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Retaining wall is essential for stopes mining in two steps, for it can prevent the instability and collapse of backfill. In this study,
taking the retaining wall of backfilled stope as the research object, a stability analysis method of retaining wall based on the close
coupling of catastrophe theory and numerical analysis was proposed. First, by extracting the unit failure rate of the retaining wall
from the numerical simulation results and fitting it with the mining depth, the functional expression between them was
established. Second, the function relation was transformed into the normal form according to catastrophe theory, and the
instability criterion of retaining wall was deduced. Furthermore, an effort was made to analyze the changing law of the state of
retaining wall and calculate the critical span of stope, under different thickness conditions. On this basis, the application test of
retaining wall was carried out by using this method. The results show that with the thickness decreasing, the values of splitting
variables a and b show a reverse trend, which leads to the discriminant of instability criterion decreasing and turning from
positive to negative, resulting in the collapse. Meanwhile, in order to ensure the stability, the wider the span of the stope, the
thicker the retaining wall is required, and conversely, the thicker the retaining wall, the higher the adaptability to the span of
stope. In addition, it can be found from the application test that instability was bound to occur with a thickness of 3m, but the
retaining wall with a thickness of 4m maintained stable, which tended to be consistent with the analysis. Therefore, the
stability analysis method proposed in this study provides a way to accurately evaluate the stability of the retaining wall and
calculate the critical thickness of that, and its application value is expected to be further explored.

1. Introduction

Due to its low strength and poor integrity, backfill is often a
relatively weak part of the mining system [1–3]. For stopes
mined in two steps, the disturbance of the backfill in the
first-step stope caused by the second-step mining is inevita-
ble [4, 5]. Given that the backfill in the first-step stope is
unstable and easy to collapse, the second-step mining is
beset with difficulties [6, 7] (Figure 1(c)). Therefore, the orig-
inal orebody with a certain thickness is reserved outside of

the backfill, which becomes a solid “shell,” namely, the
retaining wall (Figure 1(a)). The stability of the retaining
wall is related to that of the backfill, which is also the exter-
nal barrier that ensures the stability of backfill, the key to
maintain mining filling balance, and the premise of safe
and efficient mining (Figure 1(b)).

As a support structure, the retaining wall can be
regarded as a special pillar. For a long time, there are few
researches on retaining wall around the world, and similar
researches on pillar stability are mostly based on empirical
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formula, theoretical calculation, similar simulation, and
numerical analysis [8–13]. As part of the bearing structure,
the stress concentration gradually appears when the thickness
decreases [14, 15], and the continuous reduction of the thick-
ness can eventually cause its destruction. However, if the roof
and the pillar are considered as an integral support system, the
stability of the support system is jointly controlled by the stope
structural parameters, the overlying load, and the lateral pres-
sure of the backfill [16, 17]. By comprehensively analyzing the
factors affecting and establishing the pillar stability calculation
formula containing multiple factors, it will certainly help to
determine whether the pillar is destabilized and to deduce
the safety factor and minimum size of the pillar.

In addition, as a mathematical method, catastrophe the-
ory is widely used in stability evaluation, instability predic-
tion, and risk assessment of various types of projects
[18–21]. In underground engineering research, catastrophe
theory can be used to establish destabilization criteria for
tunnels, chambers, or mining areas, which is a way to
explore the instability mechanism of underground space
[22–25]. According to a series of previous studies, it is clear
that the key to the engineering application of mutation the-
ory is to accurately establish relational expressions that
reflect the equilibrium state [26–28]. However, as a special
type of pillar, the retaining wall is located in an extremely

complex mechanical environment, which makes it very diffi-
cult to derive the instability criterion directly using the catas-
trophe theory, and as a result, most of the retaining wall
stability studies using catastrophe theory end up in the
dilemma of equation derivation.

In conclusion, a series of researches have made numer-
ous achievements in stability analysis of pillar, instability
failure mechanism [29, 30], safe size calculation, etc., but
research on retaining wall of filling stope is extremely rare.
In this study, a mathematical model between mining depth
and unit failure rate of retaining wall is established by com-
bining catastrophe theory with numerical simulation. The
unit failure rate increases with continuous decrease of the
thickness of retaining wall until the instability and failure
occurs. Then, the critical thickness of retaining wall can be
accurately calculated. This provides a brand-new method
for the study of retaining wall stability.

