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A slope is a complex engineering geological body that contains many uncertainties. In the present study, the high rock slope of
Duimenshan in Gejiu, China is taken as the research object, and the Monte Carlo method is used to perform the analyses.
Firstly, based on a large number of rock mass discontinuities, the Fuzzy C-Means (FCM) clustering algorithm is used to
determine the dominant discontinuities. Secondly, the affecting parameters of the rock mass such as cohesion, internal friction
angle, horizontal seismic acceleration coefficient, and water-filled depth coefficient are taken as random variables, and the
failure probability of the slope and the failure index corresponding to different slope heights and slopes are obtained as the
output parameter. The obtained results show that the target reliability index of the slope in a certain range of the slope height
is far from the safety value, indicating that the slope is unstable, and the combination of slope height and slope angle affects
the reliability of the slope. More specifically, as the slope height and angle increase, the number of samples with a stability
coefficient of less than 1 increases, thereby increasing the failure probability of the slope indicating that the slope is stable. It is
found that unless the slope height is small, it is the main factor of stability. However, when the slope height exceeds 33m, the
effect of the slope inclination on the stability increases gradually.

1. Introduction

Slope Engineering is a complex engineering geological body
that deals with many complex problems such as uncertainties
of physical and mechanical parameters of rock and soil mass
and the space-time variability, the complexity, diversity, and
randomness of external factors such as rainstorm [1], earth-
quake [2], groundwater [3], load [4], artificial blasting [5],
and karstification [6]. Accordingly, stability analysis of slope
engineering is a very challenging task. Studies show that rely-
ing only on a single index or analysis method may lead to
inaccurate results that cannot be used in engineering applica-
tions [7, 8].

The rigid body limit equilibrium method, which is
mainly used in slope stability quantitative analysis, is based
on the factor of safety method and cannot objectively con-

sider uncertainty and variability of rock mass parameters.
In this method, ignoring the effect of these factors may lead
to inaccurate and inconsistent results, thereby increasing
potential security risks. Therefore, it is of significant impor-
tance to introduce the reliability analysis method into slope
engineering [9–11]. Compared with nonphysical assump-
tions and theories in mathematical analysis methods,
numerous physical parameters, including the structural
characteristics of the slope, parameters of the rock mass dis-
continuity, rainfall, earthquake, and groundwater are
regarded as random variables, and then the random vari-
ables are expressed by rational functions. Consequently, this
method can be effectively applied to solve the internal uncer-
tainty and randomness of rock and soil slope. Accordingly,
the limit equilibrium method can be applied to obtain more
comprehensive and objective results.
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Currently, the common slope reliability analysis
methods are the Monte Carlo method [12–17], response sur-
face method (RSM) [18–20], Latin hypercube sampling
(LHS) multidimensional stratified sampling method
[21–24], and first-order second-moment method (FOSM)
[25–28]. In this regard, the Monte Carlo method is widely
used in financial engineering, biomedicine, economics, com-
putational physics, and geotechnical engineering. Since the
convergence rate of this method is not restricted by the
dimension of random variables and the function complexity,
it can be applied to quickly and accurately solve the problem
and determine the simulation error. It can be seen that
Monte Carlo method has many advantages, and it can be
seen from previous studies that applied research has made
more achievements. But in the field of slope engineering,
how to introduce the information of structural plane and
other random variables into the application of this method
more accurately will become an important link whether the
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Figure 1: Division of slope landform and rock group.
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Figure 2: Elevation diagram of slope in the study area.

Table 1: Shear strength index of the rock mass.

