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Abstract: Fault slip is the primary cause of casing deformation during the hydraulic fracturing process of shale gas horizontal 
wells. This paper investigates the mechanism of fault slip and its correlation with the integrity of the cement sheath. By 
establishing a numerical model of the casing-cement sheath-reservoir rock system, the effects of fracturing fluid pressure and 
temperature, mechanical parameters of the cement sheath, and the wall thickness of the casing and cement sheath on the integrity 
of the cement sheath were calculated. The results indicate that low-temperature fracturing fluids lead to changes in the stress 
state at the casing-cement sheath interface and the reservoir rock-cement sheath interface, with failure at the casing-cement 
sheath interface occurring approximately 600s after exposure. Increasing the temperature of the fracturing fluid, selecting a 
cement sheath with a lower elastic modulus and higher Poisson's ratio, and increasing the casing wall thickness can effectively 
enhance the integrity of the casing-cement sheath-reservoir rock system and prevent fault slip induced by fracturing fluids. 
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1. Introduction 
In the process of volume modification for shale gas 

horizontal wells, casing deformation is a common occurrence. 
As of April 2019, the overall casing deformation rate in the 
Weiyuan block was approximately 57.7%, with the 
Changning block at 31.9% and the Zhaotong block at 22.5%. 
By December 2022, the casing deformation rate in the 
Southern Sichuan Luzhou block was about 51.0%, with the 
Lu203 well area reaching a high of 68.6%[1–3]. A consensus 
has been reached on the mechanism of casing deformation: 
during hydraulic fracturing, faults intersecting the wellbore 
slip, causing localized reduction in casing diameter[4–7]. 
However, the specific causes of fault slip induced during 
fracturing are not well understood. Chen et al.[8], by 
integrating ant body tracking of fracture positions and well 
logging interpretations, found that casing deformations occur 
in areas adjacent to strongly developed fractures, suggesting 
that high-volume fracturing operations create artificial 
fractures that communicate with faults, inducing slippage. 
Zhang et al.[9] argue that in heterogeneous shale, the initiation 
and propagation of multiple hydraulic fractures lead to non-
uniform stress accumulation around the wellbore, triggering 
fault slip. Li et al.[10] believe that the expansion of hydraulic 
fractures alters the local stress field, thereby changing the 
mechanical balance of faults and activating them. However, 
Han et al.[2], through extensive microseismic monitoring in 
the study area, found that casing deformation points are 
generally far from the target fracturing sections, often 
hundreds to thousands of meters away. This indicates that, 
under these circumstances, the communication of artificial 
fractures with faults and stress changes due to fracturing are 
unlikely to be the primary controlling factors for inducing 
fault slip. Zhang et al.[11] were the first to mention that 
fracturing fluid may enter faults through micro-annuli in the 

cement sheath, thereby inducing slippage. 
In summary, a substantial body of research has focused on 

the two factors that induce fault slip: the communication of 
artificial fractures with faults and the stress changes caused 
by hydraulic fracturing[12–17]. While these factors can account 
for casing deformations occurring in the vicinity of the 
fracturing area, they fail to explain deformations at points far 
from the fracturing zone. Therefore, the infiltration of 
fracturing fluid into faults through micro-annuli in the cement 
sheath is likely a primary controlling factor for fault slip at 
these distant locations. Building on previous studies, this 
paper will use numerical simulations to further investigate the 
debonding of the cement sheath during hydraulic fracturing, 
which allows fracturing fluid to flow through this pathway 
into the fault, explaining the occurrence of fault slip at 
distances from the fracturing area. Additionally, this study 
will propose mitigation measures to prevent the entry of 
fracturing fluid into faults. 

2. Mode of Fracturing Fluid Entering 
Fault 

Faults intersecting with wellbores in the formation can lead 
to complications during hydraulic fracturing. When fracturing 
fluid is injected into the casing at low temperatures, it is 
transmitted to the casing-cement sheath-reservoir rock system, 
causing radial contraction and leading to the failure of the 
cement sheath. This can result in debonding at the casing-
cement sheath interface or the cement sheath-reservoir rock 
interface, creating fluid pathways. During the construction 
process, when fracturing fluid is injected through perforation 
holes, it follows these pathways, entering and potentially 
inducing shear slippage along the faults, as depicted in Fig 1. 
Consequently, studying the mechanism of fault slip during 
hydraulic fracturing can be transformed into a study of the 
integrity of the cement sheath. 
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Figure 1. Schematic diagram of fracturing fluid entering fault 

