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Because of the requirement of the mechanical properties of the damaged surrounding granite rock and the existence of the fracture
water in hydraulic fracturing engineering, the strength of granite is related to the fabric, and the roughness of the section is also
related to the liquid flow rate, a method of roughly determining the strength of the specimen by observing the failure mode of
rock is needed. Considering that the physical and mechanical properties of granite are obviously affected by the fabric, the
discrete element numerical simulation method was used to reconstruct the granite fabric based on the spatial correlation
function to simulate the splitting experiment to investigate the failure mode of the specimen. The relationship between strength,
the fractal value of cross-section, and the fabric was analyzed, which was verified through experiment. The results show that
(1) the Voronoi GBM model with spatial correlation function of the discrete element can effectively simulate the controllable
granite fabric and carry out micromechanical analysis. (2) The strength of the granite specimen and the fractal value of the
cross-section have an obvious linear relationship with the fabric; besides, there is also a certain linear relationship between
the strength of the specimen and the fractal value, which is influenced by granite fabric. (3) The predicted strength of the
specimen according to the fractal value of the section is in good agreement with the actual strength with the error rate of
30%. In a word, this method can predict the strength of the specimen through the failure section and analyze the hydraulic
fracture section and water pressure.

1. Introduction model for predicting the strength of the rock through the

preliminary detection of the failure morphology of the rock

During the hot dry rock mining, because surrounding rocks
are mainly composed of granite, the main construction
method is hydraulic fracturing; the hydraulic pressure
strength and the shape of water fracture are the most impor-
tant aspects to be focused [1-3]. For multicomponent crys-
talline rocks such as granite, the strength characteristic and
fracture distribution are related to the internal crystal fabric.
Therefore, an interactive relationship can be established to
evaluate the hydraulic fracturing effect and water fracture
development under different water pressures. Moreover, the
strength characteristics are required by hydraulic fracturing
[4-11], but it is difficult to carry out the test on-site; there-
fore, there is a certain engineering significance to establish a

so as to delimit the range of water pressure.

Previous research found that the root cause of the macro-
failure of rock is the development and expansion of internal
microcracks. Therefore, it is more suitable to analyze the
failure mechanism of granite rock from the microperspective,
and it is found that the mineral content and distribution have
a great impact on its strength to some extent [12-16]. As
shown in Figure 1, there are three kinds of microcracks
formed in the process of failure, including intergranular
cracks between different components, intergranular cracks
between the same component, and cracks through the crys-
tal. Obviously, they are greatly related to the mineral content,
distribution pattern, and crystal interface. Some researchers


https://orcid.org/0000-0002-1569-5832
https://orcid.org/0000-0002-8412-3715
https://orcid.org/0000-0002-0067-8802
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/9985919

2
. R ) T
;i t‘i ‘l I),“, ’1 v ¥y
o?h T L !." T4 !
A T AR
‘.«. &5 ‘f_ { 3 ’(g,. ~
Bak & o & % ¥ %oy
. Y " -
-~ :’ '1& v .‘?‘-‘ es 0K |
) Av"""‘.:v' &5 : \.
". . by .,:-’" !'.§ }
- £
e s wé v A r/' a8
e I Rt
"l‘_f % ¥ 2 t FIre
‘\ * ‘ _»» -

Geofluids

o n
"'
> 3
Ft
o L4
l” S
R e |
3 s’
" '.v 5 -
. " ‘

>

(®)

F1GUrE 1: Comparison of granites with different fabrics with length and width of 30 mm [16].

found that the mineral content and distribution also had a
significant impact on its morphology after failure [17-21],
as shown in Figure 2.

