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Natural porous structure is extremely complex, and it is of great significance to study the macroscopic mechanical response of the
representative volume element (RVE) with the microstructure of porous media. The real porous media RVE is generated by an
improved quartet structure generation set (QSGS), and the connectivity of the reconstructed porous media models is analyzed.The
fractal dimension of the RVE is calculated by the box-counting method, which considers the different porosity, different fractal
dimension, and different mechanical properties of the matrix. Thus, the stress-strain curves of the RVE in the elastoplastic stage
under different conditions are obtained.The results show that when thematrix mechanics are consistent, themechanical properties
of the porousmedia RVE are negatively correlatedwith the porosity and fractal dimension; when the difference between the porosity
and fractal dimension increases, the trend is more obvious. The mechanical properties of the RVE have a positive correlation with
the modulus of elasticity of the matrix, though the correlation with Poisson’s ratio of the matrix is weak. The fractal dimension of
complex porous media can better predict the RVE mechanical characteristics than the porosity.

1. Introduction

Porous media comprise solid particles bonded to a skeleton,
withmany tiny, widely distributed voids, such as in a reservoir
core [1, 2]. The porous media structure is complicated, and
the mechanical and transmission characteristics of the RVE
are greatly influenced by their microstructures. Therefore,
the mechanical properties of the RVE are established and
revealed the microstructure of the porous media, which is
of great theoretical significance and has applicable prospects
for studying the multifield coupling problem related to the
development of underground fluid. In recent years, with the
improvement of scanning technology and computer comput-
ing ability, the reconstruction method of the microstructure
of porous media has been improved, and the structural
characteristics of the porous media RVE and its macroscopic
mechanical response have been more intensely studied.

Mesomechanical homogenization methods are used in
the study of the mechanical properties of porous media, such
as the sparse method, Mori-Tanaka method, self-consistent

method, and differential method. Their basic assumption
is that the pores are spherical and the pore stiffness is
extremely small. However, due to the large difference in pore
geometry and the uneven distribution of the spatial location,
the prediction accuracy of the RVE is poor when using the
mesoscopic mechanical homogenization method.

At present, the study of the RVE characteristics of porous
media can be divided into two classes, and one is based
on statistical principles. Lu et al. [3] calculated the density,
porosity, surface area, and pore size distribution of the
porous media RVE, and the macroscopic characteristics of
the macroscopic elastic modulus are given. Yakub et al. [4]
made porousmediawith different porosities by using sintered
clay and wood chips; the porosity, pore size distribution, and
density of the porous media were statistically analyzed by
the mercury intrusion method, and the result shows that
the compressive strength of the porous media was negatively
correlated with porosity. Zhao et al. [5] used the porosity
of porous media as the characterization parameter, and the
ballast experiment was carried out, the results of which
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show that the compressive strength of the porous medium
RVE was negatively correlated with its porosity. Wang et al.
[6] considered the statistical characteristics of the pore (the
local maximum porosity ratio, average maximum pore ratio
increment, and average maximum porosity ratio), and the
results of the numerical simulation show that the average
pore ratio of the shear zone is linear with the average plastic
shear strain in the strain softening stage. Mandelbrot [7]
proposed the concept of fractal dimension of a complex
structure. Then, Pia et al. [8] combined the fractal theory
with statistics to establish a mixed fractal model of the pore
size distribution, and the effects of the pore size distribution
on the elastic modulus were studied. They found that the
mechanical properties of the porousmediawere related to the
pore size distribution of the RVE.

Another way to conduct this research is to reconstruct
the real porous media [9, 10]. Song et al. [11] studied the
flow patterns of single-phase and two-phase fluids in porous
media based on the statistical parameters of the microstruc-
tures of the porous cores and reconstructed digital cores. Li
[12] considered the structural factors on the mesoscale of the
porous media; the calculation formula of shear strength and
fracture pressure based on the porousmedia is established per
the Terzaghi equation. Raoof [13] used themultiscale analysis
method to construct the porous media model in the aperture
scale.The basicmigration law of the fluid in the hole scale, the
relationship between the macroscopic scale and microscopic
scale, and the law of the pore scale solute transport and the
limitation of the macroscopic scale model were analyzed.

