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Abstract: Core discing often occurs in deep rocks under high-stress conditions and has been identified as an important 
characteristic for deep rock engineering. This paper presents the formation mechanism of core discing firstly. Then, the 
interaction between diamond drill bits and rock was analyzed based on numerical modeling. A novel drill bit with an 
inner conical crown for the mitigation of core discing was designed and verified by simulation experiments. The 
mitigation method was applied in the cavern B1 of CJPL-Ⅱ and satisfactory results had been achieved. The percentage 
of core discing had been obviously decreased from 67.8% when drilling with a rectangular crown drill bit, to 26.5% 
when an inner conical crown drill bit had been adopted. This paper gives full insight into core discing characteristics 
and provides a new method for core discing mitigation; it will potentially contribute to stress measurement in deep rock 
engineering. 
 
Key words: core discing; mitigation; drill bit crown; deep rocks; in-situ stress measurements 
 
Cite this article as: ZHENG Min-zong, LI Shao-jun, YAO Zou, ZHANG Ao-dong, XU Ding-ping, ZHOU Ji-fang. 
Core discing characteristics and mitigation approach by a novel developed drill bit in deep rocks [J]. Journal of Central 
South University, 2020, 27(10): 2822−2833. DOI: https://doi.org/10.1007/s11771-020-4512-x. 
                                                                                                             
 
 
1 Introduction 
 

Core discing refers to an engineering 
geological phenomenon in which the core is broken 
into discs or fragments [1], as shown in Figure 1. It 
is a type of rock failure caused by geological 
actions and external disturbances during the process 
of core drilling under deep burial depth and high 
stress environmental conditions. Many researchers 
have attempted to analyze the characteristics and 
mechanism of the occurrences of core discing 

through laboratory testing, site observations and 
numerical analysis [2−6]. The interest in this 
phenomenon lies in the estimation of the in-situ 
stress from the shape and frequency of the failures 
along the core axis [7]. It was assumed that core 
discing may involve tensile failures, a combination 
of shear and tensile failures, or only shear failures. 

LIM et al [8] studied the relationship between 
in-situ stress and core discing for Lac du Bonnet 
granite and believed that the magnitude and 
direction of the stress had certain influences on the 
core disc thicknesses. KANG et al [9] used a  
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boundary element model to discuss the 
characteristics of induced stress and failures 
initiated by tensile stress. And then put forward an 
initiation criterion of core discing, along with an 
estimation procedure for rock stress. However, it 
was argued that discing was only an indicator of 
high stress and that simply estimating in-situ stress 
from fracture observations was inaccurate because 
core discing involved complex mechanical 
mechanisms. Unless only very crude stress estimate 
is required, it is not possible to estimate the in-situ 
stress by observing the rock cores [6]. The 
over-coring stress relief method [10−13] has 
developed into a mature technology in in-situ stress 
measurement. However, the core discing actions 
will potentially cause major difficulties for the 
measurement of in-situ stress when using 
over-coring stress relief methods. This is due to the 
fact that such methods require that the cores where 
the measuring instruments are placed to maintain 
certain integrity during the drilling process [3]. 
 

 
Figure 1 Typical core discing under high in-situ stress in 
Jinping deep tunnels 
 
    In order to solve the problem mentioned above, 
this paper first presented the formation mechanism 
of core discing. Then, a new core discing mitigation 
approach was introduced, in which the changing of 
the drill bit crown structure was developed based on 
the results of numerical simulations. The effects of 
different crown shapes were discussed based on 
LS-DYNA and FLAC3D, and field tests were carried 
out in the marble of the CJPL-Ⅱ Laboratory in 
order to test the developed drill bit. Discussions 
were made on the potential application of this 
method in mitigating core discing during the deep 
rock in-situ stress measurement processes. The 
conclusions reached in this study have certain 
significance to the further understanding of the 
phenomenon of core discing and its mitigation. 

