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Abstract 

In order to study the uniaxial compressive properties of fractured coal, the mechanical 
properties, failure characteristics and fracture propagation morphology of coal under 
different fracture distribution states are compared and analyzed by using the method of 
uniaxial compression test and discrete element numerical simulation. The numerical 
simulation results show that when the dip angle of the fracture is from 0° to 90°, the 
uniaxial compressive strength first decreases and then increases; when the dip angle of 
the fracture is about 45°, the compressive strength is the smallest, and the overall change 
is a "V" shape. For cracks in two-dimensional plane, as the fracture length increases, the 
uniaxial compressive strength decreases. Compared with the fracture length, the 
fracture angle has more obvious effect on the failure mode of the model. In the fracture 
propagation, airfoil fractures appear first near the tip of the fractures, which appear as 
a tensile propagation mode (type I tensile fracture), and then secondary fractures 
appear as a shear failure mode (type II shear fracture). When the fracture angle is 90 
degrees, the fracture propagation of airfoil is restrained, which is different from the 
symmetrical development of fractures at other angles. During the compression process 
of long fractures, the fracture propagation shows typical characteristics of airfoil 
fractures and secondary fractures. When the angle of closed fracture is 90°, the growth 
of airfoil crack is restrained, and the crack growth of horizontal fracture angle is more 
obvious. 

Keywords 

Fractured Coal; CT Scan; PFC2D; Compressive Strength; Failure Mode; Mechanical 
Properties. 

 

1. Introduction 

Coal is a kind of macromolecular organic compound containing a large number of cracks, holes and 

other defects [1, 2, 3]. The compressive strength and failure morphology of coal are often closely 

related to the randomly distributed fractures inside [4, 5, 6, 7]. Therefore, it is of great significance to 

study the compressive strength and fracture propagation law of coal with primary fractures for 

guiding the instability and deformation of coal mine engineering [8, 9, 10]. 

Most of the researches on rock mechanical properties and fracture propagation were carried out by 

prefabricating specific lengths and distribution locations in the materials. There are single fractures, 

double fractures and multiple fractures in the number of these fractures, and they are distributed 

according to fixed positions and dip angles in the morphology [11, 12, 13, 14, 15, 16, 17]. In addition, 

there are some theoretical studies on the fracture propagation process, stress and displacement fields 

of rock mass from the perspective of mechanical parameters [18, 19, 20, 21, 22, 23]. Compared with 

the laboratory mechanical tests of prefabricated fractures in rock, the numerical model is more 
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convenient for the establishment of fractures and could realize the study of fracture propagation 

modes under various combinations. The prefabricated numerical model of primary fractures in this 

paper can reflect the natural characteristics of random arrangement, zigzag extension and different 

forms of fractures in the two-dimensional section of coal. 

The pores and fractures in coal body are also the main channels for gas and other fluid migration and 

storage [24, 25]. The occurrence of various disasters caused by coal resources exploitation, such as 

tunnel deformation and destruction, coal wall panel, impact ground pressure and coal and gas outburst, 

are affected by fractures [26, 27, 28, 29]. Therefore, it is necessary to extract the distribution position 

and shape characteristics of fractures in raw coal, so as to study the fracture propagation. In recent 

years, industrial CT scanning has been used to obtain the image information of the sample cross 

section, which has been applied to the extraction of fractures in coal body [30, 31]. The accuracy of 

industrial CT detection technology can reach below 1 micron, which has a significant advantage in 

characterizing coal fracture characteristics. In this paper, the original distribution of fractures is 

obtained by CT scanning equipment, and then the fracture information is introduced into the software 

of particle flow to complete the modeling work. Particle flow method is mainly to delete certain 

thickness of particle element to simulate unclosed fracture, and to simulate closed fracture by discrete 

fracture network provided in particle flow [32, 33, 34]. In this paper, we mainly use the contact 

parameters of particles with certain thickness to simulate the closed fracture. 