According to the study mentioned above, it can be found
that the characteristics of granite structure have a certain
influence on the strength and failure form of the specimen.
On the one hand, it is necessary to define a parameter that
can effectively represent the shape of granite after failure. In
fact, rock failure generally presents tensile shear failure,
which is the most important failure form. Xie and Wang
[22] put forward a fractal theory to describe rock fractures,
and it can effectively quantify the damage of rock. Scholars
have done much research on rock structure and fracture
[23-26]; Chen et al. [27] described the rock surface rough-
ness using the fractal method. On the other hand, for granite
with different mineral contents and distributions, it is gener-
ally difficult to control its structure characteristic. So, the
numerical simulation method is used in the study [28-33].
Some scholars have adopted the finite element method to
construct the model, but there are some defects in reflecting
the rock failure form. The discrete element numerical model
method is used to reconstruct the mesoscopic rock structure
[34-37]. Considering the distribution of minerals and anisot-
ropy in granite, some scholars have considered homogeniza-
tion, Weibull strength distribution, digital image restoration,
and spatial correlation distribution [38-45]; it is difficult to
control the randomness of homogeneous material modelling
and Weibull function distribution modelling accurately. The
digital image reconstruction method has high accuracy in
modelling, but the workload is huge and still affected by the
original rock distribution. The construction method of the
digital function model represented by the spatial correlation
function has the advantage of a highly quantitative model.
In addition, the GBM model and structure model with
Voronoi were proposed to take the crystal distribution into
account [46-49]; they can effectively construct the crystal
structure inside granite and make the failure effect consistent
with the actual situation.

In this study, the spatial correlation function image
Voronoi GBM modelling method is used to build the numer-
ical model of granite rock with different mineral distributions
and different component contents. Because the rock failure is
mostly tensile shear failure, and the complete section is easy
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FIGURE 2: Development of granite fractures under different fabric
conditions [19].

to be formed by splitting, the Brazilian splitting test is carried
out on the numerical model, and the microcracks of the sec-
tion are obtained, and then, the fractal calculation is carried
out on this section. The correlation analysis of the results is
carried out to establish a model for estimating the strength
of the specimen with the section shape of the specimen.

2. Construction of Granite Model

In this study, particle flow code element numerical simula-
tion software (PFC) is used for model construction and
research; it is necessary to calibrate the corresponding
parameter. Firstly, the vector models of different fabrics in
granite are constructed by digital image technology. Then,
the crystal structure is constructed through the Voronoi
GBM model. Finally, the actual physical tests are carried
out to match the strength.

2.1. Vectorization of Different Fabric Distributions

(1) The same parameters of a digital camera are set to
obtain the information of granite surface and adjust it

(2) The recorded image is processed in MATLAB soft-
ware. Firstly, the grey level processing is carried out
to make the image into 0-255 different grey levels.
Then, the grey value of 0-96 is used for mica, 96-
195 is used for quartz, and 196-255 is for feldspar.
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Finally, the images with three textures are obtained
by median denoising

(3) After median denoising, the edge image is imported
into R2V for vectorization to form the recognized
vector boundary model

The numerical image processing and components are
shown in Figure 3.

2.2. Numerical Model of the Internal Structure of Granite.
According to many experimental results, it can be known
that different minerals in granite will form their own crystal-
lization during diagenesis; in order to ensure the accuracy of
the model, Potyondy [50] proposed the GBM equivalent
crystal model, which is used to construct the internal crystal
structure of granite. At the same time, in order to improve
the controllability of the crystal, the Voronoi polygon is used
to construct the crystal grid, whose strength is set to be 40%
of its mineral strength. The process is shown in Figure 4.

(1) Import the vector structure into Rhinoceros software
and adjust the orientation

(2) The total number of crystals generated in different
mineral areas is determined by crystal size

(3) The generated crystal structure network is imported
into PFC, and different models and parameters are
set

2.3. Parameter Calibration of Numerical Model. In the PFC
model, the parallel bond model was adopted, which can
define the bond component and transfer the force between
particles. When the ultimate strength of the bond component
is reached, it will fail, and the model changes into a linear
contact model. Then, the vector boundary of the image
of the granite specimen is imported into PFC software to
construct the model reflecting the original rock fabric
characteristics. Referring to the previous calibration of the
microparameter of granite [51-59], combined with some
physical and mechanical parameters measured in this test,
the parameters of this model were determined. After
repeated calibration, the stress curve of the numerical test
is almost consistent with the indoor test, as shown in
Figure 5. The calibration results of mesoscopic parameters
are shown in Tables 1 and 2.

