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Ground pressure characteristics of the ore body and the overburden deformation of the stope depend highly on the combined
influence of geological conditions and mining disturbance. -e ore body inclination, as a natural geological factor, has a
nonnegligible effect on the underground mining. -e ore angle plays a great role in the stress distribution of the overlying rock
layer, resulting in the movement and destruction of the rock layer. -e variation of the ore angle dominates the stress distribution
of the overburden rock, the forms of movement, destruction, and the surface moving basin. Here, taking the geological mining
conditions of the deep ore body mining in Jinning Phosphate Mine as the engineering background, we adopt a similar material
ratio scheme of each rock layer in the mining area via the similarity theory and the principle of orthogonal experiment. We
conduct systematic study on the strata movement, mining failure characteristics, and movement of the overlying rock in stope
using a similar simulation test under two different ore angles of 20° and 50°. We found that, as the ore body inclination increases
from 20° to 50°, the overburden unloading area of the stope extending to the deep part of the rock layer in the vertical direction is
more obvious and its shape is more asymmetric about the stope center.-e unloading area is more concentrated in the middle and
upper part of the stope, while the upward development trend is more obvious. -e relevant results can provide a certain reference
for the underground mining of the mines and those with similar conditions.

1. Introduction

Humans have been engaged in deep underground mining
activities for thousands of years [1, 2]; however, mankind has
begun to understand the pressure of mines for only nearly
100 years [3]. Mining activities, such as excavation and
mining, affect the rock mass, resulting in the distribution of
the original stress field. -ey act on the rock layer boundary
or exist in the rock layer to force the surrounding rock to
move to the mined space. -e force of rock movement is the
mine pressure. -e whole process of rock mass deformation,
destruction, and movement under the action of mine
pressure through the surrounding rock movement and
support force is called mine pressure appearance phe-
nomenon. -e preexisting stress in the original rock before

the mining of the ore body is the root cause of the mine
pressure. -e magnitude, direction, and ratio between
vertical stress and horizontal stress of each point in the
original rock determine the stress redistribution of sur-
rounding rock after mining. -e appearance of ground
pressure has brought huge disasters to mining engineering.
-e key to eliminate such disaster is to understand the stress
and strain distribution of the surrounding rock of the
roadway and stope during the mining process, as well as the
deformation and destruction of the main mining system,
and then evaluate the stability of the rock mass and take
reasonable measures to reduce harmful deformation and
destruction of the mining system to maintain the stability of
the mining system and ensure the safety of production [4–8].
Although previous studies have made great progress in the
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research of rock pressure, there are still a lot of unresolved
problems. -erefore, it is of great significance to develop the
mining industry to study the ground pressure and the de-
formation characteristics of overburden rock mining [9–13].

Similar simulation research is one of the current research
methods for the mine pressure and stope overburden de-
formation and failure, which provides a new way to observe
the pressure variation of the mine and the deformation of the
overburden rock in the laboratory. -is method is proposed
by Soviet scholar Kuznetsov, which is improved and devel-
oped by continuous practice and research, resulting in a set of
research methods from physical tests, mechanical tests, and
model tests. It has been widely applied in the domestic and
international mining and geotechnical circles [14, 15], es-
pecially in the rock foundations with complex geological
structures. Due to the limitation of numerical analysis, which
is hard to simulate certain geological structures, a similar
material geomechanical model test provides a scientific basis
for engineering design and construction [16–18].

According to the similarity theory and the principle of
the orthogonal experiment, we design the ratio scheme and
get a similar material ratio scheme of each rock layer in the
mining area on the basis of actual geological and mining
conditions and previous studies. We adopt indoor similar
simulation test to the stability and rock pressure of the stope
roof and surrounding rock under two different inclination
conditions of 20° and 50° and conduct systematic research on
mining failure characteristics and the movement of the
overlying rock in stope with indoor similar simulation test
under two different ore angles of 20° and 50°.

2. Overview of Similar Simulation Tests

2.1. Selection of Test Model. A similar simulation model
test in this paper was conducted on the mining plane
stress similarity model test bench in the mine pressure
laboratory of Chongqing University. -e main func-
tion of the mining plane stress similarity simulation
test device is to simulate some technical difficulties
encountered in the mining process. -e focus is to
study the deformation, destruction, fall, and move-
ment of the overburden rock layer in the underground
mining process from the macro and qualitative per-
spectives. -e stress distribution law of the sur-
rounding rock in the stope under the influence of
mining action provides a scientific basis for mine
design and production. -e effective size of the model
frame is 3.00 m × 2.00 m × 0.30 m. At the same time, the
model test bench can also be equipped with a lever
loading device; the loading range is 0.10∼2.00 MPa
with the load deviation less than 2%. Its simple
schematic diagram is shown in Figure 1.