Recently, to study the general characteristics (mechanical
properties, thermal conductivity, conductivity, permeability,
etc.) of porous media, reconstructing the microstructure
of the representative volume element by the quartet struc-
ture generation set (QSGS) has received much attention.
Jin and Zhao [14] constructed the isotropic or anisotropic
microstructures by changing the parameters of the QSGS
and studied the relationship between the effective thermal
conductivity and the microstructure. Shi et al. [15] con-
structed thermal barrier coatings (TBC) and analyzed the
effect of thermal barrier coatings’ (TBC) microstructure on
the thermal conductivity based on the statistical method.
Chen et al. [16] reconstructed the elementary building block
(EBB)model of the shale matrix by using the QSGS.The fluid
flow in theRVEwas simulated by the Boltzmannmethod, and
the effects of the organic content, grain size, and intergranular
pores on the permeability of the RVE in clay facies, calcite,
pyrite, and organic matter were analyzed.

In summary, several domestic and foreign scholars have
conducted extensive research on the RVE characteristics
of porous media, but most of them focus on the porous
media permeability, conductivity, thermal conductivity, and
other characteristics. The studies on mechanical properties
of porous media are rare, and there are few studies on the
microstructure and macroscopic properties of the porous
media. In this paper, the random porous media model was
generated by the QSGS, and the pore structure of the RVE
was characterized by the porosity and fractal dimension.
The effects of the porosity, fractal dimension, and matrix
mechanical properties (elastic modulus, Poisson’s ratio) on

the mechanical properties of the porous media RVE are
analyzed by using a numerical simulation.

2. Construction of the Real Porous Media RVE

In micromechanics, the macroscopic porous media are com-
posed of multiple consecutive points, and the mesoscopic
space associated with the multiple successive points in the
macro is called the representative volume element (RVE) [19,
20]. The representative volume element is the link between
the macroscopic scale and microscopic scale, and the scale
definition of the RVE of different materials and scales has a
certain difference.

The selection of the RVE needs to satisfy the scale of
the representative volume element being much smaller than
the characteristic scale of the structure, and the scale of
the representative volume element should be much larger
than the average scale of the nonuniform hole. The main
subject of this paper is geomorphic porous media.Themacro
scale spans frommeters to kilometers, while the microscopic
experimental scale is generally centimeters or decimeters,
and the scale of the micro CT scan is generally mm. The size
of the pore structure varies from a fewmicrometers to several
tens of micrometers at the micro CT scan scale. Therefore,
2mm × 2mm × 2mm is selected as the volume scale of the
standard element (RVE) per previous research results [21].

The mesoscopic random porous media are often recon-
structed by a pore network [22], fractal Sierpinski carpet
model [23], and other methods. Wang et al. [17, 18] used the
quartet structure generation set (QSGS) per the statistical
principle to reconstruct the microstructure of the porous
media based on the macroscopic statistical information
and analyzed the porous media characteristics. The porous
structure is formed by the four-parameter stochastic growth
sets, and it is controlled by four parameters: 𝑐𝑑,𝐷𝑖, 𝑃, 𝐼𝑚𝑖 . The
porosity of the RVE is calculated as follows [17, 18]:

𝑃 = Ω𝑝
Ω𝑝 + Ω𝑠 =

Ω𝑝
Ω , (1)

whereΩ𝑝 represents the area of the pore phase,Ω𝑠 represents
the area of the solid phase,Ω is the total area of the RVE, and
𝑃 is the porosity of the RVE.

The distribution probability 𝑐𝑑 is the random distribution
probability of the initial solid particles, which controls the
fineness of the porous media structure. The smaller the
value of 𝑐𝑑 is, the smaller the solid particle size is, and the
larger the calculated fluctuation is within a given size. 𝐼𝑚𝑖
represents the growth probability of the pore phase along the
eight directions.𝐷𝑖 is the growth probability of each element
in the growth period in eight directions. When forming a
two-dimensional planar porous media structure, each pixel
element grows in eight directions, as shown in Figure 1.
The directions 1, 2, 3, and 4 are the four main directions of
the solid particles, and 5, 6, 7, and 8 are the four diagonal
directions of the solid particle growth.