3. The Numerical Simulation of Granite with
Different Fabrics

It is difficult to obtain the samples with the controllable com-
ponent distribution and mineral content in the actual test,
but the granite surface with different component distribu-
tions and mineral contents controlled by parameters can be
effectively reconstructed by using the spatial correlation coef-
ficient. Furthermore, the splitting test, which is easy to obtain
the section morphology, was carried out.

3.1. Construction of Granite Surface with Different Fabrics. In
the process of diagenesis, the components of each mineral are
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FIGURE 3: Acquisition process of the component position structure
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FIGURE 4: GBM-Voronoi crystal structure construction process.
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TaBLE 1: Particle mesoscopic parameters.

Component parameters Mineral .

Feldspar ~ Quartz ~ Mica
Minimum particle size (mm) 0.15 0.15 0.15
Particle size ratio 1.60 1.60 1.60
Density (kg/m’) 2750 3100 2650
Particle modulus (GPa) 20 40 10
Normal/tangential stiffness ratio 2.5 2 4
Friction coefhicient 0.75 0.80 0.25
Porosity (%) 0.954

not random but have certain correlation characteristics; the
mineral distribution in a certain area has specific aggrega-
tion, and different minerals maintain certain differentia-
tion. Because of the different mechanical properties of
minerals, it has an important influence on the fracture
development of rock. In this paper, the spatial correlation
function is introduced to generate rock images with different
fabric characteristics by changing the correlation parameters.

(1) A two-dimensional random array A is established in
MATLAB; the values of “g;;” in the array are evenly
distributed in (0-1). In order to calculate the aggrega-
tion superposition, the elements in matrix A are
binarized. When 0<a;;<0.5, ;; =-1; when 0.5 <

a;;<1,a;;=+1

(2) In order to generate the rock image with obvious
characteristics of mineral fabric aggregation, it is nec-
essary to process the random image of array A by
introducing the spatial correlation function to trans-
form it. The spatial correlation function is shown in
formula (1), and the superposition method is shown
in formula (2). Then, array B is obtained, and rock
images with obvious mineral fabric aggregation char-
acteristics are generated. In Equation (1), parameter
L controls the degree of fabric accumulation of rocks
and minerals. Array B is the rock image at L=6

fld)=e, (1)

where L is the spatial correlation length and D is the
effective distance between two element points.

b= Y Y aivpitafdpa) @)

p=—nq=—n

(3) The solved array B is converted into a matrix with a
numerical range of 0-255. At this time, the numerical
range of the matrix is consistent with the grey value
of the image. Different thresholds are selected for
different component contents using the grey value
component partition method. Figure 6 is the distri-
bution map of three different components after
greyscale division

Geofluids

3.2. Model Characteristics of Granite with Different Fabrics.
During the formation of rock crystallization, if the spatial
correlation of different components (i.e., mineral accumula-
tion) is only considered, the spatial correlation length
segment should be selected as L =2, 4, 6, 8, 10 and mica con-
tent x =0.1. At this time, the calculation results of different
spatial correlation lengths are shown in Figure 7. Given the
content of mica in low-strength minerals, which has an obvi-
ous influence on the mechanical properties of the specimen,
the mesostructure characterization of its spatial correlation
is considered when the content of the component is different.
Taking the space-related length L = 6 as an example, the mica
content x=0.1,0.15,0.2,0.25, and 0.3 are obtained. The
calculation results of different mineral composition contents
are shown in Figure 7.

3.3. Numerical Model Results. The images of different struc-
tures generated above were imported into the PFC to build
the corresponding numerical model. The Brazilian splitting
test method was used to load the model, and the peak
strength of the final specimen is shown in Table 3.

