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Aiming at the problem of quantifying the composition of complex fracture network and fracture activation after fracturing, a
complex fracture network model of weak plane with prefabricated structure is established based on finite element method,
global embedded cohesive zone model (CZM), and real shale outcrop. Considering the influence of fully coupled stress/fluid,
the effects of weak plane azimuth, horizontal stress difference, fracturing fluid viscosity, and injection rate on fracture network
composition, geometry, and stimulated reservoir volume (SRV) are studied. The concept of fracture relative activation rate,
which can quantitatively analyze fracture network composition and fracture activation, is proposed. The results show that the
fracture geometry of the two kinds of conjugated shale after fracturing is controlled by the most weak mechanical plane, and
the fracture network is, respectively, axisymmetric and centrosymmetric. The fracture network is composed of the weak plane
fractures with the dominant free gas transport and the matrix microfractures with the dominant adsorbed gas transport. The
effects of weak plane azimuth, horizontal stress difference, and fracturing fluid viscosity on SRV length are not monotonous,
while the increase of the azimuth, horizontal stress difference, fracturing fluid viscosity, and the reduction of appropriate
injection rate will lead to the increase of SRV width. The effect of horizontal stress difference on the relative activation rate of
fractures does not change monotonically, while the increase of weak plane azimuth, fracturing fluid viscosity, and injection rate
will lead to the increase of the relative activation rate of matrix microfractures, the increase of the total length of activated
fractures, and the decrease of the relative activation rate of weak plane fractures.

1. Introduction

Multistage and cluster fracturing of horizontal wells is a key
technology for the United States to realize the shale gas
revolution and change the global energy trade pattern.
Although this technology has been adopted on a large scale
in China, there are still some unsolved problems in the com-
position of complex fracture network after fracturing, fine
analysis of the activation rate of different types of fractures,
and the description of fracture geometry [1]. Shale has struc-
tural anisotropy due to a large number of local faults, bed-
ding planes, and natural fractures (NFs), as shown in
Figures 1(a) and 1(b). The developed structural weak plane
will have a great impact on the initiation, propagation, and

geometric shape of hydraulic fractures (HFs) in shale. There-
fore, it is of great significance to study the composition and
complex geometry of hydraulic fractures in shale reservoir
under different structural weak plane distribution for the
efficient development of shale reservoir [2, 3].

Affected by bedding and natural fracture development,
the geometric shape of hydraulic fracture in shale is quite
different from that in conventional reservoir. The hydraulic
fractures in the conventional reservoir are symmetrically dis-
tributed with double wings, while the hydraulic fractures in
the shale reservoir can expand and turn along the matrix,
bedding, and natural fractures under the coupling action of
hydraulics and mechanics, showing a complex and unpre-
dictable fracture network [4]. At present, the numerical
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simulation methods for the propagation mechanism of com-
plex fracture networks mainly include displacement discon-
tinuous method, finite element method, extended finite
element method, discrete element method, cohesive element
method, and phase field method. The cohesive element
method is widely used in civil engineering, mechanical engi-
neering, and material science [5]. It was Barenblatt who first
proposed the concept of cohesive zone, and he first used
cohesive element method to simulate crack propagation in
brittle materials [6]. Mokryakov [7] successively simulated
the fracturing process in soft rock by using the cohesive ele-
ment method and the hydraulic fracturing expansion behav-
ior considering the influence of fracture tip and plastic inside
rock. Guo et al. [8] established the intersection model of
hydraulic fracture and natural fracture based on cohesive
element method and discussed the influence of different fac-
tors on fracture intersection. Guo et al. [9] used this method
to simulate the extension behavior of hydraulic fractures in
layered shale. With the development of global embedded
cohesive element technology, a new cohesive zone model is
gradually formed based on viscosity element method to sim-
ulate cracks with arbitrary paths. Wang [10] established a
hydraulic fracture extension model considering fluid struc-
ture coupling by using extended finite element and cohesive
zone model and studied the important effects of inelastic
deformation on propagation pressure and fracture geometry.
Dahi Taleghani et al. [11] first obtained the main parameters
to ensure the accuracy of traction separation criterion
through indoor experiments and then simulated the inter-
section process of hydraulic fracture and natural fracture
using cohesive zone model. Wang [12] also established a

