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Constructing a microstructure of red clay is an important part of studying the
physical and mechanical properties of red clay. The study of red clay
microstructure is generalized. The red clay matrix and pores are regarded as
two types of randomly moving particles, and the microstructure model of three-
dimensional red clay random porous media is established from the Langevin
equation of the phase separation process in stochastic dynamics, using the
separation and aggregation of the two particles. The model controls the
evolution process of the porous medium by artificially controlling the particle
placement. Here, the trends of porosity, average pore length, Euler’s number, and
the fractal dimension of the porous medium during the evolution process under
different parameter conditions (smooth length Δ and rise and fall term η) are
calculated, and a feasible method for surviving the microstructure of red clay is
summarized. Due to the consideration of the interaction forces between the solid-
and void-phase particles, the porous media generated by this model are more
similar to the real porous media in nature, with connected and unconnected pore
structures and tortuous pore channels. Finally, the red clay of Bijie, Guizhou, is
modeled as an example to prove the feasibility of the method.
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1 Introduction

Red clay is reddish-brown, highly plastic clay formed by the weathering of carbonate
rocks in a hot and humid climate. Red clay is widely distributed in Bijie, Guizhou, an area
rich in karst landscapes. Red clay has strong sensitivity to water; its strength weakens when it
is exposed to water and shrinks and cracks when it is dry, so water has a strong influence on
red clay in terms of seasonal alternation. Rainfall and dryness can lead to the loss and
destruction of the red clay surface layer, causing large economic losses and affecting the
survival and safety of local residents (Tan et al., 2015).

Because of the strong sensitivity of red clay to water, the loss of water will form a large
number of microscopic pores in red clay (Tang et al., 2007). At present, scholars’ research on
the microscopic pore structure of red clay is mainly focused on the following two aspects:
microstructure evolution law and microstructure model construction.

First, in terms of the microstructure evolution law of red clay, many scholars have
studied the change law of its microstructure under different influencing factors. Pan
et al. (2021) studied the effect of acidity and alkalinity on the microstructure of red clay,
and acidic and alkaline solutions erode the structure of the clay matrix and destroy its
internal pore structure distribution, which in turn reduces the shear strength, cohesion,
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and internal friction angle. Li (2021) used microorganisms to
improve red clay and found that the mineral composition of red
clay changed significantly under the action of microorganisms,
and there was a significant amount of precipitation of calcium
carbonate on the surface of the particles, which was cemented by
calcium carbonate. The soil particles filled the pore spaces of soil,
enhanced the connection between soil particles, and obviously
improved the shear strength of red clay. Mou et al. (2021) studied
the microstructural evolution pattern of red clay under alkali
contamination conditions and found that ammonia
contamination could change the surface of soil particles from
smooth to rough, accompanied by the pattern of pore
enlargement and diffusion, and explored the reasons for the
occurrence of the pattern. Cai et al. (2021) studied the
evolution law of red clay microstructure under dry and wet
cycles and found that its pore size distribution curve showed
the characteristics of bimodal and single peak distributions.
Wang (2020) studied the microstructural characteristics of
artificially cemented red clay and found that the size law of
lateritization followed the order colloidal content >dry and wet
cycles >maintenance time, and the maximum growth rate of the
pore volume of these three factors in the process of red clay
lateritization was 31%, 5.6%, and 0.35%, respectively. Jiaming
et al. (2020) studied the microstructure of zinc-contaminated red
clay and found that red clay particles under the condition of
doping with zinc ions were mainly observed in the structural
skeleton of stacked flakes and blocks, and the doping of zinc ions
reduced the strength of red clay, increased the matrix porosity
and fractal dimension, and formed an unstable structure. Ke et al.
(2019) studied the effect of freezing on the microstructure of red
clay and found that after freezing occurred, the ice crystal action
had an extrusion effect on soil particles, leading to the
destruction of the surrounding soil particles and causing an
increase in large pores and reduction of small pores. Overall,
the soil porosity decreases after freezing. He et al. (2018) studied
the effect of an external admixture on the microstructure of red
clay, prepared a comparative analysis of the microstructure via
electron microscopy scanning, and established a model to
quantify the brittleness index of red clay. Jun et al. (2018)
found that with the increase in shear force, the particles in the
soil were elongated and the pore directionality was better, while
in the case of soaked alkali solution, the particles in the soil
maintained their roundness, and their pore directionality was
poor. Jinghe et al. (2018) found that mixing sand and fly ash in
red clay can fundamentally change the soil structure and improve
its stability and strength. Qi et al. (2017) found that the changes
in the specific physical properties of red clay under high alkali
contamination conditions were caused by a combination of
microscopic pore area, particle number, new salt filling inside
the microscopic pores, and the adsorption of substances in the
solution by clay minerals.