In order to establish a more realistic numerical model of fracture distribution in coal body, the shape 

and location of primary fracture distribution in coal body were obtained by means of industrial CT 

scanning equipment. The stress-strain curves and failure morphology characteristics of coal body 

under different primary fractures were obtained by combining numerical simulation with indoor 

uniaxial compression test. By adjusting the micro contact parameters of the model, the stress-strain 

curve and failure mode corresponding to the laboratory test were obtained, so as to verify the 

rationality and accuracy of the numerical model more effectively. On the basis of keeping the 

calibration parameters unchanged, the peak strength and crack propagation form of the sample with 

a single closed crack are further analyzed, which provides a reference for the subsequent study of 

coal failure characteristics and laws. 

2. Test and Method 

2.1 Experimental Preparation 

The raw coal selected in this paper is from No.2 coal seam of Zhaogu mine in Huixian County, Henan 

Province. The components of moisture, ash content, volatile matter, fixed carbon and vitrinite 

refectance were determined by proximate analysis. Among them, the moisture content is 4.27%, the 

ash content is 8.27%, the volatile matter is 7.27%, the fixed carbon content is 80.19%, and the vitrinite 

reflectance is 3.32%. The coal body belongs to high rank anthracite, and the coal matrix contains 

many defects such as staggered fractures and different types of pores, which are similar to the physical 

properties of the coal seam in the south of Qinshui Basin [35]. 

The HZ-15 electric coring machine (Figure. 1a) and the TCHR-Ⅱ cutting and milling machine (Figure. 

1b) were used to make a standard coal sample, which the diameter is 50mm and the height is 100mm 

(Figure. 1c). The uniaxial compression test of coal samples adopts a microcomputer-controlled 

electro-hydraulic servo universal testing machine (Figure. 1d). The sample was placed in the center 

of the pressure plate of the testing machine, and the pressure plate with a spherical seat was adjusted 

to make the sample evenly loaded. The coal sample was loaded at the loading speed of 0.3~0.5MPa/s 

until the sample was damaged, and the maximum failure load was recorded. The test data of each 

sample was saved after failure of the coal sample, and the failure pattern of the sample was 

photographed and recorded. 
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(a) (b)

(c) (d)

 

Figure 1. Experiment equipment and coal sample (a) HZ-15 type electric coring machine (b) 

TCHR-II cutting mill (c) Coal samples (d) Microcomputer-controlled electro-hydraulic servo 

universal testing machine 

2.2 Industrial CT Scanning 
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Figure 2. CT scanning equipment 

 

Industrial CT scanning system, as shown in Figure 2. The fractures in Zhaogu No.2 coal mine were 

scanned in situ to obtain CT scanning images. After CT scanning, the ray passes through the coal 

sample (coal sample rotates 360°) to obtain the projection image set of each angle. The projection 

data obtained by μCT scanning can not be directly displayed. Therefore, it is necessary to use datos|x 

reconstruction software and VGStudio software to construct the three-dimensional data volume of 

fractured coal body, as shown in Figure 3. 

 

 

Figure 3. 3D data volume reconstruction process 
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Figure 4. Scanning position and two-dimensional slice of coal body 

 

After CT scanning and 3D data volume reconstruction, as shown in Figure 4, the coal sample mainly 

has three 2D windows and a 3D window. The two-dimensional slice can view the distribution of 

primary fractures in different levels and positions in horizontal or vertical directions of coal body. 

This paper mainly takes the primary fracture in the central vertical plane of coal body as the main 

extraction object. The reconstructed image is preprocessed by the image, and the fracture is extracted 

by the binary segmentation method based on threshold and the dynamic region growth method. The 

extraction effect of the fractures is shown in Figure 5. 

 

 

Figure 5. Extraction effect of fracture in VGStudio 
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According to the fracture extraction method described above, four coal samples from Zhaogu No.2 

coal mine were scanned by CT, and the primary fractures on ZOX plane passing through the central 

point were extracted, as shown in Figure 6. The initial fracture distribution data is drawn in AutoCAD 

and saved in DXF format, which is ready for the establishment of particle flow numerical model with 

primary fracture. 