global embedded cohesive unit model to simulate complex
fracture propagation based on the cohesive zone model
and considered that under the influence of natural fracture
density, size, distribution, stress, and construction parame-
ters, only complex fractures rather than connected fracture
networks may be formed in the fractured reservoir. Yu
et al. [13] established a finite element model of coupled fluid
flow and deformation based on the adaptive embedded
cohesive zone model and simulated the propagation behav-
ior of fractures in rock matrix and cross natural fracture
network. Li [14] analyzed the influence of fracturing tempo-
rary plugging technology on fracture complexity based on
the modified cohesive zone model. Compared with other
numerical simulation methods, the cohesive zone model
can eliminate the singularity at the crack tip and overcome
the disadvantage of nonconvergence of linear elastic fracture
mechanics. For the reservoir with weak plane of shale struc-
ture, using the cohesive zone model to globally embed the
cohesive unit in the weak plane and matrix, and set the cor-
responding mechanical parameters, respectively, the propa-
gation dynamics of hydraulic fractures in the weak plane
structure and matrix can be accurately simulated.

Based on the real shale outcrop with two different weak
plane characteristics and the global embedded cohesive zone
model, a shale model with ideal prefabricated weak plane
structure is established. Using this model, the geometric
shape, fracture network composition, and relative activation
of hydraulic fractures in structurally anisotropic shale are
studied. Figure 1(c) shows the shale model with conjugate
cross distribution of weak plane, which is composed of weak
plane cohesive unit (Figure 1(f)), matrix cohesive unit

Weak plane
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Weak-plane-II
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(d) (e) (f)

(b) (c)

Figure 1: Shale outcrop with conjugate cross distribution of weak planes and its model grid diagram. (a) Sanmin shale outcrop. (b) Shale
outcrop of Xiaoheba formation. (c) Conjugate weak plane shale. (d) Matrix unit. (e) Matrix cohesive unit. (f) Conjugate weak-plane cohesive
unit.
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(Figure 1(e)), and matrix finite element (Figure 1(d)).
Although the global embedding of cohesive element will
increase the overall calculation cost, it can more accurately
capture the intersection, passage, blocking, and capture of
hydraulic fractures in matrix and weak plane structures.
Through the simulation of the activation behavior of weak
plane fractures and matrix fractures and the study of their
internal mechanism, the research results of this paper have
certain guidance and reference value for optimizing hydrau-
lic fracturing design, fine evaluation of postfracturing recon-
struction effect, and productivity prediction.

2. Mathematical Model

2.1. Fracture Propagation Model. Figure 2(a) shows the nor-
mal and tangential fluid flows in the fracture. Tangential
flow promotes fracture propagation, and normal flow repre-
sents fracturing fluid filtration into the formation. According
to Newtonian fluid rheology theory, fluid is considered
incompressible. The tangential flow in the crack is controlled
by the lubrication equation, which is derived from Poi-
seuille’s law [15]:

q = w3

12μ∇pf , ð1Þ

where q is the volume flow through the fracture section, w is
the fracture width, μ is the viscosity of fracturing fluid, and
∇pf represents the fluid pressure gradient along the fracture
direction.

The fluid normal filtration loss in the fracture can be
expressed as [16]

ql =
ct pf − pt
� �

,

cb pf − pb
� �

,

8><
>: ð2Þ

where ct and cb are the filtration coefficient at crack top and
bottom; pt and pb, respectively, represent pore pressures in

matrix units adjacent to cohesive units (as shown in
Figure 2(b)); and ql is the filtration loss of fracturing fluid.

According to the principle of mass conservation, the
mass conservation equation in cracks can be expressed as

∂w
∂t

+∇ ⋅ q+∇ ⋅ ql =Q tð Þδ x, yð Þ, ð3Þ

where QðtÞ represents the fracturing fluid injection rate and
δðx, yÞ is the Dirac delta function.

The fracture opening is determined by the properties of
cohesive elements, fluid properties, pore pressure, fluid pres-
sure in the fracture, stress distribution, and damage criteria
and can be determined by the displacement of the top and
bottom of the fracture wall [17]:

w = ut − ub
� �

⋅ n, ð4Þ

where ut and ub, respectively, represent the displacements
on the top wall and bottom wall of cracks and n is the unit
normal vector on crack wall.

2.2. Law of Traction Separation. In this paper, the secondary
stress failure criterion is used to judge the initiation and
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Figure 2: Schematic diagram of element composition of the cohesive zone model.
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Figure 3: Bilinear traction separation law.
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propagation of cracks. The secondary stress failure criterion
can determine the initiation and propagation of cracks by
three stress components and the peak values of three stress
components. The criterion can be expressed as

tnh i
t0n

� �2
+ ts

t0s

� �2
+ tt

t0t

� �2
= 1, ð5Þ

where tn, ts, and tt represent the normal stress and first and
second shear stress components, respectively, and t0n, t

0
s , and

t0t , respectively, represent the tensile strength and shear
strength of the complete cohesive unit.

