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*e calibration of material mechanical parameters and deformation and failure mechanism of earthen soil have always been
difficult problems in the field of cultural relics protection. How to establish a relationship between physical and mechanical
properties of soil at macro and micro scales is the focus of the research. *e nanostructure model of earthen soil composed of
many atoms was established by molecular dynamics (MD) method. *e stress-strain relationship of different moisture content
was obtained by uniaxial compression simulation. Based on the electron micrograph image (magnification ×500) and the image
reconstruction method, a micromodel composed of particles and pores was constructed. Furthermore, using the displacement
loading method, we obtained the stress-strain relationship of the earthen soil with different moisture contents. Our results showed
that the displacement of the left and right boundaries of the circular pore model is 1.26 times more than that of the polygonal pore
model, and the displacement of the polygonal pore model is 1.28 times more than that of the circular pore model.*e stress-strain
curve simulated by the polygonal pore model is consistent with the experimental results. *e results of the numerical analysis are
in good agreement with those of the macro test, which indicates that the research ideas and the methods used for earthen soil
exploration in this work are feasible. Our present findings provide reference for deterioration research and safety evaluation of
cultural relic buildings such as earthen sites.

1. Introduction

Soil sites are significantly affected by the environment, and
soil sites are unique and nonrepeatable [1]. A large number
of samples cannot be taken on the existing soil sites, which
makes the research progress of soil mechanical properties of
undisturbed sites slow. MD is a new micromechanical
method developed in recent years. Its purpose is to obtain
the required macroscopic physical and mechanical quanti-
ties of the object through long-time operation of a few
particles [2]. With the help of theoretical calculation method
and molecular dynamics simulation, the research infor-
mation from multiple angles (microstructure, dynamics,
etc.) and multiple levels (from microatomic level to mac-
rostatistical level) is obtained [3] (Figure 1), so as to save the
test cost and increase the test efficiency.

*eoretical and experimental research has been per-
formed on the macromechanical properties of earthen soil.
For example, Song et al. [4] conducted a macroscopic as-
sessment on the soil mechanical characteristics of sites in
Northwest Henan Province, China. In addition, Yue et al. [5]
established a theoretical model of slope failure cusp catas-
trophe based on elastic sliding mass. However, fewer studies
have been done on the microscale physical and mechanical
properties, and the deterioration mechanism of earthen soil
has not been elucidated. With the rapid development of
computer technology, numerical simulation of complex
mechanical behavior can effectively eliminate the influence
of human and environmental factors in physical tests, better
simulate the damage and failure process of microstructures,
and fulfill the purpose of studying the characteristics of
earthen soil foundation. *e establishment of the
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constitutive relationship and numerical model of the ma-
terials of the earthen soil is not only the first step to meeting
engineering application requirements but an important
factor affecting numerical simulation results.

Many scholars have carried out a lot of research work
around the physical and mechanical properties and structural
characteristics of soil [6, 7]. *e research trend shows the
characteristics of multiscale integration, multimethod combi-
nation, and multidisciplinary intersection. *e research shows
that themicrobehavior plays an extremely important role in the
mechanical properties of soil. *e research method of “com-
bination of macro and micro” has become the mainstream of
soil mechanical properties research at present and even in the
future [8, 9]. Shen et al. first introduced the damage theory for
research of soil sample constitutive models and established the
elastic-plastic damage model [10] and nonlinear damage
mechanics model [11]. Furthermore, Kuang et al. [12] carried
out molecular dynamics (MD) simulation on the water mo-
lecular structure between crystal layers of montmorillonite
minerals with different water content, and revealed the basic
mechanism of high-pressure mechanical properties of clay
frommultiscale level. Yang et al. [13] used molecular dynamics
simulation to study the hydration properties and adsorption
properties of clay minerals, and clarified the structure and
dynamic properties of clay in hydration. Liu et al. [14] applied
molecular dynamics to study the influence relationship be-
tween the connection characteristics of soil particles (structural
units) and the deformation and failure characteristics of soil,
and found that the macromechanical properties of soil are
controlled by the microstructure of soil. *e structural fracture
surface of soil passes through the connection surface between
particles and particle aggregates, not through the particles
themselves, that is, the weakest part of the connection between
particles is destroyed first. In addition, Tang et al. [15] evaluated
the microstructure and mechanical changes of expansive soil
under multiscale cyclic loading and established a unified ex-
pression of stress-strain characteristics reflecting soil macro-
structure and microstructure and considering microdamage.
Chen [16] analyzed the elastoplastic constitutive model of soil
samples based on numerical and physical simulation; the
author also elaborated the relationship between physical and
numerical simulation of soil samples. Zhao et al. [17] used
molecular dynamics method to establish a variety of molecular
models in Materials Studio software to analyze the influence of
interlayer cation types on water molecules adsorbed by
montmorillonite.