 

3. Calculation Method and Cement 
Sheath Failure Criterion 

3.1. Governing equations 
The heat transfer between the casing-cement sheath-

formation is a form of solid-state heat transfer, and the 
thermal conduction equation is given as follows[18]: 
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In the equation, T  represents the temperature of the heat-
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  , ja   is the thermal 

diffusivity, in m²/s; jc   is the specific heat capacity, in 

J/(kg·°C); j   is the density, in kg/m³; jr   is the radial 

distance, in meters; z   is the axial distance along the 

wellbore, in meters; j   is the thermal conductivity, in 

W/(m·°C); and vjQ  is the heat absorbed or released per unit 

volume of the solid per unit time, in W. 

When 1j   represents the casing properties, 1v cQ Q  

denotes the convective heat transfer between the casing inner 
wall and the fracturing fluid. When 2j    represents the 

cement sheath properties, and When j＞1   are 0vjQ   . 

When 2j＞   represents the reservoir rock properties, the 

parameters pertain to the formation. 

The convective heat transfer coefficient, which 
characterizes the heat exchange capacity between a fluid and 
a solid surface, is closely related to the fluid's velocity. 
Consequently, the impact of the fracturing fluid's flow rate 
must be considered[19]. The convective heat transfer 
coefficient is determined by the following formula[20]: 
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In the equation, tS  represents the Stanton number, which 

is dimensionless; fK   denotes the thermal conductivity of 

the fracturing fluid, in W/(m·°C). 

During the hydraulic fracturing process, the flow regime of 
the fluid within the casing is as follows: 
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In the equation, Re  denotes the Reynolds number, which 

is dimensionless;   represents the density of the fracturing 

fluid, in kg/m³; v   signifies the velocity of the fracturing 

fluid, 
2

4Q
v

d
  , in m/s; d   is the inner diameter of the 

casing, in meters;   denotes the dynamic viscosity of the 

fracturing fluid, in Pa·s; and Q  represents the flow rate of 

the fracturing fluid, in m³/min. 

Based on the Reynolds number, it can be determined that 
the flow regime of the fracturing fluid within the casing 
during hydraulic fracturing is turbulent[21]. The Stanton 
number for turbulent flow conditions is calculated using the 
following formula: 

 

 0.67 0.330.0107 Re PrtS          (4) 

 

In the equation, Pr f

f

C

K


  , Pr   denotes the Prandtl 

number, which is dimensionless.   represents the apparent 

viscosity of the fracturing fluid, in Pa·s; fC   denotes the 

specific heat capacity of the fracturing fluid, in J/(kg·°C). 

Thus, the relationship between the fracturing fluid flow rate 
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and the heat transfer coefficient is derived as follows: 
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According to the superposition principle, the stress 

conditions at the interfaces within the casing-cement sheath-
reservoir rock system during hydraulic fracturing, which 
result from the combined effects of pressure loads and thermal 
stress loads, are as follows[22]: 
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In the equation, 1i    represents the radial stress at the 

casing-cement sheath interface, and 2i    represents the 

radial stress at the formation-cement sheath interface;  r i
  

denotes the hoop stress at the i   interface, and  i  

denotes the hoop stress at the i  interface; both are in MPa. 

 '

r i
  is the radial stress due to temperature changes, in MPa, 

and  '

i   is the hoop stress due to temperature changes, 

also in MPa. 

3.2. Cement sheath failure criterion 
In actual hydraulic fracturing operations, the cement sheath 

is often subjected to a combination of compressive and tensile 
stresses[23]. Consequently, to more accurately assess the 
damage to the cement sheath, the Mohr-Coulomb failure 
criterion has been introduced, as shown in Tab 1.Based on this 
criterion and integrating previous research findings, the stress 
relationships in cylindrical coordinates are confirmed as 

follows[24]: 1 =  ， 3 = r , where   and r  

represent the hoop and radial stresses in the cement sheath, 
respectively, in MPa. Concurrently, according to the 

experimental results of Zeng Bo et al.[25], c  is determined 

to be 40.5 MPa and t  is 3.5 MPa. 

 

Table 1. Mohr Coulomb failure criterion 

Stress interval Interval description Principal stress relation Failure criteria 

1 Stretch-stretch-stretch 1 3 0    1 t   

2 Compression-compression-compression 1 30     3 c    

3 Stretch-compression-compression, stretch-stretch-compression 1 30    
31 1

t c


 

   

Note: 1  and 3  represent the maximum and minimum principal stresses in the cement sheath, respectively, in MPa; t  

denotes the tensile strength of the cement sheath, in MPa; and c  signifies the compressive strength of the cement sheath, 

also in MPa. 