2.2. Overview of Test Prototype Engineering. -e similarity
simulation experiment is based on the similarity model test
research on the phosphate ore body in the northern mining
area of Jinning PhosphateMine.-e brief project overview is
as follows.

-emodel test research section is located betweenNo. 58
and No. 59 exploration lines in the north of No. 2 pit of
Jinning PhosphateMine. Its engineering geological section is
shown in Figure 2. It aims to study the continuous depo-
sition between the lean and rich ore layers of the phosphorite
deposit in the section, in which the material composition
and the grade of the ore gradually are changed. According to
the classification of ore grade, grade I (P2O5≥ 25%) is located
in the upper part of the phosphate-bearing layer; grade II
(P2O5 is 15%∼25%) is mainly located in the middle of the
phosphorus-bearing layer; grade III (out-of-table ore, P2O5
is 8%∼15%) is located in the middle and lower part of the
phosphate-bearing layer with a rock layer outside surface
layer. -e ore angle in the section is large with an average of
45°, and the thickness of the ore body varies significantly.-e
horizontal thickness is 4.0m, and the thickness of the in-
terlayer (mainly grade III products) between the upper and
lower ore layers is 4∼6m.

3. Similar Simulation Test Model

3.1. Determination of the Simulation Range. -e principle of
determining a similar simulation range is that the minimum
range of the simulation should be the boundary, in which the
studied stress disturbance of the section will not be affected
during the underground mining. Meanwhile, this model
should be minimal to save test costs. Combined with the
actual situation, the specific simulation range of the simu-
lation test in this paper is determined as follows:

(1) -e maximum ground elevation is 2320m, while the
simulated maximum mining depth is 200m

(2) -e simulated width is set to 300m because the
original rock stress field of surrounding rock is af-
fected by the redistribution of the mining
disturbance

3.2. Determination of Similar Simulation Parameters. -e
principle of similarity ratio selection is that the selection of
similarity ratio should meet the accuracy of the test and the
simulation range of the study. -e workload of model
making and selection of similar materials should be mini-
mized, while the laboratory test equipment and test tech-
nology should be fully utilized, as far as possible to reduce
the test costs. After a comprehensive analysis and com-
parison of several similarity ratio schemes, the similarity
coefficient is determined as follows:

(1) Model geometric similarity coefficient (geometric
ratio):
-is model test uses a plane stress model; the length
similarity coefficient is obtained:

aL �
Lm

Lp

�
1
100

,

(1)
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where Lm is the model size; Lp is the prototype size.
(2) Time similarity coefficient:

-e time similarity coefficient is defined as

at �
tm

tp

�
��
al

√
�

���
1
100



≈
1
10

, (2)

where tm is the model process time; tp is the pro-
totype process time.

(3) Bulk density similarity coefficient:
It is required that all forces of the model and the
prototype are similar, considering the influence of
weight.

ar �
cm

cp

�
1.95 × 104

2.40 × 104
� 0.81, (3)

where cm is the model weight, 1.95×104N/m3; cp is
the prototype weight, 2.40×104N/m3.

(4) Similar coefficients of other mechanical parameters:
From the similarity theorem and the above basic
similarity coefficients, the following similarity co-
efficients are derived.

aσ �
σm

σp

�
cm · Lm

cp · Lp

� araL � 0.81 ×
1
100

  �
1

123.5
,

ap � ara
3
L � 0.81 ×

1
100

 
3

� 8.1 × 10−7
,

aE � araL � 0.81 ×
1
100

  �
1

123.5
,

aμ � 1,

(4)

where ασ is the intensity ratio; αp is the external force
ratio; αE is the modulus ratio; αμ is Poisson’s ratio.
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Figure 1: Plane stress modeling experimental frame.
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Figure 2: -e engineering geological section of five-nine exploration line of the north mining area of the second pithead of Jinning
Phosphate Mine.
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(5) -e initial conditions and boundary conditions are
similar:
Based on the field survey, the geological conditions
in studied area are simple without geological tectonic
stress, which can be approximated as a homogeneous
gravity field.

3.3. Material Consumption of Similar Models. Similar ma-
terials play a decisive role in the success of model tests. In the
model test, it is of great significance to choose reasonable
model materials and proportions. However, it is very dif-
ficult to obtain a similar material which fully and accurately
reflects the physical and mechanical properties of the pro-
totype. In the process of carrying out the indoor similar
material geomechanical physical model, the physical and
mechanical properties of the model material must be similar
to those of the actual project, during which the matching test
is an indispensable key link [18–20].

