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Abstract — In this paper we take C area of east stope in Bayan Obo iron mine as the engineering background. By using the 
numerical calculation software MIDAS/GTS, the slope stability of deep mining is simulated, the result of stability analysis indicates 
that deep mining based on the design of the original scheme is insecure. According to the stability analysis results and actual 
exploration situation, a new treatment scheme is proposed, that is, combining slope cutting with the use of column anchor cable 
with reinforced concrete retaining wall. By comparing the maximum displacement, stress distribution and safety factor, the results 
show the scheme is feasible. 
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I. INTRODUCTION 

Open pit slope engineering takes rock mass as its 
materials and structure, mining operation as its construction 
method. In China, Open-pit iron ore accounts for ninety 
percent of the total amount of exploitation, non-ferrous metal 
ore accounts for fifty-two percent. Most of the large open-pit 
mines were founded in the 1960s, along with the mining 
scale was expanding unceasingly, the mining depth is 
becoming deeper and deeper. Some hollow open pit stopes 
were formed[1-2]. The slope stability issues are also 
increasingly prominent. After 50 years of development, the 
mine slope research experience from the engineering 
geological exploration, the slope deformation and failure 
mechanism to the rock mechanics test, the analysis of slope 
stability evaluation and the combination with monitoring and 
treatment[3-5]. Progress in research of open pit mine slope 
roughly summarized as the following several stages: the 
initial stage, improvement stage, the comprehensive 
development stage and the cross development stage[6]. 

II. RESEARCH ON STABILITY OF PIT SLOPE 

A. Theory and Method of Slope Stability Analysis 

The analysis of slope stability is always one of the 
important research topics in Geotechnical Engineering. 
Attention and Research on slope stability appear because of 
the landslide. With the development of theoretical 
knowledge, computer technology and calculation method, 
new theory and methods for slope stability analysis appear 
constantly, at the same time, some traditional theory and 
methods are also improved. 

B. Numerical Calculation of Slope Stability Analysis 

MIDAS/GTS as a numerical simulation software, which 
is commonly used in the Geotechnical Engineering, 
represents the latest technology in current engineering 
software development, provides a new solution in tunnel 

engineering and special structure. It has outstanding 
advantages, such as: the friendly man-machine 
communication platform and automatic classification of 
network. As for the post process, it can output the calculation 
results book with concise and practical graphics and curves. 
Therefore, this study decides to adopt the MIDAS/GTS 
software. 

III. THE STATUS OF RESEARCH AREA 

A. Engineering Overview 

C area of east stope in Bayan Obo iron mine is located in 
northeast district, the length of slope crest is about 750m, the 
length of basal slope is about 100m, the highest elevation of 
existing topography is about 1650m, and the lowest elevation 
is 1460m, vertical height difference of 190m, the slope is in 
an arc shape, the average tendency of 250 degrees, the 
overall slope of about 43 degrees ~39 degrees, slope rock is 
mainly mica schist, mica slate, dolomite and mafic dikes. 

B. Numerical Calculation Model and Schemes 

(1) Numerical Calculation Model 
This study established three-dimensional calculation 

model, the range of the model is 550m*500m*500m. The 
calculation model of fault and surrounding rock is simplified 
and generalized, the three-dimensional model with a total of 
183758 units (Fig.1). 

Bayan Obo iron ore is located in the area that earthquake 
intensity is less than six degree, considering the earthquake 
intensity is six degrees (greater than the influence of blasting 
vibration) on the stability of the slope, in the calculation 
using the seismic coefficient 0.05. 

According to regulations, in this analysis, the limit value 
of safety coefficient F0=1.15 without considering vibration 
force (peak intensity), considering the vibration force 
F0=1.05(peak intensity).The calculation process of rock and 
soil are all using Mohr-Coulomb constitutive model. In 
addition to the slope surface is set to the free boundary, the 
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bottom of the model is fixed boundary, one-way boundary 
around the model. In the initial conditions, considering the 
self weight stress and earthquake force.The physical and 
mechanical parameters of rock mass model are shown in 
Table 1. 

 

Figure 1. The model of slope 

 

Figure 2. Slope-cutting above 1488 platform 

TABLE 1. THE PHYSICAL AND MECHANICAL PARAMETERS OF 
ROCK MASS 

Type of 
Rock Mass 

Elasticity 
Modulus 
(MPa) 

Cohesive 
Force 
(kPa) 

Internal 
Friction 
Angle(°) 

Volume 
weight 

(kN/m3)

Poisson 
Ratio 

Dolomite 36000 400 36 26.5 0.32 

Fault 150 20 30 24.7 0.35 

Iron Ore 50000 600 40 37.5 0.31 

Glimmerite 20000 180 26 25.5 0.32 

(2) Slope Cutting without Reinforcement 
Simulating the process of slope-cutting above 1488 

platform, 1348 platform and 1230 platform respectively 
(Fig.2-4). Analyzing the security of slope based on the 
results of the maximum displacement and the safety 
coefficient (Fig.5). 

 

Figure 3. Slope-cutting above 1348 platform 

 

Figure 4. Slope-cutting above 1488 platform 
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Figure 5. The results of numerical simulation 

 

Figure 6. The model of slope with reinforcement 

From the simulation results can be seen, along with the 
excavation of the deep ore-body, the maximum displacement 
of the cumulative value of open pit slope X direction, Y 
direction and Z direction increased. The X direction 
displacement value is larger, the maximum displacement is 
27.7cm.With the mining depth increasing, the influence 
region of faults is also gradually escalate, the safety factor of 
slope is gradually reduce, safety coefficient is only 0.89 
when mining to the 1230 platform. Therefore, according to 
the original plan of mining slope under 1488 platform is not 
safe. It is essential to adopt proper reinforcement method. 