 
2 Formation mechanism of core discing 

and potential mitigation approach 
 
    The long deep tunnels in Jinping II 
hydropower station are very famous in the world 
and have the maximum overburden amounting to 
2525 m [14, 15]. Core discing occurred frequently 
during borehole drilling in the deeply buried test 
tunnels along the auxiliary tunnel [16−18]. It is a 
form of rock fracture, occurs under the combined 
actions of deep geological environment and 
external excavation disturbances, which is closely 
related to rock excavation and drilling [7]. 
    Figure 2 shows the formation mechanism of 
core discing during drilling activities. The 
mechanism can be divided into two processes: core 
crack propagation and fracturing into discs. Drilling 
activity is the stress relief for the borehole wall. 
During the adjustment of local stress field, the 
borehole is subjected to radial compression and 
axial tension. Stress concentration tends to occur at 
the core roots which are in contact with the crown 
surface of a drill bit [19, 20]. When the stress 
concentration reaches the failure strength of rock, 
the core began to crack around tiny defects on the 
core surface. After the crack starts, the stress in the 
core root is concentrated and transferred to the 
crack tip. At the same time, the core will be 
gradually separated from the surrounding rock. The 
core will compressed in the radial direction and 
stretched in the axial direction, which causes cracks 
to expand toward the middle of the core. Finally, 
the fracture plane with a certain convex surface is 
formed by tensile fracture. Then, as the drill 
continues to drill in a downward direction, the same 
cycle will occur again. A stress concentration zone 
will build at the core roots and crack propagation 
will occur, resulting in the formation of another 
disced core. 
 

 
Figure 2 Core discing formation mechanisms during 
drilling process 
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    In summary, the continuous drilling activity is 
the fundamental reason that causes the core to break 
into discs periodically. When coring occurs, the 
slower the drilling speeds is, the longer the duration 
of the crack propagation will be, and the more 
obvious the disturbance effects of the drill pipe 
strings on the core will be. These effects will 
facilitate the cracks to expand through the rock core 
and produce disced cores. Therefore, in order to 
reduce the phenomenon of core discing, it is 
necessary to reduce core cracks during drilling, 
which can potentially lead to core discing. 
    Drill bit is the main tool for breaking rock 
during drilling [21]. The commonly used shapes of 
diamond drill bit crowns include rectangles, 
trapezoids, circles, cones, and so on. The different 
crown shapes have different contact modes with 
rock, and the stress and strain distributions on the 
rock also tend to be different. These differences will 
affect the generation and expansions of cracks and 
may lead to core discing. Therefore, in order to 
mitigate the core discing during drilling, a 
reasonable diamond drill bit crown structure will be 
an effective method. 
 
3 Dynamic simulation of interaction 

between rock and drill bits 
 
3.1 Numerical models 
    In order to study the interaction mechanism 
between rock and diamond drill bits, this study 
selected three common diamond drill bits with 
different crown shapes for dynamic drilling 
simulation, including rectangular crown, trapezoid 
crown and biconical crown. The nonlinear dynamic 
analysis software LS-DYNA based on finite 
element method was used to simulate the dynamic 
interaction between rock and drill bits. The 
numerical model of rock and drill bit, as well as 
three 3D models of the impregnated diamond drill 
bits with different crown shapes are shown in 
Figure 3. A contact mode was set between the drill 
bits and the rock as a surface-surface erosion 
contact algorithm. The friction coefficients were set 
as follows: static friction coefficient 0.35, dynamic 
friction coefficient 0.25. The bottom surface of rock 
limited its freedom in the vertical direction, while 
lateral boundary of the rock set the degree of 
freedom as zero. The drill bits were applied a 
constant vertically downward load along the 

drilling direction, and an initial speed of uniform 
rotation was applied. The plasticity and failure 
strain of rock were taken into account, and the drill 
bits were considered to be elastomeric. The material 
properties of the drill bits and rock are shown in 
Table 1. 
 