Rock group
Density
ρ(g/cm3)

Cohesive force
c/MPa

Angle of internal
friction φ/°

Modulus of deformation
Em (MPa)

(1.1) strong weathered medium-thick limestone with
relatively weak rock groups

2.73 0.06 13.28 1.0

(1.2) strong weathered thin limestone with relatively weak
rock groups

2.73 0.05 11.91 0.9

(2) Thin bedded limestone with hard rock groups 2.75 0.18 28 3.65

(3) Medium-thick bedded limestone hard rock groups 2.75 0.18 29 4.1

(4) Middle-thick bedded limestone, which is harder than
hard rock groups

2.75 0.18 28 4.1

Traction structure

Figure 3: F1 fault crossing the slope.
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analysis method is reliable or not; few studies have done
sourcing circumstances analysis of random variables. There-
fore, in this study, the high rock slope in the construction
site of the heavy metal pollution treatment demonstration
zone in the Gejiu area of Yunnan Province was selected as
the research object, and the dominant structural planes of
the slope were determined by using the Fuzzy C-Means
(FCM) clustering algorithm, and then the reliability of the
high rock slope was analyzed by using the Monte Carlo
method; it provides the basis for the permanent treatment
of the slope and the safety guarantee for the construction
and operation of the demonstration test area.

2. Geological Condition of the Slope

2.1. Topography. The landform of the slope area belongs to
the karst fault block of high and middle mountains with
scarce vegetation and up-steep and down-gentle characteris-
tics. The natural slope at the top of the excavation slope is in
the range of 5°-10°. The slope is steeper near the ridge, and
the maximum slope is 35°. The slope is located in the west
section of the north side of the proposed site. The total
length and the maximum height in the middle and two sides
of the excavated slope are 460m, 50m, and 5-10m, respec-
tively. Moreover, the excavation slope is in the range of
80°-85°.

2.2. Formation Lithology. Based on the engineering explora-
tion, the main strata lithology distributed in the study area
are Quaternary Plant Layer (Qpd), quaternary slope eluvium
(Qdl+el) that contains gravelly silty clay, and underlying bed-
rock strata (T2g

2) that contain limestone of the Middle Tri-
assic Gejiu formation. According to the distribution of rock
mass, borehole data, and geological data of the slope, the
engineering geological rock group of the slope can be
divided into the following four main categories and two sub-
categories: (1) strong weathered limestone with relatively
weak rock groups; (1.1) strong weathered medium-thick
limestone with relatively weak rock groups; (1.2) strong
weathered thin limestone with relatively weak rock groups;
(2) thin bedded limestone hard rock group; (3) medium-
thick bedded limestone hard rock group; and (4) middle-
thick bedded limestone, which is harder than hard rock
groups. Moreover, Figures 1 and 2 illustrate that the slope
can be divided into five areas according to the engineering
geological rock group. Table 1 shows the shear strength of
each rock group.

2.3. Geological Structures. The study area is located in the
south of Gejiu. The main regional affecting faults include
the Red River deep fault in the south and the east-west Kao-
fang fault in the west, which is 1.5 km away. Other regional
faults are relatively far from the study area and can be
ignored. Figure 3 shows that there is a normal fault (f1) in
the southeast section of the slope with an attitude of
60°∠60°. The strike of the fault is nearly perpendicular to
the strike of the slope. Moreover, the traction structure is
developed in the rock strata of the two sides of the fault,

the rock mass is broken, and the fault fracture zone is
obvious.

Figure 2 shows the elevation diagram of the slope indi-
cating that the whole direction of strata is to the northwest,
the direction of tilt is to the southeast, and the slope struc-
ture is of oblique type. The dip angle of rock strata varies
greatly, which may be attributed to faults and local compres-
sions. In the northwest section of the slope, the bed attitude
is 40°-45°∠70°-120°. The attitude of the rock layer in the
middle section of the slope is relatively stable, and the bed
attitude is 40°-45°∠115°-145°. The southeast section of the
slope is located in the footwall of the fault, and the traction
deformation of the local rock strata changes the slope struc-
ture to a consequent type slope, which is detrimental to the
slope stability.

