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In the process of coring in a high in-situ stress environment, the rock core is 
damaged due to stress release, and core discing is a prominent manifestation of 
this damage. Pressure-preserved coring has no direct effect on in-situ stress, and 
its influence on stress release is related to drilling fluid pressure. Yet fluid pressure 
in the coring process was not considered in most former numerical simulation 
studies on core discing. In this paper, the discrete element method software 
PFC3D is used to conduct a numerical simulation of the coring process. Accord-
ing to the two conditions without drilling fluid pressure and with it, and different 
horizontal in-situ stresses of 5-160 MPa, fracture and discing of the core with 
drilling are observed. In addition, the law of fracture and discing in the process of 
coring was studied, and the function of pressure-preserved coring to prevent 
fracture and discing is explored. Simulation results show nonlinear trends in dis-
tribution of discs both in time and in space.  
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Introduction 

In-situ pressure-preserved coring is an effective method used in many deep mining 

situations [1, 2], and was helpful in many field tests [3-6], including the influence on core 

discing. Core discing is a very obvious and intuitive phenomenon that may occur in the pro-

cess of coring under high stress environment. In the early stage, Jaeger and Cook studied 

discing the phenomenon in 1963 [7], believing that core discing is caused by tensile failure. 

Matsuki et al. [8] also proposed a linear formula with tensile strength. Since researchers have 

been trying to find its relationship with in-situ stress, a kind of physiognomy with core discing 

as an object was put forward [9]. Discs have several types but are often saddle-shaped, 

Matsuki et al. [8] found the relationship between the axis of the saddle and the maximum 

horizontal principal stress. On the other hand, Obert [10] initially suggested that the higher 
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stress, the thinner the core disc. Haimson [11] confirmed the relationship between the length 

of discs and the magnitude of stress through experiments.  

In addition to some field and laboratory studies [12], most researchers used numeri-

cal simulation methods. Li Y et al. [13] explored stress concentration and crack development 

in the process of coring by using FEM. Hakala [14] and Yameogo et al. [15] also used 3-D 

FEM to study the relationship between core damage and in-situ stress. In terms of DEM [16], 

Bahrani et al. [17] used PFC2D to explore the stress variation in the process of coring. Since a 

large number of FEM models have been tried for core discing and in-situ stress, the DEM 

may provide a new way. 

In this paper, a software PFC3D has been used to build a model, which reflected the 

coring process and collected information related to core discing. The specific coring process 

and drilling environment were not considered in most of former numerical simulation studies 

on core discing, especially the drilling fluid pressure, which has a marked influence on core 

failure [18]. The coring process with one of two conditions, with drilling fluid pressure or 

without it, was simulated on this paper’s model.  

The PFC model establishment 

Considering insufficient compression to tensile stress, sc/st, in most PFC models, 

the flat-joint model which has a sc/st of 8-9 is adopted in this paper. The parameters of PFC 

model only reflect the properties of individual particles and contacts, of which the change with 

the macroscopic parameters of rock is non-linear and non-orthogonal. Parameter calibration has 

been only conducted by manual adjustment. Therefore, the calibration code is optimized to 

repeat the cycle to simulate the test and modify the input parameters according to the compari-

son of the result with macroscopic parameters, until the maximum deviation is satisfied. 

Table 1 shows the target value and deviation of macroscopic parameters, and the 

value of the final calibrated mesoscopic parameters. The target values of macroscopic param-

eters are taken from the general rock mechanical parameters of granite. From the results, the 

macro parameters obtained by simulation are very close to the target value, and the maximum 

deviation is less than 0.0085. 

The DEM simulation model is shown in fig. 1. The rock body is a 100 × 100 × 330 

mm cube. To ensure efficiency, the minimum particle radius is set as 1.3 mm, and the maxi-

mum radius is 1.66 times of the minimum radius. Radial and axial confining pressures are 

first applied to the model to make it in an in-situ stress environment. After stabilization, a new 

circular boundary with a diameter of 65 mm was demarcated in the center of the top boundary 

before coring, and the confining pressure applied on this boundary was adjusted to 0, as 

shown in fig. 2.  