 

4. Numerical Model and Calculation 
Results 

4.1. Numerical model 
Due to the excessive number of elements in the 3D finite 

element model of the horizontal section, which leads to slow 
computational efficiency and high time costs, and considering 
that the axial length of the casing is much greater than its 
diameter, this study employs a 2D plane finite element model 
in place of the 3D model. Fig 2 illustrates the geometric shape 
of the casing-cement sheath-reservoir rock system model. To 
mitigate boundary effects, the entire model is sized at 
10m×10m, with the cement sheath having an outer diameter 
of 0.2159m, the casing an outer diameter of 0.1778m, and an 
inner diameter of 0.1562m. Cohesive contact is set at the 
cement sheath-casing interface and the cement sheath-

reservoir rock interface, with specific parameters detailed in 
Tab 2. The finite element simulation software uses 
temperature-displacement coupled elements CPE4T to 
discretize the reservoir rock, cement sheath, and casing. The 
initial temperature and initial in situ stress of the casing-
cement sheath-reservoir rock system are set using a 
predefined field method, and pressure and thermal exchange 
conditions are applied to the inner wall of the casing. 
Displacements in the x and y directions at the model 
boundaries are restricted, with specific boundary condition 
values provided in Tab 3. To obtain the initial stress state of 
the cement sheath at the onset of hydraulic fracturing, this 
study accounts for the time-varying elastic modulus of the 
cement sheath during the cementing stage, setting a lower 
modulus at the initial stage of cementing, which is then 
increased. The material parameters for the model are sourced 
from open-access literature[26], as detailed in Tab 4. 
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Figure 2. Numerical model of casing-cement sheath-formation system 

 

Table 2. Interface contact properties 

 
Tensile bond strength, 

MPa 
Shear bond strength, 

MPa 
Cohesive stiffness, 

MPa 
Fracture energy, 

J/m2 
Formation-cement sheath 

interface 
0.42 0.42 3e4 100 

Casing-cement sheath 
interface 

0.5 2 3e4 100 

 

Table 3. Model boundary conditions 

Parameter Units Value 

Maximum horizontal stress MPa 95 

Minimum horizontal stress MPa 85 

Vertical stress MPa 90 

Casing internal pressure during cementing MPa 40 

Casing internal pressure during fracturing MPa 90 

Initial stress of cement sheath MPa 50 

Fracturing fluid temperature ℃ 20 

Initial temperature of casing-cement sheath-formation system ℃ 100 

 

Table 4. Model material parameters 

Parameter Units Casing Cement sheath Formation 

Thermal conductivity W/m/K 50.0 1.0 2.1 

Density kg/m3 7800 3100 2240 

Modulus of elasticity GPa 210 8 22 

Poisson's ratio  0.30 0.15 0.30 

Coefficient of expansion m/m/K 1.2e-5 1e-5 7.9e-6 

Specific heat capacity J/kg/k 450 1600 1256 

 

4.2. Base Case 
In the baseline case study, the temperature variations of the 

casing-cement sheath-reservoir rock system during the 
hydraulic fracturing of shale gas wells were analyzed, as 

illustrated in Fig 3a and Fig 4. It was observed that with the 
injection of low-temperature fracturing fluid, the temperature 
of the outer wall of the casing rapidly decreased to 
approximately 20°C due to its good thermal conductivity. 
Simultaneously, the temperature of the cement sheath was 
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also affected by the low temperature; as the fracturing fluid 
continued to be injected, the overall temperature of the 
cement sheath gradually declined. Given the generally lower 
thermal conductivity of the cement sheath, a temperature 
gradient developed between its inner and outer walls, with the 
outer wall being warmer than the inner wall. This raises 
concerns that the casing-cement sheath interface may be more 
significantly impacted by the low temperature, thereby 
increasing the likelihood of failure. 