The stress component of the traction separation law is
also affected by the damage variable t when the bond ele-
ment fails [9]:

t =
1‐Dð Þt,
�t,

(
ð6Þ

where t = ftn, ts, ttg is the nominal stress vector and �t = ftn,
ts, ttg is the stress component of undamaged displacement
predicted by elastic traction separation law.

As shown in Figure 3, bilinear cohesion law is adopted in
this paper to describe the relationship between traction force
and displacement [18]. In the above formula, dimensionless
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Figure 4: Global embedded cohesive zone model.
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D represents the damage degree of cohesive unit during frac-
turing, and its value can be determined according to the
traction separation law [12]:

D = δfm δmax
m − δ0m

� �
δmax
m δfm − δ0m

� � , ð7Þ

where δ0m and δfm represent the displacement component
when the traction of cohesive unit reaches its limit and δm
and δfm, respectively, are defined as

δm =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
δn

2 + δs
2 + δt

2
q

, ð8Þ

δfm = 2Gc

Tmax
, ð9Þ

where δn, δs, and δt , respectively, represent the normal dis-
placement component and the first and second shear dis-
placement component; Tmax indicates the tensile strength
or shear strength of the material; and Gc is the fracture
energy of mixed mode. Based on Benzeggagh-Kenane frac-
ture criterion [11], damage evolution of cohesive units in
the process of fracture expansion can be determined, which
can be defined as

Gc
n + Gc

s −Gc
nð Þ Gsh

GT

� �η

=Gc, ð10Þ

where Gn, Gs, and Gt represent the work done by the trac-
tion force in three directions and Gc

n, G
c
s , and Gc

t represent
the fracture energy in normal direction and two shear direc-
tions, respectively.

2.3. Fluid Flow and Geomechanical Coupling Model. Based
on the volumetric virtual work principle, the stress balance
equation can be written as [19–21]

ð
V
�σ − pwIð ÞδεdV =

ð
S
t ⋅ δvdS +

ð
V
f ⋅ δvdV , ð11Þ

where �σ is the effective stress, pw indicates pore pressure, δε
is the virtual strain rate matrix, δv represents virtual velocity,
t and f represent the surface traction force per unit area and
the physical force per unit volume, respectively, and I repre-
sents the identity matrix.

The continuity equation of fluid seepage in reservoir can
be expressed as [22, 23]

1
J
∂
∂t

Jρwnwð Þ + ∂
∂x

⋅ ρwnwvwð Þ + ∂
∂y

⋅ ρwnwvwð Þ = 0, ð12Þ

where J is the volume change rate of porous medium, ρw
indicates fluid density, and nw indicates the porosity of the
reservoir matrix.

3. Advantages of the Model

As shown in Figure 4(a), it is the grid after the global embed-
ding of the cohesive zone model. One-dimensional cohesive
elements are embedded between all four node grid elements
(the red-dotted line between grid elements indicates cohe-
sive elements). The embedded global cohesive unit forms
the potential extension path of the crack. This method is
similar to the finite element discrete element method used
by Zhang et al. [24] and Blanton and Q. Wang et al. [25,
26] to simulate hydraulic fracturing behavior. Figure 4(b)
shows the conventional cohesive element model. Under this
condition, the crack can only extend along the set path.
Compared with the conventional cohesive element model,
the model in this paper can capture the extension direction
of cracks more accurately. Figure 4(c) shows the composi-
tion of the fluid pressure node at the intersection in the
global embedded cohesive element. When cohesive elements
intersect, four cohesive elements (CE1~4) use a fluid pres-
sure node at the intersection. After the secondary develop-
ment with ABAQUS, the hydraulic fracturing model is
established by using the finite element method, and then,
the cohesive element is embedded globally to form the
potential multidegrees of freedom of fracture propagation.

4. Results Discussion and Analysis

4.1. Shale Model with Conjugate Distribution of Structural
Weak Plane. As shown in Figures 1(a) and 1(b), the structural
weak planes in the two shale outcrops are relatively developed,
and the horizontal weak plane and longitudinal weak plane are
staggered with each other at a certain angle in a conjugate dis-
tribution form. According to the experiment, the mechanical
properties of the two weak planes in the shale outcrop in
Figure 1(a) are similar, while the mechanical properties of
the horizontal weak plane and the longitudinal weak plane
in the shale outcrop in Figure 1(b) are different. Based on
the structural distribution characteristics and mechanical
characteristics of the weak plane of the two shale outcrops,
two prefabricated ideal distribution weak plane models are
established, as shown in Figure 5. Figure 5(a) is a weak plane
model based on the shale outcrop characteristics in

Table 1: The main input parameters in the model.