 

 

(a) Sample 1       (b) Sample 2        (c) Sample 3      (d) Sample 4 

Figure 6. CT scanning and primary fracture distribution of coal body 

2.3 Establishment of Numerical Model 

             

(a) Sample 1         (b) Sample 2      (c) Sample 3         (d) Sample 4 

Figure 7. Discrete element model of fractured coal 

 

In this paper, the particles belonging to the fracture part are divided into groups to reduce the relevant 

bond strength parameters, which are used to simulate the fractures in coal samples. The linear parallel 

bonding model is used to simulate the interaction mode between particles. The trial and error method 

will be adopted in the parameter calibration process. According to fracture characteristics of four coal 

samples selected in the test, the numerical models are established respectively, as shown in Figure 7. 

From the fracture distribution in the model, it can be seen that the thickness of some particles used to 
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simulate fractures is the same, but the shape and distribution position are not the same, which better 

reflects the random characteristics of fractures. The height of the numerical model is 100mm, the 

width is 50mm, the particle density is 1700 kg/m3, the local damping is set to 0.7, and approximately 

3600 particles are generated. The loading process of the model is realized by applying fixed speeds 

of opposite directions and the same size to the upper and lower walls of the model. During the loading 

process, the model calculation termination condition is set to 70% of the peak strength, and the stress-

strain curve is drawn. 

 

Table 1. Micro-parameters of the PFC2D simulation 

Parameter Minimum 

radius/mm 

Particle 

size ratio 

Friction 

coefficient 

Particle 

modulus 

/GPa 

Particle matrix 

stiffness ratio 

Fracture 

particle 

stiffness ratio 

Model 

value 

0.5 1.5 0.5 1.0 2.0 1.0 

 

Table 2. Contact parameters of numerical model 

Contact parameters of coal particles Contact parameters of fractured particles 

Coal 

sample 

pb_deform 

emod/pa 
pb_ten/pa pb_coh/pa 

pb_deform 

emod/pa 
pb_ten/pa pb_coh/pa 

1 2.2e9 19e6 19e6 1.0e9 1e6 2e6 

2 1.0e9 14e6 14e6 1.0e9 1e6 2e6 

3 2.2e9 8e6 8e6 1.0e9 1e6 2e6 

4 1.5e9 3e6 3e6 1.0e9 1e6 2e6 

 

The deformation modulus of parallel bond (pb_deform emod), tensile strength of parallel bond 

(pb_ten) and bond strength (pb_coh) are closely related to the elastic modulus and peak strength in 

uniaxial compression stress-strain curve. On the premise of keeping other micro parameters 

unchanged, taking these three parameters as variables, through repeated values and comparing the 

changes of stress-strain, it can be found that the slope of the curve has a certain linear positive 

correlation with the effective modulus, and the peak value of the curve has a positive correlation with 

the parallel bond tensile strength and bond strength. In this paper, in the idea of parameter calibration, 

the above main parameters are constantly trial and error method, that is, under the condition of 

controlling the other contact parameters of the model unchanged, given the initial range of change, 

constant segmentation and value, and then compared with the test curve for slope correction, after 

constant attempts, we can get the bond modulus, tensile strength and bond strength close to parallel 

to the rising section of the test curve The values of observation parameters are shown in Table 2. The 

contact between the particles belonging to the fracture part is linear contact, and no strength parameter 

is set. The value of the contact between the fracture particles and the matrix particles is shown in 

Table 1 after the modulus and strength are greatly reduced and compared with the actual failure mode 

of coal. 