*e aforementioned research results have promoted the
development of research on mechanical properties of
macrosoil and microsoil samples to a certain extent.

However, in view of the complexity and variability of soil
samples [18], the intraparticle earthen soil cement has been
simplified to a certain extent in the established models; the
influence of the environment on cement has also been
neglected. Obviously, deeper knowledge is needed on the
microscale stress variation law of the soil sample and its
components [19]. In previous studies, we found that the
stress and strain results of earthen soil samples were different
when diverse water samples were used. As can be seen in
Figure 2, the compressive strength of the soil samples made
with pure water is higher than that of the soil samples
prepared with pit water from the site. *e decrease in their
moisture content made these differences even more obvious.

First, earthen sites are unique. On-site sampling would
disturb the site body and is hence limited by the require-
ments of cultural relic protection. *us, the number of soil
samples taken from such site cannot be large, resulting in
low test repeatability and slow progress of research on the
mechanical properties of undisturbed earthen soil. Second,
cements exist widely in natural geotechnical materials, and
intergranular cementitious materials have an important
impact on the mechanical properties of geotechnical ma-
terials. However, the cost of micromechanical model tests is
high, hindering appropriate observations of the microevo-
lution law of cementation failure. *erefore, based on the
idea of Molecular dynamics (MD) simulation method, in
this paper, with the help of material studio 7.0 simulation
software, we established the nanostructure model of
Zhouqiao earthen soil and applied lamps software to analyze
themechanical properties of Zhouqiao earthen soil; based on
the SEM image of earthen soil and a small number of
mechanical test results, a micromodel composed of particles,
cements, and pores was established. Furthermore, we
assessed the method for the determination of the microscale
mechanical properties of the intraparticle earthen soil
cement.

2. Construction and Simulation of Molecular
Dynamics Model

2.1. Modeling Basis. By comparing the electron microscope
images of soil samples under different magnification, the
differences of microstructure of soil samples under different
orders of magnitude are studied. For heterogeneous geo-
technical materials, when the material is transformed into an
image, different substances in the material can be reflected in
the image through the change of gray or color, and the image
reproduces the structural characteristics of the material well.
Using digital image technology, the gray image of SEM is

0.1 nm - 100 nm 100 μm - 1 mm 0.1 m - 1 m100 nm - 100 μm

Figure 1: Multiscale structural characteristics of site soil materials.
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regarded as a three-dimensional coordinate system in
MATLAB software. *e length and width of the image are X
and Y coordinate axes respectively, the gray value of the
image is regarded as Z axis, and the gray value is regarded as
Z� f (x, y). After three-dimensional simplification of the
gray image, the integral value of a three-dimensional ir-
regular body with two-dimensional image size as the bottom
and threshold as the high is calculated. *e microstructure
distribution image of soil sample in Figure 3 is transformed
into a three-dimensional real microstructure diagram
(Figure 4). Figure 4 shows the three-dimensional structural
characteristics of soil samples. It can be obtained from
Figures 4(a) to 4(e).With the increase of themagnification of
the SEM image, the yellow and green parts gradually de-
crease, and the threshold tends to a certain range, which is
reflected in the gradual simplification of the soil sample
information contained in the picture, and the soil sample can
only be determined as heterogeneous material in the macro
state. When a certain observation scale is reached, the soil
sample can be assumed to be soil sample and pore. *e nano
model of soil sample is constructed using Materials Studio
software, and the mechanical properties of soil sample under
different moisture content are studied by Monte Carlo
method and molecular dynamics method. *e research
results provide data support for the subsequent microscale
model.

Zhang et al. [20] studied the pore type, scale, and shape
of clay and proposed that the pores contained in clay mineral
structure can be divided into three types: intergranular pores
formed by mineral particle compaction and deposition. Clay
intergranular pores formed during diagenetic transforma-
tion of minerals. *e gap (layer spacing) caused by the
distance between crystal layers in clay crystal and the re-
lationship between various pores is shown in Figure 5. Li
et al. [21] found that most montmorillonite clay minerals are
in flake structure and stacked into montmorillonite basic

particles. *e thickness of the wafer layer is 1 nm, and the
length and width are tens to hundreds of nanometers. When
the crystal layer contains water, it can expand to produce
interlayer nanopores with different thicknesses of about 0.2
to 2 nm.*e research results of the aforementioned scholars
provide a basis for the establishment of molecular models at
the nanoscale.