The size of the porous media RVE from the CT scanning
is small, generally in mm as a unit for characterization.Thus,
the area of the two-dimensional RVE of the fractal porous
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Figure 1: The eight growth directions of each point for 2D systems
[17, 18].
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Figure 2: The real porous media constructed by the QSGS.

media is set to 2mm × 2mm, the number of pixels in the
pores and solid particles is 10000, and the pore structure
parameter 𝑑 = 0.02mm of the porous media RVE is far
less than the mesoscopic model parameter of 𝑙 = 2mm. The
mesoscopic model obeys the mesomechanics definition of
the RVE containment of enough pore structure features. The
parameters of the random porous media generation program
are set as follows: the initial solid phase particle probability
density is 𝑐𝑑 = 0.02, the growth probability of solid particles
in eight directions is𝐷1 = 𝐷2 = 𝐷3 = 𝐷4 = 𝐷5 = 𝐷6 = 𝐷7 =𝐷8 = 0.025, and 𝐼𝑚𝑖 is the parameter of themultiphase porous
media, which is not defined in the study of the mechanical
properties of the two-phase porous media. Figure 2 depicts
a random real porous media RVE binary pixel image. In this
figure, the white pixel groups represent the pore region and
the black pixel groups represent the solid particle region.

The pores size distribution of real porousmedia obeys the
Weibull distribution [24, 25]. In order to make the models
close to the real porous media and easy to converge in the
finite element, theQSGS is improved, and the remaining steps
are as follows:

A The isolated single pores are judged by the four
connected domains and eliminated.

B The pixel coordinate information is extracted by
MATLAB, and it is imported into the finite element
program to obtain the finite elementmodel (Figure 3).

3. Connectivity and Fractal Characterization of
Real Porous Media by Reconstruction

3.1. Connectivity of the Mesoscopic Real Porous Media by
Reconstruction. The connectivity problem of porous media
is usually based on connected domain detection [24, 25]. A
closed pore group is considered as a large pore group, and the
pore group contains only an isolated pore or several isolated
pores. Since the size of the porousmediamodel reconstructed
in this paper is 2mm × 2mm, and it contains 10000 pixels,
the particle size observed by the microscope is as small as the
micron level.

In this paper, the method of four connected domains [26]
is used to detect isolated pore groups in a two-dimensional
porous media model. The corresponding area scale for the
pixel of each isolated pore is 𝐴0 = 0.02mm × 0.02mm =
20 um × 20 um.

The pore size is usually calculated with the equivalent
maximum circle diameter; therefore, the pore size of 𝑗th pore
group is

𝑅𝑗 = √𝑛 × 𝐴0𝜋 , (2)

where 𝑗 represents the 𝑗th pore group, 𝑛 is the number of
isolated pores contained in the 𝑗th pore group,𝐴0 is the pore
group size that contains a pixel, and 𝑅𝑗 is the pore size of 𝑗th
pore group.

Meanwhile, the percentage of pore groups with the same
pore size can be expressed as

𝑃pz = 𝑚
𝑙 , (3)

where 𝑚 is the number of closed pore groups with the same
pore size, 𝑙 is the number of closed pore groups in a porous
media model, and 𝑃pz is the percentage of pore groups with
the same pore size.

According to (2) and (3), the pore size distribution
characteristics of the reconstructed porous media can be
obtained, and the pore size distribution of real porous media
models is shown in Figure 4. As is shown in Figure 4, the real
porous media models reconstructed by the improved QSGS
method are also subject to the Weibull distribution.

3.2. Fractal Characterization of the Mesoscopic Real Porous
Media. The microscopic feature of the porosity is a complex
problem, and the traditional statisticalmethod can character-
ize the distribution of pore area, shape, and radius. However,
the spatial position of the different porous media porosity
groups has no specific parameters for the characterization
and analysis. To describe this type of complex structure,
Mandelbrot proposed a fractal theory that provides a direc-
tion for the study of the complex phenomena. Meanwhile,
the experimental research of foreign scholars has proved the
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Figure 3: The real porous media model reconstructed by the improved QSGS.
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Figure 4: Distribution of 2D pore sizes in reconstructed porous media with different porosities.

feasibility of using fractal method to study real porous media
[27, 28].