 
Figure 3 Numerical models of rock and drill bits:     
(a) Interaction model of drill bit and rock; (b) Bit with 
rectangular crown; (c) Bit with trapezoid crown; (d) Bit 
with biconical crown 
 
Table 1 Material properties of rock and drill bit 

Parameter Rock Drill bit 

Poisson ratio 0.27 0.3 

Density/(kg·m−3) 2630 7830 

Elastic modulus/GPa 55 207 

Yield strength/MPa 117  

Shear modulus/MPa 4000  

Failure stain/% 0.06  

 
3.2 Stress analysis 
    Figure 4 shows von Mises stress distribution in 
rock caused by different drill bit: bit with the 
rectangular crown (Figure 4(a)); bit with the 
trapezoid crown (Figure 4(b)) and bit with the 
biconical crown (Figure 4(c)). Von Mises stress can 
represent the level of stress distribution. As we can 
see, after the contact with drill bit, the stress 
generated inside the rock will not be evenly 
distributed and stress concentration will occur at the 
contact positions. The degrees of stress 
concentration in rock were different with different 
drill bits. As shown in Figure 4, the maximum stress 
in rock caused by rectangular crown bit was  
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Figure 4 Von Mises stress distributions after drill bit contact with rock: (a) Bit with rectangular crown; (b) Bit with 
trapezoid crown; (c) Bit with biconical crown 
 
6.07 MPa, while the maximum stress caused by the 
other drill bits were 3.9 and 11.97 MPa, respectively. 
The maximum stress in rock caused by drill bits 
with biconical crown was largest, so the drilling 
efficiency and drilling speeds will be high, which 
are conductive to mitigate the core discing. 
However, the high stress concentration also may 
lead to the core surface cracking, which then 
provided the conditions for core discing. Therefore, 
while improving drilling efficiency, the disturbance 
of drill bit to the core should be minimized as far as 
possible. 
 
3.3 Scheme determination of inner conical crown 
    Based on the stress analysis mentioned above, 
the drill bit with conical crown has the high drilling 
efficiency. Therefore, the current study continued to 
use different conical crown drill bits to simulate the 
stress distribution of rock during drilling and to find 
the most suitable crown structure with fewer 

disturbances to the core. As shown in Figure 5, the 
von Mises stress distribution after dynamic contact 
between rock and three conical crown drill bits 
were simulated. Steps I, II and III were three 
drilling stages, which showed that the stress 
distributions when the rock was drilled to a depth of 
0.1, 10 and 20 mm, respectively. It could be seen in 
the simulation results that three types of drill bits 
were found to have produced similar stress in the 
rock. However, the biconical crown drill bit  
(Figure 5(a)) was determined to have the maximum 
stress in the middle section of the rock core and was 
most likely to damage the core. The core was also 
be disturbed in core when using the outer conical 
crown drill bit (Figure 5(b)). And the stress in rock 
core drilling with the inner conical crown bit 
(Figure 5(c)) is maintained at a low level. The 
possible reason for this result was that the contact 
areas between the inner conical crown drill bit 
(Figure 5(c)) and the rock core were observed to  
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Figure 5 Von Mises stress distributions during the drilling process with the three different conical crowns:  
(a) Bit with biconical crown; (b) Bit with outer conical crown; (c) Bit with inner conical crown 
 
gradually increase during the simulated drilling 
activities. As a result, the stress in the core had a 
more sufficient release and evolution time 
compared with other drill bits, and the core had 
been less affected. 
    According to the above simulated results, the 
inner conical crown drill bit (Figure 5(c)) have high 
drilling efficiency and also little disturbance to the 
core during drilling, which are both favorable 
factors for mitigating core discing. Thus, from the 
perspective of drill bit selection, the inner conical 
crown drill bit was a more ideal choice than the 
other drill bits to avoid the core fracturing into discs, 
and should be taken into consideration in practical 
application for mitigating core discing. 
 
4 Validation of core discing mitigation 

with an inner conical crown drill bit 
 
4.1 Validation by numerical analysis 
4.1.1 Model 
    Following the defining of the different wear 
shapes to reflect the different crown shapes of the 

drill bits, the drilling processes were simulated for 
the purpose of evaluating the influences of the 
different drill bits on a core under high in-situ stress 
[22]. FLAC3D software was used to simulate the 
whole process of coring. Note that core discing is a 
kind of failure in rock. The Mohr-Coulomb strain 
softening/hardening model was adopted in order to 
simulate the post-failure behavior of geomaterials 
[6, 23−25]. The rock mass parameters of Jinping 
marble used in the constitutive model were shown 
in Table 2, which was obtained from the uniaxial 
tensile and triaxial compression test [26]. Since the 
elasto-plastic model was adopted, the relationship 
between strain and stress model is nonlinear and 
stress path dependent, the coring process was 
modeled step by step. 
    The 3D geometric model is shown as   
Figure 6(a). The drilling process was simulated by 
nulling the elements in red section from a zero core 
stub length to 140 mm using a stub length 
increment of 20 mm. The inner conical crown drill 
bit was adopted according to the above analysis, 
and the rectangular crown drill  bit was also  
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Table 2 Strain softening parameters used in FLAC3D 

