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Comprehensive research on reservoir rock mechanics and in-situ stress properties combined
with petrophysical experiments, logging models and numerical simulation is an important
means to achieve efficient development of tight sandstone oil reservoirs. In this study, a large
number of rock mechanics and acoustic experiments, full-wave train array acoustic wave
tests, hydraulic fracturing data and three-dimensional finite element simulations were used to
study the rock mechanical properties and in-situ stress characteristics of continental tight oil
reservoirs in the Yanchang Formation. The results show that under uniaxial conditions, the tight
sandstone samples mainly suffer from tensional ruptures. With the increase of confining
pressure, the tight sandstone samples undergo obvious shear ruptures. When the confining
pressure is loaded to 35MPa, a typical vertical shear fracture will be formed. The hydraulic
fracturing calculation results show that the in-situ stress state of the target layer satisfies σv
(vertical principal stress)>σH (maximum horizontal principal stress)>σh (minimum horizontal
principal stress). Based on the results of rock mechanics and acoustic tests, we have
constructed the dynamic and static mechanical parameter conversion models of tight oil
reservoirs and the logging interpretation model of current in-situ stress. Furthermore, the finite
element method is used to simulate the three-dimensional structural stress field of the target
layer. The simulations show that the horizontal principal stress distribution in the work area is
consistent with the applied environmental stress. The σH of the target layer is mainly distributed
in 32–50MPa, and the σh is mainly distributed in 20–34MPa. Both σH and σh are relatively high
in the southern uplift of thework area; among them, σH is usually greater than 44MPa, and σh is
usually greater than 24MPa. The northern part of the study area developed several grooved
areas with relatively low stress values. The regions with high stress values are often distributed
in bands, which may be related to the compression caused by the deformation of the strata.
For shear stress, left-handed and right-handed regions usually alternate with each other.
However, the extent of the left-handed area in the southern uplift area is larger than that of the
right-handed area, indicating that the tight oil reservoirs in the study area aremainly affected by
left-handed activities.
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INTRODUCTION

Continental tight oil reservoirs are developed in the Upper
Triassic Yanchang Formation in the Ordos Basin. In the
process of oil and gas exploitation, the determination of rock
mechanics and in-situ stress properties of tight reservoirs can
provide a basis for fracturing plan and production pressure
difference design (Borgia et al., 1996; Hong et al., 2020; Lan
et al., 2021). In addition, during drilling, rock mechanics and in-
situ stress properties of tight reservoirs are also necessary for
wellbore stability analysis (Baecher., 1983; Fan et al., 2014; Chen
et al., 2021). At present, the methods to obtain rock mechanics
parameters mainly include rock mechanics experiments and
calculation using logging data (Li Y. et al., 2020; Cui and
Radwan., 2021; Li., 2022). Rock mechanics experiment is the
most basic and direct method to determine rock mechanics
parameters (Li., 2022). However, the core experimental data is
limited and discrete, which cannot reflect the changing trend of
rock strength in the whole well section (Chitrala et al., 2013;
Lommatzsch et al., 2015; Dong et al., 2018; Li Y. et al., 2020).
Using logging data to predict rock strength parameters can lead to
continuous stratigraphic rock strength profiles. However, the
rock mechanical properties obtained from logging data are
dynamic results, which need to be corrected to static values
when applied to engineering constructions (Huang et al., 2019;
Zuo et al., 2019; Li H. et al., 2020; Gao., 2021).

Continental tight sandstone reservoirs are characterized by
low porosity, low permeability, strong heterogeneity and
anisotropy. Therefore, the comprehensive study of reservoir
rock mechanics and in-situ stress properties combined with
experimental testing, logging model and 3D simulation
method is an important means for efficient development of
tight sandstone oil reservoirs (Gurocak et al., 2012; He et al.,
2015; Mahmoodi et al., 2019; Yin and Wu., 2020). The
petrophysical properties and fluid occurrence states of tight
reservoirs are affected by rock mechanical properties and
current in-situ stresses. The study area is located in the
western part of the Ordos Basin. In the past, there were few
studies on the rock mechanical properties and in-situ stress of the
Yanchang Formation in this area, which restricted the efficient
exploration and development of tight oil and gas in the Yanchang
Formation. In this study, a large number of rock mechanics and
acoustic experiments, full-wave train array acoustic wave tests,
hydraulic fracturing data and three-dimensional finite element
simulations were used to systematically study the rock
mechanical properties and in-situ stress characteristics of
continental tight oil reservoirs. This study has important
reference value for efficient exploration and development of
tight oil reservoirs.

