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According to the relationship between permeability and porosity of geotechnical materials, a finite element model representing
pore and solid particles is generated randomly according to the porosity of a given finite element calculation model. According to
Darcy’s law of flow distribution and steady seepage in the finite element random simulation section, the equivalent permeability
coefficients at different porosities are calculated, and the relationship between the equivalent permeability coefficient and the
porosity of rock and soil is studied. .e results show that the equivalent permeability coefficient is proportional to the porosity
with the same pore size. In order to study the seepage characteristics of structural planes of nonmaterial geotechnical materials in
different strata contact zones, the formulas for calculating the deformation parameters and permeability coefficients of het-
erogeneous rock masses with single nonmaterial geotechnical materials are deduced theoretically, and the correctness and
applicability of the formulas are verified by experiments..e rock mass sample selected in this paper is granite, which is simulated
and analyzed by sandstone in the experiment. .e results show that the permeability coefficients of coarse sandstone, fine
sandstone, and heterogeneous rock mass are different under the same water pressure and confining pressure. .is shows that the
lithology on both sides of the nonmaterial geotechnical material surface has a significant influence on the permeability of the
nonmaterial geotechnical material rock mass; the permeability coefficient of the nonmaterial geotechnical material rock mass
decreases with the increase of confining pressure, the numerical change is limited to a certain confining pressure range, and the
permeability coefficient tends to be stable when the confining pressure reaches a certain value. Comparing the theoretical
calculation value of permeability coefficient of rock mass with the experimental result, it is found that the two values are in good
agreement, which indicates the correctness and applicability of the theoretical calculation formula of permeability coefficient of
rock mass of single intangible geotechnical material.

1. Introduction

.e nonmaterial geotechnical materials of natural rock mass
have some problems, such as uneven surface, undulating
surface, different penetration rate, and coincidence degree of
nonmaterial geotechnical materials [1]..e roughness of the
surface, the filling material state, and the surrounding stress
will change the gap width of the nonmaterial geotechnical
materials [2–5]. In engineering practice, in order to avoid
excessive errors caused by using cubic law to solve seepage
problems, many scholars have corrected the cubic law ap-
propriately [6]. Tsang extended the gap width distribution

function to the two-dimensional nonmaterial geotechnical
material surface and thought that the gap width conformed
to lognormal distribution and could draw equivalent non-
material geotechnical material [7–12] by computer simu-
lation. Brown obtained the gap width variation coefficient Cv

through seepage test and analysis. Neuzil assumes that the
width of the gap varies along the vertical flow and obtains the
distribution function of the width of the gap [13, 14]; Lee
establishes the correlation formula between the roughness
coefficient and the fractal dimension; Scesi carries out ex-
perimental studies on seepage characteristics of different
JRC artificial nonmaterial geotechnical materials [15–17].
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However, when the Reynolds number is too large, it will lead
to turbulence in immaterial geotechnical materials. Chen,
Meheust, Lomize, Wang Yuan, and Subaoyu and other
scholars at home and abroad have proposed turbulence
calculation formulas, but the Darcy formula is still used for
most seepage problems. On the study of shear strength of
ionic curing agent modified clay, it is mainly considered that
ionic curing agent can improve the mechanical properties of
clay [18–21], in which cohesion c value increases signifi-
cantly, while internal friction angle φ value increases slightly.
.erefore, it is proposed that ionic curing agent mainly
affects shear properties by influencing cohesion. However,
the sensitivity of shear strength to C and φ has not been
considered in this kind of research. For example, in the
construction of water conservancy and hydropower projects,
the slight change of φ value has a significant impact on the
project cost. .erefore, the mechanism of soil modification
by the ionic solidifying agent cannot be simply judged by the
change of value [22]. On the other hand, it is necessary to
exclude the influence of φ value and to study the mechanical
properties of ionic curing agent modified clay by tensile test
[23]. Many scholars at home and abroad have proved that
when the Reynolds number is less than 2300 in the laminar
flow range of immaterial geotechnical materials, the seepage
of immaterial geotechnical materials satisfies the cubic law.