Based on the actual geological mining conditions of
Jining Phosphate Mine, the aggregate is set to be 120 mesh
fine river sand, 800 mesh high-quality gypsum, and 600
mesh heavy carbonic acid. It is mixed with water for mixing
ratio test, with cement, soft pine, mica, motor oil, fine wood
chips, and alcohol as auxiliary materials, borax as retarder,
and mica powder as layered material. -e obtained ratio
scheme required for each rock layer is shown in Table 1.

-e total amount of each layeredmaterial is calculated by
the following formula.

Qi � L × b × mi × ri × k, (5)

where Qi is the total amount of layered materials, kg; L is the
model frame length, m; b is the model frame width, m; mi is
the model layer thickness, m; ri is the material weight, N/m3;
k is the material loss factor.

-e amount of various materials in each layer is de-
termined by the matching number. Suppose that the ratio of
sand, calcium carbonate, to gypsum is A :B : (1−B). And the
calculation formula is as follows.

WS �
B

A + 1
Qi,

WP �
1 − B

A + 1
Qi,

WW �
Qi

9
,

WC �
B

A + 1
Qi,

WB �
1
100

Qi,

(6)

whereWs is the amount of fine river sand;Wp is the amount
of plaster; Ww is the amount of water; Wc is the amount of
calcium carbonate; WB is the amount of borax.

Based on Table 1, the above formulas are used to cal-
culate the amount of various materials used in each layer on

the 59 exploration selection profile model. Table 2 shows the
material consumption of the model.

3.4. Model Test Observation and Excavation Plan.
According to the content to be studied in a similar simu-
lation model test, we dismantle the model guard plate and
guard beam. Displacement observation points are arranged
on the front of the model that has been formed, in which the
stress points are observed evenly and arranged in the
overlying rock layer above the excavated phosphate rock
layer. Each observation point is calibrated with 1 cm2 square
tin foil. -e specific layout is shown in Figure 3.

4. Similar Simulation Test Results and Analysis

4.1. Research on the Law of Underground Mining Pressure
Activity of Phosphate Mines with Different Dip Angles

4.1.1. Orebody Model of Dip Angle 20°. -e test results of the
model test are sorted out and analyzed, and the serial
numbers 1∼8 are sequentially marked according to the
buried level of each stress measurement point from the
shallow to deep. Figure 4 lists the curve diagram of mea-
surement points stress change law after each step of exca-
vation on the roof of the model stope. It can be seen from
Figure 4 that, after excavation in one step, the measuring
points 3∼8 located at the far end of the excavated mined-out
area are not affected by mining basically and the stress value
is consistent with the initial value.

4.1.2. Orebody Model of Dip Angle 50°. -e test results are
sorted out and analyzed, where the serial numbers 1∼8 are
sequentially marked according to the buried level of each
stress measurement point from shallow to deep. Figure 5 lists
the curve diagram of the measurement points stress change
after excavation in each step of the model stope roof. It can
be seen from Figure 5 that the orebody excavation area is
divided into two middle sections of 2220m∼2270m and
2220m∼2170m, while the first middle section is excavated in
steps 1∼5. -e influence of the measuring points 5∼8 stress
on the roof of the middle section at 2220m∼2170m away
from the excavation area is very small. Similarly, when the
second middle section is excavated in steps 6∼10, the impact
on the measurement points 1∼4 stress of the middle section
roof at 2270m∼2220m away from the excavation area is also
extremely small. -e crossover effect only occurs as the ore
body that penetrates in the two middle sections.

4.1.3. Similarities and Differences in the Mining Pressure
Activities of Ore Bodies with Two Dip Angles. According to
the results of 4.1.1 and 4.1.2, the ore pressure has a general
law after the underground mining of phosphate mines with
different inclination angles. After being transferred into deep
underground mining for phosphate deposit, artificial ex-
cavation slopes form on both sides of the open pit, where the
slope and original undisturbed bottom layer constitute the
stope roof covering rock for underground mining of the
deep phosphate ore body. -e roof of the stope mainly bears

4 Shock and Vibration



Table 1: -e final mixing proportioning scheme of field strata.

Lithology
Actual
strength
(MPa)

Simulated
intensity
(kPa)

Main ingredients Matching
plan Remarks

Quaternary topsoil cover 2.19 17.76

River sand
calcium

carbonate:
gypsum

6 : 7:3

Various rock layers near the No. 59
exploration line profile of the northern
mining area of No. 2 pit in Jinning

Phosphate Mine.
Note:①-e amount of water added is
the total 1/5～1/9; ② the amount of
borax accounts for 1/100 of the added
water; ③ the drying time of the model
is 3 to 4 days;④ add a total of 1/2 to 1/3
of plastic, soft rubber, motor oil, and

sawdust powder to the fault.

