of the unstable rock slope
under the initial state is mainly analyzed, which provides the basis
for subsequent research and analysis.

The limit state analysis and stability analysis of unstable
rock under unimplemented support engineering are
carried out.

Unstable rock bolt support, analysis of bolt support to
implement the stability of unstable rock, and support effect
evaluation are also carried out.

Numerical calculation models are shown in Figure 4.

3.2.3 Boundary conditions
The displacement of X direction is constrained on both sides of

the model, the displacement of Y direction is constrained on the
bottom, and the surface is a free surface. Boundary conditions are
shown in Figure 5.

3.2.4 Parameter value
According to the relevant data, combined with the engineering

analogy method, the physical and mechanical parameters of rock
and soil are shown in Table 3. The pile foundation does not consider
the shear force and normal cohesion, and its physical and
mechanical parameters are shown in Table 4. The existing cracks
at the trailing edge of the unstable rock do not consider the strength,
and the interface parameters of the structural plane element used in
the potential slip surface of the sliding instability failure of the
unstable rock are shown in Table 5.

3.3 Numerical simulation result analysis

By numerical simulation calculation, the initial stress state of W1,
W2,W6, andW7unstable rockmasses is obtained, as shown in Figure 6.

It can be seen from the figure that the stress field of the unstable
rock slope is obviously affected by topography, and the stress trace
near the slope surface deflects with the slope shape. With the increase
in depth, the influence of the slope shape on the stress field decreases,
showing the characteristics of the self-weight stress field. The vertical
stress and horizontal stress of the free surface of the slope and the free
surface of the unstable rock are small, and the stress concentration
occurs at the potential slip failure surface of the unstable rock, and the
horizontal stress concentration is obvious. The calculation results of
the initial stress state of the rock slope are consistent with the
theoretical understanding and field investigation.

TABLE 6 Sliding stability coefficient of the unstable rock mass.

Unstable rock mass W1 W2 W6 W7

Stability coefficient 1.22 1.80 5.90 2.10

FIGURE 7
Shear strain of unstable rock under the limit state. (A) W1. (B) W2. (C) W6. (D) W7.
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FIGURE 8
Displacement comparison of before and after bolt support. (A) Before bolt support of W1. (B) After bolt support of W1. (C) Before bolt support
of W2. (D) After bolt support of W2. (E) Before bolt support of W6. (F) After bolt support of W6. (G) Before bolt support of W7. (H) After bolt support
of W7.
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4 Discussion

4.1 Limit state and stability analysis

This paper analyzes the effect of unstable rock under bolt
support, mainly through the comparison of the displacement of
unstable rock before and after bolt support. Under the condition that
the unstable rock is not supported, the strength of the potential slip
surface under the sliding instability of the unstable rock is reduced,
and the strength reduction coefficient is gradually increased until the
unstable rock model is no longer convergent, that is, the whole
sliding failure of the unstable rock occurs. The reduction coefficient
is the safety reserve coefficient of the potential slip surface under the
condition that the unstable rock is not supported, that is, the stability
coefficient Fs. Then, under the condition of bolt support, the stability
coefficient Fs calculated previously is used to calculate the potential
slip surface strength under the sliding instability of unstable rock.
The displacement influence of unstable rock before and after bolt
support is compared to evaluate the support effect.

By analyzing the limit state of the potential slip surface strength
reduction of W1, W2, W6, and W7, the stability coefficient of
unstable rock is obtained as shown in Table 6.

By numerical simulation calculation, the shear strain diagram of
the unstable rock model under the limit state of W1, W2, W6, and
W7 is obtained as shown in Figure 7.

From Figure 7, it can be seen that when the strength of the potential
slip surface of the unstable rock is reduced to the limit state, the failure
point first occurs at the uppermost position of the potential slip surface
and gradually develops downward, causing shear failure between the
unstable rock mass and the parent rock. During this process, a certain
shear deformation occurs at the same time, and finally, the shear
deformation and failure occur along the potential slip surface.

4.2 Effectiveness evaluation of unstable rock
bolt support

Through the strength reduction method of the potential slip
surface of unstable rock, the stability ofW1,W2,W6, andW7 before
and after bolt support is calculated, and the stability coefficient
shown in Table 7 is obtained. It can be seen from the table that bolt
support improves the anti-slip stability of unstable rock.

By numerical simulation calculation, the comparison diagram of
unstable rock displacement under the limit state before and after bolt
support of W1, W2, W6, and W7 is obtained as shown in Figure 8.