Table 1. Parameters of rock and mesoscopic parameters in PFC 

 
Parameters in PFC 

Parameter Symbol Value Deviation Parameter Symbol Value 

Elastic modulus E 26 GPa –0.0064 Effective modulus E¢ 24.7 GPa 

Poisson's ratio m 0.22 –0.0032 Stiffness ratio k 3.5166 

Tensile strength st 9 MPa 0.0081 Tensile strength '
c  13.2 MPa 

Cohesion c 14.3 MPa –0.0085 Cohesion c¢ 36.5 MPa 

Friction angle f 54° –0.0077 Friction angle f¢ 52.916° 

Compressive strength sucs 80 MPa – Friction coefficient m¢ 0.5 
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In the most of former studies of core discing simulation using discrete elements, 

particles outside the core boundary were directly deleted to result in stress release. In this 

paper, a coring tool is designed to simulate the real coring process as much as possible, as 

shown in fig. 3. The coring tool is composed of two cylinders. The diameter of the outer cyl-

inder is 65 mm and that of the inner cylinder is 50 mm. In coring process, when the rock core 

enters the inner cylinder, and the axial and radial pressure applied to the core can be con-

trolled to simulate the effect of drilling fluid. 

Although the entity of the coring tool is constructed in this paper, it is also simpli-

fied to ensure calculation efficiency. For example, particles the of rock model would not be 

destroyed because of rotating cutting of the bit, but would be removed when the axial contact 

force between the particle and the bit part reaches a certain value during drilling. The drilling 

speed is determined by the maximum contact force between a single particle and the bit. This 

implies that: 
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where vdrill is the drilling speed, Fc – the axial contact force threshold of deleting the particle, Fb 

– the maximum axial contact force of all particles in contact with the drill, vd,min and vd,max are 

the minimum and maximum value of the drilling speed, vd,min is close to the drilling speed of 

normal coring. When the bit is not in full contact with particles, or the contact force, Fb is very 

small, the drilling speed, and vdrill would exceed the normal coring speed, in order to reduce 

meaningless calculation. 

Since the ratio between horizontal and vertical in-situ stress has an influence on core 

discing, and the ratio of horizontal and vertical stresses sH/sv varies greatly in different geo-

logic environments. For comparison purposes, sH/sv is set to 2. The pressure of drilling fluid 

sL is given: 
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Figure 1. The PFC rock      Figure 2. Making a borehole on            Figure 3. Construction of 
model and                    the top of the model                        coring tool 
boundary conditions 
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where rL and rR are the drilling fluid density and the average density of the overlying rock 

mass. In this paper, we set rL = 1000 kg/m
3
 and rR = 2650 kg/m

3
. 

In this model, the core length is planned to be 300 mm. After the coring tool reaches 

this depth, in order to make the core completely enter the inner cylinder, the coring tool would 

advance at the original speed for a certain time, and the specific depth depends on the drilling 

speed at this time. In the simulation conducted in this paper, the excess depth is about 10 ±1 mm. 

At the end of drilling, each individual fragment separated from the other is recorded 

according to the position and connection of each particle in the core. Moreover, different par-

ticle number thresholds were set to count the fragments whose particle number was greater 

than the threshold, and the obtained value [ ]i
fN  could judge the extent of core discing. In the 

cores obtained in this paper, the Nf recorded in each simulation is set as [ ]1
fN , [ ]20

fN  (1/5 of 

the number of particles in one layer) and [ ]64
fN  (2/3 of the number of particles in one layer). 

In the simulation with or without drilling fluid pressure, in order to increase the 

sampling points in the pressure range where the extent of discing changes greatly, the bisec-

tion value of 5 MPa £ sH £ 140 MPa is conducted with [ ]20
fN  as the judgment benchmark, 

and the increasing uniform value of 10 MPa is supplemented. 

