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Due to the extremely low porosity and permeability of shale, fracturing is
often used to develop shale gas reservoirs. During shale fracturing,
extremely high fracturing pressure may invalidate the integrity of the
cement sheath and bring hidden dangers to the safe development of
shale gas. This paper compares the stress state of the three-dimensional
unperforated and perforated finite element models of casing-cement
sheath-formation to obtain the influence of perforation on the stress
concentration and failure area of the cement sheath. The stress state
comparison incorporates three sets of perforation models with different
hole densities and diameter verifies the stress concentration law of
perforation on the cement sheath. By studying the effects of the elastic
modulus and Poisson’s ratio of the cement sheath on the maximum tensile
and compressive stresses of the cement sheath under fracturing pressure,
the integrity failure form of the cement sheath and the measures for integrity
failure are obtained. The results show that the peak stress concentration of
the perforated cement sheath is about twice the normal value of the stress.
The failure area is the two ends of the perforation, the shape is similar to the
bottom surface of the elliptical cone, and the thickness is up to half of the
wallthickness of the cement sheath. The line length of the largest failure area
is 4.5 times the diameter of the hole. Under fracturing conditions, the
cement sheath generally undergoes tensile failure. The lower the elastic
modulus and Poisson’s ratio of the cement sheath, the smaller the tensile
stress of the cement sheath, and the less likely it is to cause tensile failure.

Abbreviations: PCS, perforated cement sheath; PH, perforation hole; FEM, finite element method;
CCEF, casing-cement sheath-formation; SC, stress concentration.

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fmats.2022.980920/full
https://www.frontiersin.org/articles/10.3389/fmats.2022.980920/full
https://www.frontiersin.org/articles/10.3389/fmats.2022.980920/full
https://www.frontiersin.org/articles/10.3389/fmats.2022.980920/full
https://www.frontiersin.org/articles/10.3389/fmats.2022.980920/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fmats.2022.980920&domain=pdf&date_stamp=2022-08-29
mailto:liuhuajie@upc.edu.cn
https://doi.org/10.3389/fmats.2022.980920
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/materials
https://www.frontiersin.org
https://www.frontiersin.org/journals/materials
https://www.frontiersin.org/journals/materials#editorial-board
https://www.frontiersin.org/journals/materials#editorial-board
https://doi.org/10.3389/fmats.2022.980920

Bu et al.

KEYWORDS

10.3389/fmats.2022.980920

finite element method, perforated cement sheath, fracturing, stress concentration,

integrity failure

1 Introduction

The porosity and permeability of shale are extremely low, and
volume fracturing is often used to develop shale gas reservoirs (Guo
et al, 2018; Yan et al,, 2018). Cementing is the last link before the
development of oil and gas reservoirs. Good cementing quality can
provide interlayer isolation and prevent formation fluids from
migrating to the inside of the wellbore (Jiapei et al., 2018). The
better the fluidity of the cement slurry, the better the quality of
cementing (Wang et al, 2022). Most of the current shale gas
development uses cemented casing perforation completion
methods, and wuses horizontal well multi-stage fracturing
technology to increase production. Extremely high fracturing
pressure, especially repeated fracturing, will cause cement sheath
sealing integrity failure. That probably will cause significant damage
to the environment, health and economy (Smith et al., 2011). The
types of cement sheath integrity failures are shown in Figure 1. The
failure of seal integrity of cement sheath includes circumferential
tensile failure, shear failure and interface debonding (Bu et al., 2020a;

Bu et al., 2020b; De Andrade and Sangesland, 2016; Guo et al., 2020;
Yang et al., 2021).

Fallahzadeh and Rasouli, (2012) used the analytical equation
of borehole stress distribution to numerically simulate the
influence of perforation azimuth on the micro-gap of the
cement sheath: when the perforation azimuth relative to the
lowest point of the well is 180°, the cement sheath will produce
micro-gap; When the perforation azimuth is 45° with respect to
the lowest point of the well, cracks will occur somewhere in the
middle of the PH(perforation hole), and there will be no micro
gaps in the cement sheath. Guo (Guo et al.,, 2015) studied the
effect of high-density perforation on casing failure using a three-
dimensional FEM(finite element method). The research results
show that perforation will cause uneven stress distribution in the
casing, which will lead to non-uniform deformation of the casing.
Wang (Wang and Taleghani, 2014) used a three-dimensional
pore-elastic model of coupled bonding elements to simulate the
expansion of fractures in the process of hydraulic fracturing
stimulation. The result has shown that fluid leakage around the
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FIGURE 1
Schematic diagram of cement sheath seal integrity failure.
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FIGURE 2
Schematic diagram of PCS mechanical model.
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FIGURE 3
Schematic diagram of perforation parameters