2.4. Hydrogeological Conditions. According to the difference
between strata and lithology and the form, space, and
hydraulic characteristics of the groundwater, the groundwa-
ter in the study area can be mainly divided into two catego-
ries, including pore water and karst water. It is worth noting
that there is no underground water in the borehole and no
underground spring in the vicinity.

3. Determination of Dominant Structural Plane
Based on the Fuzzy C-Means (FCM)
Clustering Algorithm

According to the performed field survey, the high rock slope
is 480m long. The detailed survey line method is used to
investigate the structural plane of rock mass with a length
of 13.00m and 164 joints. The main characteristics of the
rock mass are presented in Table 2.

Dunn [29] proposed the Fuzzy C-Means (FCM) algo-
rithm as a clustering scheme based on an objective function.
The core idea of this algorithm is to find the minimum
objective function by updating the clustering center and

start

Input structural plane parameter

Parametric normalization

Define the initial parameters of FCM
and initialize the membership matrix

Iteratively updating membership
degree Matrix and cluster center

Whether the iteration
termination condition

is met

Output the results, and cluster validity test

Determine the best number of
groups and cluster center

The end

No

Yes

Figure 4: The flow diagram of the FCM algorithm.

6 Geofluids



membership function. This algorithm has a simple design
and wide applications that are widely used as an effective
fuzzy cluster analysis method.

The main steps of the FCM algorithm can be summa-
rized as follows: define and normalize the parameters of
the structural plane in the computer program, define the ini-
tial conditions and set an appropriate number of clusters K
in the range of 2~9, and set the convergence precision, the
number of iterations t, and the fuzzy weighting index m.
Then, compare the difference of cluster centers under differ-

ent grouping conditions to check whether the number of
iterations has reached t or Max kUt −Ut−1k < μ. The values
of the validity test of silhouette under different grouping are
analyzed to determine the best grouping number and cluster
center. Figure 4 illustrates the flow diagram of the FCM
algorithm.

Figures 5 and 6 show the plane diagram of the occur-
rence distribution of the structural plane and the density dia-
gram of the structural plane poles of the slope in the original
state. It should be indicated that it is an enormous challenge

Fisher
Concentrations

% of total per 1.0 % area

N

W

S

E

No Bias Correction
Max. Conc. = 14.1541%
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Figure 6: Density contours of structure plane pole.

Table 3: Validity test results.

Group number 2 3 4 5 6 7 8 9

Vs 0.241 0.168 0.173 0.202 0.208 0.211 0.210 0.251
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Figure 5: Distribution of discontinuity attitude.
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to classify and analyze these poles using conventional
methods. Based on the mathematical statistics function of
the FCM algorithm, a cluster analysis is carried out on the
five parameters of 164 groups of structural plane parameters.
These parameters are dip angle, direction of tilt, ductility,
opening degree, and roughness. The number of clusters is
2~9, and the total number of iterations is set to 800.

The cluster validity test value Vs (Table 3) and the clus-
ter validity grouping effect diagram of 3~5 groups (Figure 7)
were obtained through iterative calculations. It is observed
that when the dominant structure plane is divided into 4
and 5 groups, a negative number of Vs appears, which is
not consistent with the interval of the objective function.
Moreover, when there are 3 groups, Vs reach the minimum
value and negative numbers disappear. Accordingly, the
optimal grouping number of dominant discontinuities in
the rock mass is 3 groups.

After determining the optimal grouping of dominant
discontinuities using the FCM clustering algorithm, the final
data in a rock mass can be obtained according to the radian
transformation of the data of the cluster center (Table 4).
Then DIPS software is utilized to perform the FCM algo-
rithm, and the obtained contour of the structural plane pole
is presented in Figure 8. Compared with Figure 6, the distri-

bution of the structural plane of rock mass after clustering
analysis is more clear, and the desired result is achieved.