Muddy dark gray hidden to the
middle dolomite 35.16 284.70

River sand
calcium

carbonate:
gypsum

2.5 :1.2 :
8.8

Indirect roof layered muddy
dolomite 24.78 200.65

River sand
calcium

carbonate:
gypsum

2.8 : 3.45 :
6.55

Direct roof gravel-bearing quartz
sandstone 22.87 185.18

River sand
calcium

carbonate:
gypsum

3 :1:9

Grade I phosphate rock 37.96 307.37

River sand
calcium

carbonate:
gypsum

2.4 :1.2 :
8.8

Grade II and III grade phosphorus
ore 39.12 316.76

River sand
calcium

carbonate:
gypsum

2.4 :1:9

Direct floor grayish white thin to
medium thick layered dolomite 39.35 318.62

River sand
calcium

carbonate:
gypsum

2.4 :1:9

Indirect floor gray-white thin to
medium thick layered
cryptocrystalline to fine-grained
dolomite

34.17 276.68

River sand
calcium

carbonate:
gypsum

2.5 :1.5 :
8.5

Table 2: Material consumption of model five-nine exploration line of the north mining area of the second pithead of Jinning Phosphate
Mine.

Serial
number Lithology WS (kg)

WC

(kg) WP(kg)
WW

(kg) WB (g)

1 Quaternary sandy clay cover 210.09 24.51 10.50 24.51 245.10

2 Light gray, gray-white, and medium thick layered hidden to
mesocrystalline dolomite 3.51 0.12 1.05 0.47 4.68

3 Off-white, gray medium to coarse crystal dolomite 65.43 2.18 19.63 8.72 87.24
4 Light gray, gray layered hidden to mesocrystalline dolomite 34.97 1.17 10.49 4.66 46.62
5 Muddy dark gray hidden to mesocrystalline dolomite 483.43 23.20 170.17 67.68 676.80
6 Layered muddy dolomite 185.02 22.80 43.28 25.11 251.10
7 Gravel quartz sandstone 165.65 5.52 49.69 22.09 220.86
8 Grades I, II mixed mining phosphate rock 72.34 3.62 26.52 10.25 102.48
9 -e first layer III grade phosphate rock layer 48.75 2.03 18.28 6.91 69.06
10 Grade II product mining phosphate rock 32.61 1.36 12.23 4.62 46.20
11 -e second layer III grade phosphate rock layer 37.78 1.57 14.17 5.35 53.52
12 Off-white thin to medium thick layered dolomite 264.28 11.01 99.11 37.44 374.40

13 Off-white thin to medium thick layered cryptocrystalline to fine-grained
dolomite 801.43 48.09 272.49 112.20 1122.00

Remarks Topsoil cover plus plastic is 2.35 kg, soft glue is 0.88 kg, motor oil is 0.48 kg, and wood chips are 0.68 kg.
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the vertical gravity of the overlying rock layer due to having
no geological structure in the excavation area, in which the
stress at each measuring point of the roof is basically and
linearly proportional to the buried depth before the exca-
vation of the underground ore body. -e original stress of
the excavated ore body is transferred to the surrounding
rock body after the underground mining of the deep
phosphate ore body, disturbing the stress field of the original
rock. With the expansion of the excavation space, the ex-
ternal expansion causes the surrounding rock mass to move,
deform, and destroy, resulting in a new balance of the stress
field in the overburden of the stope.

At the same time, the maximum stress concentration
factor of each measuring point in front of the goaf decreases
as the inclination angle of the ore body increases from 20° to
50°, following the maximum stress concentration factor in
front of the goaf that decreases from 1.10 to 1.05. -at is, the
average dynamic load coefficient of the excavated mined-out
area decreases. As dip angle of orebody increases from 20° to
50°, the range of the bearing pressure plastic zone of the
mined-out area decreases from 15 cm∼20 cm (actual engi-
neering 15m∼20m) to 10 cm∼15 cm (actual engineering
10m∼15m). Generally, as the inclination of the ore body
increases from 20° to 50°, the pressure on the working face
relaxes.