Second, in terms of microstructure models, Taixu et al. (2019)
used image analysis software to extract and process the SEM
image of red clay soils and quantitatively analyzed the
morphological characteristics of the pore structure in red clay
soils using the fractal dimension. Cai et al. (2018) analyzed the
relationship between evolution parameters and the pore ratio on
the macroscopic and microscopic scales of red clay soils and

proposed a microstructure model of unsaturated soils with a
double pore structure and verified its feasibility. Tao et al. (2011)
analyzed the mineral composition and microstructural
characteristics of red clay, proposed a soil microstructure
model, analyzed the influence of the microstructure on the
physical properties of this type of red clay, and obtained a
pore ratio consistent with the experimental results. Jie et al.
(2021) extended the DDA algorithm to study large pores and
cementation effects of clay, constructed a microstructure model
with a pore ratio close to that of the as-built soil, and performed
numerical calculations. Zhi-Tian Qiao established a two-
dimensional microstructure model for clayey soils using the
Monte Carlo random placement, which provided a prototype
for studying the micromechanical behavior of clay (Ping et al.,
2020). Zuo et al. (2019) used a fractal model of porous media in
geotechnical bodies to reasonably predict the macroscopic
physical characteristics, such as porosity, and concluded that
red clay particles and their pore distributions exhibit fractal
characteristics. Guo et al. (2017) established a microstructural
model for the discontinuous deformation analysis of soil samples
based on numerical graphical analysis and particle morphology
extraction, which was verified by compression tests. Zhou et al.
(2012) established a microscopic “grain collection” model of red
clay, used the model to analyze and interpret the theoretical
analysis results under engineering conditions, and conducted a 3-
week compression simulation to prove that the model can better
reflect the macroscopic mechanical effects of red clay. Liu et al.
(2011) introduced structural elements describing the properties
of chalky particles into the clay mineral structure model,
proposed a microstructure combination element model for
soft rocks, established a reformation model for soft rock
softening using the reformation group method, and analyzed
the critical criterion for the microstructure evolution of the soft
rock softening process. Tan and Kong (2001) proposed a
structural model for soil gel cementation, which reasonably
explained the high water content of red clay. The
contradictory phenomena of high water content, high porosity
ratio, and high plasticity with high bearing capacity and low
compressibility of red clay soils were explained reasonably.

The aforementioned studies on red clay microstructural models
are based on the structural evolution process under the action of
exogenous factors or the establishment of macroscopic physical
models. Meanwhile, the theoretical construction of the physical
model of red clay microstructure is universal, and however, the
structural model established cannot be applied to all types of red
clay. The formation of a red clay microstructure results from the
joint action of microcluster particle polymerization and granulation
process. To elucidate the formation characteristics of red clay
microstructure, this paper aims to establish a numerical model of
the microstructure of red clay porous media, describe the
polymerization and separation process of red clay microclusters
by using the phase separation equation, and estimate the
approximation of the microstructure model of red clay by using
the multi-parameter coupling method. The article also investigates
the change process of the parameters such as porosity, Euler’s
number, fractal dimension, and feature length during the iterative
approximation process, which proves the usability of the method in
constructing the red clay microstructure model.
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2 Model establishment

2.1 Hypotheses on the evolution of the
microporous structure of red clay

Red clay refers to a type of red clay soil containing more clay
particles and rich in iron and aluminum oxide cementation formed
under hot and humid climatic conditions after a certain type of red
clay soil formation. In the formation process of red clay, the
carbonate rock undergoes weathering, micro-granulation, and
later modification of microgranules, and when the parent rock
undergoes this complete process of soil formation, red clay is
formed.