Parameters Values

Porosity 0.1

Initial pore pressure 25MPa

Modulus of elasticity 30GPa

Poisson’s ratio 0.2

Fluid viscosity 1 cP

Specific gravity of fluid 9.8 kN/m3

Injection rate —

Filtration coefficient 1E-14m3/s/Pa

Friction coefficient 0.615

Horizontal minimum principal stress 32MPa

Horizontal maximum principal stress 35MPa
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Figure 1(a). All weak planes in the model have the same
mechanical properties. Figure 5(b) is a conjugate weak plane
model composed of weak plane I and weak plane II based on
the characteristics of shale outcrop in Figure 1(b), in which
weak plane I and weak plane II have different mechanical
properties. The approaching angle is the angle between the
weak plane direction and the horizontal maximum principal
stress direction. The boundary condition of the model is that
the displacement along the direction perpendicular to the
boundary is fixed at 0, and the pore pressure on the boundary
is set as a constant, as shown in Figure 5(a). The main input
parameters in the simulation are shown in Table 1.

4.2. Fracture Geometry Based on Model I and Model II.
Based on model I, under the conditions of an approximation
angle of 45°, a stress difference of 5MPa, and an injection
rate of 0.1m3/s, the geometric forms of hydraulic fractures
in conjugated weak plane shale at different times were simu-
lated, as shown in Figure 6. The parameters of weak plane
cohesive unit in simulation are the same as those of weak
plane I cohesive unit in Table 2. In order to accurately
observe the geometric shape of the crack, the opening distri-
bution of the damaged cohesive unit after concealing the
matrix unit is shown in Figure 7, which is the real hydraulic
fracture network formed after compression. The color band
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Figure 6: Main fracture opening distribution based on model I simulation.

Table 2: Main parameters of material cohesive element in model II.

Parameters
Material

Matrix cohesive unit
The weak plane I corresponds

to the cohesive unit
The weak plane II corresponds

to the cohesive unit

Tensile strength (MPa) 5 1 0.5

Shear strength (MPa) 20 4 2

Tensile critical fracture energy (J/m2) 100 20 10

Shear critical fracture energy (J/m2) 4500 900 450
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values in Figures 6 and 7 and all subsequent figures represent
the crack opening (PFOEN), and the unit is m. It can be seen
from Figure 6 that under the above initial stress distribution
and construction parameters, the main hydraulic fracture
formed after fracturing mainly expands along the weak
plane structure with weak mechanical properties. Figure 7
shows that during fracturing, while the hydraulic fracture
expands along the weak plane structure, it also compresses
some cohesive units in the matrix block near the weak plane
to form matrix microfractures. Therefore, the real fracture
network formed by fracturing in shale with weak plane
structure is composed of weak plane fractures and matrix
microfractures, and the fracture geometry is in the shape
of axisymmetric network. From the perspective of produc-
tion, the activated matrix type microfractures can become
a new flow channel of shale gas existing on the surface of
kerogen and pores in the form of adsorption, while the acti-
vated weak plane type fractures become the main flow chan-
nel for the accumulation and transmission of all desorbed
and free shale gas. After stimulation and reconstruction,
the proportion of two types of activated fractures will have
an important impact on later production.

Based on model II, under the conditions of approxima-
tion angle of 45°, stress difference of 5MPa, and injection
rate of 0.1m3/s, the distribution of hydraulic main fracture
opening at different times was simulated, as shown in

Figure 6. Figure 8 shows the opening distribution of weak
plane fracture and matrix microfracture. In the simulation,
the main mechanical parameters of matrix cohesive unit
and prefabricated weak plane I and weak plane II cohesive
units are shown in Table 2. It can be seen that the shear
and tensile resistance of cohesive unit in weak plane II is rel-
atively weak; that is, it is easier to be destroyed and form
hydraulic fractures. The analysis of Figures 9 and 8 shows
that, under the influence of the mechanical properties of
the weak plane, the fracture network tends to expand along
the weak plane II with weak mechanical properties and
finally forms a center-symmetric fracture network composed
of weak plane type fractures and matrix type microfractures.
Among the factors affecting the mesh geometry, the struc-
tural weak plane with the weakest mechanical properties will
play a dominant role.

