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Abstract. In order to obtain damage evolution characteristics of coal and rock under the compression,
conduct uniaxial compression experiment for coal and rock with rigid loading experiment machine
based on the acoustic emission. Gather the AE characteristic parametersin the process of coal and rock
damage, use the damage variable of the accumulated AE ringing count, build uniaxial damage model
for coa and rock based on the gathered acoustic emission characteristics, the damage evolution
equation of coal and rock under compression is given, discuss the relationship between Acoustic
emission parameters and mechanics failure mechanism of coal and rock. Research results show that
acoustic emission signal can reflect the internal damage of coa and rock, which is closely related to
their internal native crack compaction and evolution process including new crack production,
extension and cut-through.The deformation and damage evolution degree of loaded coa and rock
present positive correlation characteristics with accumulated acoustic emission ringing count.

Introduction

Uniaxial compression test results of coal and rock show that loading coal and rock damage presentsthe
time effect, coal and rock deformation and failure can be seen as a gradual development process, which
includes the deformation, damage initiation and evolution, and even a macroscopic crack, again by the
whole process of crack propagation to destroy [1-3]. With Outer loads, the formation and extension of
coa and rock internal micro defects, and their interaction jointly result in the macroscopic deformation
and fracture characteristics of coa and rock [4, 5]. Many scholars have done a large amount of basic
research work in the failure process of coal and rock acoustic emission characteristics [6-8]. Research
shows that, through the analysis and research of coa and rock acoustic emission signal, the inside of
the coal and rock damage can be concluded and then the damage evolution can be studied [9-11].

In order to establish the relationship between parameters of acoustic emission and mechanics
damage mechanism of coal and rock, get a better understanding of the damage evolution law of coal
and rock, further reveal the dynamic disasters evolution process of coa and rock and disaster time
effect mechanism, deformation damage of coa and rock and acoustic emission characteristics under
uniaxial compression load are studied.

Acoustic Emission Characteristics of the Coal and Rock under Uniaxial Compression

Test loading systemiselectronic universal testing machine SANS30, acoustic emission measurement is
conducted by the SDAES-5 acoustic emission detection system, as shown in Fig. 1.
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(a) Electronic Universal Testing Machine SANS30 (b) SDAES-5 Acoustic Emission Detection System

(c) Experimental Sample before Loading (d) Breakage Sample after Loading

Fig. 1 Test Loading System and Test Sample

Coal and rock damage deformation and acoustic emission characteristic are tested under uniaxial
compression condition, monitor acoustic emission signal, loading, deformation and time parametersin
the deformation and failure process of coal and rock. Fig. 2, Fig. 3 show deformation and acoustic
emission characteristics of typical coal and rock under uniaxial compression loading.
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Fig. 2 Coal and Rock Axial Stress-strain Curve under Uniaxial Compression L oad

From Fig. 2, coal and rock axial stress-strain process curve under uniaxial compression can be divided
into four stages including Compaction, elastic deformation, strain strengthen and strain flow.
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Fig. 3 Relation Curve of Acoustic Emission Accumulated Ringing Count and Time

FromFig. 3, thereisless or even no acoustic emission ringing count in the earlier stages of loading, the
initial cracksin the coal and rock begin to close, and the closing process, the closing part of the rough
surface damage and closure crack surface dipping produce a small number of acoustic emission with
less energy. With the dlow increase of loads, cracks begin to expand, new cracks begin to produce,
acoustic emission ringing count, cumulative ringing count and energy gradually tend to be more active.
Continue to load, the interaction between cracks begin to increase, micro cracks occuring
polymerization and penetration gradually form the macroscopic cracks. Near the peak stress, acoustic
emission activities abnormally, and acoustic emission ringing counts reach to maximum in the peak
stress. From the coal and rock specimen test curve, rock samples occur local failure, acoustic emission
ringing count and energy have an obvious amplification after loading to 16 MPa.

Coal and Rock Damage M odel under Uniaxial Compression

Ringing count is proportiona to the strain energy releasing from coal and rock fracture and crack
propagation, which is one of the parameters well to describe the characteristics of the material
performance change, choose ringing count and cumulative ringing count to describe coal and rock
damage characteristics. Damage variable is defined as Eq. 1:

B=—2 (1)

InEq. 1, A, standsfor all the area of micro defects on the cross section, A means the sectional area
of initial condition.

If the whole cross section A of nondestructive material complete damage cumulative AE counts
ringing is C, , the acoustic emission ringing count while the micro unit of per unit area damaging C,, is
denoted as Eq. 2:

_G
CW_K )
When the section damage area reaches A, accumulated acoustic emission ringing count C, is

shownin Eq. 3:

C
Cb :CWAJ = XI A) (3)
Thus, damage variable is converted as Eqg. 4:
C
B==t (4)
C

In the test process, owing to lack of testing machine stiffness or setting different coal and rock
damage conditions, coal and rock often haven't completely destroyed, that is, the coal and rock damage
variable hasn't reached 1, the testing machine has stopped. Thus, damage variable is revised as Eq. 5:

B= Bs& ©)

C
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In Eq. 5, B, stands for damage threshold, and the values of C, is the accumulation of acoustic
emission ringing count when damage variable reaches B;. In order to simplify calculation, the value of
damage threshold B, is defined as Eq. 6:

Bs =1- S_C (6)
S p

InEq. 6, s, ispeak intensity, s . isresidua strength. Thus, damage model of coal and rock under
uniaxial compression based on the acoustic emission characteristics is shown as Eqg. 7:

s =(1- D)Ee =(1- BS%)Ee 7

Damage Evolution Analysis of Coal and Rock under Uniaxial Compression

According to the damage variable of accumulated acoustic emission ringing count in Eq. 5, use Eq. 6
to fit strain-coal and rock damage parametersresultingin s . =2.06MPa and s , =11.93MPa. These

results near the compression test ones, which shows that the damage variable defined in Eq. 5 of
accumulated acoustic emission ringing count is reasonable.

Conclusions

Using SANS30 loading system and SDAES-5 acoustic emission detection system, experimentally
study the damage evolution of coal and rock under uniaxial compression and acoustic emission
properties. The results are as follows:

Use the damage variable of accumulated acoustic emission ringing count, establish the relationship
between acoustic emission parameter and the mechanics failure mechanism of coal and rock, and verify
its rationality.

Build damage model of coa and rock under uniaxial compression based on acoustic emission
characteristics, obtain damage evolution curve and equation of coal and rock, lay the foundation to
better understand the damage evolution law of coal and rock and to further reveal the dynamic
disasters evolution process and disaster time effect mechanism of coal and rock.

Acoustic emissioninformation reflectsthe internal damage of coal and rock, whichis closely related
to its internal native fracture compression and evolution process including new crack produce,
extenson and transfixion. There is lessor even no acoustic emission ringing count in the earlier
stages of loading, the initial cracks in the coal and rock begin to close, and the closing process, the
closing part of the rough surface damage and closure crack surface slipping produce a small number of
acoustic emission with lessenergy. With the low increase of loads, cracks beginto expand, new cracks
begin to produce, acoustic emission ringing count, cumulative ringing count and energy gradually tend
to be more active. Continue to load, the interaction between cracks begin to increase, micro cracks
occuring polymerization and penetration gradually form the macroscopic cracks. Near the peak stress,
acoustic emission activities abnormally, and acoustic emission ringing counts reach to maximum in the
peak stress.
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