GEOLOGICAL BACKGROUND

The study area is located in the western part of the Yishan Slope in
the Ordos Basin (Figure 1). The stratigraphic structure in this
area is a west-dipping monocline (Cui and Radwan., 2021). The
Ordos inland lake basin was formed in the Late Triassic. The

basement of the basin is composed of metamorphic rocks and
crystalline rock series, which is a rigid basement of cratons. The
tectonic movement is mainly manifested in the up-and-down
movement inside the basin, the stratum is gentle, and the
structure is simple. Some low-amplitude structures developed
locally in the study area (Shuai et al., 2013). The direction of the
present maximum principal stress in the study area is NE45° (Yin
and Wu., 2020).

The target layers in the study area are the Chang 6, Chang 7
and Chang 8 Members (C6, C7 and C8) of the Yanchang
Formation, which belong to the delta front sedimentary facies.
The sedimentary microfacies developed in the target layer are
mainly distributary channels and inter-channel bays. The
grain size of the channel sand body is usually coarse, and
the lithology is mainly fine sandstone, which gradually
transitions upward to siltstone and silty mudstone; while
the interdistributary bay is mainly composed of silty
mudstone and mudstone.

MATERIALS AND METHODS

In this study, uniaxial and triaxial rock mechanics and acoustic
experiments and full-wave train array acoustic wave tests of tight
oil reservoirs were conducted. At the same time, the basic
fracturing parameters and fracturing curve data of 38 groups
of fracturing intervals were collected, and then the in-situ stresses
of the work area were calculated using the fracturing data.

FIGURE 1 | The study area is located in the west part of the Yishan Slope
in the Ordos Basin.
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The instrument for triaxial rock mechanics and acoustic testing is
a rock physics testing system (Figure 2). There are 10 groups of rock
mechanics test samples, and each group have four samples. The
sample size is a small cylinder with a diameter of 2.5 cm and a height
of 5 cm. The test confining pressures are 0, 10, 20, and 35MPa,
respectively; the acoustic test results are the rock compressional and
shear wave velocities under the condition of 35MPa confining
pressure, and the samples are all saturated with formation water.
The design of confining pressure takes into account the burial depth
and pore pressure of the formation. The average formation depth is
2,500m, and the formation pressure is 1, so the effective pressure is
35MPa.Moreover, the pressure sensor error of rockmechanics test is
less than 1%, the displacement sensor range is between ±50mm, and
the displacement range resolution is 0.000 1mm. The high test
accuracy ensures the reliability of the experimental results.

The full-wave train array acoustic wave testing well interval is from
the Chang 6 to Chang 8 Members. Full-wave train array acoustic
logging can measure the full wave train information of the formation,
with high signal-to-noise ratio, and can obtain high-quality formation
shear wave data. At the same time, it overcomes the shortcomings of
formation shear waves that cannot be measured by ordinary acoustic
wave instruments in soft formations (mudstone formations) or
formations with higher toughness. The test results are completed
on the LEAD software platform, which uses the completion natural
gamma ray as the reference curve for depth calibration.

Using fracturing construction data to determine in-situ stress
is one of the most direct and reliable methods at present. When
applying this method, the fracturing well interval with complete
formation should be selected, that is, the fracturing well with the
rupture point can be clearly identified in the fracturing operation
curve. Finally, 38 groups of fracturing interval data in the study
area were selected for in-situ stress calculation.

RESULTS

Reservoir Petrological Characteristics
The main components of terrigenous clasts in the target layers
(C6, C7 and C8) of the Yanchang Formation are quartz and

feldspar, while the content of lithic debris and other minerals is
less. There is no significant difference in the components of
terrigenous detritus among the three layers. In addition, there was
no significant difference in feldspar content between C6, C7 and
C8. Feldspar is composed of potassium feldspar and plagioclase,
of which the plagioclase content is slightly higher than that of
potassium feldspar. For debris component, the content of debris
in the three layers is dominated by metamorphic rocks. The
debris components of the three layers are mainly eruptive rocks
and granites, and the content of eruptive rocks is higher than that
of granites. Among them, the granite content of the C6 and C7
Members is obviously higher than that of the C8 Member, but
there is no significant difference between the granite content of
the C6 and C7 Members. Statistics show that the eruptive rock
content of the C6 Member is higher than that of the C7 and C8
Members, and the eruptive rock content of the C7 Member is
slightly lower than that of the C8 Member.