In recent years, it is necessary to fully consider the
situation of intangible geotechnical materials in tunnel
surrounding rocks. In particular, in the construction of
tunnels in high water pressure and water-rich areas, many
problems of permeability stability of rock mass have arisen
[24]. .e problem of permeability stability of intangible
geotechnical materials has seriously affected the safety of
practical projects. .erefore, it is more and more important
to study the permeability characteristics of the rock mass.
To ensure the safety of tunnel engineering in high water
pressure and rich water area, it is necessary to grasp the
physical and mechanical properties and seepage properties
of nonmaterial geotechnical materials in high water
pressure and rich water area. At present, many geo-
technicians at home and abroad have made good
achievements in the permeability characteristics of mon-
oimmaterial geotechnical materials, but little research has
been done on the permeability characteristics and me-
chanical properties of cross-immaterial geotechnical ma-
terials and filling immaterial geotechnical materials
[25–28]. .erefore, it is an urgent problem to study the
permeability and hydraulics of vertically intersecting
nonmaterial geotechnical materials and filling nonmaterial
geotechnical materials under different conditions of sur-
rounding rock (lateral pressure), axial pressure, water
pressure, and area of nonmaterial geotechnical materials.
Nonmaterial geotechnical materials are heterogeneous and
discontinuous granular materials consisting of larger
boulders and fine-grained soils. It is difficult to reveal the
complex deformation and failure mechanism of nonma-
terial geotechnical materials by experimental research and
traditional mechanical analysis methods of continuous
media. .e particle discrete element method (PDE) can
simulate the nonlinearity, large deformation, and complex

interaction of particles, so it is more suitable to study the
mechanical properties and deformation failure mechanism
of nonmaterial geotechnical materials at the mesoscopic
level. Choo et al. [29, 30], based on the three-dimensional
particle discrete element method, carried out a numerical
simulation of large-scale direct shear tests of nonmaterial
geotechnical materials with different rock content and li-
thology, but there are some differences between the sim-
plified sphere and the actual situation in the model. Asadi
and Ataie-Ashtiani [31] carried out two-dimensional
particle flow numerical simulation of biaxial test and direct
shear test on the measured model of immaterial geotech-
nical materials obtained from digital image processing and
compared the mechanical properties and deformation
failure characteristics of immaterial geotechnical materials
and homogeneous soil. Mao et al. [32–35] used two-di-
mensional particle flow to simulate the biaxial test and
direct shear test of nonmaterial geotechnical materials and
analyzed the influence of stone content, shape, and
roughness of blocks on the internal friction angle and
cohesion of nonmaterial geotechnical materials. However,
the regular two-dimensional and multidimensional poly-
gons with triangular and rectangular shapes of blocks in the
model are still different from the three-dimensional ir-
regular shapes of blocks in nature. Hamoudi et al. [36–39]
proposed a random generation technology of irregular
block rock three-dimensional discrete element model and
established a three-dimensional discrete element model of
nonmaterial geotechnical materials in accordance with
macrostatistical law. .e large triaxial test of nonmaterial
geotechnical materials was simulated numerically, and the
deformation and failure mechanism of nonmaterial geo-
technical materials was analyzed in depth.

It can be seen from the existing research results that
although there have been many research results on the
permeability coefficient of nonmaterial geotechnical mate-
rials, none of them has systematically explored the influence
of the micromechanical parameters of nonmaterial geo-
technical materials on their macromechanical response..is
is precisely the key problem to be solved in the study of
mechanical properties of geotechnical materials using digital
images. .erefore, based on the permeability coefficient of
nonmaterial geotechnical materials proposed in this paper,
the digital image processing flow of nonmaterial geotech-
nical materials is carried out, and the ratios of normal
stiffness of different rock-soil particles, normal tangential
stiffness ratio of different rock-soil particles, and friction
coefficient of different rock-soil particles are obtained. .e
stress-strain characteristics of nonmaterial geotechnical
materials under different bond strengths between rock and
soil particles are analyzed. .e micromechanism of the
influence of different micromechanical parameters of par-
ticles on macromechanical properties is analyzed from the
aspects of microcrack evolution, friction work, and average
rotation of rock particles. .en, based on the Fracture-Rock
displacement model under three-dimensional stress, the
formula for calculating the permeability coefficient of
nonmaterial geotechnical materials is derived [40]. Finally,
the correctness and applicability of the new formula for
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calculating the permeability coefficient of nonmaterial
geotechnical materials are verified by experiments.

2. Proposed Method

2.1. Basic Principles of Digital Image. .e digital speckle
method is usually used in the correlation processing of
surface deformation of two measured objects. .e basic
principle is to select a point in the image and take the
small area centered on the point as the sample subset. A
subset matching the sample subset is found in the de-
formable speckle image. .en, by comparing and ana-
lyzing the position difference of the two subsets, the
deformation of the point can be obtained. In this process,
the digital image is transformed into a gray-scale image to
obtain the deformation of the surface of the object under
test [41]. It can be said that the speckles on the surface of
the object under test and the corresponding gray-scale
image are the bearing tools of deformation information.