2. Thickness Reduction Method for
Retaining Wall

2.1. Instability Criterion of Catastrophe Theory of Retaining
Wall. According to the catastrophe theory, the state of
mechanical system can be expressed by the mathematical
function relation composed of several parameters [31, 32].
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Figure 1: Position of retaining wall, goaf, and backfill: (a) intact retaining wall, (b) the spatial position of retaining wall, and (c) collapsed
retaining wall.
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y x = x4 + ax2 + bx 1

Equation (1) is the standard expression of catastrophe, in
which x is the status variable and a and b are the splitting
variables.

Derive equation (1) and make it equal to 0; then,

x3 + ax + b = 0 2

Equation (2) is the equilibrium surface equation of equa-
tion (1), and its corresponding geometric shape is a surface,
which composed of the upper stable region, the folded area,
and the lower stable region [33, 34], as shown in Figure 2.
According to the cusp catastrophe theory, both the lower
stable region and the upper stable region of the surface stand
for the stable state, while the folded area is in the mutation
stage, which stands for the unstable state [35, 36]. The state
of the system can be described by the motion of a point on
the equilibrium surface. There are thousands of transition
paths of the point, and each path represents one state of
the system. However, no matter what path it is, the system
will become catastrophic unstable as long as it enters the
folded area. The equilibrium surface and its elements are
projected on Figure 2, and a bifurcation set with POQ as
the end point is formed on the splitting variable plane. Only
when the splitting variable passes through the bifurcation set
from left to right, the stable state of the system is broken and
catastrophic instability occurs [37, 38].

The criterion for instability of the system can be
expressed in the form of mathematical expression, that is,

a < 0,
8a3 + 27b2 < 0

3

When the equilibrium equation (2) meets the require-
ments of equation (3), the system is unstable. Regard the
retaining wall as a system and the thickness as the influenc-
ing factor of the splitting variable. The state of the wall will
change suddenly when the thickness of the wall, which con-
tinuously reduces, is at a certain value. According to the
catastrophe theory, catastrophic instability will occur in the
system when equation (3) is satisfied, which means that
the retaining wall is collapsed. Therefore, it is a good method
to evaluate the stability of the retaining wall through apply-
ing catastrophe theory to analyze the state in the process of
wall thickness reduction.

2.2. Instability Analysis Method of Retaining Wall Based on
Catastrophe Theory and Numerical Analysis. The catastro-
phe theory and numerical analysis are used to analyze the
instability of retaining wall. The basic principles are as fol-
lows: first, the unit failure rate of retaining wall at different
mining depth can be obtained by numerical simulation anal-
ysis; second, the wall stability analysis model with the cou-
pling of catastrophe theory and numerical analysis can be
obtained by fitting the unit failure rate with the normal form
of catastrophic model; third, the mathematical expression of
retaining wall instability can be obtained by deducing its cri-
terion; fourth, a list of equilibrium equations can be obtained
by continuously reducing the thickness of retaining wall to
promote the transition from stable state to unstable state;
and finally, these equilibrium equations can be analyzed
to ascertain whether they meet the criterion for instability
or not, and the thickness of retaining wall in the critical
state—the catastrophic instability suddenly occurs—can
be calculated.

The effect of thickness on stability can be found by
closely combining catastrophe theory and numerical analy-
sis. The main steps are as follows.
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Figure 2: Relation of elements in cusp catastrophe model.
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Regard the original thickness of retaining wall as A0 and
the common difference as d, and reduce the same thickness
of retaining wall every time. After i times of reduction, the
thickness is Ai; then,

Ai = A0 − id 4

A numerical model of stability analysis of retaining wall
with the original thickness A0 is established to simulate min-
ing at different depths, extract the number of retaining wall
failure units, and calculate the unit failure rate at different
depth of mining.

kx =
nx
Nx

, 5

where kx stands for the unit failure rate at the depth of x and
nx and Nx stand for the amount of failure units and the total
number of retaining wall units, respectively.

Reduce the thickness of retaining wall and then establish
the numerical model of retaining wall with the thickness of
Ai. By doing so, mining can be simulated to get the number
of retaining wall failure units and calculate the unit failure
rate with different thickness:

ei = f x, A mi

Mi
, 6

where ei denote the unit failure rate of retaining wall after i
times of thickness reduction. In addition, mi and Mi stand
for the amount of the retaining wall failure units with the
thickness of Ai and the total number of retaining wall units,
respectively.

Fit equation (6) by applying the quartic equation with
one unknown, and then, the function containing the unit
failure rate of the retaining wall, which changes with the
depth x and thickness A, can be obtained as follows:

e = f1 A x4 + f2 A x2 + f3 A x, 7

where f 1 A , f 2 A , and f 3 A are all functions related to
the thickness A.