4. Fractal Calculation of Granite with Different
Fabric Sections

Through the processing above, the splitting strength of dif-
ferent fabric granite and the fracture distribution can be
observed and recorded. In actual engineering, the informa-
tion of the section is relatively easy to obtain, and it is a key
to conduct a deeper study of granite. In recent years, fractal
dimension has been widely used to describe rough surface
because of its quantitative advantage and accuracy in describ-
ing fracture structure. In this study, the fractal dimension is
selected to quantitatively describe the failure section.

4.1. Fractal Principle and Process. Fractal dimension is a
method that can describe the complexity of the surface. In
this experiment, a simple and classic box algorithm in a
fractal is used, in which the image is divided into 2n
(n=1,2,3---) different scales and the lattice of the pixels is
counted. Equation (3) is used for calculation and fitting to
obtain the final fractal dimension D. Figure 8 shows the frac-
tal calculation results of L =6, x =0.1 fracture.

D:_hmw, (3)
lg L

where D is the box-counting dimension, N(L) is the number
of grids of the fractal body covered when the grid-scale is L,
and L is the grid scale.

The fractal process is as follows:

(1) At the end of the test, the image of the fracture point
of the numerical specimen is derived

(2) The image is adjusted to 2" pixels so as to facilitate
the next fractal calculation

(3) The processed image is imported into MATLAB for
further image contour extraction and grey denoising
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TasLE 2: Contact micromechanical parameters.

Mineral composition

Parameter Feldspar Quartz Mica Feldspar texture Quartz texture Mica texture
Normal/tangential stiffness ratio 1.5 1.5 2.5 1.5 1.5 2.5
Bond modulus (GPa) 45 61 20 36 48.8 16
Tensile force (MPa) 46.2 58.2 23.1 18.4 23.3 9.24
Cohesion (MPa) 83.0 90.1 45.1 33.2 36.1 18.0
Friction angle (°) 23 25 27 23 25 27

Binary random array A
("~ Spatial correlation )
function

f@=e L

Y calculation results B )

l

‘ Threshold division

of different minerals

FIGURE 6: Numerical realization of rock fabric image.

(4) Finally, the box dimension algorithm programmed
by MATLAB is used to divide the recognition
domain of the image and fit the final fractal result D

4.2. Fractal Calculation Test Results. After the experiment,
the image of the fracture is extracted, as shown in Figure 5,
the fracture profile of the specimen. Considering the
randomness of the model and fracture, specimens with the
different number of fractures is tested. The purpose of this
experiment is to investigate the variation of the fracture with
the composition changing and to unify the treatment of
fractures, which is done by counting the fractal results of
1000 fractures. The specific method calculates the fractal of
the total fracture image and then brings the D, = D, ;.1 X
(N/1000) value, where n is the total number of counted
fractures. The stable fractal results of 1000 fractures can
be obtained, which can represent the relative complexity
of the fracture section, as shown in Table. 4.

5. Numerical Experiments and Fractal Analysis

5.1. Analysis of Numerical Test Results. In this experiment,
the samples with different mineral aggregations, i.e., spatial
correlation coefficient L=2,4,6,8,10, were constructed;
besides, each mineral aggregation was also constructed with
different mica content, i.e., x = 10%, 15%, 20%, 25%, 30%. In
order to improve the accuracy and generality of the test, five
groups of tests were carried out for every specimen, and the

test results were averaged. According to the numerical test
results, it can be indicated that there is a certain relationship
between the distribution of different fabrics and its strength,
which is fitted by the Pearson correlation coefficient, as
shown in Formula (4).

