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ABSTRACT 
 Wellbore stability analysis is an important part of 
efficient drilling. Because of the difficulty of core 
extraction in deep stratum, it is difficult for the core to 
meet the experimental requirements of traditional 
wellbore stability analysis. Therefore, a new method for 
analyzing wellbore stability by using cuttings is urgently 
needed. In this paper, a new method based on digital 
core technology for the analysis of wellbore stability with 
mechanical and chemical coupling is proposed. Using this 
method, the digital core is reconstructed by scanning the 
cutting sample. Combined with the influence of drilling 
fluid, a wellbore stability analysis model is established. 
The elastic mechanical parameters, stress distribution 
around the well and equivalent plastic strain are 
analyzed. The results show that the influence of drilling 
fluid can be introduced into the digital core, and the 
stress distribution around the well and equivalent plastic 
strain obtained based on the digital core are similar to 
the results of the triaxial compression experiment. It is 
feasible to introduce the influence of drilling fluid into a 
digital core to realize mechanical and chemical coupling 
wellbore stability analysis based on a digital core, which 
is a new direction of wellbore stability analysis in 
complex formations. 
 
Keywords: rock mechanics, digital core, wellbore 
stability, drilling fluid 

NONMENCLATURE 

Symbols  
𝜎H maximum horizontal crustal stress 
𝜎h minimum horizontal crustal stress 
𝜎v vertical stress 
𝑝p original pore pressure 

𝑝m borehole fluid column pressure 
𝑽 volume of the formation unit 
𝑆𝑎 surface area of the formation unit 

 
# This is a paper for the 17th International Conference on Applied Energy (ICAE2025), December 8-12, 2025, Bangkok, Thailand. 

𝝈 total stress matrix 
𝛿𝜺 virtual strain rate matrix 
𝒕𝑠 surface force vector 
𝒇 volume force vector 

𝛿𝒗 virtual velocity vector 
𝒒 body force 
𝑷 surface force 

𝒇̅ surface displacement 
𝑊 external forces work 
𝚷 total potential energy 
𝝈′ effective stress 
𝜶 effective stress coefficient. 
𝜌𝑓 fluid density 

𝜑 porosity 
 𝒗𝑓 seepage velocity 

𝒏 external normal direction of any 
cross section 

𝑐 cohesion 
𝜇𝑓 coefficient of internal friction 

𝜙 internal friction angle 

1. INTRODUCTION 
Wellbore stability analysis is an important part of 

safe and efficient drilling. Reasonable wellbore stability 
analysis technology is of great significance for promoting 
deep drilling and realizing deep oil and gas exploitation. 
Rock core is an important sample in wellbore stability 
analysis. It is an important research method to carry out 
rock mechanics experiment through the core, analyze 
the mechanical properties of formation rock, introduce 
the influence of drilling fluid, and analyze the interaction 
between drilling fluid and formation. Traditional 
research methods have high requirements on core 
quality and quantity, but in actual drilling, underground 
coring can reduce drilling efficiency and cause economic 
losses. In addition, the formation conditions in the deep 
stratum are complicated, and the rock is fractured, so it 
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is very difficult for the core to meet experimental 
requirements. Therefore, it is necessary to explore a new 
method to study wellbore stability, avoid complex coring 
processes, analyze rock mechanical properties and 
analyze the interaction between drilling fluid and 
formation without the use of core. 

Digital core technology uses computer image 
processing to depict core microstructure in the form of 
images or data. It is employed to study rock 
microstructure and physical properties through 
mathematical modeling, quantitative analysis and 
physical field simulation (Zhao Jianpeng, 2020). The 
establishment of digital core only needs the formation 
cuttings generated during drilling, and does not need to 
be cored underground, which can improve drilling 
efficiency and achieve safe and environmentally friendly 
drilling. With the development of intelligent oilfields and 
digital oilfields, digital cores have been increasingly 
applied. This technique has the advantages of fast 
calculation speed, low cost and low requirements for 
experimental materials. At present, digital core 
technology is widely used in the analysis of formation 
seepage characteristics, mechanical characteristics, 
porosity, etc. (Wu H, 2021; Liao QZ, 2023; Hijaz Kamal 
Hasnan, 2020; Liu Xuechao, 2022; Li S, 2019). 

In recent years, digital core methods have constantly 
improved. Scholars have carried out a lot of research on 
digital core technology, which is mainly divided into two 
parts: one is to improve the establishment method of 
digital core and improve the accuracy of digital core; the 
other is to use digital core to apply and study the 
application method of digital core.  