2.4 Theory of Fracture Mechanics 

As shown in Figure 8, there is a closed fracture with size 2a in the infinite plate. The edge is affected 

by axial stress σ1. The included angle of fracture surface and axial stress (i.e. fracture angle) is β , the 

cohesion force of fracture surface is cw , the internal friction angle is φw , the cohesion force of coal 

body is c, the internal friction angle is φ, and the positive stress σn and shear stress τn of the closed 

fracture in the plate are respectively: 
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The friction coefficient on the fracture surface is: 

 

wwf tan=                                         (3) 

 

The friction force on the fracture surface is: 

 

wnwf cf +=                                        (4) 

 

The effective shear stress on the fracture surface is: 

 

fne  −=                               (5) 

 

Take formula (2) (4) (5) into formula (6): 
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Figure 8. A single closed fracture growth and stress analysis model 
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As an important parameter of linear elastic fracture mechanics, stress intensity factor characterizes 

the strength of loading and deformation at fracture tip, and is a measure of fracture growth trend or 

driving force. The effective shear stress makes the fracture surface slide relatively. Because the 

fracture has been closed, the closed oblique fracture is actually a special type of pure mode II fracture. 

According to the theory of fracture mechanics, the stress intensity at the fracture tip is, 

 

ak eΙΙ =                                         (7) 

 

The value of kII is obtained by substituting equation (6) into equation (7): 
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The fracture criterion of fracture surface is kII = kIIc ,under uniaxial compression,  cw can be 

neglected, so the fracture strength of fracture surface is: 
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Where kIIc is the mode II fracture toughness of fracture and is the coal mass constant. 

In general, the strength of coal body is completely controlled by the strength of a certain structural 

plane when the coal body slides along it. When the strength of fracture surface is less than the uniaxial 

compressive strength of coal mass σcw(fw,a,β), Among them, σc is the ultimate compressive strength 

of the coal body, the coal body breaks along the fracture surface, and the strength of the coal body is 

determined by the fracture surface; When the strength of fracture surface is equal to the strength of 

coal mass σcw(fw,a,β)=σc , the coal may be destroyed along the surface of coal matrix or along the 

fracture surface; When the strength of fracture surface is greater than that of coal mass 

σcw(fw,a,β)>σc , the coal body is destroyed along the surface of matrix. 

It can be seen from equation (9) that the fracture surface strength is a function of fw, a, β, the fracture 

behavior of coal fracture surface is related to the fracture angle, length and friction coefficient of 

fracture surface. The fracture toughness kIIc and friction coefficient fw of type II fracture in coal 

body are constant, and the fracture inclination is 45°. Equation (9) is simplified as σcw∝1/√a. It can 

be seen that the uniaxial compressive strength decreases with the increase of fracture length. If the 

fracture length is 20 mm, the independent variable is β, and other values remain unchanged, then 

equation (9) is simplified as σcw∝1/sin2β. When the fracture angle changes from 0 to 90°, the 

uniaxial compressive strength decreases first, reaches the minimum value near 45° and then increases. 

3. Analysis of Test and Simulation Results 

3.1 Model Validation 

Figure 9 shows the stress and strain curves of numerical simulation and experiment. It can be seen 

that the stress-strain curves of the numerical simulation and experiments have a good agreement on 

the peak strength and the effective elastic modulus, respectively. The peak stress of individual 
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samples is different, which is due to the existence of fractures, the compression strength of the model 

or sample is weak, and a large number of fractures appear around the fracture, which makes it difficult 

for the coal to resist the action of external force, and finally breaks the ring quickly. From the Table 

3, it can be seen that the compressive strength and effective elastic modulus of the model are basically 

consistent with the experiment results. The relative error of compressive strength is not more than 2% 

and the relative error of elastic modulus is between 10%~17%. It also reflects the significant influence 

of different fracture quantities on compressive strength and elastic modulus. 
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Figure 9. Uniaxial loading experiment and numerical simulation of stress-strain curves 

 

Table 3. Comparison of compressive strength and elastic modulus 

Coal 

samples 

Compressive strength (MPa) Elastic modulus (MPa) 

Experiment Simulation 
Relative error 

(%) 
Experiment Simulation 

Relative error 

(%) 