Under the condition of no bolt support, the displacement of
unstable rock is not the actual displacement. Since the model is not
tested, the unstable rock is unstable, and the displacement will continue
to increase, and the rock slides down the slope. Figure 8 shows that:

(1) Before the implementation of bolt support, in the limit state,
W1, W2, W6, and W7 unstable rock masses are separated from
the parent rock, and the instability slips downward to produce a
large displacement.

(2) After the implementation of bolt support, under the same
reduction factor, W1, W2, W6, and W7 unstable rock masses
are not destabilized from the parent rock, and the displacement
of the unstable rock is small. The maximum displacement of
W1, W2, W6, and W7 is 1.4, 0.3, 0.3, and 1.3 mm, respectively.

4.3 Further research prospects

In general, the development of rock slope stability calculation
has experienced a process from field testing to theoretical research to
numerical simulation, involving qualitative analysis, quantitative
calculation, and uncertainty research. This paper provides a
theoretical basis for the prevention and control measures of
unstable rock by conducting geological investigation of rock
slopes, establishing numerical models, calculating the stability
coefficient of unstable rock, and evaluating the effect of bolt
support on unstable rock. However, there are still some issues in
the current research that need to be further explored and improved.

In the theory of unstable rock prevention and control, stability
calculation is the foundation. Reasonable stability calculation can
accurately reflect the true stable state of unstable rock. A single and
simple calculation model often cannot truly reflect the original
calculation system for the stability of unstable rock, and the
stability analysis of rock slopes should not be solved by only one
method. A comprehensive evaluation of the stability of unstable rock
mass should be made based on a higher level of investigation,
combining theoretical solutions, numerical solutions, graphical
methods, and reliability analysis, to make it more consistent with
the actual shape and failure mode of unstable rock.

With the rapid development of science and technology in related
fields, intelligent equipment, such as unmanned aerial vehicles, and
modern high technologies, such as image processing technology, have
led to the growth of spatial data. The field of on-site investigation of
unstable rock disasters can be further improved and optimized to
improve the accuracy of data acquisition of research object models.

Although this study has conducted numerical analysis of the
initial stress state, shear strain, and anchor support of unstable rock
masses through numerical simulation software, the instability and
failure of unstable rock masses are affected by many factors, and the
failure process is highly random and complex. Due to the limitations
of numerical simulation software, the use of numerical simulation to
truly reflect the actual situation on the site still needs to be further
improved. In the future, it can be further combined with the actual
situation on the site and optimized numerical simulation methods to
explore the instability and failure mechanism of rock slopes under
complex conditions with multiple factors and conditions.

5 Conclusion

This study analyzed the commonly used rock slope stability
evaluation methods. Through the geological survey of the rock slope
in the study area, the complex geological conditions and geographical

TABLE 7 Comparison of the slip stability coefficients of unstable rock.

Work condition Stability coefficient

W1 W2 W6 W7

Before bolt support 1.22 1.80 5.90 2.10

After bolt support 1.60 2.40 8.60 3.20
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environment of the slope were analyzed, and the instability
characteristics of the unstable rock monomer were studied. Four
typical unstable rock monomer characteristic sections of W1, W2,
W6, and W7 were selected for analysis. The slope was qualitatively
analyzed by the stereographic projection method, and the safety factor
of slope stability was calculated by the finite element strength reduction
method. The numerical analysis model was constructed using FLAC3D
software. The current stability of the unstable rockmass and the stability
after the bolt support were simulated and analyzed.

Study results show that the stress field of unstable rock slope is
obviously affected by topography, and the stress trace near the slope
surface deflects with the slope shape. With the increase in depth, the
influence of the slope shape on stress field decreases. The calculation
results of the initial stress state of the rock slope are consistent with the
theoretical understanding and field investigation. In the limit state before
the implementation of bolt support, unstable rock masses are separated
from the parent rock and slid downward to produce a large displacement.
After the implementation of bolt support, unstable rock masses are not
separated from the parent rock, and the displacement is small.

The stability of the rock slope was studied through coupling
qualitative analysis and quantitative analysis, with an emphasis on
simulation and comparison of rock slope stability before and after
bolt support. The research results provide a digital idea for the
stability analysis of the rock slope. It can be directly used for the risk
assessment of actual slope prevention engineering. With the rapid
development of modern high technology, rock slope stability analysis
methods are becoming more and more abundant, and numerical
simulation methods are becoming more and more perfect. Further
research will focus on improving the accuracy of the survey data,
optimizing stability evaluation methods and numerical simulation
methods, and further exploring the instability and failure mechanism
of the rock slope in complex situations.
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