In the establishment of digital core, the 
establishment method of digital core is constantly 
improved. By improving the original method and 
introducing new technical means, the accuracy, 
resolution and speed of digital core technology have 
been enhanced. Song et al. proposed an improved 
simulated annealing method, which is suitable for the 
reconstruction of digital core models of various natural 
anisotropic porous media (Song ShuaiBing, 2023). Huang 
et al. reconstructed digital cores with microfractures by 
using the improved Voronoi method and reconstructed 
the matrix pores of digital cores by the quartet structure 
generation set (Huang T, 2022). The digital core was 
reconstructed by using the region stacking algorithm to 
incorporate the anisotropy of matrix pores while 
retaining the original features of microfractures. Wang et 
al. studied the influence of the grayscale threshold in 
image segmentation on porosity, pore percolation, 
connectivity and electrical resistivity of the pore scale 

model and utilized porosity as a reference parameter to 
determine the correct grayscale threshold in image 
segmentation (Wang H T, 2020). Liu developed an 
automatic workflow based on the gray gradient-
maximum entropy-3D morphology was developed. 
Based on the concept of pore clusters, the organic and 
inorganic pores were identified using the 3D 
morphological method (Liu, 2023). Machine learning, 
deep learning, artificial intelligence and neural networks 
also play an important role in building better and faster 
digital cores. Wang et al. improved digital core image 
resolution based on a superresolution generative 
adversarial neural network (SRGAN) (Wang Fuyong, 
2022). Zhang et al. used pretrained GANs to conduct 
digital core modeling training, which ensured the core 
modeling effect and greatly reduced the number of 
network trainings (Zhang Q, 2022). 

In terms of the application of digital core, digital core 
is mainly used in the field of oil and gas engineering to 
characterize the characteristics of formation seepage 
and mechanical characteristics. To study wellbore 
stability based on a digital core, it is necessary to carry 
out further simulation calculations according to the 
digital core to obtain the rock physical parameters of the 
formation. In addition, considering the effect of drilling 
fluid on wellbore stability, the interaction between fluid 
and digital core needs to be considered. In the current 
study, finite element analysis is commonly used to 
calculate rock mechanical parameters using digital cores. 
Each pixel of the digital core is regarded as a unit in this 
method. Since the digital core itself is composed of a 
series of discrete pixels, there is no need to divide the 
grid in the finite element calculation. For a given digital 
core, a macroscopic strain is applied along the direction 
of principal stress and shear stress, and the final elastic 
displacement distribution at each pixel is determined by 
minimizing the elastic free energy of the system, and the 
effective elastic modulus of the digital core is solved. 
(Garboczi, 1998; Garboczi et al., 2001; Roberts and 
Garboczi, 2002). In addition, Jane et al. employed the 
dynamic modulus equivalent numerical simulation 
method to obtain elastic parameters based on wave 
propagation response characteristics in a digital core 
(Jian S K, 2020). Liu et al. utilized three types of grids to 
simulate digital cores (Liu N, 2020). Young's modulus and 
Poisson's ratio were studied by uniaxial compression 
tests in both directions. The influence of lattice 
arrangement on anisotropy is even greater than that of 
the stress disturbance and microstructure 
characteristics. He et al. carried out a study on hydro-
mechanical-damage coupling seepage in digital shale 
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cores, and discussed the effects of confining pressure, 
fluid pressure and pore structure on the micro seepage 
of shale (He Lei 2023). Le et al. simulated the fracturing 
process of typical shale reservoir cores by using 3D digital 
core technology and triaxial compression experiment, 
and established a quantitative characterization model of 
fracture (Qu Le 2024). Li Jing et al. studied the 
mesoscopic damage mechanism of shale reservoir rock 
based on digital core (Li Jing, 2022). 

To date, there have been few studies on the 
application of digital cores to wellbore stability. Scholars 
focused their attention on the characteristics of seepage 
flow, but did not pay attention to the wellbore stability 
during drilling. In addition, there is little research on the 
combination of drilling fluid and digital core, and few 
people have tried to use digital cores to study the 
mechanical and chemical coupling of wellbore stability. 
The author's previous research verified the feasibility of 
applying a digital core to wellbore stability but did not 
establish a borehole stability model for in-depth analysis 
(Zhou GX, 2022). In this paper, based on digital core 
technology, a mechanical and chemical coupling 
wellbore stability analysis model is established and a new 
method for analyzing wellbore stability using digital core 
is proposed, aiming at solving the difficult problem of 
coring, improving the efficiency of borehole analysis, and 
providing technical support for efficient and safe drilling. 