Lx-X)(-y)

Correl(X,Y) = .
Y(x-%)7(y-y)

(4)

While considering the influence of the component
content, the correlation coefficients of strength and mica
content are set as -0.9843, -0.98295, -0.8239, -0.7052, and
-0.8049 when L =2, 4, 6, 8, and 10, respectively. It can be seen
that there is a strong negative correlation between the
strength and mica content regardless of the component
distribution; at the same time, as the L value increases, the
correlation between strength and mica content decreases. It
is observed that as the degree of polymerization of compo-
nents increases, the homogeneity of the specimens decreases,
making the strength fluctuate. According to the linear fitting
analysis based on the strong correlation, the linear relation-
ship between the strength of five groups of specimens and
the mica content can be obtained, as shown in Figure 9(a).
It can be seen that except for L = 8, the R* of the fitting curve
for other L values is relatively high and maintain a high value,
suggesting that there is a very strong linear relationship
between the component content and the strength of the gran-
ite samples.

While considering the effect of component distribution,
the correlation coefficients between L and strength are
-0.9365, -0.9755, -0.9093, -0.9190, and -0.9557 when the
mica content is 10%, 15%, 20%, 25%, and 30%, respectively.
The results show that there is a strong negative correlation
between the strength of the specimen and the polymerization
of its components; the strength of the specimen decreases
with the increase of the aggregation degree of the compo-
nents. At the same time, based on the strong correlation,
the linear fitting between the strength of the specimen and
its polymerization is carried out, and the results are shown
in Figure 9(b). The results show that there is an obvious
linear relationship between the strength of the specimen
and the degree of polymerization.

5.2. Fracture Fractal Analysis Results. In this experiment, the
fractal of the crack image is calculated after the stress
dropping; then, the crack is processed to show the state of
its section. In order to explore the relationship between the
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FI1GURE 7: Image of different fabric granite specimens.

TaBLE 3: Results of splitting strength of specimens with different
fabrics.

Components distribution Tensile strength (MPa)

Mica content L=2 L=4 L=6 L=8 L=10
x=0.10 17.07 1528 13.67 12.71 11.94
x=0.15 1345 12.15 10.74 10.25 9.46
x=0.20 10.39 11.28 9.73 9.78 8.39
x=0.25 9.61 976 993 951 7.77
x=0.35 9.13 8.37 8.51 8.59 6.97
4
3
g 2 Fracture record
= i
=0
14
0 T T
-3 -2 -1 0

m  Data point
—— Fitline y = 1.341x + 3.7713 R*= 0.9988
D=1.341

F1Gure 8: Calculation results of fractal dimension of L = 6 specimen.

complexity of the section and the internal fabric of the rock,
the same correlation algorithm is used for the correlation test.

While considering the effect of the component content,
under the condition of different polymerization degrees,
The correlation coefficients of mineral aggregation degree
and fractal dimension of fracture surface are -0.9674,
- 0.9326, - 0.8295, -0.9477, -0.9962, and -0.9346 for L=2,
4,6, 8, and 10, respectively. The results show that the fractal

dimension of the fracture is strongly correlated with the
mica content under conditions of different mineral poly-
merizations, and the correlation is as high as -0.9962 for
L =38, as shown in Figure 10(a). Obviously, there is a strong
positive linear relationship between the fractal value of
cross-section and the mica content of the specimen.

While considering the effect of component distribution,
the correlation coefficients are 0.6819, 0.6452, 0.8536,
0.9621, and 0.8773 when the mica content x = 10%, 15%,
20%, 25%, and 30%, respectively. It can be seen that the
mineral polymerization has a certain correlation with the
cross-section of the specimen, as shown in Figure 10(b).
When the mica content is low, this correlation is low,
which can be explained as that when the mica content is
low, the specimen with a high degree of polymerization
presents obvious anisotropy, affecting the fractal value of
the specimen section. For a certain degree of correlation,
the fractal distribution of different components in the section
is fitted in Figure 10(b). Similarly, when the mica content is
low, the correlation between the component distribution
and the fracture section is poor, which can not be fitted by
an obvious linear relationship. However, according to the
observation, it can be seen that with the increase of mineral
aggregation, the fracture fractal also presents an increasing
trend.

