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Rockburst is one of the major problems in rock underground engineering and mechanics. To make a risk assessment of rockburst
and improve the mine safety index, some evaluation systems for rockburst propensity have been proposed and applied, and
progress has been made in the study of high-value mines and single evaluation systems, but these evaluation systems are still
immature for deep low and medium grade phosphate mines with more complex infuencing factors. Terefore, to solve this
problem, this study takes the phosphate mining area of the Sujiapo phosphate mine as the main research object, and combines the
characteristics of the deep rockburst of the phosphate mine and its physical and mechanical properties; the evaluation system
combines fuzzy mathematical method and multiple evaluation methods to determine the propensity of rockburst of deep mining
of Sujiapo phosphate mine.Te JSM-500LV SEM and acoustic emission results are used to analyze the microscopic mechanism of
rockburst from the morphology and composition of the rocks, and the rationality of the evaluation system is further dem-
onstrated. Te study shows that dolomite and phosphorite in the study area are moderate rockburst, and shale has a weak
rockburst tendency; because the roof dolomite and phosphorite crystallization degree are higher, the elastic modulus is large.
Under the action of external load, the roof dolomite stored more elastic strain energy. Deformation damage consumes less energy.
Te energy released to the outside world after the damage is large, more likely to occur brittle damage, and the rockburst tendency
is high. Terefore, the evaluation system combining multiple evaluation methods can comprehensively determine rockburst in
phosphate mines.

1. Introduction

Phosphate resources have a strategic position in agriculture
and industrial production, and with the continuous ex-
ploitation of phosphate resources, phosphate mining
gradually develops to the deep. Due to the increase in the
depth of burial of the rock, the more obvious the change in
the surrounding pressure by underground excavation dis-
turbance damage, the initial stress equilibrium state of the
surrounding rock is broken [1], and the internal energy of
the rock body is increasing, when the internal storage of
elastic strain energy reaches a critical state suddenly released,

the rock body occurred obviously brittle damage, or even
ejection phenomenon, the phenomenon is known as
rockburst [2]. Rockburst not only has sudden, violent, and
other characteristics, in the deeply buried underground
works also level easy to become a production disadvantage,
threatening the safety of life [3–5].

Given the impact of rockburst, domestic and foreign
scholars combined a large number of engineering examples
of rock bursts to summarize the infuencing factors, for
example, Cai et al. [6] studied the high-stress energy ac-
cumulation environment of the rock was a necessary con-
dition for rockburst, rockburst was prone to occur in intact
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brittle rock, and rock lithology; the study by Zubelewicz and
Mroz [7] found that the stress environment was one of the
fundamental factors of rockburst, the plumb stress δV of the
rock with depth roughly by the rock weight of the ratio of
linear increase, that is, the deeper the burial depth, the more
obvious rockburst; underground rock excavation distur-
bance, is prone to cause stress redistribution within the rock,
and this redistribution of stress gradually decreases with the
continuous advance of excavation. In recent years, more and
more scholars have devoted themselves to the study of the
rockburst mechanism. For example, Li et al. [8] took the
Sichuan Baijiao coal mine as the research object and found
that the fractal dimension of rockburst cracks was closely
related to the stress transformation process occurring in
rockburst. Lin et al. [9], with the help of electron microscopy
scanning of the damaged surface of the specimen for fne
morphological characterization, concluded that the mech-
anism of rock damage under diferent stress gradients is
diferent.

With the depth of research, to quantitatively analyze the
grade of rockburst, scholars from various countries have
proposed a variety of discriminatory methods, but they were
broadly grouped into two categories: theoretical analysis
method and feld measurement method [10, 11]. Teoretical
analysis methods include (1) stress criterion method:
Turchaninov criterion, Hoek criterion, Barton criterion, etc.;
(2) lithological criterion: rock integrity evaluation, brittle-
ness coefcient method (B value method), Gu Mingcheng
criterion, etc.; (3) energy criterion method: strain energy
storage indicators (Wet), impact energy indicators (WCF),
etc.; (4) critical depth criterion: Hou Faliang criterion, Pan
Yishan criterion. Field actual measurement methods include
acoustic emission tests, infrared thermal images, micro-
gravity methods, etc. Te application of numerical software,
such as FLAC3D, PFC, and Abaqus fnite element software
was also widely used in the numerical simulation of rock
explosions. And methods such as fuzzy mathematics [12],
artifcial neural networks [13], grey correlation theory [14],
and particle swarm algorithms [15] can also be used to
comprehensively process engineering values [16].