2.2. Modeling. Based on the research of Bish et al. [22], the
main component of silty clay is clay based mineral mont-
morillonite, and the geometric configuration of crystal is
shown in Figure 6. In this work, the initial model of soil
sample is based on montmorillonite, and the random water
molecule modeling of Monte Carlo method is carried out
using Material Studio software and setting the water mol-
ecule density as 1 g/cm3 in the amorphous cell module at
room temperature 298K. *e montmorillonite molecular
model and random water molecule model are superimposed
using the build layers function. Based on the density of soil
samples with different moisture content, the molecular
models of 10%, 12%, 14%, and 16% moisture content are
established respectively. *e atomic number and density of
the model are shown in Table 1. Finally, discover setup is
used to establish the force field and discover minimization is
used to minimize its energy. In order to avoid the influence
of periodic boundary in the process of uniaxial compression,
the initial model of soil sample with water content is am-
plified by supercell, so that the size of molecular model
reaches the visualized soil sample in microscale [23]. *e
simulation area size of the final initial model of soil sample is
A� 104 Å, B� 89 Å, C� 118 Å, α� 90°, β� 90°, and c � 90°, as
shown in Figure 7. In Figure 6, the yellow ball, red ball,
purple ball, and white ball represent silicon atom, oxygen
atom, aluminum atom, and hydrogen atom, respectively. In
Figure 7, the purple part is the crystal layer and the yellow

St
re

ss
 (k

Pa
)

0

25

50

75

100

125

150

175

0.5 1.0 1.5 2.0 2.50.0
Strain (%)

Moisture content 14%
Moisture content 12%
Moisture content 10%

(a)

St
re

ss
 (k

Pa
)

0

25

50

75

100

125

150

175

0.5 1.0 1.5 2.0 2.5 3.00.0
Strain (%)

Moisture content 14%
Moisture content 12%
Moisture content 10%

(b)

Figure 2: Stress-strain results of site soil samples: (a) sample made with pure water and (b) samples prepared with pit water from the site.
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Figure 3: Distribution of the soil particle structure at the macroscale andmicroscale at different magnifications: (a) 500 times magnification,
(b) 1000 times magnification, (c) 3000 times magnification, (d) 5000 times magnification, (e) and 10,000 times magnification.

200
100

0

1000
800

600
400

200
0

600
500

400
300

200
100

0

(a)

200
100

0

800
600

400
200

0

1000
800

600
400

200
0

(b)

300
200
100

1000
800

600
400

200

1000
800

600
400

200
0

(c)

1000
800

600
400

200

1000
1200

800
600

400
200

00

300
200
100

0

(d)

Figure 4: Continued.
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Figure 4: *ree-dimensional structural characteristics of soil sample: (a) 500 times magnification, (b) 1000 times magnification, (c) 3000
times magnification, (d) 5000 times magnification, (e) and 10,000 times magnification.
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Figure 5: Characteristics of gas water distribution of clay minerals [21].

Figure 6: Unit cell of montmorillonite.

Table 1: Atomic number and density of molecular model.

Model name Quantity of Si Quantity of O Quantity of Al Quantity of Li Quantity of H2O Density (g/cm3)
10% moisture content model

6400 20,800 4800 2800

16,000 1.47
12% moisture content model 17,500 1.50
14% moisture content model 19,000 1.53
16% moisture content model 20,500 1.58

Advances in Materials Science and Engineering 5



part is the water layer. *rough uniaxial compression
simulation of the model, the stress-strain relationship of the
molecular model is obtained, as shown in Figure 8.

3. Construction of the Microscale
Simulation Model

*e uniaxial compression test can simulate the most un-
favorable situation of material failure under the three-di-
mensional unconstrained condition of the structure, and the
deterioration of earthen sites is mostly concentrated on the
outer surface of the soil and the quasi-brittle material
(concrete damage plasticity) [24, 25]. A HITACHI S-2700
scanning electron microscope was used in this experiment,
which is composed of a vacuum electron beam emission, and
image generation systems (Figure 9). In this paper, the
analysis is based on the numerical model building method
already proposed by our group, and the specific model
building process is as follows [1].