casing shoe may cause cement sheath-formation interface
debonding. Lu (Lu et al,, 2016) studied the effect of hydraulic
fracturing of high-temperature and high-pressure wells on the
failure of cement sheath by methods of experiment and finite
element simulation. The results show that under long-term high
pressure exposure, the microstructure of the cement sheath is
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damaged and its strength is reduced; in the case of hydraulic
fracturing, the low elastic modulus and high Poisson’s ratio
cement sheath are beneficial to maintaining the integrity of
the CCF(casing-cement sheath-formation) system. Liu (Liu
et al,, 2018) studied the effect of casing centering and casing
eccentricity on the integrity of cement sheath in the case of
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TABLE 1 Model geometric parameters.

Element Parameters

Casing D, = 139.7 mm, d, = 118.98 mm, L, = 1000 mm

Cement sheath D, =214 mm, d, = 139.7 mm, L, = 1,000 mm
a = 2000 mm, b = 2000 mm, L; = 1,000 mm

D, =10 mm, Ly = 1,000 mm, w = 60°, n = 16 holes/m

Formation

Perforation tunnel

TABLE 2 Model material parameters.

Element Material parameters

Casing E =210GPa, y = 0.3, p = 7.8 g/cm®
Cement sheath E = 10GPa, y = 0.25, p = 1.8 g/cm’

Formation E = 40GPa, y = 0.15, p = 2.5 g/em’

horizontal well hydraulic fracturing. The results of the study
show that under the condition of high casing pressure, the inner
wall of the cement sheath will occur tensile failure; if the casing is
eccentric, SC(stress concentration) will occur at the thinnest part
of the cement sheath, which is more likely to fail. Wu (Wu et al.,
2019) used the FEM to study the casing integrity under hydraulic
fracturing of shale formations. The results of the study show that
water injection into a naturally fractured shale formation will
cause limited displacement of the shale, which may further
squeeze the casing and cause the casing to fail. Lian (Lian
et al.,, 2020) used a three-dimensional finite element model to
study the cement sheath-formation interface failure caused by
fluid migration during shale gas hydraulic fracturing. The
research results show that increasing the elastic modulus and
bonding strength of the cement sheath can improve the ability of

Cement sheath mesh

FIGURE 4
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the cement sheath to resist interface failure; the perforation
azimuth has little effect on the cement sheath-formation
interface failure. Zhou (Zhou et al, 2019) studied the impact
of fracturing on the integrity of the cement sheath in deep and
shallow formations. The results show that during the fracturing
process, the cement sheath of shallow layer fracturing has the risk
of circumferential tensile failure; the cement sheath bonded with
the deep layer has the risk of plastic failure under compression.
Yin (Yin et al, 2019) studied the influence of changes in
downhole temperature and pressure conditions on the cement
sheath micro-gap. The results show that the debonding at the
cement sheath interface occurs at the beginning of the cold water
cycle; compared with the pressure, the thermal effect is the main
factor affecting the crack initiation and size of the micro-gap. Yan
(Yanetal., 2019,2020,2021) studied the effects of perforation and
hydraulic fracturing on the failure of cement sheath. The research
results show that during the perforation process, the peak
position of cement sheath stress appears at the first cementing
interface (cement sheath—casing string); during the perforation
process, the main cracks first appear around the PH and then the
mesh micro-cracks appear near the PH. These aforementioned
research mainly focuses on the impact of perforation on casing
failure, and there is less research on cement sheath. In addition,
there are many studies on the influence of cement sheath
mechanical parameters on the failure of cement sheath during
fracturing, while there are few studies on the SC law caused by
perforation.