In the weathering process, iron sulfide, oxide, carbonate, etc., in
the rock will form free iron and acidic aqueous solution after
oxidation, carbonation, and hydrolysis. In the acidic aqueous
medium, free iron, aluminum colloids, kaolinite, etc., under the
action of the electrostatic force, were linked to a porous, water-
containing, rough surface and irregularly shaped structural units.
Moreover, in the acidic aqueous solution, free iron, aluminum, and
silica gel are adsorbed together to form a double electric layer, which
is linked to a colloid in combination with water, and this colloid
binds the structural units into larger aggregates.

In the process of micro-granulation, when red clay, which is in
the overall cemented state mentioned previously, encounters high
temperature and dry climate conditions, cracks appear in its internal
contraction due to water loss. When it rains, water penetrates along
the cracks and wedges through the transfer of water from the film,
weakening the cementation bond. Certainly, it is not excluded that
free iron, aluminum, silica gel, etc., that leached out due to
prolonged rainwater soaking will coalesce to form a new adhesive
linkage. The continuous drying and wetting cycle promoted the
breakdown of the cementation of the whole red clay block into fine
particles and structural units composed of bulk red clay.

In the middle-to-late Pleistocene, the bulk red clay formed
through micro-cluster granulation; since there was no hot and
humid climatic conditions, the leaching effect was weak, the
structural unit body showed a certain degree of solidification and
compaction, and a small amount of free iron, aluminum, and silica
re-gelatinized, followed by the formation of the modern sense of the
honeycomb red clay, with a small natural density, high water
content, large pore ratio, high liquid and plastic limit, medium-
to-low compression, and a medium-to-high strength of the
characteristics.

The formation process of red clay involves the
aforementioned three steps; weathering carries out rock
decomposition and the formation of particles; the hydrolysis
of these particles and metal ions is carried out under the action of
the electrostatic force of the combination of aggregates. Micro-
granulation further breaks down these aggregates. The soil-
forming action of the free elements and the granulation and
formation of particles results in the solidification and compaction
under the action of re-cementation. The effect of the
aforementioned three processes on the microscopic pore
structure of red clay can be attributed to the polymerization
and separation of the cementing compounds. The collodion can
either be externally or internally added to the structure. With a
fixed computational region, the porosity of the system decreases

with the continuous addition of the externally added binders
whereas increases if the binders are continuously reduced.

The Langevin equation can better simulate the polymerization
and separation process of the two-phase or multi-phase system, and
it can also better simulate the polymerization and separation process
of the binder in the microstructure of red clay, so as to realize the
simulation of the microporosity structure of red clay. In fact, the
pore structure characteristics of various types of red clay can be
simulated by modifying the control equation.

2.2 Langevin process

The original Langevin equation describes Brownian motion,
which describes the irregular motion of particles in a liquid due to
collisions of liquid molecules. The Langevin equation has many
forms but is usually expressed as follows: the rate of a slow-moving
physical quantity is the sum of the minimum coarse free energy F of
the system and a random noise term (Zhang et al., 2019), which is
mathematically expressed as follows:

dϕ

dt
� −M −∇2( )aδF

δϕ
+H, (1)

where ϕ represents the computational region, M represents the
kinetic energy, t represents the time, and H represents the random
noise term, i.e., the rise and fall term, which satisfies the following
equation:

〈H r1, t1( )〉〈H r2, t1( )〉 � 2kBTM∇2aδ t1 − t2( ), (2)
〈H r, t( )〉 � 0, (3)

where r, r1, and r2 denote the position vectors; t, t1, and t2 denote
time; δ denotes the Dirac δ-function; kB denotes the Boltzmann
constant; and T denotes the Kelvin temperature.