.e function of the initial digital image (initial subset) is
expressed as

F1 � f1(x, y) x � 1, 2, . . . , N1; y � 1, 2, . . . , N2 . (1)

.e deformed digital image (deformed subset) function
is expressed as

F2 � f2(x, y) x � 1, 2, . . . , N1; y � 1, 2, . . . , N2 . (2)

.e gray distribution functions are f1 (x, y) and f2 (x, y) of
the two digital images before and after surface deformation, and
the size ofN1 andN2 images, respectively, is used in the formula.
.e initial position of a point on the surface of the measured
object is (x, y) and the displacement field function is assumed.
Geotechnical material images obtained by various image ac-
quisition devices contain abundant internal structure infor-
mation of geotechnical materials in their gray value and color.
With the help of image processing technology, the digital image
of geotechnical materials can be analyzed quantitatively, and the
microstructural characteristics such as shape, content, size, and
orientation of blocks in geotechnical bodies can be analyzed.
.e extraction of interior structural features of nonmaterial
geotechnical materials can use image processing to obtain
digital images of nonmaterial geotechnical materials through
digital photography and then identify the shape of blocks by
image processing technology. .e stochastic database of rock
shape is established through a large number of data acquisition
so that the stochastic model of nonmaterial geotechnical ma-
terial structure can be acquired subsequently.

.e digital image acquisition system is mainly com-
posed of three parts: camera, light source, and computer
image analysis system [42]. .e two-dimensional shape
image of block stone is acquired by the camera and then
imported into the computer system for particle shape
recognition. Repeat this operation to obtain a large
number of different shapes of block stones, and establish
a stochastic database of block stones.

Because of the influence of external environment factors
(such as illumination, instrument, and color difference of

minerals in rock), the image acquired by image acquisition
machine usually has a lot of image noise, which makes it
difficult to be directly used in digital image processing and
analysis. .erefore, the existing image processing software
(such as Photoshop) must be used to preprocess the original
image, reduce or eliminate the influence of adverse factors,
and extract the object needed to study (as shown in Fig-
ure 1), so as to facilitate the next step to use image seg-
mentation algorithm to identify the shape of the block
boundary.

After preprocessing, the gray value of the boundary of
the block stones has a sudden change. Canny edge detection
algorithm can be used to extract the pixels of the edge points,
and all the coordinates of the block stones edge can be
obtained [43]. At present, the most commonly used method
of edge detection is to detect the discontinuity of image
brightness or gray value. .e discontinuity can be detected
by the first or second derivative of its function, which is
usually expressed by a gradient.

.e basic property of the gradient vector is that it points
to the direction of the maximum change rate of f at (x, y).
.e angle of maximum change rate is

α(x, y) � arctan
Gy

Gx

 . (3)

.e methods are summarized as follows. (1) Noise Re-
moval. A Gaussian filter with a specified standard deviation
is used to smooth the image and reduce the influence of
noise [44]. (2) Calculate the image edge gradient. .e local
gradient g (x, y) and the edge direction α (x, y) at each point
are calculated..e edge point is defined as the point with the
greatest local strength in the gradient direction. (3) Non-
maximum Gradient Suppression. .e edge points deter-
mined by Article 1 will lead to ridges in the gradient
magnitude image. .e algorithm tracks the top of all ridges
and sets all the pixels that are not at the top of the ridge to
zero so as to output a given fine line, i.e., nonmaximum
suppression processing. Pixels are processed by two
thresholds, T1<T2. Pixels whose values are greater than T2
are called strong edge pixels, and those between T1 and T2
become weak edge pixels. (4) Produce the Edge. .e algo-
rithm integrates weak pixels into strong pixels and performs
edge links.

2.2. Anisotropy of Geotechnical Materials. .e difference
between mechanical parameters, structural characteristics,
and the stress-strain relationship of engineering materials in
different directions is called anisotropy. It is one of the
important physical andmechanical properties of soil and has
a great influence on the properties of soil. Generally
speaking, anisotropy can be divided into primary anisotropy
and secondary anisotropy or stress-induced anisotropy
according to the causes and manifestations of anisotropy.
Primary anisotropy refers to the difference of mechanical
properties and parameters in different directions of natural
soil or artificial soil in the process of sedimentation or filling
due to various reasons. .is is related to the secondary
anisotropy of soil particles in the course of sediment,
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especially in the complex loading state. .e change of stress
state results in the change of mechanical properties and
parameters caused by loading in different directions. For
example, the natural consolidation state of soil is a K0
consolidation state rather than an isobaric state, and an-
isotropy will occur after consolidation. .e change of ex-
ternal load may also lead to the rearrangement of particles,
thus changing the anisotropy of soil.