To validate the aforementioned hypothesis, the stress 
variations at the casing-cement sheath interface and the 
reservoir rock-cement sheath interface during the cementing 
and hydraulic fracturing processes were analyzed, as depicted 
in Fig 3b and Fig 5. During the cementing phase, as the 
cement slurry is pumped in, the internal stress of 50 MPa 
within the slurry exceeds the drilling fluid pressure of 40 MPa, 
typically due to the higher density of cement slurry compared 
to water. The cement sheath, influenced by the in situ stress 
of the formation during solidification, exhibits compressive 
stresses in both radial and hoop directions at both interfaces, 
which decrease as the elastic modulus of the cement sheath 
increases. In the fracturing phase, the stress conditions at both 

interfaces change: ○1  At the cement sheath-reservoir rock 

interface, the radial stress becomes negative, indicating 
compressive stress. It initially decreases and then increases 
due to the initial contraction caused by the low-temperature 
fracturing fluid, followed by an increase in radial compressive 
stress as the pressure of the fracturing fluid leads to slight 
deformation of the casing, compressing the cement sheath. 

Once the fracturing fluid pressure stabilizes, the compressive 
stress levels off. The hoop stress remains in a compressive 

state. ○2  At the casing-cement sheath interface, the radial 

stress trend is consistent with the other interface but with a 
more significant variation, attributed to the lower temperature 
and greater contraction at this interface, resulting in higher 
radial compressive stress. As the fracturing fluid is injected, 
the hoop stress transitions from compressive to tensile and 
gradually increases, due to the decreasing temperature on the 
inner wall of the cement sheath, which causes an increase in 
hoop stress 

Analyzing stress variations at the two interfaces alone is 
insufficient to determine whether the cement sheath has failed; 
hence, the Mohr-Coulomb failure criterion is employed to 
assess the failure state of the cement sheath. As shown in Fig 
3c, it can be observed that at the reservoir rock-cement sheath 
interface, the Mohr-Coulomb failure value remains less than 
1 throughout the fracturing process, indicating no failure at 
this interface. In contrast, at the casing-cement sheath 
interface, the Mohr-Coulomb failure value exceeds 1 
approximately 500s after the onset of fracturing, signifying 
failure of the cement sheath. This suggests that debonding of 
the cement sheath at this interface has occurred, creating a 
fluid pathway. 

To comprehensively assess the potential failure of the 
cement sheath interface under various conditions, a thorough 
investigation of the key parameters influencing the debonding 
of the cement sheath will be conducted next. 

 

 
Figure 3. (a). Temperature changes of casing cement sheath formation system during fracturing; (b) The stress changes of 

the two interfaces at different stages; (c) Failure judgment of cement sheath interface 
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Figure 4. Temperature distribution of casing cement sheath formation system at different times 

 

 
Figure 5. Stress changes of cement sheath before and after fracturing 

 

4.3. Analysis of influencing factors 
The integrity of the cement sheath during the hydraulic 

fracturing process may be influenced by factors such as 
fracturing fluid pressure and temperature, the mechanical 
properties of the cement sheath, and the wall thickness of the 
casing and cement sheath. To further identify the critical 
parameters, it is necessary to conduct a sensitivity analysis of 
these factors. Moreover, from the baseline case study, it is 
known that there is a risk of failure at the casing-cement 
sheath interface during the fracturing process; hence, this 
section focuses on the failure assessment at the casing-cement 
sheath interface. 

4.3.1. Fracturing fluid pressure and temperature 

During the construction process, the pressure of the 
fracturing fluid fluctuates[27], and the fluid pressure during 
fracturing is typically 5 to 20 MPa higher than the minimum 
horizontal stress. To investigate the impact of varying 
fracturing fluid pressures on the integrity of the cement sheath, 
this section conducts an analysis with fracturing fluid 
pressures set at 90, 95, 100, and 105 MPa, while all other 
parameters remain consistent with the baseline case. Fig 6a 
illustrates the failure assessment at the casing-cement sheath 
interface under different fracturing fluid pressures. It can be 
observed that during the fracturing stage, failure at the casing-
cement sheath interface occurs under all tested pressures, and 
the higher the fracturing fluid pressure, the greater the Mohr-
Coulomb failure value, indicating earlier failure at the 
interface. This is attributed to the fact that higher fracturing 

fluid pressures, although causing less deformation in the 
casing, subject the cement sheath to higher stress, and 
literature suggests that cement is more prone to failure under 
high stress conditions[28]. 