3.1. Modeling Basis. Similarly to the analysis of the physical
and mechanical properties of ordinary buildings, we also
need to consider the microperspective in the exploration of
the relationship between microstructure and macro-
mechanical properties. Figure 3 shows the images of soil
particles under the electron microscope, within the field of
view magnified by 500 times. It is clear to see the details of
the particles, including the irregular cracks on the surface
and the shape and size of the particles. At this scale, the
particles with a diameter within 5 and 25 μm can be ob-
served, and the corresponding pore distribution and dis-
orderly arrangement of viscous particles is visible by the
accumulated materials between particles. At further in-
creased magnification from 1000 to 3000 times, the shape of
the particles is clear, but the number of particles is low; at a
magnification from 5000 to 10,000 times, the size and shape

of the particles in the microstructure begin to distort, and
lose their microscale guiding significance. *erefore, the
microscopic modeling of earthen soil is to be based on the
electron micrograph images of earthen soil at x500
magnification.

To avoid the influence of the randomness of the SEM
images on the research results, when the SEM images were
taken, on the basis of meeting the screening test level, the
area of 1mm× 1mm was shot from the left to the right and
from the bottom to the top. According to the pixel size area
of the photo taken by ×500 magnification lens, the number
of electron microscope pictures to be taken is obtained by

1 × 1
0.644 × 0.431

≈ 4 photos. (1)

*e determination and selection of a threshold is es-
sential to image binarization. Owing to the different
properties of objects and the diversity of gray changes in
various images, it is difficult for traditional binarization
methods to achieve ideal processing results. To make the
processed image consistent with the structure of the real soil
sample, the Image-Pro Plus 6.0 software (IPP, Media Cy-
bernetics, Inc., Silver Spring, MD, USA) was used to process
the SEM photos at 500× magnification [14]. To reduce the
error caused by the randomness of the calculation results
under a single threshold, the area ratio of the black and white
colors was determined by adjusting the level of the cutting
plane represented by the threshold value, based on the
porosity. *e best threshold [26] that can truly reflect the
microstructure of soil was found.

3.2. Modeling. ABAQUS software was used to construct a
rigid plate with a length of 0.644mm and a two-dimensional
geometric model of 0.644mm× 0.431mm. With the pres-
sure equipment in the rigid plate simulation test, and the

Figure 7: Initial model construction intention of soil sample.
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two-dimensional solid element was selected to provide the
section attribute. *e plane thickness of the rigid plate was
set at 0.020mm to simulate the uniaxial compression test.

*e numerical model was composed of soil particles,
pores, and cements. *e soil particles were regarded as
elastic rigid bodies [27]. *e properties of the intraparticle
cementation materials were determined by the constitutive
model of concrete damage plasticity (CDP). *e material
parameters of each phase in the numerical simulation model
were calibrated according to the specific working conditions
(Table 2).

In Table 2, Ψ is the expansion angle; ϵ is the flow po-
tential offset; fb0/fc0 is the ratio of biaxial ultimate com-
pressive strength to uniaxial ultimate compressive strength;
K is the ratio of the second stress invariant on the tensile
meridian plane to that on the compressive meridian plane;
and μ is the viscosity coefficient.

In this study, vertical displacements of 0.006, 0.009, and
0.012mm were applied to the top of the upper platen by the
displacement loading method [28]. *e friction coefficient
was selected to be μ� 0.492 [24]. After the finite-element
model was established, the X direction, Y direction, and the
rotation angle of the lower boundary of the model were set as

fixed-end constraints. CPE4R was used as the model cell
type. *e initial value of increment step size was set to 0.001,
and the minimum value was 1E−012. Figure 10 is the
electron microscope image of Zhouqiao earthen soil, Fig-
ure 11 is the uniaxial compression test model results of soil
samples with polygonal pores, and Figure 12 is the uniaxial
compression simulation model results of soil samples with
circular pores.

4. Simulation Verification and Analysis of the
Results of the Uniaxial Compression Test

Figure 13 shows the macro test and simulation results. By
comparing the results of the theoretical model and the
uniaxial compression numerical model, it is found that the
curve obtained by the simulation calculation of the polyg-
onal pore model is slightly higher than the test stress-strain
curve. *e main reason is that the simulated strength is
higher than that of the test because there are microcracks in
the real soil sample, and there are no initial cracks in the
model. *e calculation result is reasonable.