4.2. Overburden Deformation of Phosphate Underground
Mining Stope at Different Inclinations

4.2.1. Ore Body Model of Dip Angle 20°. Excavating the
model under the same excavation procedure described in
Part 2, we measure the horizontal and vertical displacement
values of each measurement point of the overburden rock at
different excavation stages using a digital camera system and
carry out the test results after analysis. -e deformation
curve of each measuring point of overlying rock in the stope
is finally obtained in Figures 6 and 7. In these figures, UN−M

is the horizontal displacement of each measuring point of
the model overburden, WN−M is the vertical subsidence
displacement of each measuring point of the model over-
burden, N is the line number, and M is the vertical distance
between the measuring point and the roof of the mine.
Figures 6 and 7 are the horizontal movement and subsidence
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Figure 3: Layout of observation point about strata movement of physical model of one-one-eight exploration line of the east mining area of
the sixth pithead of Jinning Phosphate Mine. (a) 20° inclination. (b) 50° inclination.
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Figure 4: Stress changing of each testing point in stope roof after
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of each measuring point in the 16 measuring lines on the
model after different excavation steps.

-e following conclusions can be drawn from Figures 6
and 7:

(1) With the continuous advancement of the working
face in the goaf, the overburden deformation of the
stope is obviously divided into three stages, namely,
the local small deformation stage of the stope (steps
1∼2), the large-scale overall collapse stage of severe
deformation (step 3), and the continuous and stable
deformation increase stage (steps 4∼6).

(2) -e overburden of the stope has horizontal move-
ments of different sizes affected by the mining dis-
turbance. -e minimum point of the horizontal

movement of the overburden stope is the same as the
maximum subsidence of the overburden stope.

(3) -e horizontal deformation and subsidence of the
overburden of the stope are different. -e horizontal
deformation and subsidence of the overburden point
to the central area of the goaf and the maximum
subsidence and horizontal deformation points of the
overburden stope are both located at the measuring
points with the minimum vertical distance of
15.00 cm (actual engineering is 15.0m) from the goaf
area. As the vertical distance from the mined-out
area increases, the relative subsidence increment and
horizontal relative displacement increment of the
stope monotonously decrease.
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Figure 6: Surveying variation curve of horizontal displacement follows each exploit progress (20°). (a) Variation curve of horizontal
displacement after 1-step excavation at each measuring point. (b) Variation curve of horizontal displacement after 3-step excavation at each
measuring point. (c) Variation curve of horizontal displacement after 5-step excavation at each measuring point. (d) Variation curve of
horizontal displacement after 5-step excavation at each measuring point.
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(4) With the advancement of the stope, the stope cover
rock gradually develops from a stable state (steps 1∼2
of model excavation) to a local overall nonlinear
instability and failure state (step 3 of the model
excavation) and finally reaches the state of overall
linear instability and destruction (steps 4∼6 of the
model excavation). -e corresponding overall sub-
sidence curve of the overburden stope has an
asymmetrical groove shape of slightly biased
downhill.

4.2.2. Ore Body Model of Dip Angle 50°. Figures 8 and 9,
respectively, show the horizontal movement and subsidence
of each measuring point on the 16 measuring lines on the

model after different excavation steps. -e following con-
clusions can be drawn from Figures 8 and 9:

(1) Along the orebody extension direction, as the ex-
cavation orebody progresses gradually, the space
range of the goaf gradually becomes larger. Under
the influence of mining, the overburden deformation
of the stope is divided into three stages, i.e., the
small-scale roofing stage (steps 1∼3), continuous and
stable deformation increase phase (steps 4∼9), and
large-scale overall collapse and severe deformation
phase (steps 9∼12).

(2) -e overburden stope has horizontal movements of
different sizes affected by the mining disturbance; the
minimum point of the horizontal movement of the
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Figure 7: Surveying variation curve of vertical displacement follows each exploit progress (20°). (a) Variation curve of vertical subsidence
after 1-step excavation at each measuring point. (b) Variation curve of vertical subsidence after 3-step excavation at each measuring point.
(c) Variation curve of vertical subsidence after 5-step excavation at each measuring point. (d) Variation curve of vertical subsidence after 6-
step excavation at each measuring point.
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overburden stope is the same as the maximum
subsidence of the overburden of the stope.

(3) After the phosphate ore body is excavated, the
horizontal deformation and subsidence of the
overburden of the stope are different. -e horizontal
deformation and subsidence of the overburden point
to the central area of the goaf and the maximum
subsidence and horizontal deformation points of the
overburden of the stope are all located at the mea-
suring points with the minimum vertical distance of
10.00 cm (actual engineering is 10.00m) from the
goaf area. As the vertical distance from the mined-

out area increases, the relative subsidence increment
and horizontal relative displacement increment of
the stope monotonously decrease.