4.3. Multivariate Analysis Based on Model I

4.3.1. Influence of Approaching Angle on Fracture Geometry.
In order to quantitatively analyze the impact of the approach
angle on the shape of the fracture network and the fracture
activation rate, this paper uses the changes of the major axis
and minor axis of the postfracturing reservoir reconstruction
volume (SRV) (it is considered that the SRV after the actual
reconstruction is an ellipse) to analyze the shape of the

(a) 2 s (b) 5 s

(c) 10 s

Figure 7: Opening distribution of weak plane type and matrix type fractures based on model I.
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formed fracture network (as shown in Figure 10(b)). Then,
the relative activation rate of fracture is introduced to char-
acterize the relative activation rate of hydraulic fracture in
weak surface structure and matrix. The relative activation
rate of cracks can be expressed by the ratio of the activated
crack length in the weak plane structure or matrix to the
total activated crack length:

ηBF =
∑Nbf

i=1 l
bf
i

∑Nbf
i=1 l

bf
i +∑Nmf

j=1 l
mf
j

× 100
100 , ð13Þ

ηMF =
∑Nmf

j=1 l
mf
j

∑Nbf
i=1 l

bf
i +∑Nmf

j=1 l
mf
j

× 100
100 , ð14Þ

where ηBF and ηMF indicate the relative activation degree of
weak surface type and matrix type microcracks, respec-
tively; Nbf and Nmf represents the total number of activated
cohesive units in the weak plane structure and matrix,
respectively; i and j denote the number of the weak plane
structure and the activated cohesive unit in the matrix,
respectively; and lbfi and lmf

j represent the length of the i
and j cohesive units in the weak plane and matrix, respec-
tively, m.

Figures 11(a) and 11(b), respectively, show the influence
of approaching angle on the relative activation of SRV long
axis, short axis, weak plane type fractures, and matrix type
microcracks. As can be seen from Figure 11, with the increase

of approaching angle, the short axis of SRV gradually
increases, while the long axis of SRV first decreases and then
increases. The reason why the long axis of SRV increases
when the approaching angle is 75° is that under the influence
of stress difference, after exceeding a certain degree, the fail-
ure conditions of weak plane cohesive unit and matrix cohe-
sive unit are similar, and hydraulic fractures can expand
along weak plane structure or matrix to form main fractures.
With the increase of approaching angle, the total length of
fractures increases first and then decreases, while the relative
activation rates of weak plane fractures decreases gradually,
while the relative activation rates of matrix microfractures
increases gradually. The results show that there is an optimal
approaching angle to maximize the total length of reservoir
fractures under different approaching angles, and the
increase of approaching angle can increase the activation
rates and complexity of matrix microfractures and reduce
the activation rates of weak plane fractures.

4.3.2. Influence of Horizontal Stress Difference on Crack
Propagation. Figures 12(a) and 12(b) show the effects of hor-
izontal stress difference on the relative activation rates of
SRV long axis, short axis, weak plane type, and matrix type
microcracks, respectively. It can be seen from the figure that
the fracture network formed under different stress differ-
ences is still composed of weak plane cracks and matrix
microcracks, of which the main hydraulic cracks are com-
posed of weak plane cracks. With the increase of horizontal
stress difference, the short axis of SRV decreases gradually,

(a) 2 s (b) 5 s

(c) 10 s

Figure 8: Opening distribution of weak plane type and matrix type fractures based on model I.
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and the length of SRV decreases first and then increases. The
reason why the long axis of SRV decreases at 5MPa is that
when the horizontal stress difference increases, the weak
plane cohesive unit is relatively more difficult to destroy,
and more fluid is used to activate the matrix microcracks.
As can be seen from Figure 12(b), with the increase of stress

difference, the total length of activated fractures and the rel-
ative activation rates of matrix microfractures increase first
and then decrease, while the relative activation rates of weak
plane fractures decrease first and then increase. In general,
the horizontal stress difference has an important effect on
the geometry of fracture network and the relative activation

(a) 2 s (b) 5 s

(c) 10 s

Figure 9: Main fracture opening distribution based on model II.
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Figure 10: Influence of fracturing fluid injection rate on SRV (a) and relative fracture activation (b).
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rate of fracture. Small or large horizontal stress difference is
not conducive to the formation of matrix microcracks, and
small horizontal stress difference is more conducive to the
formation of weak plane fractures. Under different horizon-
tal stress differences, there exists an intermediate horizontal
stress difference value to maximize the total length of acti-
vated fracture.