The relationship between the cement and various framework
mineral components and the face ratio of the rock samples is
shown in Figure 3. There is a good negative correlation between
the cement components (mainly siliceous, carbonate and clay
cements) and face ratio and average pore size. This indicates that
cement plays a certain role in destroying the petrophysical
properties of the Yanchang Formation tight sandstone
reservoirs. Furthermore, the correlation between quartz
content and face ratio is not significant. However, there is a
good positive correlation between feldspar component content
and face ratio, which is related to the development of a large
number of dissolved pores and fractures in the feldspar minerals.

Rock Rupture Characteristics
Typical stress-strains of the samples in rock mechanics tests are
shown in Figure 4. Under uniaxial conditions, the rock has a
relatively obvious compaction process, and then transitions to an
elastic deformation process, and the main failure mode is
exhibited with brittle failures. Under triaxial conditions
(35 MPa confining pressure), the rock exhibits elastic-plastic
deformation. The higher the confining pressure, the greater
the proportion of plastic deformation before failure (Liu et al.,
2020; Xu et al., 2021). The main failure mode under triaxial
conditions is compression-shear failure, and the plastic segment
is significantly extended (Kang et al., 2010; He et al., 2020). Due to
the internal mineral composition, micro-cracks or edge damage,
the strength values of some samples under high confining
pressure conditions are lower than those under low confining
pressure conditions.

The study found that under uniaxial conditions, the samples
had obvious tensile rupture patterns. With the addition and
increase of confining pressure, the rupture of rock has obvious
shear rupture pattern. When the confining pressure is loaded to
35 MPa, a vertical shear fracture is formed.

Changes of Rock Mechanical Parameters
Under Different Confining Pressures
The rock mechanics test results show that the compressive
strength and Young’s modulus of tight reservoirs are very low

FIGURE 2 | Rock physics test system in rock mechanics experiment.
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under uniaxial conditions. The strength and Young’s modulus of
the C7 Member are slightly higher than those of the C6 and C8
Members. The Poisson’s ratios of the C6, C7 and C8Members are
not very different. The difference in rock strength under triaxial
conditions is small, and the overall strength of the C6 and C7
Members is slightly higher than that of the C8 Member. Under
triaxial conditions, the Young’s modulus of rocks has little
difference, and the overall Young’s modulus of the C6 and C7
Members is slightly higher than that of the C8 Member. There is
little difference in the Poisson’s ratio of rocks under triaxial
conditions. Under the condition of low confining pressure
(10 MPa), the Poisson’s ratio of the C6 Member is slightly
higher. Under the condition of high confining pressure, the

Poisson’s ratio of the C6 and C7 Members is slightly lower
than that of the Chang 8 Member.

The variation law of rock mechanical parameters of the
samples under different confining pressure conditions is
shown in Figure 5. On the whole, as the confining pressure
increases, the rock is gradually compacted, and at this time,
the compressive strength of the samples gradually increases
(Li., 2022). With the increase of confining pressure, the
Young’s modulus of rock will gradually increase. However,
the sample 2# is abnormal, and the Young’s modulus under
the condition of confining pressure of 10 MPa shows a high
abnormal value (Figure 5A). Analysis of the reasons found
that the sample has an extremely fine-grained sand-like

FIGURE 3 | Effects of different types of mineral components on petrophysical properties of tight oil reservoirs. (A) Relationship between cement content and face
ratio; (B) Relationship between cement content and average pore diameter; (C) Relationship between quartz content and face ratio; (D) Relationship between feldspar
content and face ratio.

FIGURE 4 | Stress and strain curves of Lc-1 sample in rock mechanics experiments. (A) Uniaxial condition; (B) Confining pressure 35 MPa condition.
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structure and a high content of volcanic debris, resulting in an
abnormally high modulus value. For the Poisson’s ratio, with
the increase of confining pressure, the Poisson’s ratio has a
slightly decreasing trend, which means that the rock hardness
gradually increases and the lateral strain amount gradually
decreases (Figure 5B).

The cohesive force (C) represents themutual force between the
particles inside the rock, and the internal friction angle (φ)
represents the direction of rupture of the particles inside the
rock. According to the linear Mohr-Coulomb criterion, the rock
C and φ are calculated according to the relationship between the
axial stress σ1 and the confining pressure σ3 at failure.