(4) After the excavation of the phosphate ore body, as
the stope advances, the stope overburden gradually
develops from a stable state (steps 1∼3 of model
excavation) to a stable linear failure state (steps 4∼9
of model excavation) and then to a large-scale overall
nonlinear collapse state (10 steps of model excava-
tion). -e corresponding overall subsidence curve of
the stope cover rock has finally an asymmetric half-
bowl shape.
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Figure 8: Surveying variation curve of horizontal displacement follows each exploit progress (50°). (a) Change curve of horizontal
displacement after 1-step excavation of measuring point. (b) Change curve of horizontal displacement after 5-step excavation of measuring
point. (c) Change curve of horizontal displacement after 8-step excavation of measuring point. (d) Change curve of horizontal displacement
after 10-step excavation of measuring point.
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4.2.3. 9e Similarities and Differences of Overburden De-
formation in the Mining Pits Ore Bodies with Two
Inclinations. According to 4.2.1 and 4.2.2 discussing part of
ore body overburden deformation law with the inclination
20° and 50°, it can be seen that, after the undergroundmining
with different inclination angles, the overlying rock defor-
mation in the stope has universal regularity. After the ex-
cavation of the phosphate ore body to form the mined-out
area, various measurement points of overburden rock in the
model stope have different amplitudes of subsidence affected
by mining. -e maximum subsidence area is located in the
middle and lower part of the mined-out area.-e excavation
of the stope promotes the dynamic forwardmovement of the
location of the largest sinking area. Affected by the mining

disturbance, the horizontal movement of the stope over-
burden occurs in different sizes. -e minimum horizontal
movement point of the stope overburden is the same as the
maximum settlement point of the stope overburden. As the
vertical distance from the mined-out area increases, the
increment of the relative subsidence and horizontal relative
displacement of the stope monotonously decrease. As the
stope advances, the stope cover rock gradually develops from
a stable state to a nonlinear failure state, and a large-scale
collapse state occurs finally. -e corresponding overall
subsidence curve of the stope cover rock is finally an
asymmetric curve.

At the same time, the range of the overburden of the
stope affected by mining gradually decreases with increasing
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Figure 9: Surveying variation curve of vertical displacement follows each exploit progress (50°). (a) Variation curve of vertical subsidence
after 1-step excavation. (b) Variation curve of vertical subsidence after 5-step excavation. (c) Variation curve of vertical subsidence after 8-
step excavation. (d) Variation curve of vertical subsidence after 10-step excavation.
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the inclination of the phosphate ore body. -e inclination of
the phosphate ore body increases from 20° to 50°, and the
influence range of the mining decreases from 15.00m to
35.00m to 10.00m∼30.00m. -e corresponding overall
subsidence curve of stope overburden rock changes from
asymmetrical trough to bowl. With the increase of the in-
clination of the phosphate ore body, the burial depth of the
ore body relatively increases. Under the same spatial range in
the ore body, the surface damage caused bymining decreases
with the increase of the inclination angle. As the inclination
of the ore body increases, the force of the overlying rock
layer parallel to the direction of the ore layer increases, while
the force perpendicular to the direction of the ore layer
decreases. After the mining of the ore body in the same
spatial range, the amount of roof subsidence gradually de-
creases. In general, the deformation of the overlying rock in
the underground mining pit of the phosphate ore layer tends
to be alleviated as the inclination of the phosphate ore body
increases from 20° to 50°.

4.3. Study on the Characteristics of Overburden Collapse in
Underground PhosphateMines with Different Inclination
Angles

4.3.1. Orebody Model of Dip Angle 20°. We excavate the
model according to the ore body excavation steps described
in Part 2 and use the digital camera system to take pictures of
the deformation and failure patterns after the excavation of
the model steps 1∼6. Figure 10 reveals the deformation and
failure characteristics of the overburden rock in the stope
after underground mining of the deep ore body. -e fol-
lowing conclusions can be drawn from Figure 10. After steps
1∼6 of excavation, the ore bodymodel has not yet penetrated
each other due to the relatively independent space of the
excavated mined-out area. Closing the remaining between
the mining houses, the supporting effect of the ore pillars is
relatively less affected by the mining overburden. After each
step of excavation, local collapse and delamination only
occur in the roof cover rock and two corners of the goaf.
Height range is 12.00 cm∼35.00 cm (actual engineering
12.00m∼35.00m), and mining separation layer width is
14.00 cm∼25.00 cm (actual engineering 14.00m∼25.00m).
-e falling height and the separation layer width both in-
crease with the ore body digging advances. -e fall angle is
60°∼65°at the upper end and 50°∼55°at the lower end. After
steps 4∼6 of the ore body (actual engineering
124.40m∼186.60m), as the range of mining space increases,
the overburden of the stope appears to be uniformly sinking,
which is still stable overall.