Simulation results with drilling fluid pressure  

As aforementioned, in the simulation with drilling fluid pressure, pressure is applied 

to the core using the inner cylinder of the coring tool, which is linearly related to the vertical 

in-situ stress sv and the horizontal in-situ stress sH. 

Figure 4(a) shows the variation of fracture number with drilling depth under differ-

ent sH. Under various in-situ stress conditions, the number of fractures increases linearly, 

which is the same as the case without drilling fluid pressure. As shown in the figure, the 

number of fractures also decreases at low stress. When it is above 20 MPa, fractures increase 

with the increase of in-situ stress. Figure 4(b) shows the number of fractures with different sH 

after drilling. Within the sampling range, there are two zones where the difference in the 

number of fractures between the two conditions is most significant: one is the valley near 20 

MPa, and the other one is the sampling point with the greatest in-situ stress. On the other 

hand, in the middle of two curves, fractures in these two cases are almost equal, and even the 

number of fractures with fluid pressure exceeds that without drilling fluid pressure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4. Number of fractures in drilling process and fractures when drilling ended; 
(a) drilling process with drilling fluid pressure and (b) drilling ended 
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As in the previous section, three kinds of fragment quantity are also obtained in 

simulations with drilling fluid pressure. Figure 5 reflects the model and the curves of the 

number of fragments at the end of drilling under the two conditions when the horizontal 

in-situ stress is 68 MPa. When sH reaches 68 MPa, the number of fractures is lower without 

fluid pressure, which is also intuitively reflected in fig. 5(b). However, the following chart 

shows slightly different contents. For, [ ]i
fN  fragments without drilling fluid pressure are 754 

higher than that with fluid pressure. For, [ ]64
fN  the final results in the two cases are approxi-

mately equal. The [ ]20
fN  with drilling fluid pressure is twice than that without fluid pressure. 

 

 

 

 

 

 

 

 

 

 

 

Discussions 

Description of core discing during drilling 

The aforementioned drilling depth, is a time-dependent quantity that indicates the 

depth of the bottom of the coring tool in drilling process. It differs from the core depth, i.e., 

the axial position of the core at the end of drilling. These two quantities can be used to ana-

lyze the height of changes occurring in the core relative to the bit position. For example, Fig-

ure 6(a) shows two fracture number curves without drilling fluid under sH = 98 MPa. In most 

cases, fractures of drilling depth were slightly greater than fractures of core depth, indicating 

that some fractures had occurred below the coring tool during drilling. The difference of frac-

tures with drilling depth to that with core depth is shown in Figure 6(b), which rises at the 

beginning, then gradually decreases to about 8000, and then drops sharply. The descent be-

gins at a depth of approximately 280 mm, indicating that most of the fracture below the cor-

ing tool occurs within 20 mm. At a depth of 300 mm, the difference is less than 0 near the 

depth of 300 mm, about -1000, and gradually reaches 0 after 300 mm. This indicates that a 

fraction of fractures occurred after drilling, however, this fraction is very small compared to 

the total amount of fractures. In other words, in the absence of drilling fluid pressure, most 

fractures occur while drilling. 

On the other hand, fragment quantities with drilling depth reflects the extent of core 

discing at a certain point in the drilling process. Figure 7 shows the corresponding relation-

ship between the core model without drilling fluid pressure when sH reaches 98 MPa and 
[ ]20
fN  of that. As can be seen from the figure, the variation of [ ]20

fN  at lower drilling depths is 

consistent with the fragmentation of the core model, that is, several large fragments in the 

Figure 5. Model and fragment number with the absence and the presence of drilling fluid pressure; 