Te current status of research on rockburst propensity
and infuencing factors shows that the analytical research on
rockburst is mainly focused on high-value mines and single
evaluation system research, and there is less research on
rockburst propensity and mechanism for deep medium and
low-grade phosphate mines. In this study, the rockburst
propensity of the roof and foor of this deep-mining
phosphate mine was determined based on indoor experi-
mental results combined with various criterion methods,
mainly using a deep medium and low-grade phosphate mine
as the research object. In addition, combined SEM, acoustic
emission three-dimensional imaging, and EDS mapping to
analyze the damage and destabilization mechanism of the
roof and foor ore rocks, and to investigate the mechanism of
rockburst in the phosphate layer. Tis study combines
previous methods to obtain comprehensive determination
results. It can improve the accuracy of the results and
contributes to the enrichment of rockburst studies of me-
dium and low-grade phosphate mines.

2. Geological Overview and
Rockburst Characteristics

2.1. Geological Overview of the Mine Site. Sujiapo phosphate
mine is located in the town of Hehua, Yuan’an County,
Yichang City, Hubei Province (see Figure 1(a)), geographical
location 111°18′15″E∼111°19′31″E, 31°14′34″N∼31°16′09″N.
Te phosphate mine is a gently inclined thin ore body, a
monoclinic structure, stratigraphic direction north-south,
inclined east, the main industrial ore body ph31 phosphate ore
layer average dip is about 10°, the average thickness of the ore
body is 2.71m, and the burial depth is between +300m and
+950m. Tere are no large fracture structures in the mine
area, only a few small faults, and local folds and fssures are
more developed. Te roof of the mine is siliceous dolomite
with good integrity, the foor is black potassium-bearing shale,
the surrounding rocks, and ore layers are mainly carbonated,
and the geological structure of the mine is of a simple type.

Te article’s study area is the phosphorus-bearing rock
system of the Sinian era Lower Series Doushantuo For-
mation (see Figure 1(b)). Tere are three phosphate for-
mations in the Sujiapo phosphate mine, consisting of three
phosphate formations.Te roof of the seam is gray-light gray
medium-thick laminated dolomite, locally interbedded with
thin laminated dolomite of phosphate rock strips, and the
main composition of the ore is dolomite (90%–92%) fol-
lowed by calcite (6%–8%) with a small amount of quartz; the
middle layer is mainly dense massive and striped phosphate
massive rock; the foor of the seam is black potassium-
bearing shale, with plagioclase and ice feldspar (>60%),
followed by hydromica, fuorapatite, quartz and pyrite
(>30%), in addition, it contains slightly gypsum and
muscovite.

According to the engineering geological conditions of
the slowly inclined thin ore body, the phosphate mine is
currently produced by the room and pillar method, and after
years of mining, the underground mining depth has reached
900m. As mining continues, the better the rock integrity and
brittleness, the more obvious the stress concentration in the
deep part of the mine, which creates good conditions for the
occurrence of rockburst.

2.2. Deep Rockburst Characteristics of Phosphate Mines.
Te phosphate ore is a colluvial structure ore body, and the
ore is loose and easy to deviate. Te roof dolomite contains
silica and 7% calcite, which is prone to swelling by water
absorption, and the phenomenon of roof delamination and
blowing is obvious. After mining, the mining area’s mine
pillar is seriously deformed (see Figure 2(a)), and the stress
concentration in the local area will lead to damage to the
roadway sidewall and roof (see Figures 2(b) and 2(c)), these
phenomena become unfavorable factors for production.

Te mine is divided into three rock burst categories:
minor, medium, and heavy rock bursts [17]. Minor rock-
burst occurs in the work face to advance 10m region on the
roof of the clay mass dolomite, there is a weak tearing sound,
ejection distance is short, less hazardous; medium rockburst
occurs 3 h after blasting, the integrity of the better, more
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brittle dolomite roof, there is an obvious fracture sound, the
rock to fake ejected more than 2m, a greater threat to safety;
heavy rockburst after blasting, extremely intact, very strong,

hard ground pressure is evident in the roof surrounding rock
at the sound is huge, serious fracture of the block, fake blast,
and ejection distance can reach several meters.