For the two-dimensional stochastic porous media, the
fractal dimension of the porosity reflects the change in the
pore structure characteristics to a certain extent. The fractal
dimension can be calculated by the box-counting method
[7, 29]:

𝐷 = −lim
𝑟→0

lg𝑁(𝑟)
lg 𝑟 , (4)

where 𝐷 represents the fractal dimension of the porous
media, and the fractal body in the three-dimensional case
follows the interface convention:𝐷3-D = 𝐷2-D +1 = 𝐷1-D +2,𝐷3-D, 𝐷2-D, 𝐷1-D which represents the fractal dimension of
the fractal body observed from space, cross section, and stub,
respectively. 𝑟 is the size of the box, and 𝑁(𝑟) is the number
of boxes that cover the porous media. For example, we divide
the entire RVE region into a number of boxes of size 𝑟, then
some boxes contain pores, and some boxes do not contain
pores.𝑁(𝑟) is the number of boxes that contain pores.

4. Numerical Simulation and
Results of the Analysis

4.1. Model Hypothesis. To realize the feasibility of the numer-
ical simulation, the following assumptions are made for the
model:

A In consideration of the pore structure of the real
porous media model by reconstruction, the pore
structure was characterized by the porosity and pore
fractal dimension.

B It is assumed that the matrix is uniform elastoplastic
and that the stress-strain of the matrix is always in
the elastic-plastic phase during the whole loading
process, only the overall effects of RVE are considered,
regardless of the local structural failure during the
whole loading process.

C The effect of the air pressure on the pore deformation
in the porous media is ignored.

D The bond changes, particle swings, and other effects
of the inner matrix of the RVE are ignored.

E During the loading process, the friction on different
surfaces is ignored.

4.2. Constitutive Model of Matrix. The regional scale is
much larger than the observed pore size by the microscope.
Therefore, it can be assumed that the solid phasematrix of the
stochastic poremodel is a continuous homogeneousmedium
composed of elastoplastic materials [30, 31].
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Figure 5: The model of the finite element.

Currently, according to the effective stress principle and
the elastic equilibrium differential equation, the elastic equi-
librium differential equation of the matrix is

𝜎𝑖𝑗,𝑗 + 𝑓𝑖 = 0, (5)

where 𝑓𝑖 denotes force components and 𝜎𝑖𝑗,𝑗 represents the
stress components.

In the process of compression, the continuity equation of
matrix deformation can be expressed as

𝜀𝑖𝑗 = 1
2 (𝑢𝑖,𝑗 + 𝑢𝑗,𝑖) , (6)

where 𝜀𝑖𝑗 represents strain tensor and 𝑢 is displacement.
The constitutive relation of the matrix is an elastoplastic

model, and its incremental form can be expressed as

{𝑑𝜎𝑖𝑗} = [𝐷ep] {𝑑𝜀𝑖𝑗} , (7)

where [𝐷ep] is elastoplastic matrix.
The Mises yield criterion for the plastic yield is

𝑓 = 𝐽2 − 𝑘2 = 0, (8)

where 𝑘 represents the material parameters and 𝐽2 is the
second invariant of the stress bias.

The second invariant of the stress bias expression is

𝐽2 = 1
3 [(𝜎1 − 𝜎2)

2 + (𝜎2 − 𝜎3)2 + (𝜎3 − 𝜎1)2] , (9)

where 𝜎1, 𝜎2, 𝜎3 represent three principal stresses of matrix,
in two-dimensional space, 𝜎3 = 0.
4.3. Description of the Model. The regional scale is much
larger than the observed pore size by the microscope. The
porosity range of the real porous media is 0.06 to 0.25, and
25 two-dimensional porous media were randomly generated
by the improved QSGS in MATLAB. There are nine models
with a porosity of 0.08, nine models with a porosity of 0.09,

and seven models with a porosity of 0.1 to 0.16. In this
paper, the transverse comparisons have the same porosity
and different fractal dimension, and the vertical comparisons
have a different porosity and fractal dimension.

For the output pore pixel coordinates in MATLAB, the
two-dimensional porous media geometric model data is
imported into ABAQUS via the python script. The model is
meshed by global partition and a structured grid technology.
The pixel size is 0.02mm × 0.02mm, the global mesh size is
set to 0.02, and the result of the meshing is shown in Figure 5.