If ϕ represents a non-conservative field, then Eq. 1 and Eq. 2
have a = 0; if ϕ represents a conservative field, then we have a = 1.
The rise and fall term η is a quantity that is independent of the time
space but increases with the temperature. As mentioned previously,
the kinetics of Langevin depends on the form of the free energy in
the form of F. Usually, the minimum free energy F consists of two
components, the surface energy and the volume energy, given as
follows:

F ϕ( ) � ∫ dr f ϕ( ) + h ∇ϕ,∇2ϕ, ...( )[ ], (4)

where f and h denote the volume free energy and the surface free
energy, respectively; the simplest form of the volume free energy and
the surface free energy of a two-phase system is given as follows:

f � 1
2
μϕ2 + 1

4
wϕ4,

h � 1
2
κ ∇ϕ2
∣∣∣∣ ∣∣∣∣. (5)

Here, μ, w, and κ denote the constants, and for a two-phase
system, μ >0 and w >0.

Figure 1 shows that the function f has two energy minima
corresponding to the energy equilibrium states of the two phases,
and if the volume energies of the two phases are equal, the depths of
the two minima are also equal. This property can be used to model
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the kinetic process of the transition between the disorder and order,
while φ can represent the lattice density of the phase:

dϕ

dt
� −M μϕ + wϕ3 − κ∇2ϕ( ) +H. (6)

The aforementioned kinetic process includes the growth
evolution of each phase in the region, and the values of the two
phases correspond to ϕ = ±sqrt(|κ|w), respectively, while the values
near the interface between the two phases vary continuously from
ϕ = -sqrt(|κ|w) to ϕ = +sqrt(|κ|w), and the value of ϕ = 0 can be
considered as the boundary between the two phases.

If we assume that the initial region of pore structure generation
is randomly filled with pore particles and solid particles, there is
only a repulsive force and no attractive force between these two
particles; the volume free energy between them follows the simple
form of F mentioned previously. Then, the dynamic phase
separation process between pore particles and solid particles
can be understood as the evolutionary process of solid skeleton
and pore structure formation, in which homogeneous particles
accumulate together because of the gravitational force and the
heterogeneous particles separate because of the repulsive force.
Therefore, to some extent, the physical characteristics of this two-
phase separation process can be used to model the microstructure
of the generated porous media, that is, the solid phase when
ϕ >0 and the pore phase when ϕ <0.

For the aforementioned Langevin dynamics process, the
statistical mean value of its noise term <H(r,t)≥0, i.e., the
number of solid-phase particles and pore-phase particles applied
to the computational region is equal at each iteration of the system,
so that the percentage of pores will eventually converge to 50%. To
obtain a smaller porosity in the dynamic evolution in order to reach
the porosity range of an ordinary porous medium, the mean value of
the noise is taken to be greater than zero in this paper, which means
that more solid-phase noise is randomly applied to the
computational region in each iteration. <H(r,t)≥0 ensures that
the porosity of the system decreases continuously during the
iterative process, as shown in Figure 3.

In this paper, the Box–Muller algorithm is used to generate
random numbers, y1 and y2, with the mean value of 1, where the two
random numbers (n1 and n2) are any numbers between 0 and 1 and
are expressed as follows:

y1

y2
} � 							−2 ln n1

√
cos 2πn2. (7)

Thus, we have

〈H r, t( )〉 � y1y2

										
2kBTM/Δt√ /Δ + η. (8)

In Eq. 8, Δ denotes the smooth length of the differential
computation process, which is a size-dependent quantity.
Substituting Eq. 8 into Eq. 6, we have

dϕ

dt
� −M μϕ + wϕ3 − κ∇2ϕ( ) + y1y2

										
2kBTM/Δt√ /Δ + η. (9)

The computational area is selected to be a 100 × 100 × 100 lattice
(the two-dimensional calculation area is 100 × 100), and the
following simpler parameters are selected: μ= 1, kBT = 0.01, κ =
1, w = 1, and M = 1, considering Δ and η as control variables.