5.3. Fractal Analysis of Specimen Strength and Fracture
Section. It is analyzed that there is a very obvious linear rela-
tionship between the strength of the specimen and its fabric,
as well as the fractal of the section and the fabric of the spec-
imen. So, accordingly, the correlation between the strength of
the specimen and the fractal of the section can be established,
which is 0.45574. The correlation between the two groups of
data is low, which is corresponding to the phenomenon of
poor regularity found before. In fact, the influence of compo-
nent polymerization degree and mica content on fracture
fractal should also be considered. When L =2,4,6,8, and
10, the correlation between fractal dimension and strength
is 0.9595, 0.97725, 0.4452, 0.5345, and 0.8211, and the aver-
age value is 0.7475, which is obviously higher than the simply
calculated fractal value. It can be seen that there is a high
correlation between the section fractal and the strength of
the specimen of different component contents under the con-
dition of different degrees of polymerization, as shown in
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TAaBLE 4: Fractal results of fracture numerical test section of specimens with different fabrics.
Components distribution Section fractal dimension D
Mica content L=2 L=4 L=6 L=8 L=10
x=0.10 0.912315 0.992276 0.992943 1.060564 0.991415
x=0.15 0.890919 0.894577 0.844273 0.930608 0.96675
x=0.20 0.846622 0.838361 0.835241 0.906288 0.942929
x=0.25 0.781603 0.819526 0.835196 0.857879 0.929199
x=0.35 0.782504 0.803829 0.79966 0.826024 0.90456
20
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(a) Relationship between mica content and specimen strength

® 03 y=-0.582x + 12.39 R* = 0.913

(b) Relationship between the mineral distribution and specimen strength

FIGURE 9: Relationship between different mineral fabrics and specimen strength.

Figure 11, but this correlation is slightly low when L =6 and
8. It is analyzed that the strength of the two groups of speci-
mens changes greatly with the mica content, while the section
fractal changes slightly with the mica content; the reason is
that the failure position in the specimen is relatively uniform
without obvious change. This strong correlation can be
obtained by linear fitting the two groups of parameters, as
shown in Figure 11. It can be seen that there is an obvious
linear relationship between the strength of the specimen
and its section fractal when L =2, 4, 10.

On the other hand, for mica content of x = 10%, 15%,
20%, 25%, and 30%, the correlation between the fractal of
the cross-section and the strength of the specimens is
-0.813, -0.5883, -0.5918, -0.8774, and -0.76601, and the aver-
age value is -0.7293, which is higher than the fractal value. It
is found that this correlation is low when x = 15% and 20%,
and the larger or smaller mica component content will pro-
duce relatively stable fractures. When the aggregation degree

becomes large enough, the stable state of each failure will be
destroyed to obtain a relatively stable fractal growth. The
fitting results of the relationship between fractal and strength
are shown in Figure 11; when the mica content is small, the
composition of the fracture is less affected. The linear fitting
results show that the fractal value of the cross-section has
a linear relationship with the strength of the specimen,
whose linearity is obvious at the lower or higher degree
of polymerization.

Based on the above fitting curve, it can be known that the
above formula can be used for low or high mica content and
low or high mineral aggregation distribution.

6. Test Verification

By means of numerical simulation and image calculation, the
relationship between the fractal dimension and the strength
of the specimen under the condition of different fabrics is
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F1GURE 10: Fractal relationship between different mineral fabrics and specimen section.
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FIGURE 11: Relationship between fracture fractal and specimen strength under different fabric parameters.

international standard is used to test the specimen. The test
equipment is shown in Figure 12.

obtained. Furthermore, this relationship will be verified
through the corresponding indoor test.