Plastic strain/% Elastic modulus/GPa Poisson ratio Cohesion/MPa Friction angle/(°) Tension/MPa 

0 43 0.25 45 38 9.1 

0.5 43 0.25 26 43 4.5 

0.7 43 0.25 18 50 0.5 

1.0 43 0.25 10 50 0.5 

1.5 743 0.25 6 50 0.5 

 

 
Figure 6 Numerical simulation model, all dimensions in 
mm: (a) Profile of 3D model and dimension, (b) Model 
drilled with inner conical crown drill bit; (c) Model 
drilled with rectangular crown drill bit 
 
simulated for contrast purposes. Figure 6(b) shows 
an inner cone and Figure 6(c) is rectangle. Both 
models have nearly 800000 zones. The size of the 
mesh is 2−3 mm. 
4.1.2 Simulation of formation process of core 
disicng during drilling 
    In order to view the forming process of core 
discing during drilling, this section simulates coring 
step by step, with the coring length increasing by 
2.5 mm each time. FLAC3D can simulate continuum 
materials, but it cannot simulate crack and fracture. 
However, the large plastic strain can identify the 
potential fracture. According to the model and 
parameters given in the Section 4.1.1, the plastic 
strain was monitored for the horizontal stress σh=  
62 MPa and vertical stress σv=124 MPa loading  

case and the normal rectangular crown drill bit with 
a flat bottom shape was used. 
    Figure 7 shows the tensile plastic strain of the 
middle section of the model with same scale in five 
typical drilling steps. The shear plastic strain was 
not included because there was no obvious such 
strain in the whole process and this will be showed 
in the later section. We can see that there was no 
tensile plastic strain at the first stage of coring when 
stub length r=2.5 mm (Figure 7(a)). As the removed 
zones increased, which represented the drilling 
went deeper, the tensile plastic strain began to 
appear in the middle of the core (Figure 7(b) r=  
10.0 mm). At this stage, the core had not broken 
because the tensile failure was not connected to the 
core surface. In Figure 7(c) (r=15.0 mm), the tensile 
plastic strain at the position of A reached 1.1%, 
which was 35 times higher than that at B (0.03%). 
We assumed that the core would crack along the 
“potential crack zone”, which had larger tension 
plastic strain. Thus, the core broke and formed into 
a thin disc since the large tensile plastic strain was 
observed and expanded throughout the core. The 
failed zone can be assumed to be a new surface of 
the core, allowing for a redistribution of the tensile 
stress. As drilling processes, the tensile zone will 
eventually be rebuilt to restart the local tensile 
failure zone across the core. The above process was 
repeated, zones with large tensile plastic strain 
formed again in the center of the core as drilling 
went deeper, as shown in Figure 7(d) (r=27.5 mm). 

 