2.3 Indicators for the characterization of the
microscopic pore structure

a. The phase function determines the distribution characteristics of
the solid and pore phases in the back of the pore medium,
i.e., ϕ >0 for the solid phase and ϕ <0 for the pore phase.

b. Euler’s number of the porous media: Euler’s number is a scalar
quantity, numerically equal to the difference between the number
of solid connected domains and the number of holes. It is a
description of the spatial integrity of porous media, i.e., E = C-H,
where E, C, and H denote Euler’s number, the number of
connections, and the number of holes, respectively. In the
geometric theory, the macroscopic form of a closed region can
be measured by its topological properties. The connectivity of an
image is a topological property, which is invariant after
translation, rotation, stretching, compression, and torsion, so
the number of holes in the regionH and the number of connected
regions C are the topological properties that can be measured by
Euler’s number. Euler’s number is a topological measure of an
image and is equal to the total number of all objects minus the
number of holes in those objects. In this paper, we use the 4-
neighborhood structure for calculation.

c. Pore fractal dimension: As a practical and potential tool, the
fractal dimensional characteristics of porous media materials
have been studied by many researchers. For a fractal structure,
F(L) is the scale-dependent quantity; then, according to the scalar
law, we obtain the following:

F L( ) ~ LD. (10)
Here, F(L) denotes the surface area of the pores and D denotes

the pore fractional dimensional value of this porous medium. For a
three-dimensional object, when measured according to the length
parameter δ0, it can be partitioned into N squares with self-

FIGURE 1
Volume free energy characterization of two-phase systems.
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similarity. Therefore, the pore fractional dimensional valueD can be
calculated according to the following equation:

D � lim
x ���→ 0

ln Nδ0 F( )( )
−ln δ0( ) . (11)

The larger the pore fractional dimension value is, the more
complex the boundary of the pore structure is.

3 Simulated evolutionary results of the
characterization parameters

In this numerical experiment, the evolution of the two-phase
structure is calculated separately for nine parameter cases with a
target porosity equal to 5% at the end of the set iteration. The
topology of the two-phase structure (such as the basic size of the
pores, pore fractal dimension, porosity, and Euler’s number) is
analyzed using the variation law of the control parameters Δ and
η of the system.

Figure 2 shows the variation in the Euler’s number of the two-
phase structure with the number of iterations, and it can be seen that
Euler’s number first decreases, then increases, and finally tends to 0
(Euler’s number equal to 0 means all solid phases), and the
minimum Euler’s number reaches −87929 at the beginning of the
iteration, which indicates that the number of pores is much larger
than the number of solid objects at the beginning of the iteration.
Because the solid and pore phases are randomly distributed at the
beginning of the iteration, a higher Euler’s number indicates that the
connectivity of the structure is poor.

During the iterative calculation, the two phases repel each
other, while the same phases attract each other internally. Along
with the applied noise (constant input of two-phase particles and
more solid-phase particles when η >0), the phases separate from
each other, smaller clusters are merged with larger clusters, and
the number of solid objects slowly exceeds the number of pores.
Because the mean value of the applied noise η is greater than 0,
the pore phase shrinks continuously because of the increase in the
solid-phase particles, and, finally, Euler’s number approaches 0,
which means that the solid particles in the material are merged
into one.

From Figure 2, it can be seen that the larger the η value is, the
faster the rise in Euler’s number for Δ=1.2. This is because the larger
the η value is, the more the solid-phase particles are added to the
system and the faster the system evolves. When Δ = 1.6, Euler’s
number of the system tends to fall and then rise rapidly at the
beginning of the evolution because the larger the Δ value is, the
larger the smoothing length is and the easier it is to swallow up the
tiny pores or particles. It can be seen that this change is more obvious
when Δ = 2. After reaching a very small value, the larger the Δ value
is, the slower the rise in Euler’s number with a constant η value. In
general, the smaller the smoothing length Δ, the larger the η value
and the faster the approximation speed, while the larger the
smoothing length Δ, the smaller the η value and the slower the
approximation speed.

The variation curves of two-phase porosity with the number of
iterations are given in Figure 3. The figure shows that the porosity
decreases with the increase in the number of iterations, and the smaller

the η value is, the slower the iteration converges, while the larger the Δ
value is, the slower the porosity decreases for the same η value. Overall,
it can be seen that the effect of η on porosity is greater than that of Δ.