Study area
Yichang City

(a)

1~Palaeozoic era (including Sinian period)
4~Mesozoic era basin

2~compressive fracture
5~Research area

3~Anticline structure
6~Cities and Towns

①~Zhang cunping fracture ②~Wu Du River fracture
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Figure 1: Location and geological structure map of the study area: (a) location map of the study area and (b) geological structure map of the
study area.
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 . Rockburst Propensity Analysis

3.1. Determination of Rock Physical Parameters. Tree
groups of the roof, foor, and ore rocks near the +120 quarry
of this phosphate mine were selected for this rock me-
chanical parameter determination. Te sample is directly
sampled by a 360° drilling rig on site, and then the collected
samples are cut and polished in the laboratory, and fnally
processed and made into 50mm× 100mm cylindrical
standard samples (as shown in Figure 3). Te splitting
method was used to determine the tensile strength using the
RTX-1000 high-temperature high-pressure dynamic rock
triaxial tester from GCTS, USA (as shown in Figure 4), and
the results are shown in Table 1.

3.2. Rockburst Propensity Analysis. Rockburst factors are
numerous and complex, single rockburst discrimination is
difcult to accurately predict the propensity of deep mining
rockburst [18], the discrimination of the propensity of the
phosphate mine rockburst from the stress, lithology, and
energy considerations, the choice of strength brittleness
coefcient method, deformation brittleness coefcient
method criterion, Barton criterion, and energy conservation
method criterion of the roof, foor, and rockburst propensity
of the phosphate mine to make a reasonable judgment Te
method is based on the following criteria.

3.2.1. Evaluation of Strength Brittleness Factor Method (B
Value Method). Studies have shown that brittle rocks have a
higher propensity to rock burst, and the brittleness coef-
cient index is based on the brittle mechanical characteristics
of the rock, the uniaxial compressive strength of the rock,
and tensile strength ratio B to determine the propensity to
rockburst, according to the results of relevant studies, the
indicator judgment guidelines are as follows:

B≥ 40, rockless,

40>B≥ 26.7, weak rockburst,

26.7>B≥ 14.5, medium rockburst,

B< 14.5, violent rockburst.

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(1)

3.2.2. Deformation Brittleness Coefcient Method. Rock
brittle damage refers to the form of damage in which the
rock does not show signifcant permanent deformation
before rupture, the brittleness of the rock is manifested by
signifcant deformation of the strain before and after the
peak under uniaxial loading, the deformation brittleness
coefcient method is based on the stress-strain curve of the
specimen, the total strain, and permanent deformation ε
before the peak of the rock, for rockburst propensity eval-
uation, as shown in the following equation:

Ku � ε/ε1 �
εp + εe 

εp

, (2)

where εp is the plastic deformation; εe is the permanent
deformation.

Te guidelines for the identifcation of rock bursts are as
follows:

ε/ε1 ≥ 7, violent rockburst,

7> ε/ε1 ≥ 5, medium rockburst,

5> ε/ε1 ≥ 3.5, weak rockburst,

ε/ε1 < 3.5, rockless.

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(3)

3.2.3. Barton Criterion. Barton found that after excavation
of an underground chamber, stresses around the cavern wall
rock are redistributed, resulting in a signifcant degree of

(a) (b) (c)

Figure 2: Schematic diagram of typical location damage: (a) mine pillar deformation; (b) damage to the roadway sidewall; (c) roof damage
picture.
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stress concentration in some areas, when the ratio α of σc
(the uniaxial compressive strength of rock mass) to Rc (the
maximum ground stress of rock mass) exceeds a certain
range will cause diferent degrees of rock burst, α is judged
by the following guidelines:

α≥ 10, rockless,

10> α≥ 5, weak rockburst,

5> α≥ 2.5, medium rockburst,

α< 2.5, violent rockburst.

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(4)

Table 1: Table of results of physical and mechanical determination of rocks.

Location Number Density (g/cm3) Surrounding
pressure (MPa)

Compressive
strength (MPa)

Shear strength
(MPa)

Poisson’s
ratio

Cohesive
force (MPa)

Te angle
of internal
friction (°)

Ore
sample

K-1 3.00 0 19.596 6.6821 0.300
4.42 47K-3 3.07 8 37.016 9.8945 0.221

K-5 3.00 10 75.098 22.1984 0.286

Roof
D-2 2.83 0 148.858 22.6338 0.261

9.68 71D-5 2.84 8 164.436 26.8031 0.224
D-3 2.82 10 188.630 29.4427 0.272

Floor
d-1 2.75 0 84.835 16.3890 0.32

10.41 64d-2 2.77 5 97.933 21.4473 0.23
d-5 2.77 10 130.504 27.4853 0.12

Figure 3: Sample picture.