From the baseline case study, it is evident that the 
temperature of the fracturing fluid significantly affects the 
casing-cement sheath-reservoir rock system; hence, it is 
essential to analyze the failure risk at the casing-cement 
sheath interface under various fracturing fluid temperatures. 
The fracturing fluid temperatures were set to 20, 40, 60, and 
80°C, with all other parameters held constant as in the 
baseline scenario. Fig 6b presents the failure assessment at the 
casing-cement sheath interface under different fracturing 
fluid temperatures. It can be observed that higher fracturing 
fluid temperatures result in lower Mohr-Coulomb failure 
values, delaying the time at which failure occurs at the casing-
cement sheath interface. When the fracturing fluid 
temperature is 80°C, the Mohr-Coulomb failure value 
remains below 1 throughout the entire fracturing process, 
indicating no failure at the interface. Therefore, increasing the 
fracturing fluid temperature can effectively reduce the risk of 
cement sheath failure and enhance the integrity of the casing-
cement sheath-reservoir rock system. 

Fig 7 illustrates the impact of fracturing fluid pressure and 
temperature on the failure time of the cement sheath. It is 
evident that higher fracturing fluid pressure and lower 
temperature lead to a more rapid failure at the casing-cement 
sheath interface. Specifically, when the pressure is 105 MPa 
and the temperature is 20°C, failure occurs at the interface 
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after approximately 350s of fracturing. 

 

 
Figure 6. (a) Failure judgment of casing cement sheath interface under different fracturing fluid pressures; (b) Failure 

judgment of casing cement sheath interface under different fracturing fluid temperatures 
 

 
Figure 7. Influence of fracturing fluid pressure and temperature on cement sheath failure time 

 
4.3.2. Elastic modulus and Poisson's ratio of cement 

sheath 

This section investigates the impact of the cement sheath's 
elastic modulus on its integrity. The elastic modulus of the 
cement sheath was set to 6, 8, 10, and 12 GPa, with all other 
parameters held constant as in the baseline case. Fig 8a 
presents the failure assessment at the casing-cement sheath 
interface under different elastic moduli of the cement sheath. 
It is observed that during the cementing phase, variations in 
the elastic modulus have a minimal impact on the Mohr-
Coulomb failure value. In contrast, during the fracturing 
phase, a lower elastic modulus correlates with a lower failure 
value, resulting in a slower failure rate at the casing-cement 
sheath interface. When the elastic modulus of the cement 
sheath is 6 GPa, no failure occurs at the interface during the 
fracturing phase. This indicates that reducing the elastic 
modulus of the cement sheath can effectively ensure its 
integrity. 

This section also examines the impact of the Poisson's ratio 
of the cement sheath on its integrity, with the Poisson's ratio 
set to 0.10, 0.15, 0.20, and 0.25 for the cement sheath. All 
other parameters are consistent with the baseline case. Fig 8b 
displays the failure assessment at the casing-cement sheath 
interface under various Poisson's ratios. It is observed that the 
Poisson's ratio significantly affects the integrity of the casing-
cement sheath interface; as the Poisson's ratio increases, the 
Mohr-Coulomb failure value decreases. When the Poisson's 
ratio is 0.20 and 0.25, no failure occurs at the casing-cement 
sheath interface during the fracturing stage. In summary, 
selecting a combination of low elastic modulus and high 
Poisson's ratio for the cement slurry system can effectively 
enhance the integrity of the casing-cement sheath-reservoir 
rock system during hydraulic fracturing. 

Fig 9 depicts the influence of the cement sheath's elastic 
modulus and Poisson's ratio on its failure time. It is observed 
that a higher elastic modulus and a lower Poisson's ratio of 
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the cement sheath lead to a more rapid failure at the casing-
cement sheath interface. Specifically, when the elastic 

modulus is 12 GPa and Poisson's ratio is 0.10, failure at the 
interface occurs after approximately 100s of fracturing. 

 

 
Figure 8. (a) Failure judgment of casing cement sheath interface under different elastic modulus of cement sheath; (b) Failure 

judgment of casing cement sheath interface under different cement sheath Poisson's ratio 
 

 
Figure 9. Influence of elastic modulus and Poisson's ratio of cement sheath on failure time of cement sheath 

 