4. Determination of Objective Reliability of
the Slope

The objective reliability (also called reliability design) and
the acceptable risk of slope design can meet the require-
ments of slope engineering design. So far, no uniform crite-
rion of slope reliability has been proposed in this regard. To
resolve this shortcoming, the calibration method and the
analogy method are applied to determine the target reliabil-
ity index. It is intended to refer to the current standards for
reliability indicators, analyze the key points, and refer to the
reliable design codes such as construction slope, railway,
highway, water conservancy, and hydropower slope. The
calibration method not only inherits the current design stan-
dard but also fully reflects the long-term practical experience
of experts in engineering construction. Therefore, this
method has been widely adopted worldwide.

4.1. Slope Service Life. According to “The unified standard
for reliability design of engineering structures” (GB50153-
2008), designing the service life is the basic prerequisite to
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Figure 7: Diagrams of clustering validity grouping effect.

Table 4: Results of the FCM method for structural plane grouping.

Categories
Direction of

tilt/(°)
Dip

angle/(°)
Quantitative value of surface

morphology
Quantitative value of

extensibility
Quantitative value of

opening degree
Group
number

1 246.4 47.9 0.160 0.731 0.414 43

2 166.2 50.2 0.196 0.684 0.365 74

3 211.7 74.7 0.932 0.577 0.399 47
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satisfy the reliability of engineering structures. Therefore, it
is necessary to determine the design life (service life) before
determining the target reliability of slope engineering.

According to the “The technical code for Building Slope
Engineering” (GB50513-2013), the design service life of a
building slope should not be less than the design service life
of a protected building (structure). Based on the safety grade
table (Table 5) and the design life table (Table 6) of “Build-
ing structures specified in the unified standard for reliability
design of building structures” (GB50068-2018), the pro-
posed buildings in the slope project (Table 7) and the service
life of the buildings in this area are determined to be 50
years.

Table 8 shows the service life table of slope engineering
indicating that the service life of slope should be higher than
50 years.

4.2. Slope Safety Grade. The classification of slope safety is
mainly affected by the slope height and hazard degree, which

can be obtained according to “Unified Standard for Reliability
Design of Engineering Structures” (GB50153-2008), “Techni-
cal Code for Building Slope Engineering” (GB50513-2008),
and “Slope Design Code for Water Resources and Hydro-
power Projects” (SL386-2007). In this regard, the obtained
results are presented in Tables 9 and 10.

4.3. Target Reliability of the Slope. Currently, there is no uni-
fied standard for the reliability design of slope engineering.
However, the studied slope is of building type slope. Therefore,
according to “Unified Standard for Reliability Design of Build-
ing Structures” (GB50068-2018), “Unified Standard for Reli-
ability Design of Engineering Structures” (GB50153-2008),
and the conventional standards about reliability in railway,
highway, water conservancy, hydropower, and port engineer-
ing, an inductive analysis can be carried out [30]. In this
regard, the obtained results are presented in Tables 11 and 12.

Since the studied slope is a high rock slope with a height
of more than 30m and referred to item 3.2.5 of “Unified
Standard for Reliability Design of Engineering Structures”
(GB50153-2008) stipulates that “the value of reliability index
should be 0.5 for every grade difference of safety level”; the
target reliability index of the slope is determined in Table 13.

5. Reliability Analysis of Slope Based on MCS

Considering uncertainty and complexity of affecting factors
on the stability of slope engineering, the Monte Carlo

Table 5: Structural safety rating table.

Safety rating Examples

First degree Important structures such as large-scale public buildings

Second degree Ordinary residential and office buildings and other general structure

Third degree Minor structures such as small or temporary storage buildings

Table 6: Design life of building structures.

Design life (years) Examples

5 Temporary building structure

25 Easily replaceable structural member

50 Ordinary houses and structures

100 Landmarks and important buildings
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Figure 8: The pole contour of the dominant structural plane based on the FCM method.
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simulation (MCS) method is applied to analyze the reliabil-
ity of slope engineering. In this method, the influence of
many uncertain factors is considered in the calculations.
The slope reliability which determines whether the slope
function can meet the design and use requirements within
a certain period of time, that the larger the reliability index,
the lower the slope failure probability.