2. EXPERIMENT 

2.1 Methods and materials 

In this paper, based on digital core technology, 
mechanical and chemical coupling wellbore stability is 
studied. To solve the problem of difficult core acquisition 
in fractured strata, digital cores are reconstructed by 
scanning the cuttings of the samples. In addition, the 
influence of drilling fluid is introduced into the digital 
core, and the immersion process of drilling fluid in real 
drilling is imitated to analyze the formation elastic 
mechanical characteristics and realize the analysis of 
wellbore stability. 

First of all, a sieve is used to screen 1~3 mm of field 
cuttings. The cuttings are divided into three parts: (1) test 
the properties of raw rock without treatment, (2) 
introduce the influence of drilling fluid, and (3) introduce 
the influence of water. Cuttings (2) are used to simulate 
the impact of drilling fluid on rocks in the drilling process, 
and a hot roller furnace is used to roll soak cuttings with 

the drilling fluid at 150 ℃ for 16 hours. After soaking, 
the cuttings are cleaned with water and dried to remove 
the residual drilling fluid attached to the surface. The 

cuttings (3) are soaked in clean water at 80 ℃ for 16 
hours and then dried. This sample is compared with the 

sample soaked in drilling fluid. A temperature of 80 ℃ 
is commonly used in experiments of the physical and 
chemical properties of rocks, and water will not boil at 
this temperature. The experimental design is based on 
the national standard of China SY/T 5613-2000. 

A 360° rotating scan of the cuttings is performed 
using a digital core micron CT scanner. The distance 
between the CT source and receiver is adjusted to 
achieve full sample scanning. By adjusting the scanning 
speed and direction, a series of two-dimensional 
scanning images are generated. After scanning, an 
intelligent image recognition algorithm is used to match 
the results of rock and mineral components to the image 
at the gray level, reconstruct the rock skeleton and 
mineral facies, and establish the digital core. For the 
digital core obtained, the elastic parameters are 
calculated according to the finite element method. The 
influence of the drilling fluid and water is analyzed. 
Finally, the finite element analysis model is established, 
and the wellbore stability is studied based on digital core. 

The device used in the experiment is the digital core 
micron CT scanner. The micron CT scanning resolution of 
the device can reach 0.5 μm, and the physical size of the 
scanned cuttings is generally 1-3 mm. The X-ray source 
has a maximum voltage of 150 kV and a maximum 
current of 200 mA, and the device can reconstruct 2048 
image pixels in each direction. 

Four groups of cutting samples, A, B, C and D, were 
used in the experiment. The lithology mainly includes 
limestone, cloud rock, mudstone and sandstone. The 
formation conditions are complex, the formation is 
fractured, the fracture development degree is high, and 
the wellbore instability is serious; thus, it is urgent to 
carry out wellbore stability analysis. However, due to the 
difficulty of coring in this area, very few cores can be 
used for wellbore stability analysis, which requires the 
use of digital technology. The drilling fluid employed in 
the experiment is the drilling fluid used in the field, which 
is a KCl-polysulfonic drilling fluid system. 

In addition, complementary and comparative 
experiments were designed. In the study of wellbore 
stability, triaxial compression tests are commonly used 
to obtain rock mechanical parameters. This method is 
generally accepted at present, but it has high 
requirements for core quality. Therefore, triaxial 
compression experiments of raw rock were carried out 
with a small number of cores. In addition, drilling fluid 
and water were also used to roll and soak the cores, and 
triaxial compression experiments were carried out after 
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soaking to realize the comparison with digital core 
technology. Moreover, plastic mechanics parameters 
were added in the study of wellbore stability by triaxial 
compression experiments. 

2.2 Experimental principle 

Based on a variety of smoothing and denoising 
algorithms and multiderivative processing, a neural 
network system for the identification and segmentation 
of pore structures and rock skeletons is established. 
Machine learning is used to achieve optimal image 
segmentation results, process the scanned images, and 
realize the three-dimensional reconstruction of the 
scanned images. The intelligent algorithm is used to 
match the mineral components with the gray level of CT 
scans to determine the rock mineral components 
associated with different gray levels. An intelligent 
algorithm is used to input a large amount of stratigraphic 
data, including porosity and mineral composition, in the 
block where the sample is located. During image 
recognition and mineral composition matching, 
intelligent algorithms are used to optimize the results. 
For example, the certain grayscale in a sample scanned 
by a CT scan will be compared with the mineral content 
of the area by using machine learning and the grayscale 
is most likely to be which mineral will be determined. 