4.4. The Set Initial Conditions and Boundary Conditions.
When a porous medium is loaded into a microscopic phys-
ical experiment, the longitudinal deformation of the upper
boundary is consistent. Therefore, using a rigid body loading
in the upper part of the model, the longitudinal displacement
of the lower boundary is constrained. When the numerical
simulation experiment is carried out, the rigid body is loaded
into the upper part of the model and the lower boundary
restrains its longitudinal displacement. For the above random
porous media ballast simulation, the longitudinal total set
variable is set as 0.04mm, the longitudinal total strain is 2%
after the completion of the simulation, and the loading rate is
set as 4 × 10−5mmper increment to make the results easier to
converge. The remaining initial parameters are set as follows:

A Elastic parameters are as follows: 𝐸 = 21GPa, V = 0.3,
and 𝜎 is the yield stress.

B The matrix mechanical parameters are shown in
Table 1.

4.5. Analysis of Fractal Porous Media

4.5.1. Mechanical Properties of the Fractal Porous Media
with the Same Porosity. To study the mechanical properties
of different fractal porous media under the same matrix
mechanical properties, the fractal porous media models with
a porosity of 0.08 and a porosity of 0.09 were selected. The
fractal dimension was calculated by MATLAB, and twelve
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Figure 6: The stress-strain curve of the different fractal dimensions under the same porosity.

Table 1: The matrix mechanical parameters.

𝜎 (MPa) 20.7 21.7 22.4 23.8
𝜀eq 0 0.002 0.004 0.0098

Table 2: The porosity and fractal dimension of the RVEs.

Porosity Number
1 2 3 4 5 6

0.08 1.306 1.307 1.31 1.321 1.325 1.329
0.09 1.338 1.342 1.348 1.352 1.353 1.355

models with different fractal dimensions and porosity were
selected for simulation.The porosity and fractal dimension of
the porous media are shown in Table 2. The RVE mechanical
characteristics are shown in Figure 6.

Figures 6(a) and 6(b) depict the stress-strain curves of
the RVEs of porous media with different fractal dimensions
when the porosity of the porous media is 0.08 and 0.09. It
shows that the mechanical properties of the porous medium
RVE will decrease with the increase of the pore fractal
dimension under the same porosity, and this trend has some
fluctuation. The fractal dimension can be used to describe
complex structures, but for the inclusion of geometric, spatial,
and other information about the complex structure of the
pores, the fractal dimension is not a perfect representation
of the parameters. The stress-strain curves of the porous
media with different fractal dimensions at 𝑃 = 0.08 and
𝑃 = 0.09 were identified at pressures of 15MPa and
20MPa, respectively. When the pressure is 15MPa, 𝑃 = 0.08
corresponds to different fractal dimensions. The stress-strain
curve of the porous medium RVE is basically in the linear
elastic phase, and 𝑃 = 0.09 corresponds to different fractal

dimensions. The yield strength of the porous media RVE
decreases with the increase of the porosity in the case of
the same mechanical properties as the matrix. When the
pressure is 20MPa, 𝑃 = 0.08 corresponds to a different
fractal dimension porous media RVE stress and strain curve,
which is slightly within the yield stage, and 𝑃 = 0.09
corresponds to different fractal dimension porous media in
which the RVE stress and strain curves have all entered
the yield stage. Meanwhile, the lithological variation of the
porous media RVE is inferred from the fractal dimension
when the difference in the fractal dimension is large with
the same porosity, and the elastic modulus and yield strength
of the porous media RVE decrease with the increase of the
fractal dimension, which indicates that the fractal dimension
ismore accurate than themechanical properties of the porous
media RVE characterized by the porosity.

Based on the above analysis, the RVE mechanical prop-
erties (elastic modulus and yield strength) decrease with the
increase of the pore fractal dimension of the porous media
in the case of the same lithology and porosity of the real
porous media. At the same time, the fractal dimension is
more accurate than the porosity when studying the pore
characteristics of the porous media. However, the trend has
a certain fluctuation because the fractal dimension is still
insufficient to fully characterize the spatial and geometric
characteristics of the pore structure in the RVE of porous
media.