The basic idea of the applied reliability analysis method
can be summarized as follows: based on the Monte Carlo
method, the slope height h, slope angle β, cohesion c, inter-
nal friction angle φ, and the horizontal seismic acceleration
coefficient α of rock slope are taken as random variables,
and then the stability coefficient Fs corresponding to n ran-
dom samples is calculated by solving the problem in
MATLAB environment. Further statistical analysis of the
number of failure samples in random samples (i.e., the num-
ber of samples with Fs < 1) is carried out, and then the target
failure probability of slope and the statistical characteristics
of rock mass parameters are calculated. Finally, the slope
reliability is evaluated [31–33].

5.1. Specific Implementation Steps. Figure 9 shows the flow-
chart of the reliability analysis of the rock slope using the
Monte Carlo method.

Similar to Hoek [34] and Wang et al. [35], it is assumed
that the rock slope is composed of a single unstable block. In

other words, the failure mode is simplified as a planar two-
dimensional rock mass sliding failure. Figure 10 shows the
slope calculation model, and the mathematical expression
is presented.

FS =
cA + W cos α − α sin αð Þ −U −V sin α½ � tan φ

W α cos α + sin αð Þ + V cos α , ð1Þ

A = h − z
sin α

, ð2Þ

W = 1 − z
h

� �2� �
cot α − cot β

� �
0:5h2γ, ð3Þ

U = 0:5Aγwzw, ð4Þ

V = 0:5γwzw2, ð5Þ
where U , A, V , and W denote the water pressure on the
sliding surface, unit width area of the sliding surface, water
pressure on the tensile crack surface, and the dead weight
of the sliding body, respectively. Moreover, α and α are
horizontal seismic acceleration coefficients and slip surface
dip angles, respectively. The gravity γ of the rock mass
and water is 27 kN/m3 and 10 kN/m3, respectively, and
the dip angle α of the sliding surface is 45°. Moreover,

Table 7: List of proposed buildings.

Name of building (structure) Number of plies Height (m) Building grade Structure type Building materials

2000 t/tin-copper sulfide ore dressing plant One 12.3 Two Bent Reinforced concrete

1000 t/tin oxide concentrator One 9.9 Two Bent Reinforced concrete

Seven 500 t/tin-copper sulfide ore dressing plants One 6.6 Two Bent Reinforced concrete

Tin concentration workshop One 9.5 Two Bent Reinforced concrete

Table 8: Reasonable service life of slope engineering.

Design service life of buildings
(structures) (years)

Safety grade of buildings
(structures)

Example
Length of service

(years)

100 First degree Landmark buildings and important buildings >100
50 Second degree Ordinary houses and structures >50
25 Third degree Or small temporary storage buildings. >25

Table 9: Safety grade of slope engineering.

Slope type Consequence of destruction Height of slope h (m) Security level/phase

Rock slope

Rock mass type i or ii

Very serious
h ≤ 30

First degree

Serious Second degree

Not serious Third degree

Rock mass type is iii or iv

Very serious 30 ≥ h > 15 First degree

Serious Second degree

Very serious
h ≤ 15

First degree

Serious Second degree

Not serious Third degree
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zw is the filling depth of fissure water, which is the prod-
uct of z and i.

The slope is 75~85°, the height of the slope is 5~50m,
and the dip angle of the sliding surface is about 45°. Since
cracks are mainly concentrated in the range of 25~50m
slope height, the simulation is focused on this range. The
discrete random variables of rock mass parameters with a
normal distribution include the crack depth z, cohesion c,
internal friction angle φ, and horizontal seismic acceleration
coefficient α, while the water filling depth coefficient i in the
fracture follows a truncated exponential distribution. In this
regard, 26 and 11 possible values are considered when the
slope height and the slope angle are dispersed at 1m and
1° equal intervals, respectively. In total, 286 cases are consid-
ered in the present study.