4.3.3. Casing wall thickness 
In field construction, casings of various dimensions are 

encountered. This section investigates the impact of different 
casing wall thicknesses on the integrity of the cement sheath, 
with casing wall thicknesses set to 8.8, 10.8, and 12.8 mm. 
All other parameters are consistent with the baseline case. Fig 
10a and 10b respectively illustrate the determination of 
casing-cement sheath interface failure and the influence of 
different casing wall thicknesses on the failure time of the 
cement sheath. They are observed that as the casing wall 

thickness increases, the time at which failure occurs at the 
casing-cement sheath interface is delayed. This delay is 
attributed to the higher load-bearing capacity of thicker 
casings, which are less prone to deformation, thereby 
reducing the impact on the casing-cement sheath interface. 
However, failure still occurred at the interface when the wall 
thickness was 12.8 mm. To ensure the integrity of the casing-
cement sheath-reservoir rock system, thicker casings should 
be selected, but this may increase costs. Therefore, the 
decision to use thicker casings to enhance wellbore integrity 
in the field should be made on a case-by-case basis. 
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Figure 10. (a) Failure judgment of casing cement sheath interface under different casing wall thickness; (b) Influence of 

different casing wall thickness on cement sheath failure time 
 

4.3.4. Cement sheath wall thickness 
In the field drilling process, irregularities in the wellbore 

diameter are common[29], and variations in the wellbore 
diameter, either increases or decreases, can lead to changes in 
the actual thickness of the cement sheath. Consequently, this 
section investigates the impact of varying cement sheath wall 
thicknesses on the integrity of the cement sheath. The wall 
thicknesses of the cement sheath were set to 15.05, 19.05, and 

23.05 mm, while all other parameters remained constant. Fig 
11a and 11b respectively depict the assessment of casing-
cement sheath interface failure and the impact of varying 
cement sheath wall thicknesses on the failure time of the 
cement sheath.. They are observed that, overall, changes in 
the cement sheath wall thickness have a relatively low impact 
on its integrity. Regardless of the cement sheath wall 
thickness, failure at the casing-cement sheath interface occurs 
with the injection of fracturing fluid. 

 

 
Figure 11. (a) Failure judgment of casing cement sheath interface under different cement sheath wall thickness; (b) Influence 

of different cement sheath wall thickness on cement sheath failure time 
 

The analysis presented indicates that during the volume 
modification process of shale gas horizontal wells, employing 
low-pressure, high-temperature fracturing fluids, selecting 
cement sheaths with low elastic modulus and high Poisson's 
ratio, and utilizing casings with greater wall thickness can 
effectively reduce the risk of failure at the casing-cement 
sheath interface. This, in turn, enhances the integrity of the 
casing-cement sheath-reservoir rock system, thereby 
preventing the fracturing fluid from inducing slippage in 
faults. 

5. Conclusion 
This study investigates the mechanism of fault slippage 

during the hydraulic fracturing process of shale gas horizontal 
wells and analyzes the causes that induce fault slippage. It is 
posited that the mechanism of fault slippage is related to the 
integrity of the cement sheath. A numerical model of the 
casing-cement sheath-reservoir rock system was established. 
Numerical simulations were conducted to calculate and 
analyze the integrity of the cement sheath during the 
fracturing process, and the impact of fracturing fluid pressure 
and temperature, the mechanical parameters of the cement 
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sheath, and the wall thickness of the casing and cement sheath 
on the integrity were thoroughly investigated. The following 
conclusions were drawn: 

(1) During the fracturing process, low-temperature 
fracturing fluid causes a decrease in the overall temperature 
of the casing-cement sheath-reservoir rock system. Radial 
stresses at both the casing-cement sheath interface and the 
reservoir rock-cement sheath interface are compressive, while 
the hoop stress at the casing-cement sheath interface 
transitions from compressive to tensile, and the hoop stress at 
the reservoir rock-cement sheath interface remains 
compressive. Using the Mohr-Coulomb failure criterion to 
assess both interfaces, it was found that failure at the casing-
cement sheath interface occurred approximately 600s after 
the injection of fracturing fluid, while the reservoir rock-
cement sheath interface remained bonded normally. 

(2) When the fracturing fluid temperature is 80°C, the 
cement sheath elastic modulus is 6 GPa, and the cement 
sheath Poisson's ratio is 0.20 and 0.25, no failure occurred at 
the casing-cement sheath interface throughout the fracturing 
stage. This indicates that high-temperature fracturing fluid, 
low elastic modulus, and high Poisson's ratio of the cement 
sheath can effectively enhance the integrity of the casing-
cement sheath-reservoir rock system. However, the combined 
effects of different measures require further research. 

(3) The entry of fracturing fluid into faults through micro-
annuli in the cement sheath is the primary factor inducing 
slippage in faults located farther from the fracturing area. 
Enhancing wellbore integrity can effectively prevent fault 
slippage induced by fracturing fluid. 
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