.e stress-strain relationship of geotechnical materials is
influenced by stress history and stress state and has a strong
correlation with stress path. .e anisotropy of soil is mainly
manifested in the fact that the undisturbed soil is always
formed under certain stress historical conditions, and the
soil particle structure produces directional arrangement,
forming a certain degree of primary anisotropy macro-
scopically. With the application of external loads, the soil in
a working state passes through a certain stress path and
reaches a certain stress state. In this process, the particle
structure of the upper body changes again and shows dif-
ferent stress-denaturation characteristics in different stress
directions. Relative to the primary anisotropy, it is called
secondary anisotropy. .e effects of stress history, stress
path, and stress state on the stress-strain relationship of soils
are mainly embodied in the formation process of anisotropy.
In a sense, soil, as a frictional and granular discontinuous
medium material, is an engineering material with both
primary anisotropy and secondary anisotropy. For soil with
primary anisotropy, the macroscopic behavior is different in
strength and deformation law in different directions.
.erefore, many researchers cut specimens from undis-
turbed soils at different dips in the direction of deposition
and then conduct direct shear or conventional triaxial tests
to determine the degree of anisotropy. .ere are many
research results in this area, and there are relatively con-
sistent conclusions.

.e study of primary anisotropy is mainly focused on
strength, which can reflect the correct selection of physical
parameters. .e purpose is to give empirical anisotropy
coefficients similar to correction coefficients according to the
experimental results. .is reflects the difference of physical
parameters such as elastic modulus and Poisson’s ratio in

different directions. Although the soil has primary anisot-
ropy, under certain conditions, if the confining pressure is
large enough, the structural anisotropy can be eliminated
and the soil has initial isotropy. If the unequal stress is added
at this time, the soil will be in the state of anisotropic stress,
and the soil will have anisotropy, which is the secondary
anisotropy.

Secondary anisotropy of soils is due to the inconsistency of
mechanical properties of soils in different directions caused by
complex stress states. In different stress states and directions,
the stress-strain law of soils varies greatly. .e most obvious
manifestation is the asymmetry of the stress-strain matrix. In
the elastic theory, the so-called elastic mechanical parameters
such as elastic modulus and Poisson’s ratio will no longer have
the significance of physical parameters but will change with the
change of stress state, which can be regarded as a function of
stress state and stress history. So far, little research has been
done on stress-induced anisotropy. Some of the existing
achievements are generally studied from the point of view of
the influence of stress path on the parameters of commonly
used models. Although some scholars have used true triaxial
apparatus to test and study the three-dimensional deformation
characteristics of soils in the past, they have not clearly analyzed
them from the angle of anisotropy..e influence of anisotropy,
especially stress-induced anisotropy, on the constitutive rela-
tionship of soil, the numerical analysis of practical geotechnical
problems, and how to simulate them in the calculation have
seldom been systematically studied..e preliminary study also
shows that the lateral strain in the direction of small principal
stress caused by loading in the direction of large principal stress
is quite different from that in the direction of large principal
stress caused by loading in the direction of small principal
stress. .e elastic theory analysis means that Poisson’s ratio in
the two directions is quite different. In a sense, secondary
anisotropy contains the original anisotropy and has a wider
significance.

2.3. Coupling of Seepage and Stress in Nonmaterial Geotech-
nical Materials. Fluid-solid coupling mechanics is a branch
of mechanics. It is derived from the intersection of fluid

Figure 1: Preprocessing of a stone image.
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mechanics and solid mechanics. It mainly studies the in-
fluence of solid configuration on the flow field and the
interaction between the changes of behavior of deformed
solid under the action of the flow field. .e coupling of the
seepage field and stress field of immaterial geotechnical
materials is a difficult problem in tunnel engineering
practice. Because of the change of initial stress of sur-
rounding rock caused by tunnel excavation, immaterial
geotechnical materials occur in rock mass under load.
Nonmaterial geotechnical material is the main water passage
of rock mass, and its water-passing capacity is proportional
to the cubic width of nonmaterial geotechnical material
(cubic law), so the change of stress field will change the
geometric characteristics of nonmaterial geotechnical ma-
terial, such as openness, roughness, area of nonmaterial
geotechnical material, and porosity. .e distribution of
groundwater in nonmaterial geotechnical materials is
changed, and the seepage field of the rock mass is changed.
Conversely, these changes will affect the distribution of the
stress field of nonmaterial geotechnical materials. .erefore,
the study of the coupling problem of seepage field and stress
in the rock mass is beneficial to the perfection of fluid-solid
coupling theory and has important engineering practice
value.