 
Figure 7 Tensile plastic strain during drilling for σh=124 MPa, σv=62 MPa loading case: (a) Stub length r=2.5 mm;   
(b) r=10.0 mm; (c) r=15.0 mm; (d) r=27.5 mm; (e) r=37.5 mm 
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This area gradually penetrated to the core surface, 
creating potential crack zone and the core broke 
into another disc (Figure 7(d) r=37.5 mm). 
    The above simulation results were obtained 
when the horizontal stress was 124 MPa and the 
vertical stress was 62 MPa. Plastic tensile strain 
indicated tensile failure, so the core crack and 
propagation was caused by tensile stress. This was 
because the drilling process was stress relief for the 
core, so the core was subjected to tensile stress, as 
we mentioned in Figure 2. As the drilling process 
continued, the crack spread throughout the core and 
the core broke into a disc. This process was 
repeated throughout the drilling process and formed 
the phenomenon of core discing. Thus, at this stress 
level, core discing associated with tensile failure. 
4.1.3 Core disicng with different drill bits under 
different stress combinations 
    In order to verify the proposed approach, the 
inner conical drill bit and rectangular crown drill bit 
were adopted for the simulation under different 
stress combinations. For simplification, the 
direction of the principal stress was assumed to be 
consistent with the coordinate axes. Five stress 
combinations were adopted to test the occurrence of 
core discing. The horizontal principal stresses were 
selected as 62 MPa, while the vertical principal 
stress were 140, 124, 108, 92 and 76 MPa, 
respectively. 
    Figure 8 details the plastic strain for these five 
stress combinations after coring 140 mm using two 
different drill bits which has different wear shape 
(rectangular and inner crown). Since the plastic 

strain had reflected the fracture, the differences in 
the plastic strain distribution at same stress level 
indicated that the different drill bits crowns had 
certain influences on the formation of cracks in the 
rock core, which may have eventually caused core 
discing. 
    Figure 8(a) shows both tension plastic strain 
and shear plastic strain for the σh=140 MPa, σv=  
62 MPa loading case. As we can see, the tensile 
fracture ran throughout the rock core and was 
regularly distributed along the z axis. The core was 
divided into seven regions, each representing a rock 
disc. However, the shear fracture only exited at the 
edge of the core, which was also conducive to the 
core failure. Under this stress condition, the disced 
cores were formed due to tensile failure or a 
combination of tensile and shear failure, and with 
both drill bits, discs were formed. Therefore, it 
could be seen that under the condition of higher 
in-situ stress, the inner conical crown drill bit is of 
no use to reduce core discing. With the decrease of 
the vertical stress σv, the shear stress on the core 
decreased, the shear plastic strain faded and the 
core fracture was dominated only by tensile failure. 
Therefore, the cloud diagram of shear plastic strain 
was no longer given in the following figure. In 
Figures 8(b) and 8(c), core discing all appeared. 
The tension plastic strain drilling with inner conical 
crown drill was greater than that of the rectangular 
crown drill bit in Figure 8(b). However, in   
Figure 8(c), the results turned out to be the opposite. 
The tensile fracture drilling with inner conical 
crown drill was slighter in the middle of the rock 

 

 
Figure 8 Plastic strain during drilling under different stress combinations: (a) σh=140 MPa, σv=62 MPa; (b) σh=     
124 MPa, σv=62 MPa; (c) σh=108 MPa, σv=62 MPa; (d) σh=92 MPa, σv=62 MPa; (e) σh=76 MPa, σv=62 MPa 
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core. This was also observed in Figures 8(d) and (e). 
When the inner conical crown drill bit was used, it 
only had tensile failure at the edge of the core and 
no disced cores were formed. However, under the 
same stress levels, when using the rectangular 
crown drill bit, the core would still form into discs. 
Thus, in these cases, the inner conical crown drill 
bit was effective in mitigating core discing. 
    It is clear that core discing is not a binary 
phenomenon which is either present or absent. Core 
discing is one extreme manifestation of what could 
be called core damage which occurs when diamond 
drilling in rock that is weak relative to the in-situ 
stress field. In such cases, depending on the ratio 
between the different in-situ stresses, on the rock 
strength parameters in the core being drilled may 
initiate and propagate shear or tensile failure (or 
both). In some cases, when the right conditions are 
met, core discing or the separation of the core in 
various pieces will occur. The shape of the wear 
section would affect the release and evolution of 
stress and strain, and it had been found from the 
simulation results that the inner conical crown drill 
bit can reduce the plastic strain, thus mitigating core 
dising under certain stress conditions compared 
with the rectangular crown drill bit. However, the 
drill bit was no longer play a decisive role for core 
discing when the difference of the principle stresses 
was too large. In general, it had been determined 
through this study’s simulations results that the 
reasonable selection of a drill bit crown during 
drilling could potentially be a new approach to 
avoiding or mitigating the occurrences of core 
dicing under certain stress conditions. 
 