1 3.52 3.58 1.70 545.5 497.9 -8.73 

2 2.92 2.91 -0.34 535.2 445.1 -16.83 

3 1.77 1.74 -1.69 374.1 434.9 16.25 

4 0.94 0.95 1.06 441.2 390.8 -11.42 
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Figure 10. Variation of fracture number 

 

The change of fractures number with time step in the loading process to 70% of the peak stress is 

shown in Figure 10. Coal sample 1 has the least number of fractures and is not easy to produce 

fractures, so its compressive strength is the largest among the four coal samples. Coal sample 4 has 

the largest number of fractures and is easier to produce fractures, so its compressive strength is the 

smallest. The number of fractures restricts the compressive strength of coal samples to a certain extent. 

The failure modes of coal samples from compression test and numerical simulation are compared and 

analyzed, as shown in Figure 11. Green means fractures, red is tensile crack and yellow is shear crack. 

Due to the existence of a large number of closed and open fractures in the coal, the coal sample 

appears stress concentration near the end of the fracture under the action of axial pressure. If the 

loading continues, the fracture gradually expands and extends, and then penetrates through the whole 

sample, resulting in the coal sample being finally destroyed. The non-closed fractures distributed on 

the outer surface of the coal sample will gradually close during the loading process, which mainly 

causes the coal material to fall off on the surface of the sample, and has limited influence on the 

macroscopic failure of the coal sample. The failure of coal is mainly caused by a large number of 

small fractures in the interior, and the contour of failure morphology is the macro reflection of micro 

effect of internal fractures in the sample. 
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(c) Coal sample 3                     (d) Coal sample 4 

Figure 11. Failure mode of coal samples 

 

During fracture propagation, airfoil fracture first appears near the fracture tip, which is shown as 

tension propagation mode (type I tensile fracture), and then secondary fracture appears, showing shear 

failure mode (type II shear fracture). With the fracture growth, a large number of micro secondary 

tensile fractures appear, and the secondary fractures expand to a certain extent, which transforms into 

tensile failure mode, and finally presents the coexistence failure mode of tension fractures and shear 

fractures. When the fracture is perpendicular and parallel to the loading direction of the side, tension 

fractures will appear gradually around the fracture during the loading process, which is neither an 

airfoil fracture nor a secondary fracture. After the coal sample continues to be compressed to failure, 

the fracture near the edge of the sample will appear a certain degree of failure, which is consistent 

with the coal sample surface will appear different degrees of spalling during the test process. 

From the failure pattern of coal sample and numerical model in Figure 11, the actual failure pattern 

of coal sample is different from that of the model, and there are similar places. The reason for the 

difference may be that the primary fracture in the model is only the two-dimensional slice distribution 

of the fractures on the vertical section, and it can not represent the distribution of fractures in the 

whole three-dimensional space. The damage of coal samples is greatly affected by the distribution of 

three-dimensional fractures. The fractures distributed in vertical plane are in the same stress state as 

coal samples, and the fractures are also extracted from the actual coal samples, which makes the 

model failure form similar to the actual coal sample. 

This paper mainly focuses on the fracture propagation of two-dimensional primary fractures under 

uniaxial compression. Combined with the results of numerical simulation, the failure modes of the 

models with different primary fractures are different, which are greatly affected by the primary 

fractures. In the compression process, the fracture first appears near the original fracture, the fracture 

propagation of airfoil is not obvious, and the fracture mainly extends along the fracture direction, 

which is different from the general single fracture propagation mode. Due to the characteristics of 

different lengths, large numbers and different shapes of primary fractures, there is no exact rule to 

follow. From the fracture evolution in Figure 11, the fracture propagation under the influence of 

primary fractures is mainly concentrated around the fractures, and the fracture near the edge of the 

model has more significant influence on the failure mode. 

3.2 Influence of Fracture Dip Angle 

Prefabricate a single fracture with a length of 20mm, with an dip angle of 0°, 15°, 30°, 45°, 60°, 75° 

and 90° as shown in Figure 12. The stress-strain curves of the samples at different dip angles are 

shown in Figure. 13a. The peak strength of the coal sample at different dip angles is shown in Figure. 