Figure 4 shows the trend of the average pore length in the
X-direction with the number of iterations in the 3D model. It can be
seen that when η = 0.005, the average pore length in the X-direction
increases with the number of iterations; when η = 0.01, the average
pore length in the X-direction first decreases slowly with the number
of iterations and then increases slowly after it reaches the minimum
value; and when η = 0.015, the average pore length in the X-direction
decreases rapidly with the number of iterations. When the target
porosity is reached, the average pore length in the X-direction,

FIGURE 3
Porosity evaluation of the porous system.

FIGURE 2
Euler’s number evaluation of the porous system.
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corresponding to Δ = 1.2 and η = 0.005, is the largest, with a value of
3.71 μm, and the average pore length in the X-direction,
corresponding to Δ = 2 and η = 0.015, is the smallest, with a
value of 1.46 μm.

The variation curves of the 3D pore fractal dimension with the
number of iterations are shown in Figure 5. It can be seen that at the
beginning of the iteration, both the solid and pore phases are in the
state of haphazard distribution due to the high structural Euler’s
number. Therefore, the pore geometry is extremely complex, and the
fractal dimension of the pore structure tends to be close to 3. When
the target porosity is reached, the fractal dimension is 2.615 for a Δ
value of 1.2, 2.683 for a Δ value of 1.6, and 2.766 for a Δ value of 2;
when the target porosity is reached, the fractal dimension is 2.615 for
a η value of 0.005.

The relationship curves between Euler’s number and porosity
are given in Figure 6. It can be seen from the figure that Euler’s
number tends to decrease and then increase as the porosity
decreases, and Euler’s number finally has positive values. The
model with the η value of 0.005 and the Δ value of 1.2 has the
slowest increase in Euler’s number, and themodel with the η value of
0.015 and the Δ value of 2 has the highest increase in Euler’s number.
The higher the Δ value, the slower the increase in Euler’s number
with porosity when η is kept constant. The larger the η value, the
slower the increase in Euler’s number with porosity when Δ is kept
constant.

The curves of the variation in the average length of pores with
the porosity in the X-, Y-, and Z-directions in the three-
dimensional structure are given in Figure 7, Figure 8, and

FIGURE 5
Fractal dimension evaluation of the porous system.

FIGURE 7
Characteristic length evaluation in the X-direction vs. porosity.

FIGURE 4
Averaged pore length in the X-direction evaluation of the porous
system. FIGURE 6

Euler’s number evaluation vs. porosity.
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Figure 9, respectively. As can be seen from the figures, the trends
of the average pore length in the three directions are basically the
same, and the example of the X-direction is as follows: when η is
0.005, the average pore length in the X-direction decreases with
the increase in the Δ value; the value is 3.72 μm when Δ is 1.2 and
3.13 μm when Δ is 2. When η is 0.015, the average pore length in
the X-direction decreases with the increase in the Δ value; the
value is 1.52 μm when Δ is 1.2 and 1.46 μm when Δ is 2. The
average length of the pore in the X-direction decreases with the
increase in the Δ value; the value is 1.46 μm when Δ is 2. In the
same case, the average length of pores in the X-direction
decreases essentially with increasing values of Δ, and the
average length in the X-direction decreases essentially with
increasing values of η.

Therefore, the generation of 2D/3D pore structures is
intervened and controlled by controlling the values of η and Δ

in order to obtain the complex geometrical structure of predicted
red clay through mathematical iterations and image processing
techniques.

4 Example of red clay 2D model
construction

Due to the lack of experimental conditions, 3D red clay
microstructure data acquisition could not be carried out. In
order to facilitate the aim of this study, the experiment was
carried out based on the existing digital images of a certain red
clay samples collected from Qixingguan, Bijie (e.g., Figure 10A),
which has a more complex structural distribution. Its binarized
pore structure image was obtained via the image processing
technique; as shown in Figure 10B, the black part is the pore,
and the white part is the clay matrix; its porosity is 9.48%, fractal
dimension is 1.36, and Euler’s number is −92. Figure 10C shows
that statistical histograms of pore diameters were carried out on
the binarized pore image, and the pore is as long as the
distribution of the pore, which is less than 4 μm. Figure 10D
shows the microscopic pore structure image (Δ = 2 and η = 0.005)
of red clay obtained by the simulation of the proposed method,
with a simulated porosity of 9.53%, pore fractal dimension of
1.34, and Euler’s number of −85, and the histogram of its
simulated microscopic pore distribution is shown in
Figure 10E. Through comparisons, it is found that the method
can better realize the simulation of the microscopic pore
structure of red clay, and the simulated results can be well
consistent with the real results obtained via electron
microscope scanning and better describe its connectivity,
porosity, and fractal dimension.