4.5.2. Mechanical Properties of Fractal Porous Media with
Different Porosity. To further study the effect of the pore
fractal of the porous media on the lithological characteristics
of porosity, a porous medium with a porosity of 0.1∼0.16 was
formed by setting different initial porosity parameters. The
fractal dimension of the porous media not only is related to
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Table 3: The porosity and fractal dimension of the RVEs.

Parameters Number
1 2 3 4 5

Porosity 0.08 0.09 0.10 0.11 0.16
Fractal dimension 1.306 1.338 1.369 1.403 1.484

P = 0.08, D1 = 1.306
P = 0.09, D2 = 1.338
P = 0.10, D3 = 1.369

P = 0.11, D4 = 1.403
P = 0.16, D5 = 1.484
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Figure 7: The stress-strain curves at different porosities when the
fractal dimension difference is large.

the porosity, but also has some relationship with the pore
structure. To study the effect of the fractal dimension of the
porous media on its RVE mechanical characteristics, several
models with a large difference in the fractal dimension are
selected, and the results were compared and analyzed. The
initial pore and fractal characteristics of the random fractal
porous media are shown in Table 3.

Figure 7 depicts the stress-strain curves of the porous
media RVEwhen the porosity and the pore fractal dimension
of the porous media RVE are different. By comparing the
stress-strain curves of 𝑃 = 0.08, 𝐷1 = 1.306, 𝑃 = 0.09, 𝐷2 =
1.338, 𝑃 = 0.10, 𝐷3 = 1.369, 𝑃 = 0.11, 𝐷4 = 1.403, and 𝑃 =
0.16, 𝐷5 = 1.484, the elastic-plastic mechanical properties
(elastic modulus and yield strength) of the porous media
show a decreasing trend with the increase of the porosity
and fractal dimension when the elastic-plastic mechanical
properties of the matrix are consistent. At the same time,
the fractal dimension of the pore is positively correlated with
the increase of the porosity of the porous media RVE, and
this kind of correlation is also fluctuating. By comparing the
stress-strain curve of 𝑃 = 0.10, 𝐷3 = 1.369 and 𝑃 = 0.11,
𝐷4 = 1.403, it can be found that the trend of the elastic
modulus shows a fluctuation, but the yield strength of the

porous media RVE at 𝐷4 = 1.403 is obviously lower than
the yield strength of the porous media RVE at𝐷3 = 1.369.

In conclusion, the pore fractal dimension of the porous
medium RVE has a positive correlation with the porosity
of the porous media. Moreover, the mechanical proper-
ties (elastic modulus, yield strength) of the porous media
RVE decrease with the increase of the porosity and fractal
dimension of the porous media when the matrix mechanical
properties of the porous media are consistent.

4.5.3. Mechanical Properties of the Fractal Porous Media
with Different Matrix of Different Mechanical Properties. The
mechanical properties of the porous media RVE are related
not only to the porosity and fractal dimension of the porous
media but also to the matrix mechanical properties of the
RVE. During the course of loosening of thematrix from loose
to dense, the mechanical properties of the RVE are changed
due to the change in the particle size and particle cohesiveness
at the smaller scale of thematrix. For a further demonstration
of this experiment, the twomicroscopic porousmediamodels
with 𝑃 = 0.08, 𝐷 = 1.306 and 𝑃 = 0.16, 𝐷 = 1.484 were
selected.Themechanical properties of themesoscopic porous
media RVE are discussed in the case of the porosity and pore
fractal dimension.

(1) Effects of the Matrix Elastic Modulus on the Mechanical
Properties of the Porous Media. The two microporous media
with 𝑃 = 0.08, 𝐷 = 1.306 and 𝑃 = 0.16, 𝐷 = 1.484 were
selected for the simulation, and the matrix elastic modulus
was set as 21 GPa, 24GPa, 26GPa, 28GPa, and 30GPa. The
remaining parameters remain unchanged, and the numerical
simulation results are shown in Figures 8(a) and 8(b).