Triaxial pressure
chamber

Acoustic emission
monitoring system

Master
computer

Master
controller

Radial strain
sensor

Axial strain
sensor

Confning pressure
controller

Acoustic emission probe

Figure 4: Triaxial test system.
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According to the relevant results, the maximum ground
stress Rc is taken as 10.2MPa in the vertical direction.

3.2.4. Energy Conservation Method Evaluation.
According to the law of conservation of energy, the sudden
release of energy within the rock causes a rockburst, and the
work done by the rock under uniaxial compression is equal
to the strain energy stored within the rock, as shown in the
following equation:

W � σc × ε × V, (5)

where W is the work done by uniaxial compression; ε is the
compressive strain of rocks; V is the volume of the rock
specimen.

Te guidelines for discriminating between rockburst
energy indicators are as follows:

W≥ 39.25J, extreme intensity rockburst,

39.25>W≥ 19.625, violent rockburst,

19.625>W≥ 7.85,medi um rockburst,

W< 7.85,weak rockburst.

(6)

3.3. Results of Rockburst Propensity Evaluation for Each
Indicator. By considering several aspects of the mining
stress, lithology, and energy, this analysis of rockburst
propensity is based on several criteria of rockburst strength
brittleness factor criterion, deformation brittleness factor
criterion, Barton criterion, and energy method criterion, the
rockburst discrimination results of the roof and foor of this
phosphate mine, and the mine rock is determined as follows
Table 2.

Te three rockburst intensity classes obtained using
diferent rockburst propensity evaluation methods difer
signifcantly. On the one hand, due to the infuence of rock
integrity, there is a slight error in the parameter test results,
on the other hand, due to the diference in the factors
considered by diferent evaluation methods, only a certain
indicator to consider the results, will inevitably have an
impact on the true results. According to the fuzzy

mathematics of a bit, the establishment of rock burst pro-
pensity judgment matrix, comprehensive consideration of
the results of the evaluation indicators for quantitative
analysis.

3.4. Fuzzy Mathematical Evaluation of Rockburst Propensity.
Te fuzzy comprehensive evaluation uses the viewpoint of
fuzzy mathematics to establish a fuzzy set of fuzzy objects
and fuzzy viewpoints, and the correlation afliation function
distribution theory is used to derive the afliation function,
it will quantitatively analyze the fuzzy set composed of each
event. Te fuzzy comprehensive evaluation uses fuzzy
mathematical methods for the overall evaluation of all
events, which has the characteristics of multilevel, multi-
directional, and multimeans processing of complex prob-
lems [19]. Combined with the results of the evaluation of the
four indicators of the rockburst propensity of the Sujiapo
phosphate mine, the overall evaluation of the rockburst
propensity of this phosphate mine can be made by the
method of fuzzy mathematics.

3.4.1. Establishing the Set of Factors Z for Judging the Object.
Te set of factors for judging the object can be established
using the single-indicator rockburst propensity evaluation
criteria in the previous section as a set of factors Z. Te
elements within set Z include rock strength brittleness factor
(B), rock deformation brittleness factor (Ku), Barton cri-
terion (α), and energy conservation criterion (W).

Z � Z1,Z2,Z3,Z4,  � B, Ku, α, W . (7)

Te set of factors judged for each rock sample is shown in
Table 3.

3.4.2. Establishment of a Rockburst Propensity Rubric Set U.
According to the classifcation of the diferent rockburst
propensity assessment levels in the previous section, they
can be classifed as strong rockburst propensity, moderate
rockburst propensity, weak rockburst propensity, and no
rockburst propensity, then a rockburst propensity rubric set
U can be established, namely,

U � rockless,weak rockburst,medi um rockburst, violent rockburst{ } � U1, U2, U3, U4 . (8)

3.4.3. Determination of Fuzzy Relationship Matrix and Af-
fliation Function. Te fuzzy evaluation matrix R � rij 

m×n
Te afliation degree of each factor determines the fnal
evaluation result, and the method of solving the afliation
function is also particularly important for the overall
evaluation result. Te afliation function is determined
mainly by binary comparison ranking, fuzzy statistics,

empirical analogy, and other methods. Common fuzzy
distributions are (half ) rectangular distribution, (half )
trapezoidal distribution, (half ) Gaussian distribution, and
other distribution functions. In this paper, according to the
engineering situation of rockburst afliation function dis-
tribution is chosen K times parabolic shape distribution [20],
the specifc solution method is as follows:
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U1: A1(x) �

1, x≤ ai,

bi − xi

bi − ai

, ai <x≤ bi,

0, x> bi,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

U2: A2(x) �

bi − ai

bi − xi

, x≤ ai,

1, ai <x≤ bi,

bi − ai

bi − xi

, x> bi,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

U3: A3(x) �

ci − bi

ci − xi

, x≤ bi,

1, bi <x≤ ci,

ci − bi

xi − bi

, x> ci,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

U4: A4(x) �

0, x≤ bi,

xi − bi

ci − bi

, bi <x≤ ci,

1, x> ci,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

(9)

where A1, A2, A3, and A4 are the afliation functions of
indicator xi corresponding to the four rockburst intensity
levels; xi is the ith factor indicator size; ai, bi and ci are the
three cut-of values of the i-element corresponding to the
rockburst intensity.

(1) Phosphorite subordination function

RKY−1 �

0 0.52

0.49 1.00

1.00 0.98

0.73 0
0 0.98

1.00 0.90

1.00 0.03

0.60 0

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

,

RKY−4 �

0 0.59 1.00 0.76

0 0.64 1.00 0.42

0.12 1.00 0.81 0

0.47 1.00 0.78 0

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

.

(10)

(2) Dolomite afliation function

RD−1 �

1.00 0.38

0 0.38

0.71 0

0.82 1.00
0.66 1.00

0 0.92

0.47 0

1.00 0.05

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

,

RD−2 �

1.00 0.43

0 0.47

0.28 0

1.00 0.84
.

1.00 0.45

0 0.39

0.18 0

1.00 0.93

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(11)

(3) Shale afliation function

Table 3: Set of factors for each rock sample judging object.

Set Z
Each evaluation factor Zi set

Phosphorite Dolomite Shale
K-1 K-4 D-1 D-2 d-1 d-4

Z 1 (rock strength brittleness factor B) 14.28 17.37 31.70 57.94 26.27 28.79
Z 2 (rock deformation brittleness factor Ku) 4.26 5.84 7.45 6.67 4.72 3.78
Z 3 (barton criterion α) 4.93 5.60 8.82 16.12 9.60 10.52
Z 4 (energy conservation criterion W) 6.54 14.07 20.67 37.82 18.65 22.52

Table 2: Table of results of rockburst propensity discrimination.

Rocky sample Number
B value method

Deformation
brittleness
criterion

Barton
jurisprudence

Energy law
jurisprudence

σc/στ Inclination ε/ε1 Inclination σc/Rc Inclination W Inclination

Phosphorite KY-1 14.28 (Violently) strong 4.26 Weak 4.93 Medium 6.54 Not
KY-4 17.37 Medium 5.84 Medium 5.60 Weak 14.07 Weak

Upper dolomite D-1 31.70 Weak 7.45 Powerful 8.82 Weak 20.67 Medium
D-2 57.94 Not 6.67 Medium 16.12 Not 37.82 Medium

Potash-bearing shale d-1 26.27 Medium 4.72 Weak 9.60 Weak 18.65 Weak
d-4 28.79 Weak 3.78 Weak 10.52 Not 22.52 Medium

Advances in Materials Science and Engineering 7



Rd−1 �

0 0.03

0.19 1.00

1.00 0.04

0.88 0
0.92 1.00

0.08 1.00

0.35 0

0.95 0

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

,

Rd−2 �

0.16 1.00

0.81 1.00

0.85 0

0.62 0
1.00 0.91

0 0.80

0.88 0

1.00 0.15

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

.

(12)

3.4.4. Weighting of Propensity Indicator Factors.
According to the importance of the four evaluation indi-
cators of rockburst propensity, each indicator is assigned a
weight to obtain the weight set of infuence factors. Te
greater the efect of the indicator factors on the propensity to
rockburst, the closer the assigned weight value is to 1, and
the sum of the weight values of the four indicators is 1.