Based on the determination results of rock mass param-
eters, statistical analysis is made, and the distribution of ran-
dom variable strength parameters of the slope is determined.
Table 14 shows the horizontal seismic acceleration coeffi-
cient α varying from 0 to 0.16, and the depth coefficient of
water filling in cracks ranges from 0 to 1.

5.2. Statistical Analysis. Since the slope reliability index is in
one-to-one correspondence with failure probability, the
slope target failure probability Pf and the minimum sample
number nmin required for simulation are set to 2 × 10−4 and
5:95 × 107, respectively, to ensure the calculation accuracy.
The simple statistical analysis of the random variables yields
the rectangular statistical Figures 11–14.

Figures 11–14 reveal that among the random variables,
the number of samples of slope height h and slope angle β
in each interval is constant, obeys a discrete and uniform
distribution, and the number of samples in equal intervals
is 7:8 × 106 and 9 × 106, respectively. However, the distribu-
tion of two random variables, internal friction angle φ and
cohesion c, roughly accords with the standard normal distri-
bution curve indicating that these variables have a normal
distribution in the range of 16~37°and 120~240 kPa. Analy-
sis results can be summarized as follows:

(1) Overall reliability analysis of the slope:

After demonstrating the rationality of the input random
variables, the slope stability is calculated and analyzed in
MATLAB environment. In order to improve the calculation
accuracy, the slope stability was calculated and statistically
analyzed three times, and the obtained results are presented
in Table 15 and Figure 15

Table 10: Grade of slope disaster.

Disaster grade I II III

Economic losses
Direct > 1 million yuan 500~1 million yuan < 500,000 yuan

Indirect > 10 million yuan 100~10 million yuan < 5 million yuan

Harmfulness
Casualties

Equipment loss
Personal injury

Equipment damage
No casualties.

Minor loss of equipment

Overall evaluation Very serious Serious Not serious

Table 11: Reliability index of the building structure.

Failure type
Security level/phase

First degree Second degree Third degree

Ductile failure 3.7 3.2 2.7

Drittle fracture 4.2 3.7 3.2

Table 12: Research results of target reliability in different
engineering fields.

Security
level/phase

Reliability index of different
engineering fields

Railway Port Highway
Water conservancy
and hydropower

I 4.2 4.0 4.7 3.7

II 3.7 3.5 4.2 3.2

III 3.2 3.0 3.7 2.7

Table 13: Target reliability index of slope.

Length of service (years)
Security level/phase

I II III

25 3.2 2.7 2.2

50 3.7 3.2 2.7

100 4.2 3.7 3.2

Start

The objective function is established and
the Stability Coefficient is calculated

The parameters of rock mass are selected as variables

Enter the group i sample value
into the objective function

The calculation results are analyzed to
determine the failure probability

Compared with failure probability

The end

No, i = i + 1

Yes

i = n ?

Figure 9: Flowchart of the MCS method.
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Figure 10: Slope calculation model.

Table 14: Parameter distribution of random variables.

Stochastic variable Distribution pattern Average/mean value Standard deviation

Cohesion c/kPa Normal distribution 180 15

Internal friction angle φ/(°) Normal distribution 27.6 3

Horizontal seismic acceleration coefficient α Truncated exponential distribution 0.08 —

Fracture depth z Normal distribution 9.2 2

Coefficient of water filling depth in fissures i Truncated exponential distribution 0.5 —

Slope height h Discrete uniform distribution — —

Slope angle β Discrete uniform distribution — —
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Figure 11: Statistical histogram of slope height parameters.
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Figure 15 shows that the stability coefficients are mostly
concentrated in the interval of 0.6~2, which reflects the
rationality of the input random variables and the stability
of the performed calculations. Moreover, Table 15 reveals
that the values of nF and the corresponding failure probabil-
ity of three groups of slope failure samples are very close,
and the average value of the overall failure probability of
the slope within the range of 25~50m is 0.1477, which is
much higher than the design failure probability of the slope
Pf (2 × 10−4). It is concluded that the failure probability of
the slope functional structure is extremely high. To sum
up, as far as the slope is concerned, the target reliability
requirements of the first-class building slope cannot be
achieved, and the slope is unstable so it is necessary to take
timely treatment measures.