(1) The surface distribution and content of the granite
slab can be observed (the content can be accurately
obtained by means of threshold division of numerical

6.1. Indoor Splitting Test. In order to obtain a complete gran-
ite section that is the same as the numerical test above, the
Brazilian splitting tensile test method recommended by the
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FIGURE 13: Fractal acquisition of granite specimen section.

image processing) to determine the distribution of
mineral fabric

(2) The standard specimen is obtained by cutting the
specimen into @ 50 mm X 25 mm

(3) Place the test piece on the vehicle for loading. The
peak load is defined as the tensile strength

6.2. Section Fractal Calculation. The fractal dimension of the
section is calculated. The profile of the section can be
obtained by using convenient binocular stereo image tech-
nology [60]. In this experiment, to guarantee accuracy, the
Xinlin 3D laser scanner is adopted to obtain the section
morphology; by slicing the 3D model, the fractal results are
obtained from the section lines of several groups of sections.

Finally, the fractal results of the section are obtained by
taking the average value of the results.

(1) After splitting, the specimen surface was observed,
and the residual debris on the surface was removed

(2) The specimen with cross-section is scanned in three
dimensions to obtain the profile information of the
section

(3) The scanned specimen was imported into rhinoceros
for adjustment, and its surface was segmented with
equal width of 3 mm. Finally, 8 section lines were
obtained

(4) The average value of 8 section lines was calculated by
fractal, as shown in Figure 13
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6.3. Validation of Results. Four groups of tests have been car-
ried out, in which the mica content of the test piece is about
10%, and the distribution of components in different aggre-
gation areas is on the same granite slab, which can be divided
into three kinds of polymerization conditions: high, medium,
and low. The fractal values of the test section are 0.9512,
0.9521, 0.9679, and 1.0153. When x is 10%, the fitting curve
of different distributions is y =—-51.59x + 63.0. The calcu-
lated strength values should be 13.92MPa, 13.88 MPa,
13.07 MPa, and 10.62 MPa, respectively, while the actual
measured strength values are 14.53MPa, 12.67 MPa,
10.91 MPa, and 9.71 MPa, respectively. It can be seen that
the numerical strength and the experimental strength have
great consistency, and they all decrease with the increase of
fractal value; the error ratios are -4.19%, 9.55%, 19.79%,
and 9.37%, respectively, and the overall fluctuation is within
30%. The results show that other factors such as structural
joints can lead the strength of rock samples to change, and
they are not fully taken into account. It is proved that this
method can predict the rock strength through the fractal
and fabric of the rock section on a certain scale.

7. Discussion

The test results and test verification show that there is a
certain linear relationship between the fractal value of the
granite section and its strength under certain fabric condi-
tions. According to the results, the component content and
mineral aggregation have a strong fitting linear relationship
with the strength and fractal section of the specimen. A
parameter is defined to integrate the two groups of different
parameters to make the strength and fractal section of the
specimen show a more obvious correlation by adjusting the
parameter. The corresponding formula is obtained.

8. Conclusion

Based on the requirements of hydraulic pressure strength
and fracture analysis of the fracture water zone in hydraulic
fracturing construction, considering the difference of rock
component distribution and mineral content, numerical
models of different fabrics are constructed to carry out the
splitting test, and the fractal quantitative solution of its sec-
tion is carried out.

(1) Based on the spatial correlation function and discrete
element numerical simulation, the granite specimens
with different fabrics can be reconstructed effectively
to study further the mechanical problems combined
with various monitoring methods

(2) The numerical test results show that there is an obvi-
ous linear relationship between the fabric of granite
and the strength and the fractal value of the section;
the strength of the specimen decreases with the
increase of mica content, and the unit fractal value
of the section decreases with the increase of mica
content for the same polymerization degree. For the
same mica content, the strength of specimens

Geofluids

decreases with the increase of different polymeriza-
tion degrees. The fractal of the fracture surface
increases with the increase of mineral aggregation

(3) The results of numerical and physical tests show that
when the specimen is distinguished to a certain
extent; the strength of the specimen shows a linear
relationship with the unit fractal value of the section
under specific conditions. The strength of the speci-
men with the section can be roughly predicted by
judging the fractal value of the section and the com-
position of the specimen, and the predicted value
fluctuates within 30%.

Data Availability

(1) The (figure) data used to support the findings of this
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