In this paper, the three-dimensional unperforated and
perforated finite element model of CCF is established with use
of the ANSYS software and the actual wellbore structure and
perforation parameters. Under the fracturing conditions, the
stress distribution of the unperforated cement sheath and the
PCS(perforated cement sheath) is studied. And the influence of
the elastic modulus and Poisson’s ratio of the cement sheath on

CCF combination model mesh

Finite element model mesh of CCF combination. (A) Cement sheath mesh. (B) CCF combination model mesh.
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FIGURE 5
Finite element model loads.

the cement sheath’s maximum tensile and compressive stress is
studied. The effects of perforation on the stress concentration of
the cement sheath and the failure of the cement sheath have been
analyzed. Accordingly, some new insights such as
countermeasures for the failure of PCS are obtained which
can provide references for the integrity failure of the cement

sheath in the case of shale gas fracturing.

2 Mechanical model of perforated
cement sheath

In shale gas production, casing perforation is often used to
complete wells. The presence of perforations makes the
geometric structure of the cement sheath asymmetrical.
Therefore, the perforation model cannot be simplified to a
plane strain model, which is a non-linear problem. The FEM
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is mostly used to solve nonlinear problems (Bois et al., 2011; Gray
et al, 2009). In this paper, the FEM is used to establish and
analyze the mechanical model of the PCS. Figure 2 is a schematic
diagram of the mechanical model of the PCS.

The hypothesis of the PCS mechanics model is as follows:

1) Casing, cement sheath and formation are isotropic;

2) The casing and cement sheath are complete and concentric
with the wellbore track;

3) The PH is regular, penetrating the casing and cement sheath
in the radial direction, and penetrating into the formation.

4) The cement sheath interfaces are well cemented without gaps.

According to the principle of virtual work, the unit virtual
work equation of the CCF model is:
)= |[[ 181 D1BIxdydzid), = KL )

Ve

In Eq. 1, {F}, is the element node load; [B] is the strain
matrix; [D] is the elastic matrix; {d}, is the element node
displacement; V, is the element volume; [K], is the element
stiffness matrix.

Derive the element stress equation according to the physical
equation:

{0}, = [DNe} = [D][BNd}, = [S]{d}. ()

In Eq. 2, {0}, is the element node stress; {¢}, is the element
node strain; [S] is the stress matrix.
The element stiffness matrix is:

K1, = [|| B D1 BYdxdydz 3)
The overall finite element equation:
{F} = [Kl{d} 4

In Eq. 4, {F} is the overall nodal load; [K] is the overall
stiffness matrix; {d} is the overall nodal displacement.

When solving the finite element equation, firstly apply
appropriate displacement constraints to the model to find the
displacement of each node of the model, and then put the
displacement into the element stress Eq. 2 to find the strain
and stress of each element.

Define the limit linear strain ¢, of the cement sheath. Under
triaxial stress, if the maximum linear strain &, of the cement
sheath exceeds the limit linear strain &jx of the cement sheath, the
cement sheath will crack and the fracture surface is perpendicular
to & (El-Sayed and Khalaf, 1992). Use the triaxial stress state
principal stress 0y, 0, and 03 (07>0,.03) to express the stress
state as:

©)

0=0,— (0, +03)
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The overall model

FIGURE 6

The contact pairs

Unperforated CCF 3D finite element model. (A) The overall model. (B) The contect pairs.

When 0<0j, (0j, is the equivalent stress of the second strength
theory corresponding to the ultimate strain of the cement
sheath), the cement sheath is safe and will not crack; when
0>0;,, the cement sheath will crack.

During fracturing, the cement sheath is mainly subjected to
circumferential tensile stress, and the equivalent stress ¢’ of the
second strength theory (maximum elongation strain theory) of
the cement sheath is (El-Sayed and Khalaf, 1992):

(6)

0=o09g—u(o,+0;)

In the Eq. 6, gy is the hoop stress; o, is the radial stress; o, is
the axial stress.

3 Finite element model of casing-
cement sheath-formation
combination

3.1 Model assumptions

In order to be efficient in modeling and calculation, it is
necessary to make appropriate simplification assumptions for the
CCF model:

1) The well diameter is regular, the surface is smooth, and there
is no collapsed block.

2) The casing, cement sheath, and wellbore have regular shapes,
and the center of symmetry is the same axis.

3) The shape of the perforation tunnel is a regular cylinder,
ignoring burrs and cracks, and the tunnel runs through the
casing and cement sheath without dislocation. The axis of the
eyelet intersects the axis of the cement sheath perpendicularly.

Frontiers in Materials
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4) The formation is simplified, and the formation is not
perforated (Philippacopoulos and Berndt, 2002; Thiercelin
et al., 1998).