Based on the finite element principle, digital core is 
used for calculation. According to the variational 
principle in finite element calculation, the minimum 
potential energy principle can be obtained: Among all 
allowable displacements satisfying the given 
displacement boundary conditions, the sufficient and 
necessary condition to become the true displacement of 
the system is to take the total potential energy of the 
system to an extreme value (Sun Yan, 2019). 

If body force 𝒒 = [𝑋̅, 𝑌̅, 𝑍̅]𝑇 , surface force 𝑷 =

[𝑋̅𝑣 , 𝑌̅𝑣 , 𝑍̅𝑣]𝑇  and surface displacement 𝒇̅ = [𝑢̅, 𝑣̅, 𝑤̅]𝑇 
have been given, then the magnitude and direction 
remain the same in the variation. For these external 
forces, the expression for work can be changed as 
follows: 
 

𝑊 = ∫𝑉𝒒𝑇𝒇𝑑𝑉 + ∬ 𝑷𝑇 

𝑆𝜎
𝒇𝑑𝑆      (1) 

Therefore, 

{
𝛿𝑊 = 𝛿𝒇𝑇 𝜕𝑊

𝜕𝒇
= ∫

𝑉
𝒒𝑇𝛿𝒇𝑑𝑉 + ∬ 𝑷𝑇 

𝑆𝜎
𝛿𝒇𝑑𝑆

𝛿2𝑊 = 0
 (2) 

The principle of minimum potential energy can be 
derived: In all allowable displacement functions, the true 
displacement minimizes the total potential energy (3). 

𝚷(𝑢, 𝑣, 𝑤) = ∫ 𝑈
𝑉

(𝑢, 𝑣, 𝑤)d𝑉 − ∫ 𝒒T𝒇d𝑉
𝑉

− ∬ 𝑷T𝒇d𝑆
𝑆𝜎

  (3) 

For the obtained digital core, the finite element 
method is used to form a grid, and a macroscopic strain 
is applied along the direction of the principal stress and 
shear stress. By minimizing the elastic free energy of the 
system, the final elastic displacement distribution at 
each pixel point is determined. According to the 
variational principle of linear physics, solving the 
displacement distribution problem at each pixel is 
transformed into solving the minimum linear elastic free 
energy of the system, and finally, the effective elastic 
modulus and Poisson's ratio of the digital core are 
determined. 

Based on the established digital core, a wellbore 
stability analysis is carried out. The mechanical model of 
the borehole is shown in Figure 1. Here, 𝜎H is the 
maximum horizontal crustal stress; 𝜎h  is the minimum 
horizontal crustal stress; 𝜎v is the vertical stress, that is, 
the overburden pressure; 𝑝p  is the original pore 

pressure in the formation; and 𝑝m is the borehole fluid 
column pressure. 

 

Fig. 1 Mechanical model of borehole 
 

The principle of virtual work shows that the work 
done by external forces on virtual displacement is equal 
to the work done by stress on virtual strain when the 
equilibrium state and the mechanical boundary 
conditions are satisfied. In the equilibrium state, the sum 
of virtual work done by external forces in the solid 
medium of the formation is identical to the sum of virtual 
work done by internal forces on microsegment 
deformation, which can be described by the virtual work 
principle (Li Yang, 2022): 

∫ 𝝈: 𝛿𝜺𝑑𝑽
𝑉  

= ∫ 𝒕𝑠𝛿𝒗𝑑𝑺
𝑆𝑎  

+  ∫ 𝒇𝛿𝒗𝑑𝑽
𝑉

    (4) 

where 𝑽 is the volume of the formation unit; 𝑆𝑎 is the 
surface area of the formation unit; 𝝈 is the total stress 
matrix; 𝛿𝜺  is the virtual strain rate matrix; 𝒕𝑠  is the 
surface force vector; 𝒇 is the volume force vector; and 
𝛿𝒗 is the virtual velocity vector. 
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The effect of pore pressure on the formation stress 
field can be calculated according to the effective stress 
principle: 

𝝈′ =  𝝈 − 𝜶𝑷𝒑             (5) 

where 𝝈′is the effective stress and 𝜶 is the effective 
stress coefficient. 