Tere are many methods to determine the weight value,
such as the commonly used: AHP hierarchical analysis
method, the superior order diagram method, the CRITIC
method, the entropy weight method, etc. Te various
methods difer in terms of data size information, volatility
and interrelationships. In this paper, by searching various
weighting methods and combining them with the expert
scoring system, we use the expert scoring method for the
weighting of indicator factors, and the results of the
weighting of each indicator factor are as follows.

A � a1,a2,a3,a4,  � (0.20, 0.30, 0.20, 0.30). (13)

3.4.5. Comprehensive Evaluation of Rockburst Propensity.
Substituting the set of indicator factor weights and the in-
tensity level afliation fuzzy function into equation F� A∗R

� (y1, y2, y3, y4) gives.

(1) Phosphorite maximum probability criterion

Fk−1 � A∙R � (0.20, 0.30, 0.20, 0.30) ×

0 0.52

0.49 1.00

1.00 0.98

0.73 0
0 0.98

1.00 0.90

1.00 0.03

0.60 0

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

� (0.447, 0.87, 0.799, 0.202),

FK−4 � A∙R � (0.20, 0.30, 0.20, 0.30) ×

0 0.59

0 0.64

1.00 0.76

1.00 0.42
0.12 1.00

0.47 1.00

0.81 0

0.78 0

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

� (0.165, 0.81, 0.887, 0.278).

(14)

Trough the comprehensive evaluation of the
rockburst tendency of phosphate rock, the maxi-
mum afliation of KY-1 is 0.87, corresponding to the
U2 level, and the maximum afliation of KY-4 is
0.887, corresponding to theU3 level, according to the
principle of maximum afliation, the maximum

afliation of phosphate block rock takes the value of
0.887, and the comprehensive evaluation result is
medium rockburst tendency.

(2) Dolomite rock maximum probable criterion

FD−1 � A∙R � (0.20, 0.30, 0.20, 0.30) ×

1.00 0.38

0 0.38

0.71 0

0.82 1.00
0.66 1.00

0 0.92

0.47 0

1.00 0.05

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

� (0.322, 0.666, 0.782, 0.315),

FD−2 � A∙R � (0.20, 0.30, 0.20, 0.30) ×

1.00 0.43

0 0.47

0.28 0

1.00 0.84
1.00 0.45

0 0.39

0.18 0

1.00 0.93

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

� (0.40, 0.436, 0.692, 0.531).

(15)

Trough the comprehensive evaluation of the do-
lomite rockburst propensity, the maximum

afliation of D-1 is 0.782, corresponding to the U3
level, and the maximum afliation of D-2 is 0.692,
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corresponding to the U3 level. According to the
principle of maximum afliation, the maximum
afliation of dolomite takes the value of 0.782, and

the comprehensive evaluation result is medium
rockburst propensity.

(3) Maximum Possible Judgment for Shale Rocks

Fd−1 � A∙R � (0.20, 0.30, 0.20, 0.30) ×

0 0.03

0.19 1.00

1.00 0.04

0.88 0
0.92 1.00

0.08 1.00

0.35 0

0.95 0

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

� (0.265, 0.806, 0.819, 0.008), Fd−4

� A∙R � (0.20, 0.30, 0.20, 0.30) ×

0.16 1.00

0.81 1.00

0.85 0

0.62 0
1.00 0.91

0 0.80

0.88 0

1.00 0.15

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

� (0.475, 0.922, 0.832, 0.045).

(16)

Trough the comprehensive evaluation of the shale
rockburst propensity, the maximum afliation of d-1 is
0.819, corresponding to the U3 level, and the maximum
afliation of d-4 is 0.922, corresponding to the U2 level.
According to the principle of maximum afliation, the
maximum afliation of shale takes the value of 0.922, and the
comprehensive evaluation results in weak rockburst
propensity.

4. Analysis of the Microscopic Mechanism of
Rockburst Damage

Te extension and damage of internal joint fractures in rocks
under the action of external forces are related to factors such
as rock microstructure and degree of crystallization, and the
microstructure of rockburst debris can efectively refect the
force damage characteristics and mechanical properties of
rocks during rockburst [21], and dynamically reveal the
mechanistic characteristics of rockburst fracture generation,
an extension until rupture, and the mineral composition of
rocks is one of the important factors determining the degree
of rock damage [22]. Terefore, microstructure analysis is of
great signifcance for the study of the rockburst fracture
mechanism.