3.2 Finite element model

Take a well in an oil field, the vertical depth of the well is
3000m, the formation pressure gradient is 1.00 g/cm?, and the
fracture pressure equivalent density is 1.76 g/cm’. The SCCK-
89T perforating gun is used for perforation. The perforation
radius is 10mm, the PH depth is 1000mm, the phase angle is
60°, and the hole density is 16 holes/m. The schematic
diagram of perforation parameters is shown in Figure 3.

In order to eliminate the boundary effect, the formation is
10 times the diameter of the borehole (Yang et al., 2021). The
geometric parameters of the model are shown in Table 1, and the
material parameters are shown in Table 2 (Parameter comes
from an oilfield company).

In Tables 1, 2, D;-casing outer diameter, d;-casing inner
diameter, L,-casing length, D,-cement sheath outer diameter, d,-
sheath length,
a-formation length, b-formation width, Ls;-formation height, D;,-

cement sheath inner diameter, L,-cement
PH diameter, L,-PH length, w-perforation phase angle, n-hole
density, E - elastic modulus, u-Poisson’s ratio, p-density.

The CCF combination model is shown in Figure 4. The load
and boundary conditions are shown in Figure 5. The model loads
are the gravity (from the casing, the cement sheath, and the
formation), the in-situ stress, and the fracturing pressure. The
boundary conditions of the model are displacement constraints
in corresponding directions imposed on the casing, cement

sheath, and formation section.
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FIGURE 7

Comparison of stress distribution between perforated model and unperforated model under fracturing conditions. (A1) Casing stress
distribution of prforation model. (A2) Casing stress distribution of unprforation model. (B1) Cement sheath distribution of prforation model. (B2)
Cement sheath distribution of unprforation model. (C1) Formation stress distribution of prforation model. (C2) Formation stress distribution of
unprforation model. (D1) Contact pressure distribution of prforation model. (D2) Contact pressure distribution of prforation model.
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FIGURE 8
Displacement, stress and strain distribution of cement sheath in perforation model under fracturing conditions. (A1) Prforation model cement

sheath displacement distribution-front. (A2) Prforation model cement sheath displacement distribution-back. (B1) Prforation model cement sheath
stress distribution-front. (B2) Prforation model cement sheath stress distribution-back. (C1) Prforation model cement sheath strain distribution-

front. (C2) Prforation model cement sheath strain distribution-back.
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FIGURE 9
Schematic diagram of stress distribution in the SC area.
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FIGURE 10
Stress distribution cloud diagram of cement sheath with different perforation models under fracturing conditions. (A) Stress distribution of

perforation model of 102 large-aperture perforator. (B) Stress distribution of large-aperture perforator of type 127 ultra-high density powder cover.

4 Results and discussion stress distribution of the perforated model and the unperforated
model. The overall stress distribution of the cement sheath can be

The main function of the cement sheath is to seal the obtained by analyzing the unperforated model. The effect of
formation fluid migration. The isolation effect of the cement fracturing on the SC area can be obtained by analyzing the
sheath mainly relies on the integral part of the unperforated area. perforated model. The overall model of the unperforated CCF 3D
Therefore, when performing stress analysis on the CCF model, finite element model is shown in subfigure A of Figure 6, and the
the effect of perforation on SC can be obtained by comparing the contact pairs in the model are shown in subfigure B of Figure 6.
09 frontiersin.org
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FIGURE 11

The influence of the elastic parameters of cement sheath on its maximum

compressive stress. (B) Maximum tensile stress.

4.1 Stress distribution of cement sheath
under fracturing conditions

Under the condition of fracturing pressure of 70MPa, the
and the
unperforated model is shown in Figure 7. It can be seen

stress distribution of the perforated model
from Figure 7 that the stress distribution between the
perforated model and the unperforated model is quite
different. In the perforation model, the closer to the
perforation area, the greater the stress. The stress at the
position far from the perforation area in the perforation
model is close to the stress at the corresponding position in
the unperforated model. In the unperforated model, under
fracturing conditions, the stress contours of the formation,
casing, and cement sheath radiate outwards around the axis of
the wellbore. And the stress in the unperforated model
gradually decreases from the inside to the outside. The
contact pressure of the cement sheath-casing interface is
higher than that of the cement sheath-formation interface.
The cement sheath-casing interface is in the risky state. The
perforated model has a large SC phenomenon under
fracturing conditions. The SC area is a rounded rectangle
or ellipse. The SC phenomenon is more obvious in the place
closer to the perforation area. And the stress distribution
tends to be uniform in the area far from the perforation area.