By adding a difference interval of 10 kPa to the indoor
test stress-strain curve, it can be found from Figure 13 that
the curve simulated by the circular pore model deviates
greatly from the indoor test stress-strain curve. *e circular
pore model has smooth boundary and less constraints be-
tween soil samples. With the increase of compressive load,
the displacement change is more continuous, which is one of
the reasons for the larger peak strain and smaller peak stress.
Although there is a deviation between the results of circular
pore model and indoor test results, the change law in the
early stage of curve development is basically consistent
because the elastic modulus of soil sample is consistent. And
with the increase of soil moisture content, the coincidence
degree of the result curve is also further increasing. When
the moisture content is 10%, the peak strain difference is
about 0.5%, and the peak stress difference is about 40 kpa;
When themoisture content is 16%, the peak strain difference
is about 0.2%, and the peak stress difference is about 15 kPa.

Owing to the limited space and the similarity of the
work, in this paper, we have analyzed only the results of
polygonal pore model 1 and circular pore model 5. Figure 14
represents the simulation results of model 1. Figure 15
represents the simulation results of model 5, the legend
“+” in the axial stress diagram is the tensile stress, “−” is the
compressive stress, the legend “+” in the displacement di-
agram is the positive direction of the coordinate axis and “−”
is the negative direction of the coordinate axis. As can be
seen from Figures 14(a) and 15(a), regular changes occurred
in the soil displacement; the overall displacement was altered
in a descending order. *e bottom displacement was the
smallest, whereas the upper displacement was larger. As the
bottom boundary of the model was a fixed support con-
straint, the axial load displacement at the bottom had to be
zero. In the process of uniaxial compression, the internal
displacement distribution of the test block was not balanced,
and the nonuniformity of the displacement increased with
the increase of the load. Under the continuous action of the
compression displacement, the local displacement would
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Figure 8: Stress-strain curves of molecular dynamics model.

Figure 9: HITACHI S-2700 scanning electron microscope.
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Table 2: Unified hardening model parameters.

Ψ (°) ϵ fb0/fc0 K μ
30 0.1 1.16 0.6667 0.0005

(a) (b)

(c) (d)

Figure 10: SEM image of Zhouqiao earthen soil: (a) SEM image 1, (b) SEM image 2, (c) SEM image 3, and (d) SEM image 4.

(a) (b)

Figure 11: Continued.
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change suddenly. *e pore boundary of the circular pore
model is smooth, the constraints between soil samples are
less, and the displacement change is relatively continuous.
Compared with the rubbing between soil samples and ir-
regular particles in the polygonal pore model, the dis-
placement change is affected by the irregular boundary, and
the change is uneven.*e vertical compression displacement

of the circular pore model reaches 11.44e−03mm, *e
displacement of polygonal pore model under vertical
compression is 14.606e−02mm, which is 1.28 times more
than that of circular pore model. *rough the analysis of
Figures 14(b) and 15(b), it is found that the displacement of
the left and right boundaries of the polygonal pore model is
3.392e−02mm, while the displacement of the left and right

(c) (d)

Figure 11: Simulation model of the uniaxial compression test with polygonal pores: (a) simulation model 1, (b) simulation model 2,
(c) simulation model 3, and (d) simulation model 4.

(a) (b)

(c) (d)

Figure 12: Simulation model of the uniaxial compression test with circular pores: (a) simulation model 5, (b) simulation model 6,
(c) simulation model 7, and (d) simulation model 8.
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boundaries of the circular pore model is 4.266e−02mm,
which is 1.26 times more than that of the left and right
boundaries of the polygonal pore model. With the increase
of compressive load, the polygonal pore model is prone to
stress concentration around the pores due to the irregular
pore boundary. *e maximum stress of the model is
3.027e−02 kPa, while the maximum stress of the circular
pore model is 1.867e−02 kPa. Finally, the macroscopic re-
sponse in Figure 13 is that the stress-strain curves of the
circular pore model are smaller than those of the polygonal
pore model.