4.1. Rockburst Debris Microscopic Morphology Analysis.
Te JSM-500LV scanning electron microscope was selected
to analyze the microscopic morphological characteristics
and elemental composition of the rock samples, and two
pieces each of rockburst roof and phosphate rock were
selected in the typical rockburst area +120 South Q2 quarry
(burial depth about 900m) to analyze the microscopic
morphological characteristics, damage form, and micro-
mechanics of the debris (see Figures 5 and 6).

Temacroscopic composition of the clastic surface of the
roof sample is composed of dolomite cemented with other
minerals, and fssures exist on the surface of the sample. Te
overall structure of the sample is relatively dense, but there
are several small hollow pores on the surface, as observed by

magnifcation to 1 μm. Te fracture mechanism is that after
the initial fracture of the rock along the crystal boundary,
with the propagation of stress waves, a large number of stress
waves intersect and pass through, refecting superposition,
and stretching and staggering by the elastic energy of the
rockburst lead to the brittle fracture of the step-like fracture,
and the fracture expands to form a plate and laminated
structure.

Te mineral rock grains in phosphorite are surrounded
by other mineral grains, there are a large number of in-
termittent pores between the grains, the surface roughness of
the grains is high and three-dimensional, and the grains and
pores are randomly and disorderly distributed. In
Figure 5(c), it can be seen that the rock debris accumulation
of the rock sample, the main breaking style, and fracture
character is lamellar damage, and there is a clear fracture in
the rock sample, the fracture mechanism is mainly in the
form of shearing and pulling Under external loading, stress
waves propagating between the particles will exist in a pore
compression process, as the stress waves interact and su-
perimpose between the grain surfaces, small fssures pene-
trate to form a large number of pores and fssures, and cracks
along the void expand rapidly and complex shape, until the
expansion penetration, tearing, mineral particles fake and
separate under shear, and the strength of the rock decreases.

In summary, it can be seen that the roof dolomite is a
mainly brittle fracture with step-like fractures and slab-like
fractures. Te phosphorite block is mainly shear tearing
along the crystal, and the fracture is a rough and disorder-
like fracture. Te energy consumption required for brittle
fracture of the roof dolomite is greater than that required for
fracture along the crystal of the phosphorite block, but the
energy storage performance of the dolomite is much greater
than that of the phosphorite block, so the rockburst impact is
also greater.

4.2. Rock Acoustic Emission 3D Imaging Analysis. Tis
acoustic emission mainly studies the internal crack expan-
sion process of the rock under triaxial compressive loading

Advances in Materials Science and Engineering 9



of the roof and foor ore rocks, analyzes the crack generation
and expansion direction of the rock specimen, predicts the
rock rupture surface, and further strengthens the research on
the rockburst mechanism. Figure 7 to phosphorite speci-
mens as an example to analyze the process of specimen
acoustic emission changes under triaxial loading (10MPa).

From Figure 7 phosphate block rock triaxial load
acoustic emission images can be seen in the specimen
acoustic emission images broken points sporadically dis-
tributed in various parts of the specimen (as shown in
Figure 7(a)), but no obvious fractures, at this time the energy
is in a slow growth phase; As Yang et al. [23] and Li et al. [24]
said with the increase in axial load, increasing number of
signals released, acoustic emission images show that the
broken points gradually to the right half of the specimen
concentration (Figures 7(b) and 7(c)), acoustic emission
activity is intense, the number of events increased sharply,
the specimen internal broken points gradually to with the
continuous loading of the specimen, the acoustic emission
activity inside the sample continues to change, the small
fragmentation inside the sample increases, the fracture in the
right half gradually extends, and develops to the late stage of
loading due to the change of the internal structure of the
rock, the energy stored inside the rock is released in a large
amount in a short period of time, resulting in an obvious
splitting damage of the specimen (Figure 7(d)), until the

specimen loses load-bearing capacity, the specimen is
splitting tensile damage. Phosphor block rock is a medium
rock explosion tendency.

4.3. Analysis of the Mechanism of Action of Rock
Microcomponents. Rock minerals are generally mineral
assemblages formed by the chemistry of multiple elements,
and the strength and mechanical properties of rocks are not
only related to their microstructure and the adsorption form
of colloids, but also the chemical composition of minerals,
the arrangement of molecular chemical bonds and other
properties lead to the diferences in mechanical properties
between rocks, i.e., the diferences in rockburst mechanical
properties between the storage and sudden release of elastic
strain energy of rocks under external forces. Te mineral
element composition of the rock is one of the important
factors in determining its damage characteristics, and in this
case, the roof near the +120 quarry was selected for scanning
electron microscopy and EDS energy spectroscopy analysis
with the rockburst debris of the mine rock.