13b. From Figure. 13b, it can be seen that the dip angle is from 0° to 90°, the compressive strength is 

"V" type change, from 0° to 45° approximately decreases linearly, to the minimum value when the 

dip angle is about 45° and increases linearly from 45° to 90°. When the dip angle is 0° and 90°, the 

uniaxial compressive strength of the sample is close to that of the non fractured sample. 
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(b) 15o(a) 0o (c) 30o (d) 45o (e) 60o (f) 75o (g) 90o (h) Fissureless sample

 

Figure 12. Sample models with different dip angles 

 

The samples with different dip angles will experience elastic deformation stage, fracture stable 

propagation stage and failure instability stage during uniaxial compression failure. In the elastic 

deformation stage, the stress and strain relationship becomes linear, the new fractures will firstly 

occur near the fractures, and then in other positions. In the stable fracture growth stage, the stress-

strain relationship shows a nonlinear growth trend, at this time, tension fractures are mainly produced, 

and the quantities of the fracture is relatively small. In the failure instability stage, the stress reaches 

the peak of compressive strength, and a large number of microfractures are generated. The 

propagation and extension of fractures cause the destruction of coal samples, and shear and tensile 

fractures coexist in the model. 
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Figure 13. Stress-strain curves and peak strength of samples with different dip angles 

 

As shown in Figure 14, the fracture is derived from the end of the preset fracture. With the increase 

of load, the fracture slowly expands until the sample fails. When the dip angle is 0° and 15°, the 

fracture propagation obviously has two directions, one of which is that the airfoil fracture propagates 

approximately perpendicular to the principal stress direction, and the secondary fracture propagates 

along the direction with a certain angle with the fracture. When the dip angles are 30°, 45°, 60° and 

75°, the secondary coplanar fractures germinate at the fracture tip, and the propagation direction is 

roughly consistent with the fracture trend. When the dip angle is 90°, the fracture propagation is little 

affected by the dip angle, and the failure mode of the sample is similar to that of the non-fractured 

sample. The fracture propagation mainly occurs in the lower part of the sample along the dip direction. 

The fracture propagation and failure modes are related to the dip angle. 
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When the fracture inclination is 90°, the fracture propagation in the model is asymmetric, possibly 

because the closed fracture at 90° is closer to the state of the complete model without fracture, which 

leads to the weakening of the influence of prefabricated fracture after the fracture initiation around 

the prefabricated fracture and the fracture near the bottom of the model. In addition, the wing fracture 

did not appear significantly when the fracture angle was 90° and the fracture initiation was restrained 

under the axial pressure, which led to the fracture around prefabricated fracture, and the fracture 

producing area began to transfer to the lower part of the model. From the change of compressive 

strength of sample in Figure 13(b) with fracture inclination, it can be seen that the change of 

compressive strength shows a tendency of first decreasing and rising in the range of 0° to 90° and the 

minimum compressive strength corresponding to 45° fracture inclination. When the fracture is 90° , 

the compressive strength of the model is closer to the complete model without fracture than other 

inclined fractures, and the wing type tensile crack is more difficult to produce during compression. 

The compressive strength of horizontal fractures is smaller than that of vertical inclined fractures. 

The model compressive strength at 90° is close to the complete model in the whole change of 

prefabricated fracture angle. Therefore, the sample under horizontal fractures is easier to crack, and 

the influence on the compressive strength is more significant. The fracture initiation stress in vertical 

direction is larger, and the fracture initiation stress is smaller. The fracture in vertical direction is not 

easy to propagate, so it is not significant compared with the fracture propagation in horizontal fracture. 