σ1 � 2C × cos ϕ
1 − sinϕ

σ3(1 + sinϕ)
1 − sinϕ

(1)

where σ1 is the axial stress when the rock sample fails, MPa; σ3 is
the confining pressure, MPa.

The relationship between axial stress and confining pressure of
some test samples is shown in Figure 6. According to the slope
and intercept of this straight line, the cohesion and internal
friction angle of the sample can be calculated. The test results
show that the cohesion of the C7 Member sand body is relatively
high, which represents a high degree of consolidation between
grains. The cohesion values of the C6 and C8 Members have little

difference. In addition, the internal friction angles of the C6 to C8
sand bodies are mainly distributed between 36.6° and 46.5°. The
internal friction angle of the C6 sand body is slightly higher than
that of the C7 and C8 Members, while the internal friction angle
of the C7 and C8 Members has little difference.

DISCUSSION

Logging Interpretation of Rock Mechanical
Parameters
When using logging data to extract rock mechanical
parameters, the longitudinal and shear wave time
differences are required. Based on the full-wave train array
acoustic wave test of the target layer, reliable longitudinal and
shear wave velocity data were obtained for the C6 to C8 oil
groups. Using the Eq. 2, the shear wave time difference of the
formation rock can be predicted.

Δtp � 2.02Δts − 12.14(R � 0.98) (2)
where Δtp is the longitudinal wave time difference, Δts is the shear
wave time difference, and R is the correlation coefficient.

The interpretation of rock Young’s modulus and Poisson’s
ratio adopts the following physical equations (Eqs 3, 4).

FIGURE 5 | Variation of rock mechanical parameters of samples under different confining pressures. (A) Young’s modulus; (B) Poisson’s ratio.

FIGURE 6 | Relationship between axial stress and confining pressure of the sandstone samples. (A) Sample 7#; (B) Sample 7#.
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Ed � ρb
Δt2s

3Δt2s − 4Δt2p
Δt2s − Δt2p

(3)

vd � 1
2
(Δt2s − 2Δt2p
Δt2s − Δt2p

) (4)

In the formula, Ed is the dynamic Young’s modulus, GPa; vd is
the dynamic Poisson’s ratio; Δtp is the longitudinal wave time
difference, μs·ft−1; Δts is the shear wave time difference, μs·ft−1; ρb
is the bulk density, g·cm−3.

There are differences between the dynamic and static elastic
parameters of rocks. On the one hand, it is related to factors
such as micro-fractures, pore fluids, mineral components and
micro-fabric differences in the rock, and on the other hand, it
is related to the strain amplitude and frequency of the loads.
Generally, the value of dynamic elastic parameters of rock is
larger than its static value, but the parameters of static
mechanical properties of rock are more in line with the
actual geological situation. The conversion relationships
between the dynamic and static Young’s modulus and the
Poisson’s ratio of the target layer are shown in Figure 7.
Poisson’s ratio is the ratio of the lateral strain to the
longitudinal strain of a sample, which is affected by the
combined effects of different mineral compositions and tiny
sample processing dimensions. Therefore, the dynamic and
static Poisson’s ratio usually has a certain degree of dispersion.
We think the test results in Figure 7 can satisfy the logging
interpretation of mechanical parameters.

The logging interpretation formula of cohesion is as follows
(Eq. 5):

C � 4.69 × 107ρ2b(1 + ]d
1 − ]d

)(1 − 2]d) (1 + 0.78Vsh)
Δt4p

(5)

Based on the empirical formula, the least squares method is
used to fit the cohesion, and the final cohesion fitting formula is as
follows:

C � 10.26 + 1.86 × 107ρ2b(1 + ]d
1 − ]d

)(1 − 2]d) (1 + 0.78Vsh)
Δt4p

(6)

The average absolute error of the prediction results of the
cohesion of the rock samples is 1.9 MPa, and the prediction
accuracy is high (Figure 8).

The internal friction angle is explained by Equations 7, 8:

φ � alg[M + (M2 + 1)1/2] + b (7)
M � A − B · C (8)

FIGURE 7 | Conversion relationship between dynamic and static rock mechanics parameters of the target layer in the study area. (A) Dynamic and static Young’s
modulus; (B) Dynamic and static Poisson’s ratio.

FIGURE 8 | Comparison of the tested and predicted values of the
cohesion of the samples.

FIGURE 9 | Comparison of the tested and predicted values of the
internal friction angle of the samples.
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In the formula, M, A and B are intermediate process variables,
dimensionless.