From the scanning electron microscope EDS pattern of
the above rock sample (Figures 8 and 9), the composition
analysis table of the rock sample (Tables 4 and 5, Wt and At
in the table indicates the weight percentage and atomic
number percentage of elements, respectively), it can be seen

(a) (b) (c)

Figure 5: Microscopic morphology of dolomite roof: (a) 50 μm SEM observation chart; (b) 5 μm SEM observation chart; (c) 1 μm SEM
observation chart.

(a) (b) (c)

Figure 6: Microscopic morphology of phosphorite masses: (a) 50 μmSEM observation chart; (b) 5 μmSEMobservation chart; (c) 1 μmSEM
observation chart.
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that the roof of the upper dolomite contains fve elements, O,
Si, P, Mg and Ca, and the main chemical composition is
CaO, and a small amount of SiO2 exists, and the roof has
good integrity, dense grains, and high crystallinity, indi-
cating that Te high cohesion between the molecules of the
roof material, high elastic modulus, high strength, and the
ability of the roof rock sample to store elastic strain energy

under the external load. And the obvious presence of sili-
ceous dolomite can be seen in some of the downhole roof
rockburst areas, and in the roof area with high SiO2 content,
the siliceous dolomite absorbs water and is easy to delam-
inate. In addition, Te presence of C in the assay results may
be due to surface metallization during on-site sampling, this
part is explained in the analysis section. Zhao et al. [25]
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Figure 8: Electron microscopy scanning EDS profle of the roof of
the upper dolomite.
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Figure 9: Electron microscopy scanning EDS profle of the
phosphorite block.
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Figure 7: Acoustic emission image of the rock sample.
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analyzed the elemental composition of sandstones in the
mine area and concluded that diferences in the mineral
composition of the ore bodies for the same study area also
caused diferences in material destruction characteristics.
Terefore, from Table 5, it can be seen that the phosphate
massive rocks not only contain O, Ca, Mg, and P four el-
ements, but also contain a small amount of S, indicating that
the chemical composition of phosphorite rock samples is
more complex, some compounds, and useful ore body ce-
mentation to form ore, the shape, and distribution of the
particles are not uniformly arranged, and S elements in the
crystal boundary easy to deviated, desolvation, the degree of
crystallization is poor, cementation of amorphous minerals
due to particle grain crystal fne Te amorphous minerals
formed by cementation have low crystallinity, low cohesion,
low elastic modulus, low strength, and easy deformation
[25].

From the above fndings, it can be seen that the roof
dolomite is more crystalline than the phosphate block rock,
has high elastic modulus, and high strength, under the action
of external loading, the roof dolomite stores more elastic
strain energy, deformation damage consumes less energy,
the energy released to the outside after damage is large,
prone to brittle damage, high propensity to rockburst.
Terefore, with the less elemental species of the rock, its
internal particle arrangement is more uniformly distributed,
high degree of crystallization, high strength, and high elastic
modulus, and the external force is more likely to occur under
the action of rockburst.

5. Conclusion

(1) Rockburst propensity to discriminate, should be
considered from the stress, lithology, energy, and
burial depth of multiple factors, a single indicator of
the evaluation results often difers, with certain
limitations, using multiple evaluation methods to
comprehensively judge rockburst propensity is the

easiest to obtain the required parameters through the
test, and the results are reliable. Te study shows that
dolomite and phosphorite in the study area are
moderate rockburst, and shale has a weak rockburst
tendency.

(2) Rock acoustic emission activity corresponds to each
stage of the rock damage process, refecting the
whole process of rock crack extension and expan-
sion. Te pattern of acoustic emission events cor-
relates with rock lithology, and the frequency of
acoustic emission activity directly refects the degree
of rockburst energy accumulation.

(3) It is known from the analysis of scanning electron
microscopy and EDS profle that the roof dolomite
has fewer constituent elements than the phosphoric
block rock, has a high degree of crystallization, has a
high elastic modulus, stores more strain energy
under external loading, consumes less energy for
deformation damage, and is prone to rockburst. Te
ability of the rock to store and release elastic strain
energy is related to the tectonics and adsorption of
mineral grains, with dolomite being brittle fracture
and phosphorite block rock being dominated by
fracture along the crystal.
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