 

(b) 15o(a) 0o (c) 30o (d) 45o (e) 60o (f) 75o (g) 90o (h) Fissureless sample

 

Figure 14. Failure patterns of fracture samples with different dip angles 

3.3 Influence of Fracture Length 

(b) 10mm(a) 0mm (c) 15mm (d) 20mm (e) 30mm (f) 40mm

 

Figure 15. The models of sample with different fracture lengths 

 

Precast single fracture with an dip angle of 45° and lengths of 0mm, 10mm, 15mm, 20mm, 30mm 

and 40mm, as shown in Figure 15. The stress-strain curve is shown in Figure 16a, and the change 

trend of stress-strain curve of coal samples with different fracture length is basically consistent. With 

the increase of fracture length, the elastic modulus of coal sample decreases, and the strain 

corresponding to the peak strength decreases. From the comparison between Figure 13a and 16a, the 

influence of fracture length on peak strength is more significant than that of fracture dip angle. The 
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compressive strength decreases exponentially with the increase of crack length, and the correlation 

coefficient is 0.98. The effect of the effective volume of the fracture on the compressive strength 

should also be noted. In the two-dimensional case, the compressive strength of the model decreases 

with the increase of fracture dip angle, which is consistent with the previous theoretical derivation. 
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Figure 16. Stress-strain curves of fracture samples with different lengths 

 

With the increase of the fracture length, the compressive strength of the specimen decreases more 

significantly. Compared with the change of elastic modulus under different inclination angles, the 

change of fracture length has a greater impact on the elastic modulus. With the increase of fracture 

length, the elastic modulus of the sample has an upward trend, and the linear elastic modulus is more 

sensitive to the change of fracture length. 

The failure modes of coal samples with different fracture lengths under uniaxial compression are 

shown in Figure 17, at the same dip angle, as the length increases, the airfoil fractures and secondary 

fractures around the fractures are dominant, and the secondary fractures decrease significantly. When 

there is no fracture, the fracture propagation first appears near the bottom, and the failure starts from 

the side (Figure 17a); when the fracture length is 10mm and 15mm, there are obvious airfoil fracture 

and secondary fracture (Figure 17b, 9c). When the fracture length is 20mm, 30mm and 40mm (Figure 

17d~17f), the airfoil fracture is more obvious. Different fracture lengths are similar in fracture 

propagation. As the length increases, there are fewer isolated fractures in other positions.  

 

(b) 10mm(a) 0mm (c) 15mm (d) 20mm (e) 30mm (f) 40mm

 

Figure 17. Failure patterns of samples with different fracture lengths 
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4. Conclusion 

In order to study the uniaxial compression performance and fracture evolution law of closed fracture 

coal, this paper obtains the two-dimensional fracture slice diagram of axial principal stress direction 

of coal by CT scanning, simulates the fracture with a part of particles, and verifies the rationality of 

micro parameters based on the distribution of primary fracture by combining with indoor compression 

test. Based on the fracture theory of a single closed fracture under uniaxial compression and the 

effective contact parameters of the model, the compressive strength and fracture evolution of the 

numerical model of closed fracture with different lengths and inclination angles are further studied. 

The main conclusions are as follows: 

(1) When the length of the prefabricated fracture is fixed, the uniaxial compressive strength of the 

sample decreases first and then increases with the fracture inclination angle in the range of 0° to 90°, 

and the peak compressive strength reaches the minimum at 45°. Among 0° and 75°, the fracture 

propagation is approximately symmetrical. Because of the high compressive strength of the fracture 

surface, it is difficult to produce airfoil fractures at 90°. 

(2) When the inclination angle of the prefabricated fracture is fixed in the numerical model, the 

uniaxial compressive strength decreases with the increase of the fracture length. The symmetrical 

evolution of fractures becomes more obvious in the case of long fractures, which are mainly airfoil 

fractures and few fractures in other locations. 

(3) In the prefabricated model, the influence of fracture angle on fracture propagation and failure 

mode is more significant than that of fracture length, the change of compressive strength is more 

significant than that of elastic modulus, and the contribution of fracture length and angle to the change 

of elastic modulus is less. 
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