Analyze equation (7) and make

V = e
f1 A

8

Thus, equation (7) can be written in the normal form of
catastrophic model; then, get

V = x4 + ax2 + bx 9

a and b in equation (9) are both functions related to the
thickness A, in which

a = f2 A
f1 A

,

b = f3 A
f1 A

10

Consequently, the traditional complex formula deriva-
tion method applied in mechanics analysis did not utilized
in this study. Instead, the catastrophe theory and numerical
analysis are combined for mathematical simulation method.
By doing so, a and b in equation (10) can be obtained and
substituted into equation (3) to determine whether the
retaining wall is stable or not.

2.3. Analysis on Retaining Wall Thickness Reduction. To
make the results of the study close to reality, a copper mine
with its orebody orientation of about 1500m, dip direction
of 1200m, dip of 70°~80°, and standard mining altitude of
100m~1000m is selected as the research object. VCRmining
method is applied in this study, setting the stope height (h)
of 50m and the stope width (D) of 18m. Mining is carried
out in two steps, namely, the first-step mining and the
second-step mining. The retaining wall of a certain thickness
is reserved in the process of the first-step mining; after that,
the goaf is backfilled with the backfill. And the second-step
mining is carried out in the whole process of filling. A 3D
numerical model (Figure 3) is established according to the
technical parameters shown in Table 1. It should be noted
that the unit failure rate is related to the shape and number
of elements. To ensure the accuracy of simulation, the estab-
lished model must have a unified scale; that is, all retaining
walls are divided into grids using the same shape and size
of elements. In addition, the mining and filling sequence of
the numerical simulation is shown in Figure 4.

The original thickness (B) of the retaining wall is 8m,
which is reduced by 1m at a time until its thickness is 2m.
The numerical simulation is carried out every time when
the thickness is reduced. And the amount of the retaining
wall failure units can be extracted to analyze the unit failure
rate of retaining wall at different depth of mining. Conse-
quently, a series of fitting curves can be obtained with the
help of equation (9).

The fitting curves with retaining wall thicknesses of 8m,
6m, 4m, and 2m are shown in Figure 5. It is easy to find in
the figure that the fitting curve is very smooth with no obvi-
ous inflection point and the maximum unit failure rate is
only 28% when the thickness of the retaining wall is 8m.
However, the fitting curve is flat at first and then becomes
steep when the thickness of the retaining wall is reduced to
2m. Especially when the mining depth increases to 800m,
the curve almost changes from horizontal to vertical, and
the maximum unit failure rate is up to 90%. Generally
speaking, the thickness reduction will lead to the increase
of the unit failure rate of retaining wall, and the fitting curve
will change from flat to steep.

To facilitate the subsequent analysis, a new discriminant
Δ is proposed, and let Δ = 8a3 + 27b2. The values of the split-
ting variables a and b can be obtained by transforming the
fitting curve into the mathematical expression. Each
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thickness reduction of the retaining wall produces the
related value of a and b, from which a list of Δ values is
obtained, as shown in Table 2.

With the reduction of the thickness of retaining wall, the
fitting curve will continue to move upward. As a result, the
splitting variables a and b, as well as the discriminant Δ, will
change, as shown in Figure 6. The basic relationship between
Δ and the thickness of retaining wall is that Δ decreases with
the thickness reduction. When the thickness of retaining
wall is reduced to 3m, Δ will be less than 0 and the retaining
wall will be unstable.

Therefore, the catastrophe theory is closely combined
with the numerical analysis. The result of numerical analysis
is used to establish catastrophe model through mathematical
method. In addition, the instability criterion was deduced
for analyzing the stability l, which is a new way to study
the stability of retaining wall.

3. Analysis on the Adaptability of Retaining
Wall to the Change of Stope Span

Similarly, the thickness of retaining wall (B) is still regarded
as the fixed value, and stope width (D) is regarded as the var-
iable. Increase the stope width from 10m to 30m, and the
effect of span change on the stability of retaining wall can
be analyzed. The unit failure rate is calculated whenever
the stope width increases by 2m, and a list of data can be
obtained. Fit these data, and then, the variation curve of unit
failure rate can be obtained.