IV. REINFORCEMENT SCHEME 

A. Numerical Calculation Model and Schemes 

The scheme is to establish the model after cutting slope 
and using pre-stressed anchor rope reinforcement. Compared 
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with the original scheme, the slope cutting is conducted from 
1230 platform to 1488 platform, a total of 324354 elements 
in this model is shown in Fig 6. 

The pre-stressed anchors are simulated using implantable 
truss, its main advantage is no need to consider the node 
coupling problem of one-dimensional element and 3D unit, 
greatly reducing the complexity of simulation. The specific 
measures are as follows: the free section of pre-stressed 
anchor cable is simulated with a group of relative force, the 
free section connected with the anchoring segment is 
simulated with a node concentrated force, the other end is 
simulated with the distributed force. 

B. Results of Calculation and Analysis 

(1) Results of displacement field calculation and analysis 
after reinforcement 

From the displacement nephogram after reinforcement 
(Fig 7-9), compared with the pre reinforcement, 
displacement decreases obviously. The safety coefficient is 
1.1625, on the whole, the slope is safe, achieving the 
expected effect of pre-stressed anchor cable 
reinforcement.The average value of negative X direction 
displacement is about 0.24mm, the maximum negative 
displacement is about 1.5mm, appeared in the junction 
between two faults, pointing to outside of the slope, mainly 
occurring in upper parts of the slope; positive displacement 
occurs mainly in the bottom left part of the slope, the average 
value is about 3mm. 

 

Figure 7. Displacement nephogram in X direction 

 

Figure 8.Displacement nephogram in Y direction 

 

Figure 9. Displacement nephogram in Z direction 

 

Figure 10. Stress nephogram in X direction 

Compared with the original scheme, negative 
displacement distribution area and size decrease, the positive 
displacement distribution area increase, greatly reduce the 
displacement size. The negative Y direction displacement 
mainly occurs in the middle-under parts of the slope, the 
average value is about 2mm, pointing to the outside of the 
slope, the maximum negative displacement occurred on the 
F107 fault, is about 6mm, and only sporadic distribution; 
positive displacement mainly occurred in the left side of the 
top of the slope, the average value is about 2mm, pointing to 
the inside of the slope. 

(2) Results of Stress field calculation and analysis after 
reinforcement 

From the stress nephogram after reinforcement (Fig 10-
12), the X direction stress is characterized by compressive 
stress, tensile stress is mainly distributed in the top of the 
slope and faults, the area is small, and the average value of 
tensile stress is about 0.15MPa, the maximal value is about 
0.4MPa, appearing on the edge part of right side of the top; 
the bottom and the internal part of the slope are characterized 
by compressive stress, the average value is about 3.3MPa. 
The Y direction stress is characterized by compressive stress, 
tensile stress only appears in the edge part of left side slope, 
the average value of tensile stress is about 0.25MPa, the 
maximal tensile stress occurs at the edge corner of the left 
side, is about 0.4MPa; compressive stress distributes in the 
most areas of the slope, with the zonal distribution. 
Compared with the pre reinforcement, the horizontal stress 
concentration phenomenon is obviously improved, though 
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stress concentration appears in certain part, the maximal 
stress value is only 0.4MPa, and the distribution area is small, 
which has no effect on slope stability basically, as can be 
seen, the reinforcement effect of pre-stressed anchor cable is 
obviously. 

The vertical stress is in zonal distribution from the top to 
the foot of the slope. Stress characterized by compressive 
stress, tensile stress only appears in the local part of the fault, 
just sporadic distribution, the maximal tensile stress value is 
0.09MPa. The rest parts are compressive stress, appear at the 
bottom of the slope. 

 

Figure 11. Stress nephogram in Y direction 

 

Figure 12. Stress nephogram in Z direction 

C. Analysis of Reinforcement Effect 

After the slope-cutting, the slope cannot meet the safety 
requirements, reinforcement measures should be taken, 
mainly for the column anchor cable with reinforced concrete 
retaining wall, anchor cable with 12 cables (1800kN) or 22 
cables (3300kN) level of large tonnage anchor.The scheme 
before and after reinforcement, the tensile stress and the 
general safety factor are as shown in the table-2. 

Table 2. Results Of Reinforcement 

Condition Tensile Stress Safety factor 

Before 
Reinforcement 

X Y Z 
0.91 

0.5 0.5 0.1 
After 

Reinforcement 0.4 0.4 0.09 1.16 

Analysis of the data from the simulation results contrast 
table can be seen, the slope cutting plays a certain effect on 
the slope safety control, but the safety coefficient is less than 
1, indicating the simple cut cannot guarantee the safety of 
mining. The use of column anchor cable with reinforced 
concrete retaining wall, in general, the slope is in a safe state, 
the safety coefficient is greater than 1.05, which has 
the security of reserves. This also proves the feasibility of the 
scheme. 

V.  CONCLUSIONS 

A reinforcement scheme of the existing slope was put 
forward. The scheme is to conduct cutting slope and use pre-
stressed anchor rope reinforcement which is based on the 
original scheme. Compared with the original scheme, the 
slope cutting is conducted from 1230 platform to 1488 
platform. Numerical simulation is carried out by 
MIDAS/GTS software after reinforcement, the scheme can 
achieve the desired effect of the reinforcement based on the 
results. 
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