5 Example of red clay 3D model
construction

Although the microstructure of red clay is very complex and
it is very difficult to obtain its real microstructural parameters,
numerical modeling is a useful method. Previous modeling
methods approximate the real porous medium by porosity and
correlation function and do not consider other pore parameters.
The proposed method can generate a micro-geometric model of
the porous medium by controlling two parameters, Δ and η. Since
the connectivity parameters of red clay samples are not available,
this example is approximated according to a single parameter,
porosity, in order to obtain an equivalent red clay microstructure
model.

The numerical simulation results of the red clay
microstructure are given in Figures 11–14 for four porosities
(4.98%, 24.5%, 37.1, and 41.5% porosities, respectively). It can be
seen that the three-dimensional red clay microstructure obtained
from the simulation can be seen in green color for the red clay
matrix, and the pores inside it are clearly visible. The red clay
models with different microscopic pore structure characteristics

FIGURE 9
Characteristic length evaluation in the Z-direction vs. porosity.

FIGURE 8
Characteristic length evaluation in the Y-direction vs. porosity.
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FIGURE 10
Pore structure of the red clay sample and the simulation result. (A) Digital photographs of red clay. (B) Microscopic pore structure of red clay
(porosity = 9.48%). (C)Histogram of microscopic pore distribution. (D)Microstructure of red clay obtained by simulation (porosity = 9.53%, Δ = 2, and η =
0.005). (E) Histogram of simulated microscopic pore distribution (porosity = 9.53%, Δ = 2, and η = 0.005).

FIGURE 11
Three-dimensional simulation of the microporous structure of
red clay (example 1).

FIGURE 12
Three-dimensional simulation of the microporous structure of
red clay (example 2).
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can be obtained under different initial conditions as well as for
different Δ and η values. The generated models better reproduce
the high porosity ratio characteristics of red clay, and various
mechanical calculations can be performed based on these
characteristics.

It can be seen that the proposed method can better simulate
the randomness of the red clay porous media structure; this
method is not only limited to the simulation of a three-
dimensional red clay pore structure; in fact, the smaller the η

and Δ values are, the larger the size of the pore will be; in contrast,
the larger the Δ and η values are, the smaller the size of the pore
will be; with the increase in the number of iterations, the pore
structure will gradually be replaced by the solid phase and, at the
same time, because the η value itself shows a random rise and fall,
it can reflect the random fractal characteristics of the pore
structure. Therefore, it is possible to generate porous media
models with different pore structures by controlling the
magnitude of these two parameters.

6 Conclusion

The presence of the red clay terrain in Guizhou Province,
China, and the inherent characteristics of red clay and the
complexity of its structure have forced the development and
refinement of new models to describe it. In this paper, a new
stochastic dynamics method for simulating the generation of
microstructures of such porous media is proposed. The
conclusions are as follows:

(1) Starting from the formation process of red clay, it is found that
its microstructure is the result of the joint action of aggregation
and granulation of its internal microcluster particles, and its
microporous structure can be described by the Langevin
process, and a relevant model is established. By changing
two control parameters (Δ and η), the changes in the pore
structure-related parameters such as porosity, pore
characteristic length, Euler’s number, and pore fractal
dimension, during this stochastic kinetic process, were
investigated, and their interrelationships were compared
and analyzed.

(2) It is found that the reduction in porosity of the porous media
can be accelerated by controlling the average value of the
random rise and fall phase, and the size of the pore structure
can be increased by reducing the value of Δ.

(3) Through the approximation of porosity, the microscopic pore
structure of red clay in Bijie, Guizhou, was simulated
numerically, and the proposed method can better simulate
the microscopic structure of real samples.
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