The unit failure rate of retaining wall is positively corre-
lated with the stope span; that is, the plastic zone in retaining

wall increases with the increase of the span. Figure 7 shows
the fitting curve with B = 4. When the stope span (D) is
10m long, the failure rate is the smallest and the fitting curve
is the red one at the bottom of all curves in the figure. In
addition, the failure rate will increase with the increase of
stope width (D), which will consequently lead to the rise of
the position of fitting curves. When D = 30m, the minimum
unit failure rate of retaining wall is more than 40%, and the
maximum of that is nearly 95%.

Curves, each of which correspond to a set of a and b, in
Figure 7 are fitted by equation (9). Several fitting curves gen-
erated based on the numerical simulation results lead to the
occurrence of a series of a, b, and Δ, as shown in Figure 8.
The original thickness, span, and Δ value of the retaining
wall are 4m, 10m, and 3.33, respectively. The Δ value will
decrease with the increase of span, and the Δ value is -0.04
when the span increases to 22m, which means that the cat-
astrophic instability occurs according to discriminant (3).
For this reason, 22m is the critical span, namely, the span
(D) should be less than 22m to make the retaining wall
(B = 4) stable. Similarly, the critical spans are obtained when
the thickness of the retaining wall is 2m, 3m, and 5m,
respectively, which are 15m, 18m, and 28m. When the
retaining wall is thicker than 5m, the critical spans are more
than 30m; that is to say, the retaining wall will be stable as
long as the span is less than 30m. It can be seen that the
thicker the retaining wall is, the better the adaptability of
the stope is to the span.

The numerical simulation results can also directly
explain the instability process of retaining wall. From the
transformation process of the plastic zone, the state of

First
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stope
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step

stope

Retaining wall

q

Figure 3: 3D numerical model.

Table 1: Mechanics parameters of ore and backfill.

Medium Elastic modulus (GPa) Poisson’s ratio Cohesion (MPa) Friction (°) Density (kNm-3)

Ore 21.2 0.25 6.8 27.5 34.3

Backfill 1.7 0.19 0.6 25.7 21.3
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retaining wall can be divided into three states, namely, stable
state, critical state, and unstable state. Figure 9 shows the
evolution of the plastic zone of the wall, which has a thick-
ness of 4m and is located at a depth of 1000m. In the course
of the stope span increasing from 10m to 20m, which refers
to the stable state, the retaining wall can adapt well; thus, the
plastic zone is only scattered with the failure rate less than
30%. When the span is larger than 20m, which means that

the retaining wall enters the critical state, the plastic zone
expands rapidly and the scattered plastic elements gather
together, thus making the plastic zone develops from one
point to an area and the unit failure rate more than 40%. If
the span continues to be increased, the number of failure
units will increase sharply, which will lead to the intercon-
nection between the plastic zones. By doing so, the retaining
wall will be destroyed by the plastic zone, and the failure rate
can reach 60%. Obviously, with the increase of the span, the
stability of retaining wall tends to be worse [39], and the
retaining wall will go from stable to unstable.

4. Application of Retaining Wall

To verify the research results, the application test of retain-
ing wall was carried out in stope #2 at 550m level of the cop-
per mine. The buried depth of stope #2 is about 800m, and
the span of it is 18m. There is backfill on both sides of stope
#2 during mining, for the stope is between stope #1 and
stope #3. To successfully carry out the research, the retaining
wall with the thickness of 3m and 4m is designed on both
sides of stope #2, respectively. Besides, the goaf is scanned
after mining to obtain the exact shape of it.

According to the scanning results of the goaf
(Figure 10(b)), it can be known that the stability of retaining
walls with different thickness is quite different. In terms of
the retaining wall with a thickness of 3m, a massive collapse
occurred in the middle and upper parts of the retaining wall
(Figure 10(a)), and the collapsed part fell into the backfill in
stope #1. On the contrary, the main body of the retaining
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Figure 4: Mining and filling sequence of the numerical simulation: (a) initial state, (b) first-step mining, (c) first-step filling, (d) second-step
mining, and (e) second-step filling.
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wall with a thickness of 4m does not change significantly
(Figure 10(c)) but only caves slightly. As a result, it fully
shows the protection of retaining wall to the backfill.

In the course of mining, through continuous observation of
the extracting drift at the bottom of stopes (Figure 11(b)), it is
found that there are only broken blocks in extracting drift of
stope #3, while there are a large number of filling mass in that
of stope #1 (Figure 11(c)). Therefore, it can be known that the
retaining wall with a thickness of 3m is bound to collapse.
Moreover, in the drilling chamber at the top of stopes, the
retaining wall with a thickness of 3m collapsed on a large scale,
while the retaining wall with a thickness of 4m still remains sta-
ble and stands safely between the stopes (Figure 11(a)).