Based on the results of the analysis of Figures 14(d) and
15(d), it can be concluded that the damage of the specimen
begins to initiate and started at both ends of the bottom of
the specimen. At this time, the internal cohesion of the soil
facilitated the recovery from the deformation of the speci-
men recover, and there is, with no cracks on its surface of the
specimen.With the increase of the compression load, a small
number of microcracks appeared in the soil matrix, resulting
in irrecoverable deformation. With the further expansion
and aggregation of damage microcracks, the microcracks do
not develop in a single way, but propagate microcrack
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Figure 13: Stress-strain curves of macroscopic test and simulation: (a) moisture content 10%, (b) moisture content 12%, (c) moisture
content 14%, and (d) moisture content 16%.
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Figure 14: Model 1 simulation results: (a) displacement diagram in U2 direction, (b) displacement diagram in U1 direction, (c) axial stress
diagram, and (d) damage diagram.

+7.414e-04
-2.119e-04
-1.165e-03
-2.119e-03
-3.072e-03
-4.025e-03
-4.979e-03
-5.932e-03
-6.885e-03
-7.839e-03
-8.792e-03
-9.745e-03
-1.070e-02

U, U2

(a)

+1.791e-02
+1.438e-02
+1.086e-02
+7.341e-03
+3.819e-03
+2.978e-04
-3.224e-03
-6.745e-03
-1.027e-02
-1.379e-02
-1.731e-02
-2.083e-02
-2.435e-02

U, U1

(b)

+1.867e-02
-1.127e-01
-2.441e-01
-3.755e-01
-5.069e-01
-6.383e-01
-7.697e-01
-9.011e-01
-1.032e+00
-1.164e+00
-1.295e+00
-1.427e+00
-1.558e+00

(c)

+6.704e-01
+6.145e-01
+5.586e-01
+5.028e-01
+4.469e-01
+3.910e-01
+3.352e-01
+2.793e-01
+2.235e-01
+1.676e-01
+1.117e-01
+5.586e-02
+0.000e+02

(d)

Figure 15: Model 5 simulation results: (a) displacement diagram in U2 direction, (b) displacement diagram in U1 direction, (c) axial stress
diagram, and (d) damage diagram.
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damages, they were simultaneously propagated along the
whole section of the soil particle edge at the same time.
Moreover, the damaged part of the circular pore model
mostly appears between the pores, while the damaged part of
the polygonal pore model not only exists between the pores
but also extends to the interior of the soil sample.

5. Conclusion

*e nanostructure model of site soil composed of many
atoms was established by molecular dynamics method. *e
stress-strain relationship of different moisture content was
obtained by uniaxial compression simulation. Based on the
500-fold magnified electron micrograph image and the
image reconstruction method, we constructed a micromodel
composed of particles, cements, and pores. *e stress-strain
relationship of different moisture contents of earthen soil
was obtained by the displacement loading method, and the
results were compared with those of the macro test. *e
mechanical microproperties of the cemented particles were
analyzed. *e aim of this study was to establish an effective
method for the assessment of the safety and surface dete-
rioration of earthen sites, which would provide a basis for
follow-up research on the deterioration of earthen sites.
Considering the obtained results, we can conclude that our
work has met the needs and purposes of the scientific
project, and a foundation has been laid for next step analysis
of the deterioration effect of the environment on earthen
sites and their safety evaluation. *e following main con-
clusions have been drawn:

(1) Based on molecular dynamics simulation method, a
nano structure model of Zhouqiao earthen soil
composed of Si, O, Al, H, and Li atoms is established,
in which water and soil are distributed in layers. By
analyzing the mechanical properties of Zhouqiao
earthen soil, the stress-strain relationship of site
granular materials with different moisture content at
nanoscale is obtained.

(2) According to the cementation characteristics of the
earthen soil, it was divided into a three-phase
structure composed of soil particles and pores. *e
shape, size, and distribution of particles were de-
termined by SEM image reconstruction, and a mi-
cro-finite-element model reflecting real soil
properties was established.

(3) *rough uniaxial compression tests of the micro-
finite-element model, we found that the displace-
ment of the left and right boundaries of the circular
pore model is 1.26 times more than that of the
polygonal pore model, and the displacement of the
polygonal pore model in vertical compression is 1.28
times more than that of the circular pore model. *e
simulated curve of the polygonal pore model is
consistent with the test stress-strain curve, which can
better reflect the change of the microstructure of the
soil sample under load. *ere is a deviation between
the results of the circular pore model and the indoor
test results, but comparing the simulation results of

different water content, it is found that the coinci-
dence degree of the result curve is further increasing
with the increase of the water content of the soil
sample.

(4) By comparison, we found that the results of the
numerical analysis were in good agreement with the
results of the macrotest stress-strain curves, which
indicates that the research ideas and methods in this
work are feasible. We have also established a new
method for difficult indoor sampling.
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