Formation fluid migration satisfies the law of 
conservation of mass. 

𝑑

𝑑𝑡
(∫ 𝜌𝑓𝜑𝑑𝑉

𝑉
) = − ∫ 𝜌𝑓𝒏 · 𝒗𝑓𝑑𝑆

𝑆 
    (6) 

where 𝜌𝑓 is the fluid density; 𝜑 is the porosity;  𝒗𝑓 is 

the seepage velocity; and 𝒏  is the external normal 
direction of any cross section. 

The Mohr‒Coulomb criterion is used for the failure 
criterion of rocks in wellbore stability analysis. Failure 
occurs when the shear stress on one side of the rock wall 
is greater than the shear stress limit 𝜏0  that it can 
withstand; that is, failure occurs at 𝜏＞𝜏0 . Here, the 
shear stress limit 𝜏0 is a function of the normal stress 𝜎 
acting on this plane, so 𝜏0 = 𝑓(𝜎). 

According to the Mohr‒Coulomb criterion, shear 
failure occurs when the shear force on the rock is greater 
than the total value of the intrinsic shear strength 𝑐 of 
the rock and the internal friction resistance 𝜇𝑓𝜎 on the 

shear surface: 
𝜏 ≥ 𝑐 + 𝜇𝑓𝜎              (7) 

where 𝑐  is the cohesion; 𝜇𝑓  is the coefficient of 

internal friction; 𝜇𝑓 = 𝑡𝑎𝑛𝜙 ; and 𝜙  is the internal 

friction angle. 

3. RESULTS AND DISCUSSION 

The grayscale is matched with mineral components, 
the rock skeleton and its mineral facies are 
reconstructed, and the digital core is established, as 
shown in Figure 2. 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
Fig. 2 Digital core reconstruction 

 
Different mineral components have different 

densities and different abilities to absorb X-rays. 
Therefore, rock mineral components can be analyzed 
through scanning results. The intelligent algorithm is 
used to match the mineral components with the gray 
level of CT scans to determine the rock mineral 
components associated with different gray levels, as 
shown in Figure 3. After the drilling fluid and water 
immersion, the clay minerals in the rocks appear 
hydrated and dispersed, and the content of clay minerals 
is reduced to a certain extent. 

 

 
Fig. 3 Rock mineral constituents 
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According to the obtained digital core, the elastic 
parameters of the digital core are calculated, and the 
calculation results are shown in Table 1. To avoid the 
influence of sample heterogeneity and improve the 
accuracy of the calculation results, the experimental 
results were calculated by averaging the three groups. 
The triaxial compression experiment was carried out 
with the core, and the results of the triaxial compression 
experiment are shown in Table 2. 

 
Table 1 Digital core elastic parameter calculation results 

Sample 
Experimental 
condition 

Elasticity 
modulus 

(GPa) 

Poisson's 
ratio 

A 

No soaking 39.41 0.15 

Drilling fluid 
immersion 

39.39 0.16 

Water 
immersion 

33.40 0.13 

B 

No soaking 32.28 0.14 

Drilling fluid 
immersion 

31.50 0.16 

Water 
immersion 

31.19 0.12 

C No soaking 26.33 0.19 

D No soaking 42.32 0.18 

 

Table 2 Experimental results of triaxial compression 

Sample 
Experimental 

condition 

Elasticity 
modulus 

(GPa) 

Poisson's 
ratio 

A 

No soaking 42.57 0.22 

Drilling fluid 
immersion 

37.57 0.30 

Water 
immersion 

19.84 0.29 

 

For the elastic modulus of sample A, as shown in 
Figure 4, the elastic modulus of unsoaked raw rock is the 
highest, and the rock is the most stable. After drilling 
fluid immersion, the elastic modulus decreases slightly, 
while after water immersion, the elastic modulus 
decreases significantly, and the rock strength is 
destroyed. The fluid intrusion causes a decrease in the 
elasticity of the rock. The drilling fluid has plugging and 
restraining properties, which can reduce the impact. 
Under different experimental conditions, the variation 
trend of the elastic modulus obtained by the two 
experimental methods is the same. In absolute value, the 
results of the elastic modulus obtained by the two 
methods are similar under different experimental 

conditions. For Poisson's ratio, the results obtained by 
the triaxial compression experiment are higher than 
those obtained by the digital core, which may be due to 
the smaller absolute value of Poisson's ratio and the 
strong formation heterogeneity. Drilling fluid and water 
can affect formation characteristics. In this experiment, 
they have an effect on the cuttings and, through 
amplification, on the digital core. The feasibility is 
verified by comparison with triaxial compression 
experiment. With the digital core, the rock physical 
characteristics of the target formation can be 
characterized, and on this basis, the wellbore stability 
analysis can be carried out. 