Figures 8(a) and 8(b) depict the stress-strain curves of
the porous media RVE with the porosity 𝑃 = 0.08 and
the fractal dimension 𝐷 = 1.306 and with the porosity
𝑃 = 0.16 and the fractal dimension 𝐷 = 1.484, respectively.
It can be seen from Figures 8(a) and 8(b) that when the
porosity and fractal dimension of the fractal porous media
are consistent, the stress-strain curve is surrounded by a
higher stress-strain curve of the matrix elastic modulus as
matrix elastic modulus decreases. It can be explained by the
mechanical properties (elasticmodulus, yield strength) of the
porous medium RVE being consistent with the matrix elastic
modulus of the porous media when the porosity, fractal
dimension of the porousmediaRVE, andPoisson’s ratio of the
porousmediamatrix are the same in the fractal porousmedia
RVE elastoplastic deformation stage. Then, the stress-strain
curves of the porous media with a different initial elastic
modulus are close to each other, which indicates that the
deformation of the RVE of porous media increases with the
constant pressure of the porous media RVE. The inner pores
are gradually compacted, the stress distribution caused by the
pore structure distribution is uneven, and the stress concen-
tration phenomenon is decreasing. The stress in each region
of the RVE gradually reaches a macroscopic equilibrium, the
regionalization of the force, and the displacement change is
stratified. The pore deformation ratio is gradually reduced,
the pore deformation and the matrix deformation gradually
reach the macroscopic equilibrium, and the macro balance
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Figure 8: The stress and strain curves with the porosity and fractal dimension consistent with the variation of the elastic modulus of the
matrix.
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Figure 9: The RVE diagram ((a) depicts the displacement contour and (b) depicts the stress contour).

of the force region and the failure of the RVE are not formed
after the infinite compaction of the void (Figure 9).

(2) Effects of the Matrix Poisson’s Ratio on Mechanical Prop-
erties of the Porous Media. The RVE of the two microscopic
porous media with 𝑃 = 0.08, 𝐷 = 1.306 and 𝑃 = 0.16,
𝐷 = 1.484 were selected. The range of Poisson’s ratio of the
porous rock is generally from 0.21 to 0.35. Thus, Poisson’s
ratios of the matrix are set as 0.26, 0.27, 0.28, and 0.29, and

the remaining parameters remain unchanged.The numerical
simulation results are as follows.

Figures 10(a) and 10(b) depict the stress-strain curves
of the porous media RVE with 𝑃 = 0.08, 𝐷 = 1.306
and 𝑃 = 0.16, 𝐷 = 1.484, respectively. The stress-strain
curve is basically the same when the matrix Poisson’s ratio
is 0.26, 0.27, 0.28, and 0.29, and it can be deduced that the
macroscopicmechanical properties of the porousmedia RVE
in the elastic-plastic deformation stage are not correlated
with Poisson’s ratio of the porous media matrix when the
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Figure 10: The stress and strain curves with the porosity and fractal dimension consistent with the variation of Poisson’s ratio of the matrix.

porosity, fractal dimension, plasticity, and elastic modulus of
the porousmediumRVEare consistent. In a certain range, the
influence of the matrix Poisson’s ratio on its RVE mechanical
properties can be neglected.

5. Conclusion and Analysis

In this paper, the QSGS is improved, and the connectivity
of the reconstructed porous media models are analyzed. The
relationship between themicrostructure characteristics of the
RVE and the RVEmechanical properties of the fractal porous
media is analyzed by numerical simulation.

(1) The QSGS is improved, and the porous media model
is reconstructed by improved QSGS. The recon-
structed porous media model is consistent with the
statistical distribution of real pores (Weibull distri-
bution). Meanwhile, these models can be directly
introduced into the finite element and calculated.

(2) Themacroscopicmechanical properties (elasticmod-
ulus, yield strength) of the RVE decrease with the
increase of the porosity and fractal dimension, and
the trend gradually becomes more obvious with the
increase in the difference between the porosity and
fractal dimension.

(3) When the porosity and the matrix lithologic charac-
teristics are consistent, the mechanical characteristics
of porous media are related to the fractal dimension.

(4) At present, porosity is used as a parameter for
micromechanics homogenization of mechanical
properties of porous media. In fact, it is more
accurate to deduce the homogenization equation of
pore fractal dimension for real porous media, such as
reservoir core.
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