Based on the empirical formula, the least squares method is
used to fit the internal friction angle, and the fitting formula of the
internal friction angle of the samples is obtained (Eqs 9, 10):

φ � −37.49lg[M + (M2 + 1)1/2] + 16.24 (9)
M � 0.16 − 0.2 · C (10)

The comparison between the predicted and the measured
values of the internal friction angle of the rock samples is
shown in Figure 9. It can be seen that the average absolute
error of the overall internal friction angle is 2.9°, and the
interpretation accuracy is high.

Logging Interpretation of In-Situ Stresses
During the fracturing process, the fracturing pressure (Pf) of the rock
can be obtained directly from the fracturing test curve (Jaeger and
Cook, 1976; Kirmani et al., 2021). Furthermore, the maximum
horizontal principal stress (σH) can be determined by the
theoretical formula: σH = 3σh−Pf−Pp+σt. Pp is the formation
pressure, and the average pressure coefficient of the target layer is
0.74. σt represents the tensile strength, which is usually 10% of the
rock’s compressive strength for tight sandstones (Zoback et al., 2003;
Yin et al., 2018).

The relationship between the horizontal maximum and
horizontal minimum principal stresses of the target layer in
the study area is shown in Figure 10. It can be seen that σH is
mainly distributed in 30–60 MPa, and σh is mainly distributed
in 25–37 MPa. With the increase of burial depth, each
principal stress value increases. The state of in-situ stress
satisfies: vertical principal stress (σv) >horizontal maximum
principal stress (σH) >horizontal minimum principal stress
(σh). It shows that the current in-situ stress of the target layer
basically presents a relatively relaxed normal stress state.

In-situ stress refers to the internal stress existing in the crustal
rock mass. It is the force on the unit area inside the medium
caused by the force of vertical motion and horizontal motion
inside the crust and the force of other factors (Li and Zhang 1997;
Li et al., 2012; Shuai et al., 2013; Yin et al., 2020). The rock
formations in sedimentary basins are under triaxial stress state,
and the stress sources are complex. It is generally believed that the
stress they are subjected to is composed of the gravity of the
overlying rock, the formation pressure, and the tectonic activity.
Because the geological situation is very complex, each factor is not
independent, but interacts and influences each other (McBride.,
1989; Santosh and Feng., 2020; Zheng et al., 2020; Xue et al.,
2021).

In this study, an improved Newberry model based on the
principle of anisotropy was used to calculate the in-situ stress
of tight oil reservoirs. The calculation method has been
described in detail by Cui and Radwan (2021). Finally, the
comparison between the calculated and the measured results of
in-situ stress of some fracturing intervals in the study area is
shown in Figure 11. Overall, the mean absolute error of σH of
the target layer in the study area is 5.7 MPa, and the mean
absolute error of σh is 1.9 MPa. The overall error is small,
indicating that the prediction results are reliable.

In-situ Stress Field Simulation
To establish a tectonic stress field simulation geological model, a
series of geological parameters need to be determined. These
parameters include the direction of the tectonic stress field, the
magnitude of the tectonic stress value, and the mechanical
parameters of the deformed medium rock (Zou et al., 2013;
Zhao et al., 2017). They are not only the basis for the tectonic

FIGURE 10 | Relationship between the maximum and minimum
horizontal principal stresses of the target layer in the study area.

FIGURE 11 | Calculated and measured results of the in-situ stresses of some fracturing intervals in the study area. (A) σH; (B) σh.
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stress field simulation, but also the constraint conditions to test
the results of the tectonic stress field simulation. According to the
triaxial rock mechanics experiment, the Young’s modulus of the

target layer is 23 GPa, the Poisson’s ratio is 0.23, the cohesive
force is 15 MPa, and the internal friction angle is 42°. Generally,
the finer the division of the geological body unit, the higher the

FIGURE 12 | 3D finite element model of the target layer in Block (A) Overall mesh model; (B) Layered mesh model.

FIGURE 13 | Planar distribution of the horizontal principal stresses of the target layer. (A) Maximum horizontal principal stress; (B) Minimum horizontal principal
stress.
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calculation accuracy of the mathematical model. There are no
faults in the study area, and only low-amplitude structures are
developed in local areas. Thus, the mesh density is increased in
the low-amplitude uplift regions. The finite element simulation of
the established target layer is meshed with hexahedral elements,
and a total of 134,213 elements are obtained. The area of the study
area is 70 km2, and the size of the grid is 30 m.