To better understand the characteristics of overburden
strata fall under mining at orebody dip angle 20°, the No. 1 to
No. 5 pillars of the model are mined in stages after the
normal excavation of the model test. Sudden local-to-in-
tegral collapse and instability damage suddenly occurred,
showing a significant “domino effect” (Figure 10). -e
reason for this analysis is that after step 6 of the ore body
model, the overburden of the stope is affected by mining to
the greatest extent, in which the overall system of the stope

overburden is in a critical failure state. Obviously, any small
excavation disturbance may rapidly cause plastic damage in
local areas, thereby inducing the “domino effect” of over-
burden collapse and instability of the entire stope.

4.3.2. Orebody Model of Dip Angle 50°. -e model is ex-
cavated according to the ore body excavation steps described
in the second part, while the digital camera system is used to
photograph the deformation and failure forms of the model
steps 1∼10 after excavation. Figure 11 reveals the defor-
mation and failure characteristics of the overburden rock in
the stope after underground mining of the deep ore body in
No. 2 north mining area of Jinning. -e following con-
clusions can be drawn from Figure 11. After excavating the
model ore body in steps 1∼10, the overlying rock layer near
the goaf area begins to deform, where the overburden of the
stope acts on its own weight and mining stress. Bending and
sinking occur under the ground. When the internal stress
exceeds the ultimate strength, a collapse zone is formed.
After the lower rock layer is destroyed, the upper rock layer
subsides and becomes bent and destroyed in the same way.
-e overburden rock failure in the stope gradually evolves
from the bottom to top in this way. -e shape of the
overburden rock fall in the stope is irregular with the height
range 10.00 cm∼30.00 cm (actual project 10.00m∼30.00m)
and width of the severely affected mining area
10.00 cm∼20.00 cm (actual project 10.00m∼20.00m). -e
heights of the fall and the width of the severely are affected
mining area that increase with the increase of the excavation
space of the ore body. -e fall angle is 48°∼55°in the upper
part of the goaf and 45°∼50° in the lower part. After the 10th
step of the ore body (actual engineering excavation of the ore
body with a segment of 2210.00m∼2220.00m), the upper
and lower middle mined-out areas gradually penetrate as the
mining space of the ore body increases. -e old upper
mined-out area is strongly affected by excavation; it was
“activated.” Under the influence of mining, the deformation
and damage range of overburden rock in the stope increased
by a large area. Many new microfissures are added, during
which a small number of macrofracture zones penetrated to
the surface appeared. An overall instability phenomenon
occurs.

4.3.3. Similarities and Differences of Overburden Collapse
Characteristics in Mining Pits Ore Bodies with Two Types of
Inclinations. According to the results of the overburden
rock collapse characteristics of the 20° and 50° inclination ore
bodies, we can see that themined-out area is formed after the
excavation of the phosphate ore body. Under the influence of
mining and the combined action of the overburden stope
weight and the mining stress, the overburden stope tends to
move towards the mined-out area. -e rock layers appear to
have the phenomenon of bending, delamination, and falling
towards the mined-out area. As the goaf of the phosphate
mine advances to a certain stage, the overburden of the stope
is more and more affected by mining. -e phenomenon that
the local area of the overburden of the stope bends, separates,
and falls towards the goaf is more obvious. -e macrocracks
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Figure 10: Damage condition of overlying strata after multiexcavations (20°). (a) Model before experiment (20°). (b) Damage condition of
overlying strata after the first exploit progress (20°). (c) Damage condition of overlying strata after the second to sixth exploit progress (20°).
(d) Damage condition of overlying strata after the number one to five ore pillar recovery (20°).
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Figure 11: Continued.
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in the stope overburden gradually develop and penetrate
gradually, which eventually lead to a large-scale collapse and
destruction of the overburden in the stope.

At the same time, from 4.3.1 and 4.3.2 chapters, the
results of the research on the overburden collapse of the
mining are quarried at the two inclination angles of 20° and
50°. With the increase of the inclination of the phosphate ore
body, the range of the overburden of the stope affected by
mining gradually decreases, and the inclination of the
phosphate ore body increased from 20° to 50°, after the
formation of the same spatial range of the goaf. -e range of
overburden fall and width of the separation layer was re-
duced from 12.00 cm to 35.00 cm (actual engineering
12.00m to 35.00m) and 14.00 cm∼25.00 cm (actual engi-
neering 14.00m∼25.00m) to 10.00 cm∼30.00 cm (actual
project 10.00m∼30.00m) and 10.00 cm∼20.00 cm (actual
project 10.00m∼20.00m), respectively. -e collapse angles
of the upper and lower walls of the ore body were reduced
from 60° to 65° and 50°∼55° to 48°∼55° and 45°∼50°, re-
spectively. -e overburden of the stope has been completely
cut off. After the mining separation zone developed to the
surface, the latter has less damage to the surface than the
former.