 

 
Fig. 4 The elastic modulus of sample A 

 

The wellbore stability analysis is carried out by using 
the experimental results of sample A. The finite element 
method is used for numerical simulation. The radius of 
the model is 5 m, and the radius of the hole is 0.22 m. 
The model is divided into 3000 grids, and the grids are 
encrypted in the near well section. The wellbore stability 
analysis model is shown in Figure 5. Through the triaxial 
compression experiment, the drilling data and geological 
data, the finite element numerical simulation 
parameters are obtained, as shown in Table 3. The 
geological and rock mechanics parameters representing 
the area are inserted into the model to analyze the 
wellbore stability. 
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Fig. 5 Wellbore stability analysis model 

 
Table 3 Numerical simulation parameters 

Parameters Value Unit Parameters Value Unit 

Cohesion 

No soaking 24 MPa 
Radius of 

model 
5 m 

Drilling 
fluid 

immersion 
19 MPa 

Borehole 
diameter 

0.22 m 

Water 
immersion 

11 MPa 
Overburden 

pressure 
85 MPa 

Internal 
friction 
angle 

No soaking 42 ° 

Maximum 
horizontal 

crustal 
stress 

91 MPa 

Drilling 
fluid 

immersion 
38 ° 

Minimum 
horizontal 

crustal 
stress 

78 MPa 

Water 
immersion 

35 ° 
Formation 

pore 
pressure 

70 MPa 

 
Through finite element modeling, the stress 

distribution around the well simulated by the digital core 
is shown in Figure 6. From the direction of maximum 
horizontal crustal stress to the direction of minimum 
horizontal crustal stress, the maximum principal stress 
increases with increasing angle, and the maximum 
principal stress in the direction of minimum horizontal 
crustal stress is the largest. The intermediate principal 
stress and the minimum principal stress show different 
changing trends with the change in angle, but the overall 
change is small. 

 

Fig. 6 Stress distribution around the well simulated by 
the digital core: 

(a) no soaking and (b) drilling fluid immersion 
 

In this model, the maximum principal stress is the 
circumferential stress, which has a large variation degree 
and strong stress concentration and has the greatest 
influence on wellbore stability. The distribution of the 
maximum principal stress around the well under 
different experimental conditions is simulated, and the 
results are shown in Figure 7. The stress around the well 
is the highest in the unsoaked condition. After drilling 
fluid immersion, the elastic modulus decreases, and the 
rock strength decreases, so the rock pressure strength 
decreases around the well. Under the condition of 
drilling fluid immersion, the stress around the well 
decreases, and the stress is the lowest after water 
immersion. When the direction of the maximum 
horizontal crustal stress reaches 45°, drilling fluid 
immersion is similar to that of nonimmersion, and there 
is a difference after 45°, which is the decrease after 
drilling fluid immersion. The stress distribution around 
the well obtained by the digital core is similar to that 

(a) 

(b) 
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obtained by the triaxial compression experiment, and 
the difference is less than 8%. 

 

Fig.7 Distribution of the maximum principal stress 
around the well under different experimental conditions 

 

In the drilling process, hole collapse always occurs 

near the direction of minimum horizontal crustal stress, 

so the stress in this direction is analyzed. The stress 

distribution around the well in the direction of minimum 

horizontal crustal stress is shown in Figure 8. Under the 

conditions of no immersion and drilling fluid immersion, 

the stress at the well wall is the largest, and the stress 

decreases with increasing distance. Under the condition 

of water immersion, the stress increases first and then 

decreases, and the maximum stress appears near the 

well wall. Under the same experimental conditions, the 

distribution of stress around the well based on digital 

core technology is similar to the results of the triaxial 

compression experiment. 