A three-dimensional finite element model is constructed
according to the main geological structural features of the
target layer. The current principal stress direction of the target
layer in the study area is the NE direction, so the maximum
horizontal principal stress direction is set to the NE direction.
Similarly, the minimum horizontal principal stress direction is set
to the NW direction. The NE direction stress value is set to
50 MPa, and the NW direction stress value is set to 30 MPa. This
boundary condition is reasonable.

In the process of mathematical simulation, according to the
law of statics, the resultant force of the external force on the
model must be equal to zero, and the resultant moment of the
external force must also be equal to zero. That is, the external
force systemmust be balanced to ensure that the calculated model
does not move and rotate as a whole. After each force system is
balanced, the elasto-plastic incremental method is used to
construct the stress field numerical simulation software for in-
situ stress calculation and output. If the difference between the
calculated value and the measured value is large, it is needed to
continue to adjust the boundary force, re-compile the input data
body, and then carry out the balance debugging of the force
system. Furthermore, it is needed to repeat
adjustment→calculation→verification until the principal stress
direction calculated by simulation is the same as the measured
one. The calculation is not stopped until the differential stress
value is quite close to the measured differential stress value of
each well point. In this study, the error of the principal stress in
the horizontal direction of the simulation results is less than
3 MPa, so the simulation results are reliable.

The finite element mesh model of the study area A is shown in
Figure 12A. The model covers the C6 to C8 Members, the C6
Member contains C61 to C64 sublayers, the C7 Member contains

C71 to C73 sublayers, and the C8 Member contains C81 to C82

sublayers. Thus, the target layer contains nine sublayers
(Figure 12B).

In this study, the C81 sublayer was taken as an example to
illustrate the simulation results of the tectonic stress field
(Figure 13). The simulation results show that the horizontal
maximum principal stress is distributed along the NE
direction, while the horizontal minimum principal stress is
distributed along the NW direction (Figure 13). Thus, the
stress distribution in the target layer of the work area matches
the direction of the applied environmental stress. The values in
Figure 13 are all positive, representing compression. In the
target layer, σH is mainly distributed in 32–50 MPa, while σh is
mainly distributed in 20–34 MPa. Both σH and σh are relatively
high in the southern uplift, and the σH is usually greater than
44 MPa, while the σh is usually greater than 24 MPa. The
northern part of the study area developed several grooves
with relatively low stress values. High stress values are
usually banded, which may be related to compression
caused by formation deformation.

The distribution characteristics of shear stress in the target
layer were further analyzed, and the results are shown in
Figure 14. It can be seen that the shear stress of the target layer
is mainly distributed between −24 and 24 MPa. Typically,
negative values represent left-handed, and positive values
represent right-handed. The shear stress of the target layer
also presents a band-like distribution. Moreover, the left-
handed regions and the right-handed regions are usually
alternately distributed. However, the extent of the left-
handed area in the southern uplift area is larger than that
of the right-handed area, indicating that the tight oil
reservoirs in the study area are mainly affected by left-
handed activities.

CONCLUSION

1) Under uniaxial conditions, the tight sandstone samples
mainly suffer from tensional ruptures. With the increase of
confining pressure, the tight sandstone samples undergo
obvious shearing ruptures. When the confining pressure is
loaded to 35 MPa, a typical vertical shear fracture will be
formed in a certain sample.

2) The hydraulic fracturing results show that the in-situ stress
state of the target layer satisfies σv > σH > σh. Based on the
results of rock mechanics and acoustic tests, we have
constructed the dynamic and static mechanical parameter
conversion models of tight oil reservoirs and the logging
interpretation model of current in-situ stress.

3) The finite element method is used to simulate the three-
dimensional structural stress field of the target layer. The
horizontal principal stress distribution in the work area is
consistent with the applied environmental stress. The σH of
the target layer is mainly distributed in 32–50 MPa, and the σh
is mainly distributed in 20–34 MPa. Both σH and σh are
relatively high in the southern uplift of the work area;

FIGURE 14 | Planar distribution of shear stress in the target layer.
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among them, σH is usually greater than 44 MPa, and σh is
usually greater than 24 MPa.

4) The northern part of the study area developed several
grooved areas with relatively low stress values. The regions
with high stress values are often distributed in bands, which
may be related to the compression caused by the strong
deformation of the strata. Left-handed and right-handed
regions usually alternate with each other. However, the
extent of the left-handed area in the southern uplift area is
larger than that of the right-handed area, indicating that the
tight oil reservoirs in the study area are mainly affected by
left-handed activities.
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