Under fracturing conditions, the displacement, stress and
strain distributions of the PCS are shown in Figure 8. It can be
seen from Figure 8 that the displacement, stress, and strain of the
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—a&— Poisson's ratio 0.15
—o— Poisson's ratio 0.20
—&— Poisson's ratio 0.25
—v— Poisson's ratio 0.30

tensile strength

Maximum tensile stress (MPa)

Elastic Modulus (GPa)

maximum tensile stress

compressive stress and maximum tensile stress. (A) Maximum

cement sheath are concentrated in the perforation area, and the
concentrated area is a rounded rectangle or ellipse. The
concentration phenomenon is more obvious at the place
closer to the PH. The values of displacement, stress and strain
tend to be smooth and stable at the place far from the PH, and the
peak SC can reach more than twice the normal value. In Figure 8,
the SC area is within 5 times the diameter of the PH. The
distribution of SC is roughly shown in Figure 9 (taking a
single hole as an example).

In order to verify the adaptability of the SC law of the PCS,
this paper established two sets of perforating models for analysis.
The first group of models selected Shengli composite 102 large-
aperture perforator, hole density 25holes/m, hole diameter
7 mm, the phase angle 60°(Luo et al., 2010); The second group
of models uses the 127 type ultra-high density powder cover
large-aperture perforator, the hole density 60 holes/m, the
aperture 18 mm, the phase angle 60°(Fan et al., 2013), and the
remaining parameters of the model remain unchanged. For
different perforation models, the stress distribution of the
cement sheath is shown in Figure 10.

Assuming that the radius of the perforation hole is R, the
stress value at the PH is f (R), and the stress value at the
normal stress area is f (R.), then it can be seen from

Figure 10:
f(R)=2f(R) (7)

The following conclusions can be drawn by comparing the
perforation parameters of the three groups of perforation models:

frontiersin.org
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A
Tensile stress distribution near the hole-0° Tensile stress distribution near the hole-30°
section section
C D
Tensile stress distribution near the hole-60° Tensile stress distribution near the hole-90°
E section F section

Cement sheath

00109 001985 -0 =
001537 00242 7 004222 005117

Strain distribution diagram of PCS Schematic diagram of the failure range of PCS

FIGURE 12

Distribution diagram of tensile stress and strain around the PH. (A) Tensile stress distribution near the hole-0 section. (B) Tensile stress
distribution near the hole-30 section. (C) Tensile stress distribution near the hole-60 section. (D) Tensile stress distribution near the hole-90 section.
(E) Strain distribution diagram of PCS. (F) Schematic diagram of the failure range of PCS.

1) Regardless of the displacement, stress, and strain, there is a 4.2 Integrity failure of cement sheath and
big difference between the perforated area and the countermeasures under fracturing
unperforated area. The SC area is a rounded rectangle conditions

or ellipse.

2) The SC phenomenon is more obvious at the place closer to the Due to the existence of PH, there is a SC phenomenon in the
PH, and the value of stress and strain at the place far away cement sheath at the PH. Larger stress values will inevitably cause
from the PH tends to be smooth and stable. damage to the cement sheath, but studies have shown that as long

3) The peak stress concentration is about twice the normal as most of the annular areas of the first and second interfaces of
value. the cement sheath are not damaged, the formation will not be
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cross-grooved, then the cement sheath sealing is effective.
Therefore, the non-perforation model is used to simulate and
analyze the overall isolation performance of the cement sheath,
and the perforation model is used to simulate the size of the
failure area of the cement sheath.

4.2.1 The effect of elastic parameters of cement
sheath on its integrity

To study the sealing effectiveness of the cement sheath, as
long as the entire cement sheath is not damaged under the
fracturing pressure, then cementing is effective. Keeping other
parameters unchanged, the elastic modulus of the cement sheath
is 1-10 GPa, and the Poisson’s ratio is 0.15-0.3. The effects of the
elastic modulus and Poisson’s ratio of the cement sheath on the
maximum compressive stress and maximum tensile stress is
shown in Figure 11.