(2) Reliability analysis under different combinations of
slope heights and angles:

The overall failure probability of slope pðFÞ is obtained
after the failure probability of slope corresponding to differ-
ent combinations of slope height h and slope angle β
pðFkh, βÞ is statistically analyzed. Figure 16 shows the statis-
tical chart of stability safety coefficient corresponding to dif-
ferent combinations of slope height h and slope angle β. It is
found that when the stability coefficient in a certain combi-
nation state is greater than 1, the slope is stable. Moreover,
Figure 16 indicates that as the slope height and slope angle
increase, more samples with a stability coefficient of less
than 1 are achieved and the probability of slope failure
increases, and the slope becomes unstable.
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Table 15: Calculation results obtained from the MCS.

MCS method
Total number of

samples n
Total number of invalid

samples nF
Failure probability p Fð Þ

First time

108
1:4762 × 107 0.1476

Second time 1:4800 × 107 0.1478

Third time 1:4765 × 107 0.1477
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Figure 15: Statistical chart of slope stability coefficient based on the MCS method.
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In order to reflect a specific failure probability value under
286 combinations of slope heights and angles, the failure prob-
ability value in a specific case was obtained through the calcula-
tion formula in literature [31–33] and the results are shown in
Figure 17. It is observed that when the slope height is about
25m, variations of the slope angle slightly affect the failure
probability of the slope, indicating that until the slope height
is small, it is the main influencing factor of stability. Moreover,
when the slope height exceeds 33m, the influence of the slope
inclination on the stability gradually increases. The failure prob-
ability values of 249 combinations are obtained within the slope
height range of 25~50m. It is found that less than 87% of the
combinations with different slope heights and angles are in
the state of functional structure failure.

6. Conclusions

Based on the MCS method and the principle of limit equilib-
rium analysis, the cohesion c, internal friction angle φ, hor-
izontal seismic acceleration coefficient α, and water-filling
depth coefficient i in rock mass parameters are considered
random variables, and the overall failure probability of slope
and failure indices corresponding to different slope heights
and slopes are calculated numerically. Accordingly, it is
found that the target reliability index of the slope is far from
the safe value within a certain range of slope height, and the
slope is in a state of instability with a high probability. Aim-
ing at performing timely measures, the main achievements
can be summarized as follows:
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(1) FCM-based clustering algorithm has a promising
efficiency in analyzing a large number of random
rock mass structural planes and can obtain ideal
grouping results. Accordingly, this algorithm can
provide a solid foundation for subsequent slope sta-
bility analysis and can be applied to determine the
dominant structural planes of multiparameter rock
mass structural planes

(2) The overall design service life of the slope has a high
probability of functional failure, indicating that the
overall slope is in an unstable state. Therefore, it is
necessary to treat the slope in time. To this end,
the Monte Carlo method is introduced to calculate
the overall failure probability of the slope. The
obtained results show that the overall failure proba-
bility of the slope is 0.1477, which is much higher
than the target failure probability of the slope

(3) The combination of slope height and slope angle
affects slope reliability. More specifically, as slope
height and slope angle increase, more samples with
a stability coefficient of less than 1 appear, and the
failure probability of the slope increases, indicating
that the slope is unstable. Until the slope height is
small, it is the main influencing factor. However,
when the slope height exceeds 33m, the influence
of the slope inclination on the stability gradually
increases and 87% of the combinations with different
slope heights and angles fail
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