4.3.3. Influence of Fracturing Fluid Viscosity on Fracture
Propagation. The influence of viscosity on length and width
of SRV and fracture relative activation rate is shown in
Figure 13. The results show that the fracture fluid viscosity
has a significant effect on the composition and geometry of
fracture network. With the increase of fracturing fluid vis-
cosity, the width of SRV and the relative activation rate of
weak plane fracture gradually decrease, while the length of
SRV firstly decreases and then increases. The opening of

weak plane fracture, the total length of active fracture, and
the relative activation rate of matrix microfracture gradually
increase. These results indicate that the change of fracturing
fluid viscosity can significantly change the ratio of weak
plane type fractures to matrix type microfractures and affect
the expected productivity. The fracturing fluid with smaller
viscosity has stronger deep penetration ability, which can
make the fracturing sweep range larger. The fracturing fluid
with higher viscosity has stronger reconstruction ability near
the wellbore. The shale matrix near the injection point is
fully broken by forming matrix microfractures to form a
channel for the outflow of adsorbed gas. The increase in
fracturing fluid viscosity essentially reduces the efficiency
of flow, increases the resistance of fluid flow, and greatly
increases the fluid pressure in the fracture near wellbore
area. The increase of fluid pressure in the fracture will pro-
duce stronger stress shadowing effect, resulting in more
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Figure 11: Influence of azimuth on SRV (a) and fracture relative activation (b).
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Figure 12: Influence of horizontal stress difference on SRV (a) and fracture relative activation (b).
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shear-dominated matrix microfractures at the end of the
main fracture, which is also the reason why the length of
SRV increases at 30mPa.s.

4.3.4. Effect of Injection Rate on Crack Propagation. Injection
rate is also an important parameter to control the geometry
of fracture network. Based on model I, under the condition
of stress difference of 5MPa and fracturing fluid viscosity of
1mPa.s, the effects of different injection rate on SRV and
fracture relative activation rate were simulated (as shown
in Figure 10). The results show that with the increase of
injection rate, the extension range, SRV length, and width
of weak plane crack and the relative activation rate of weak
plane crack gradually decrease, while the opening of weak
plane crack, the total length of activated crack, and the
relative activation rate of matrix microcrack gradually
increase. Therefore, properly increasing the fracturing fluid
injection rate and viscosity will help to activate more matrix
microfractures and break the matrix blocks near the well-
bore. Properly reducing the fracturing fluid injection rate
and viscosity will help to activate more weak plane fractures
and realize deep penetration by using the developed weak
plane structure.

5. Conclusion

Based on the global embedded cohesive zone model and the
characteristics of real shale outcrop, a hydraulic fracturing
fracture network simulation model coupled with fluid/stress
is established for the shale with conjugate cross weak plane
structure distribution. The effects of weak plane approaching
angle, horizontal stress difference, fracturing fluid viscosity,
and injection rate on fracture network geometry and SRV
are comprehensively studied. The concept of fracture rela-
tive activation rate was proposed for quantitative analysis
of fracture network composition and fracture activation
behavior. The results show the following: (1) the fracture

geometry after fracturing of shale is dominated by the weak
plane structure with the weakest mechanical properties,
which shows an axially symmetric network and a centro-
symmetric network, respectively. The fracture network con-
sists of weak plane fracture and matrix microfracture. (2)
The weak plane approaching angle, horizontal stress differ-
ence, and fracturing fluid viscosity do not show monotonic
effects on SRV length. The increase of approaching angle,
horizontal stress difference, fracturing fluid viscosity, and
appropriate decrease of injection rate will lead to the
increase of SRV width. (3) The horizontal stress difference
has a nonmonotonic effect on the relative activation rate
of fractures. The increase of weak plane approaching angle,
fracturing fluid viscosity, and injection rate will lead to the
gradual increase of the relative activation rate and total
activated fracture length of matrix microfractures and the
decrease of the relative activation rate of weak plane frac-
tures. (4) The fundamental reason for the change of frac-
ture geometry, total length of active fracture, and relative
activation rate of fracture is the comprehensive influence
of stress shadow effect, fluid and geological stress coupling
effect, and cohesive unit damage criterion under different
geological parameters and different construction parame-
ters. The research in this paper has important reference sig-
nificance for hydraulic fracturing design, postfracturing
productivity simulation, and prediction of shale with weak
plane structure.
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