It can be seen from Figure 11 that under fracturing
conditions, the Poisson’s ratio of the cement sheath has little
effect on its maximum compressive stress value, and its
increases with the increase of

maximum tensile stress

Poisson’s ratio. The maximum compressive stress and

maximum tensile stress of the cement sheath increase with
the
conditions, the cement sheath generally undergoes tensile

increase of its elastic modulus. Under fracturing
failure. (Cement sheath is a brittle material, and its tensile
strength is much lower than the compressive strength,
generally 1/10 to 1/12 of the compressive strength (25-
40 MPa), that is, the tensile strength is generally about 2-
4 MPa(Yao et al, 2005).) For safety, the compressive strength
in Figure 11 is 25MPa, and the tensile strength is 2 MPa.
Increasing the tensile strength of the cement sheath, reducing
its elastic modulus and Poisson’s ratio can effectively prevent its

tensile failure.

4.2.2 Failure area of perforated cement sheath

Because of the PH, the PCS inevitably has a large SC
phenomenon at the perforation area, so the cement sheath is
most prone to fail at the perforation area. Under triaxial stress, if
the maximum linear strain of the cement sheath exceeds the limit
linear strain of the cement sheath, the cement sheath will
fracture, and the fracture surface is perpendicular to the
direction of the maximum principal stress (El-Sayed and
Khalaf, 1992). Taking the 0.3% linear strain as the critical
point of tensile failure of the cement sheath (Shen, 2011), the
failure area of the cement sheath in the CCF perforation model is
analyzed based on this.

With cement sheath p = 0.15, E = 3.17 GPa and other
parameters kept unchanged, the area where the cement sheath
is damaged is simulated and calculated. The tensile stress and
strain distribution near the PH are shown in Figure 12. In
Figure 12E, the yellow and red areas are the failure areas of
the cement sheath. It can be seen from Figure 12 that the failure
area of the cement sheath locates at the two ends of the hole, and
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the shape is similar to a cone with an elliptical bottom. The
maximum failure thickness is close to 1/2 of the wall thickness of
the cement sheath. The line length of the largest failure area is
close to 4.5 times the diameter of the hole. Since the failure areas
of the holes are not connected to each other and do not affect the
integrity of the cement sheath as a whole, the sealing of the
cement sheath is effective.

5 Conclusion

This paper compares the stress state of three-dimensional
CCF unperforated and perforated finite element model to
obtain the influence of perforation on the SC and failure
area of the cement sheath. The stress state comparison of
three groups of perforation models with different hole
densities and diameters verifies the SC law of perforation on
the cement sheath. By studying the effects of the elastic modulus
and Poisson’s ratio of the cement sheath on its maximum
tensile and compressive stresses under fracturing pressure,
the integrity failure form of the cement sheath and the
measures for integrity failure are obtained. The research
results show that, except for the SC at the perforation, the
stress distribution of the perforation model is similar to that of
the unperforated model, and the stress value is similar. Under
fracturing conditions, the overall stress contours of the
formation, casing, and cement sheath radiate outwards
around the axis of the wellbore. And the inner stress is high,
and the outer stress is low. The contact pressure at the cement
sheath-casing interface is higher than the contact pressure at
the cement sheath-formation interface and both are much
greater than 0. The cementing interfaces are not debonding.
The SC area is a rounded rectangle or ellipse. The SC
phenomenon is more obvious in the place closer to the PH.
The peak SC can reach more than twice the normal value of the
stress. Under fracturing conditions, the area where the cement
sheath is damaged is located at both ends of the PH, and the
shape is similar to the bottom surface of the elliptical cone, the
failure thickness is up to 1/2 of the thickness of the cement
sheath, and the line length of the largest failure area is 4.5 times
the diameter of the PH. Since the failure areas of the holes are
not connected to each other and do not affect the integrity of the
cement sheath as a whole, the sealing of the cement sheath is
effective. Under fracturing conditions, the Poisson’s ratio of the
cement sheath has little effect on its maximum compressive
stress value, and its maximum tensile stress increases with the
increase of Poisson’s ratio. The maximum compressive stress
and maximum tensile stress of the cement sheath increase with
the increase of its elastic modulus. Under fracturing conditions,
the cement sheath generally undergoes tensile failure.
Increasing the tensile strength of the cement sheath,
reducing its elastic modulus and Poisson’s ratio can
effectively prevent its tensile failure.
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