5. Conclusions

Based on similar simulation principle, this paper took Jin-
ning Phosphorus Mine as the research object. Similar
simulation test of underground mining of deep phosphorite
in No. 2 north mining area was carried on. -e stability of
mining roof, surrounding rock and mining pressure activity,
mining failure of mining cover rock, and characteristics and
movements were systematically studied under two different
inclination angles of 20° and 50°.-emain conclusions are as
follows.

(1) After the phosphate deposit is turned into deep
underground mining, the roof of the stope mainly
bears the vertical gravity of the overlying rock layer.
-e original stress of the excavated ore body is
transferred to the surrounding rock body, causing

the stope cover rock. A new balance is established in
the stress field of the body.

(2) As the inclination angle of the phosphate ore body
increases, the maximum stress concentration factor
of each measuring point in front of the goaf de-
creases. After the inclination angle of the phosphate
ore body increases from 20° to 50°, leading to the
average dynamic load factor of the excavated mined-
out area decreasing, the range of the bearing pressure
plastic zone of the mined-out area reduces from
15 cm to 20 cm (actual engineering 15m∼20m) to
10 cm∼15 cm (actual engineering 10m∼15m). In
general, as the inclination of the phosphate ore body
increases from 20° to 50°, the pressure on the working
face of the underground mining stope of the
phosphate ore layer tends to be assuasive.

(3) After the phosphate deposit is turned into deep
underground mining, the overburden stope has
subsidence of different amplitudes. -e maximum
subsidence area is located in the middle and lower
part of the goaf, in which the location of the max-
imum subsidence area advances forward dynami-
cally with the excavation of the stope. At the same
time, due to the mining disturbance, the horizontal
movement of the stope overburden occurs in dif-
ferent scales. As the vertical distance from the
mined-out area increases, the relative subsidence
increment and horizontal relative displacement in-
crement of the stope monotonously decrease. Be-
sides, the stope cover rock gradually develops from a
stable state to a nonlinear failure state as the exca-
vation progresses, resulting in a large-scale collapse
phenomenon. -e corresponding overall subsidence
curve of the stope cover rock eventually becomes an
asymmetric curve.

(4) With the increase of the inclination of the phosphate
ore body, the range of the overburden stope affected
by mining gradually decreases, and the inclination of
the phosphate ore body increases from 20° to 50°.-e
influence range of the mining decreases from

Ten avalanches

Nine avalanches

(e) (f )

Figure 11: Damage condition of overlying strata after multiexcavations (50°). (a) Model before excavation (50°). (b) Damage condition of
overlying strata after the first exploit progress (50°). (c) Damage condition of overlying strata after the fifth exploit progress (50°). (d) Damage
condition of overlying strata after the sixth exploit progress (50°). (e) Damage condition of overlying strata after the eighth exploit progress
(50°). (f ) Damage condition of overlying strata after the tenth exploit progress (50°).
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15.00m to 35.00m to 10.00m∼30.00m, the maxi-
mum horizontal movement value reduces from
0.89m to 0.78m (where the surface is reduced from
0.22m to 0.18m), and the maximum subsidence
value is reduced from 3.98m to 3.32m (where the
surface is reduced from 0.54m to 0.50m). Generally,
as the inclination of the phosphate ore body in-
creases from 20° to 50°, the deformation of the
overlying rock in the underground mining pit of the
phosphate ore layer tends to be alleviated after the
mining of the ore body in the same spatial range.

(5) After the phosphate deposit is turned into deep
underground mining, under the combined action of
the overburden stope weight and mining stress, the
range disturbed by mining gradually decreases with
the increase of the inclination of the phosphate ore
body, after the formation of the same spatial range of
the goaf. -e inclination angle of the phosphate ore
body increases from 20° to 50°. -e falling range of
the overburden rock and the width of the separation
layer reduces from 12.00 cm to 35.00 cm (the actual
project is from 12.00m to 35.00m) and
14.00 cm∼25.00 cm (actual engineering 14.00m
∼25.00m) to 10.00 cm∼30.00 cm (actual engineering
10.00m∼30.00m) and 10.00 cm∼20.00 cm (actual
engineering 10.00m∼20.00m), respectively.

(6) Because of the underground mining of phosphorite
bodies with different inclination angles, the adopted
underground mining methods are different. -e
underground mining method is also an important
factor that affects the overburden ground pressure
and the deformation and failure of the stope. -e
relevant conclusions need to be further studied.
However, the influence of mining method factors
does not affect the overall conclusion.
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