 

Fig.8 Distribution of stress around the well in the 
direction of minimum horizontal crustal stress 

The analysis of the stress distribution of the wall 
rock is an important means to analyze wellbore stability. 
The rock mechanics parameters and the results of 
borehole stress analysis obtained by digital core are 
similar to the results of traditional triaxial compression 
experiments. The stress distribution around the well 
obtained by digital core calculation has a certain 
reliability. Because digital core technology can avoid core 
extraction and is environmentally efficient and cost-
effective, it can be used to analyze the stress distribution 
around the well and perform wellbore stability analysis. 

Through finite element calculation, the equivalent 
plastic strain cloud map is obtained, as shown in Figure 
9, which shows the plastic zone generated around the 
well under different experimental conditions. Without 
immersion, the equivalent plastic strain is small, no 
plastic zone appears in the cloud image, and the wellbore 
is stable. After drilling fluid immersion, the elastic 
modulus decreases, the rock strength decreases, the 
equivalent plastic strain increases, and the plastic zone 
appears near the direction of minimum horizontal crustal 
stress. After water immersion, the rock strength 
decreases further, and the plastic zone expands. The 
plastic zone is enlarged, the wellbore stability is reduced, 
and the borehole wall is easily damaged. Compared with 
the results of the triaxial compression test, the overall 
trend is basically the same. However, there are some 
differences, such as the plastic region in (c) being larger 
than that in (f). It is feasible to introduce the influence of 
drilling fluid into a digital core to realize mechanical and 
chemical coupling wellbore stability analysis based on a 
digital core. 

 

 
Fig.9 Equivalent plastic strain cloud image: 

(a) Digital core- No Soaking, (b) Digital core- Drilling 
fluid immersion, (c) Digital core- Water immersion, (d) 

Triaxial compression- No Soaking, (e) Triaxial 
compression- Drilling fluid immersion and (f) Triaxial 

compression- Water immersion 
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Under the constraints of production conditions such 
as difficult coring, the combination of digital core 
technology and traditional technology can meet the 
needs of analysis, save cores, and improve efficiency and 
economic benefits. However, this method still has some 
shortcomings. First, the sample size of cuttings is small, 
and it is more susceptible to the influence of 
stratigraphic heterogeneity. Second, some of the 
calculation steps of digital core technology rely on 
artificial intelligence and neural networks, and the 
accuracy of the calculation is affected by rock data and 
geological data. Digital core technology is still evolving. 
On the one hand, the accuracy of the established digital 
core is constantly improving, and on the other hand, the 
types of parameters that can be calculated by this 
technology are increasing, and the calculation accuracy 
is improving. With the development of digital cores, 
mechanical and chemical coupling wellbore stability 
analysis technology based on digital cores will be more 
practical, promote the construction of digital intelligent 
oil fields, and provide support for efficient, economic, 
environmentally friendly and safe drilling. 

4. CONCLUSION 
In this paper, a mechanical and chemical coupling 

wellbore stability analysis new method based on a digital 
core is proposed. This method can reconstruct digital 
cores by scanning cutting samples and analyze the 
wellbore stability. This method has the advantages of 
economy and environmental friendliness and can solve 
the difficult problem of coring.  

This study combined drilling fluid to simulate actual 
downhole conditions and introduced the influence of 
drilling fluid into a digital core. The results show that the 
variation trend of the elastic modulus obtained by digital 
core technology under different experimental conditions 
is similar to that of the triaxial compression experiment 
and that the influence of the drilling fluid can be realized 
in the digital core. 

Based on the established digital core, a wellbore 
stability analysis model was established. The stress 
distribution around the well under different 
experimental conditions was obtained. The stress is the 
highest in the condition of no-soaking and decreases 
after drilling fluid immersion. In the direction of 
minimum horizontal crustal stress, without immersion or 
drilling fluid immersion, the stress at the well wall is the 
largest, and the stress decreases with increasing 
distance. There is no plastic zone and the wellbore is 
stable without immersion. Under the influence of drilling 
fluid, the equivalent plastic strain increases, and the 

plastic zone appears near the direction of minimum 
horizontal crustal stress, which is further expanded after 
water immersion. 

Under the same experimental conditions, the stress 
distribution around the well obtained based on digital 
core technology is similar to the results of the triaxial 
compression experiment, and the calculation difference 
is less than 8%. The calculated results of the equivalent 
plastic strain show the same trend, but there are some 
differences. It is feasible to introduce the influence of 
drilling fluid into a digital core to realize mechanical and 
chemical coupling wellbore stability analysis based on a 
digital core, but it needs to be developed continuously to 
improve the accuracy. 
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