4.2 Validation by field testing 
    In order to verify the effectiveness of the 
proposed new approach of developing a reasonable 

drill bit crown, a field test was carried out in the 
cavern B1 of the China’s Jinping Underground 
Laboratory Phase II (CJPL-II). The laboratory is 
located in the transitional slope zone between the 
Qinghai-Tibet Plateau and the Sichuan Basin. The 
lithology in the area is marble from the middle 
Triassic Baishan Formation (T2b). There are 
currently five scientific tunnels which can be 
divided into a total of ten caverns [17, 18], this 
study’s field test site was located in the cavern B1 
of the CJPL-Ⅱ, the cavern has the length of 130 m, 
and the geometric measurements of the arch 
sections are 14 m×14 m, as shown in Figure 9(a). 
    The inner conical crown impregnated diamond 
drill bit which was used in the testing was prepared 
using an artificial diamond and iron matrix and a 
hot-press sintering method. A vertical shaft coring 
drill rig was used to drill the test borehole (TB-1) in 
the end wall with an inner conical crown diamond 
drill bit, and the phenomenon of core discing was 
observed and statistically analyzed. At the same 
time, at a distance 75 cm from the TB-1, another 
test borehole (TB-2) was drilled with the same 
drilling equipment, with the exception that a 
rectangular crown diamond drill bit was used. The 
TB-1 borehole was drilled first, and then the TB-2 
borehole was drilled, as shown in Figure 9(b). The 
core discing phenomena in the test boreholes which 
had been drilled using the different drill bits were 
compared for the purpose of verifying the 
effectiveness of each testing drill bit, as shown in 
Figure 9(c). 
    In the present study, two boxes of cores which 
had been drilled using the inner conical diamond 
drill bit and ordinary rectangular crown diamond 
drill bit were measured, as detailed in Figures 10(a) 
and (b). Then, simple sketch maps of the cores were 
drawn, respectively. During the experiment, due to 

 

 
Figure 9 Overview of field tests: (a) Layout of borehole drilling sites; (b) Image of field test; (c) Drill bits with an inner 
conical crown (figure above) and a rectangular crown (figure below) 
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field restrictions, the cores drilled by the diamond 
drill bits with rectangular and inner conical crowns 
were 5.21 m and 4.91 m long, respectively. The 
cores were divided into different zones, as shown in 
Figures 10(c) and (d), each representing one type of 
core discing. The results showed that core discing 
had existed in both cores. However, the core of the 
TB-1 borehole was found to have more intact zones 
than that of the TB-2 borehole. As shown in Table 3, 
the percentage of the discing zone of the TB-2 was 
67.8%, which was more than 2.5 times that of the 
TB-1 (26.5%). In addition, the core at the discing 
zone drilled using the rectangular crown drill bit 
was observed to be seriously broken, as shown in 
Figure 10(b). As can be seen from field testing, 
although the length of the drill hole was limited, the 
core drilled with inner conical crown drill bit had 
less disced rock cores and is more integrated. 
 
5 Discussion 
 
    In-situ stress is one of the most important 
factors contributing to rock engineering designs, 
and plays a major role in the deformations and 
fractures of underground rock engineering projects, 
such as mines, traffic tunnels, and hydropower 
stations [15, 27, 28]. However, it was observed that 
during the in-situ stress measurements processes 
using over-coring stress relief methods in the deep 
tunnels, the occurrence of core discing would lead 
to measurement failure, as shown in Figure 11. 
Therefore, effectively solving the problem of core 

discing during drilling has become an important 
content of in-situ stress measurement processes. 
The inner conical crown impregnated diamond drill 
bit was found to have effectively reduced the 
phenomena of core discing under certain stress 
conditions. Therefore, it could be utilized in future 
field tests as a new and convenient method by 
which to improve the in-situ stress measurements in 
deep rock. To illustrate this distinction further, 
Figure 12 shows the plastic strains of the rock core 
during the process of over-coring with both drill 
bits. As we can see, the core drilling with 
rectangular crown drill bit was cracked into serval 
discs (Figure 12(a)). These ring-like cores will lead 
to failure of over-coring stress relief tests because 
of the stress measurement probes cannot measure 
the data properly due to the core fracture. However, 
the core drilling with inner conical crown drill bit 
did not break into discs and maintained integrity 
during the measurement processes (Figure 12(b)). 
    Like all numerical simulations, the simulation 
used in this paper also made some simplifications 
and assumptions. Only limited stress combinations 
and the drill bit section were considered and the 
failure was identified by plastic strain. Despite 
these simplifications, numerical simulations can 
still provide insight into the problems in the paper 
as a convenient and economical method. Compared 
with the other numerical simulations of core dising, 
this paper focuses on the influence of different drill 
bit sections on the occurrence of core discing and 
persuade a new approach to mitigate core discing.  