(a) sH = 68 MPa, sL = 0 MPa and (b) sH = 68 MPa, sL = 6.42 MPa 
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upper part of the core are generated immediately during drilling. At the end of the curve, the 

rise after 300 mm indicates that some new fragments are generated after the core enters the 

core barrel, but most of them are concentrated near the bottom of the core. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Influence of drilling fluid pressure on 

core discing  

In simulations presented in this 

paper, the relationship between drilling 

fluid pressure and in-situ stress is set to be 

linear, but according to the results shown 

in fig. 4(b), the effect of drilling fluid 

pressure on core fractures is non-linear. If 

with the same number of fractures, the 

horizontal in-situ stress with fluid pres-

sure is sH, while that without fluid pres-

sure is '
H Then '–H H   represents the 

ability of drilling fluid pressure to suppress core 

fracture caused by in-situ stress, of which the 

curve and sL is shown in fig. 8. It can be seen 

that, the difference decreases first and then rises, 

and the part less than 0 indicates that the fluid 

pressure has a negative effect. Only when the 

horizontal ground stress is greater than 100 MPa, 

the difference begins to rise close to a linear 

trend. 

The influence of drilling fluid pressure on 

core discing is more obvious with high in-situ 

stress. For example, when sH reaches 140 MPa, 

the given sL is about 13.2 MPa, but the number 

of fractures drops to that when sH reaches ap-

proximately 108 MPa without fluid pressure. Figure 9 compares the result of sH reaching 140 

MPa and the result of sH reaching 108 MPa. Since [ ]1
fN  also reflects the number of complete 

Figure 6. Fractures and difference with drilling depth and core depth, of which horizontal in-situ stress 
equals 98 MPa; (a) fractures with drilling depth and core depth and (b) difference of fractures with 

drilling depth to that with core depth 

Figure 7. Comparison of the model and fragment 

quantity without drilling fluid pressure, of which hor-
izontal in-situ stress equals 98 MPa 

Figure 8. Difference of horizontal in-situ stress 

with fluid pressure to that without 
fluid pressure 
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failures of contact, fractures with 140 MPa is slightly more than that with 108 MPa, but the 

figure shows that [ ]1
fN  in fig. 9(a) is lower, indicating that fractures of the core with drilling 

fluid pressure is more dispersed and the extent of stress concentration is lower. 

In general, the effect of drilling fluid pressure on core discing does not follow a 

simple and unidirectional rule. Even when the horizontal in-situ stress is higher than 65 MPa, 

the given drilling fluid pressure would still produce completely different effects in two in-situ 

stress sections. However, by further increasing the drilling fluid pressure, core discing would 

be inhibited eventually. Figure 10 shows the results of the core affected by different fluid 

pressure in these two sections. It can be seen that the discing phenomenon finally disappears 

with the increase of fluid pressure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion 

Due to the necessary concession of model accuracy in the consideration for compu-

ting resources, a finer section of core discs is not shown, and it is not possible to accurately 

determine whether more saddle surfaces have been generated. The length of discs in a single 

core is not uniform as in most former simulations but varies with drilling depth. It is impossi-

ble to obtain a certain value from the length of core disc to reflect the magnitude of in-situ 

stress. Even for the most basic conclusion that the higher the stress, the thinner the rock discs 

[10], different results are obtained in low stress simulation presented in this paper. The com-

parison of the two values, the drilling depth reflecting the time and the core depth reflecting 

position, indicates the time when core discing occurs. In almost all the results, the discing 

occurred when the bit reached its position, indicating that the protection of the core after cor-

ing was unable to prevent core discing. The inhibitory effect of drilling fluid pressure on core 

discing does exist, although the rule is non-linear. If conditions permit, conscious control of 

Figure 9. Models and fragment numbers in 140MPa with drilling fluid pressure and 108MPa without 

drilling fluid pressure; (a) sH = 140 MPa, sL = 13.2 MPa and (b) sH = 108 MPa, sL = 0 MPa 

Figure 10. Models with different drilling fluid pressure in conditions of horizontal in-situ stress 

equal 78 MPa and 108 MPa 
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drilling fluid pressure can prevent core discing. In the presence of drilling fluid, the core will 

release the remaining stress during lifting, which can be prevented by adopting pres-

sure-preserved coring. However, it is necessary to verify how core fracture occurs during 

drilling fluid pressure relief and whether it will lead to further core discing. 
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