According to the application test results of retaining
wall, the stability of retaining wall can be accurately evalu-
ated by the criterion of catastrophic instability, which is
established by closely combining catastrophe theory with
numerical analysis. The research results are instructive, for
they can guide mining very well, which can realize the
smooth and orderly connection of the first-step mining
and the second-step mining.

5. Discussion

5.1. Application of Catastrophe Theory. Catastrophe theory is
in essence a mathematical method that is commonly utilized
to study rock mass instability. In the field of underground

engineering, the catastrophe theory has played a unique role
in the study of state changes of support structures, especially
the destabilization of mine pillars and roof [40–42]. Located
between the backfill and the rock mass, the retaining wall is
in a very complex mechanical environment, and its state
change is influenced by many factors. So far, most of the stud-
ies are based on qualitative evaluation, and researchers rarely
studied the stability of retaining wall by catastrophe theory.
In view of this, this study introduces the catastrophe theory
into the study of retaining wall stability in the filling stope
and deduces the development process from stability to insta-
bility by continuously reducing the thickness, which provides
a new idea for quantitative analysis of retaining wall stability.

The key to the application of the catastrophe theory is to
establish the catastrophe model and derive the catastrophe
instability criterion. Most of the traditional research
methods are very tedious and prone to errors, because they

Table 2: State of retaining wall with different thickness.

Retaining wall thickness (m) Splitting variable a Δ State

8 -2.12 2.91 Stable

7 -1.96 2.28 Stable

6 -1.81 1.98 Stable

5 -1.66 1.57 Stable

4 -1.28 0.93 Stable

3 -0.99 -0.03 Unstable

2 -0.80 -0.59 Unstable
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begin with the force of the analytical object and the standard
expression of catastrophe model is established through
numerous mathematical formula derivation and relational
conversion. In this study, the numerical simulation analysis
is used to obtain the unit failure rate of retaining wall under

different mining depth conditions, and the unit failure rate is
fitted in the form of catastrophe theory standard to establish
the standard expression of catastrophe. On the basis of this
derivation, the criterion of retaining wall instability was
obtained. Without complex formula derivation, the method
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applied in this study only takes the essence of the catastro-
phe theory to study the nonlinear evolution of the unit fail-
ure rate of retaining wall, which should be widely utilized.

5.2. Effect of c in the Catastrophe Model. The standard
expression of catastrophe model (1) is a quartic equation,
which does not include a constant. Generally, regardless of
the way of derivation, there must be a constant c in the final

established standard expression of catastrophe model, and
equation (1) will become

y x = x4 + ax2 + bx + c 11

Obviously, the catastrophe models derived in actual
studies are not standard forms. However, when equation
(3) is regarded as the criterion for deriving the catastrophe
model, the equilibrium equation obtained is the same as
equation (2) by deriving equation (11) and making it equal
to 0. In other words, the criterion of the catastrophe model
is the same regardless of whether there is constant c in for-
mula (11). It can be seen that according to the catastrophe
theory, the constant c has nothing to do with the change of
system state.

In fact, although the constant c is not related to the con-
trol variables a and b, as well as the state variable x, the mag-
nitude of c affects y, namely, the unit failure rate of the
retaining wall. When c increases, the unit failure rate of the
retaining wall increases, and when it reaches a certain level,
the retaining wall is bound to be destabilized.

Taking the curve of D = 10m in Figure 9 as an example,
the equation is

y x = x4 − 1 51x2 + 1 06x − 0 17 12

Goaf

3 m
Retaining wall

Backfill

Damaged area of
retaining wall Backfill

Roof

4 m

Backfill

(a) (b) (c)

Drilling chamber

Figure 10: Shapes of goaf and retaining wall after the second-step mining: (a) retaining wall with a thickness of 3m collapsed, (b) scanning
results of the goaf, and (c) retaining wall with a thickness of 4m remained fairly stable without collapsing.
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Extracting
drift

Crosscut Crosscut

Extracting
drift

Crosscut

Blocks
Extracting

drift

(a) (b) (c)

4 m 3 m

Backfill

Figure 11: Reaction of retaining walls with different thicknesses after the second-step mining: (a) blocks from extracting drift, (b) stope
bottom structure, and (c) filling mass from extracting drift due to collapsion of retaining wall.
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Figure 12: Curves after increasing c.
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It is obvious that the retaining wall remains stable
because Δ > 0 in equation (12). According to the catastrophe
theory, Δ has nothing to do with c; no matter how c changes,
as long as Δ > 0, the retaining wall will remain stable. How-
ever, from the point of view of numerical analysis, assuming
that the value of c continues to increase, the curve will con-
tinue to rise from the bottom to the top, and the curve will
become the shape shown in Figure 12. As a result, the unit
failure rate of the retaining wall tends to 100%, and retaining
wall will eventually be penetrated by the plastic zone, and
destabilization is about to occur. Therefore, it is not difficult
to find that the constant c seems to have an effect on the state
change of the system, which is different from the result pro-
duced by the catastrophe theory. Obviously, whether c plays
a role in the process of catastrophic instability of retaining
wall needs further in-depth study.