 

 
Figure 10 Images of test boreholes and simple sketch maps of cores: (a) Rock cores from TB-1; (b) Rock cores from 
TB-2; (c) Sketch map of rock cores from TB-1; (d) Sketch map of rock cores from TB-2 
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Table 3 Length of different core zones and percent of 
core discing 

Zone 
Zone length/m 

TB-1 TB-2 

Intact rock mass 3.61 1.68 

Thick discing 0.5 0.65 

Medium discing 0.6 1.6 

Crushed discing 0.2 1.28 

Total length 4.91 5.21 

Percent of core discing/% 26.5 67.8 

 

 
Figure 11 In-situ stress test failure due to core discing 
when using an over-coring stress relief method 
 

 
Figure 12 Tensile plastic strain during over-coring for 
σh=100 MPa, σv=62 MPa loading case: (a) Model drilled 
with rectangular crown drill bit; (b) Model drilled inner 
conical crown drill bit 
 
The understanding of the mitigation of core disking 
is still in the preliminary stage and more 

experiments including laboratory tests, numerical 
simulations and field tests are needed to find more 
suitable and convenient approaches for practice. 
 
6 Conclusions 
 
    The formation mechanism of core discing was 
investigated and the interaction mechanism between 
the rock and the drill bits during drilling was 
analyzed. A new approach for core discing 
mitigation was proposed and verified by numerical 
analysis and field tests, the following conclusions 
can be drawn: 
    1) Numerical analysis indicated that the shapes 
of the drill bit crowns will affect the stress and 
strain distributions of the rock when drilling 
activities are being conducted. Core discing mainly 
related to the tensile failure and it begins in the 
middle of the rock core while shear failure exits on 
the edge of the core. Under certain stress conditions, 
the inner conical crown drill bit can effectively 
avoid the occurrence of core disicng. 
    2) Field tests in the cavern B1 of CJPL-II 
laboratory demonstrated that the inner conical 
crown diamond drill bit was better than the 
rectangular crown drill bit in mitigating core 
discing. The percentage of core discing was 
observed to have been reduced from 67.8% when 
drilling with an ordinary rectangular crown drill bit, 
to 26.5% when drilling with an inner conical crown 
drill bit. 
    3) This study determined that the novel 
developed drill bit had proven effective in the 
mitigation of core discing. Therefore, it could be 
potentially utilized in future field tests as a 
convenient and inexpensive approach for improving 
the accuracy of in-situ stress measurements in deep 
rock. 
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中文导读 
 

深部岩石岩芯饼化特征及减轻岩芯饼化的新型钻头设计 
 
摘要：岩芯饼化是深部岩石在高应力条件下钻孔时经常发生的现象，是深部岩石工程的一个重要特征。

本文首先介绍了岩芯饼化的形成机理，基于数值模拟分析了金刚石钻头与岩石之间的相互作用，通过

数值模拟实验设计并验证了一种可以用于减轻岩芯饼化的新型内圆锥形冠状金刚石钻头。将该方法应

用于 CJPL-Ⅱ的 B1 实验室中，取得了满意的效果，饼化岩芯所占的百分比从使用矩形冠状钻头钻进

时的 67.8%明显降低到采用内圆锥形冠状钻头时的 26.5%。本文全面介绍了深部岩石岩芯饼化特征，

并为缓解岩芯饼化现象提供了一种新方法，这将有助于深部岩石工程中的应力测量。 
 
关键词：岩芯饼化；缓解；钻头冠部；深部岩石；原岩应力测量 