5.3. Limitation of Mining Depth. In fact, although the use of
numerical simulation analysis to fit the standard expression
of catastrophe model greatly simplifies the complex formula
derivation, it also has its own limitations. Theoretically, the
unit failure rate of the retaining wall increases with the
increase of mining depth, but its upper limit is 100%, which
does not increase with the increase of mining depth. As a
result, when the unit failure rate of retaining wall reaches
close to 100%, the failure rate will no longer increase even
if the mining depth continues to increase. The curve enters
the postpeak stage, where the curve has been transformed
into a horizontal line, as shown in Figure 13.

The dashed frame in Figure 13 is the extension of the
curve with its D = 30m, and the fitted curve can be divided
into two stages, prepeak and postpeak, with the mining
depth of 1000m as the dividing line. In the prepeak stage,
the standard form of the fitted catastrophe model (1)
obtained by fitting is so good that it is advisable to use catas-

trophe theory to analyze the change of retaining wall state.
In contrast, the curve of the postpeak phase is approximately
a horizontal straight line, which cannot be fitted with the
standard form of the catastrophe model (1). Undoubtedly,
the catastrophe theory should not be applied mechanically
to study the change of the retaining wall state at this stage.
Similar patterns can be found in the other curves in
Figure 13, where the dividing line between the two stages
before and after the peak only is not in the same position.
It can be seen that the coupling method of numerical simu-
lation and catastrophe theory to study the stability of the
retaining wall is limited by the mining depth, and the closer
the failure rate of the retaining wall unit is to the peak, the
greater the deviation of the analysis by this method.

6. Conclusion

(1) The retaining wall of the stope is regarded as the
research object, and the criterion for the instability
and failure of retaining wall is established by com-
bining catastrophe theory with numerical simula-
tion. The unit failure rate of retaining wall
increases by continuously decreasing the thickness
of retaining wall until the instability and failure
occurs in the retaining wall. Then, the critical thick-
ness of retaining wall can be accurately calculated.
This provides a new method for the study of retain-
ing wall stability

(2) The change of the retaining wall is studied by reduc-
ing the same thickness of the retaining wall every
time. In the process of reducing the thickness from
8m to 2m, the position of the fitting curves con-
tinues to move up. Moreover, with the reduction of
thickness, a increases but Δ decreases and tends to
be negative. When the thickness of retaining wall is
3m, Δ will be smaller than 0, which means that the
retaining wall becomes unstable

(3) The increase of stope span will have an effect on the
retaining wall stability. For the retaining wall with a
thickness of 4m, the catastrophic instability occurs
when its span increases to 22m. The critical spans
are 15m, 18m, and 28m when the thicknesses of
retaining wall are 2m, 3m, and 5m, respectively.
However, when the retaining wall is thicker than
5m, the retaining wall will be stable as long as the
span is smaller than 30m. It can be seen that the
thicker the retaining wall is, the better the adaptabil-
ity of the stope is to the span

(4) The application test of retaining wall was carried out
in stope #2 of the copper mine to verify the research
results. According to the field observation and the
scanning results of the goaf, it can be found that cat-
astrophic instability is bound to occur in the retain-
ing wall with a thickness of 3m, but the retaining
wall with a thickness of 4m maintains stable, which
can provide a long-lasting and stable protective bar-
rier for the backfill in the first-step stope

0.0 0.4 0.8 1.2 1.6 2.0
–0.2

0.0

0.2

0.4

0.6

0.8

1.0
Fa

ilu
re

 ra
te

 o
f u

ni
ts

Depth (km)

D = 10 m
D = 14 m
D = 18 m
D = 22 m
D = 26 m
D = 30 m

Numerical analysis

Horizontal line

D = 10 m
D = 14 m
D = 18 m
D = 22 m
D = 26 m
D = 30 m

Fitting curve

Figure 13: Fitted curve for mining depths over 1000m.
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