.is paper intends to break through the original theoretical
framework of seepage stress misalignment consolidation based
on effective stress principle, introduce physical quantities that
can reflect seepage stress misalignment effect into the stress-
strain constitutive relationship of geotechnical materials, and
establish a constitutive model of soft rock which can directly
reflect seepage stress misalignment effect according to the test
results under simplified conditions. For the first time, the
mathematical expression of the constitutive response of geo-
technical materials, which can directly reflect the seepage stress
coupling effect, is proposed. Permeability coefficient represents
the permeability and permeability of geotechnical media. As a
characteristic parameter reflecting porous media seepage and
nonmaterial geotechnical material seepage, permeability coef-
ficient is the key to the study of seepage stress combination.
Previous studies have shown that the permeability coefficient is
a variable, which is usually expressed as a function of stress and
strain. .e permeability coefficient is introduced into the
existing stress-strain relationship. On the basis of the simplified
experimental conditions and the assumptions in this paper, a
seepage stress coincidence constitutive model is proposed as
follows:

σ � f(ε, K(ε)). (4)

.e above formula is a general mathematical description
of the seepage stress-strain relationship proposed in this
paper. It can directly reflect the synergistic effect of seepage
stress. As the key of numerical analysis and calculation, the
establishment of a seepage stress coincidence constitutive
model will simplify the process of coincidence calculation
and improve the accuracy of the calculation. Based on the
above ideas, a mathematical description of the constitutive
relation of soft rock considering the factors of seepage stress

conjugation is proposed by using Hooke’s law and com-
bining the existing experimental results.

σd � σ1 − σ3(  � G ε1(  · K ε1, k0( . (5)

When considering the seepage stress coupling effect, the
permeability coefficient is a variable, which is usually
expressed as a function of stress and strain.

K � f(σ)

K � f(ε).
(6)

Based on the test results and regression analysis, the
relationship curve between permeability coefficient and
strain is presented.

K ε1, k0(  � a exp −
ε1
b

  + k0. (7)

In the formula, ε1 is the strain of longitudinal axial and k0
is the initial permeability coefficient measured for the test. a
and b are the test parameters, where LT−1 is the dimension of
a, and b is dimensionless.

Based on the experimental results, regression analysis is
used to obtain the following conclusions:

G ε1(  � m ε1 + ε0( . (8)

.e first test reflects the relationship between perme-
ability coefficient and stress of soft rock under different
strains. σ1 – σ3 is the main stress difference in the middle of
the formula. ε0 is the initial strain of the rock sample andm is
the test parameter. Its dimension is FTL−3. It should be
pointed out that the initial strain of the rock sample exists
because the axial and radial pressure is required for the end
and radial sealing of the specimen in the seepage stress
coincidence test. At the same time, because of the existence
of axial and radial pressure during sealing, the expansion of
nonmaterial geotechnical materials is limited, which results
in some errors in the study of the permeability change law
during the expansion process of fractured rock nonmaterial
geotechnical materials.

.us, the constitutive model of seepage stress coinci-
dence in soft rock is derived.

σd � σ1 − σ3(  � m ε1 + ε0(  · a exp −
ε1
b

  + k0 . (9)

.e incremental modulus of the stress-strain relation-
ship can be obtained by a differential equation.

E
t
t � am 1 −

1
b

ε1 + ε0(  exp −
ε1
b

  + mk0. (10)

In the formula, let ε� 0; then, the initial value of Et
t can

be expressed as

E
t
t0

� am 1 −
ε0
b

  + mk0. (11)

.e relationship curve between longitudinal strain ε1 and
transverse strain ε3 adopts the following formula:

Advances in Civil Engineering 5



ε1 �
ε3

c + dε3
. (12)

In the formula, c and d are the test parameters. Dif-
ferential equations can be obtained.

u1 � −
dε3
dε1

�
c

1 − dε1( 
2, (13)

u1|t1�0 � c � −u0. (14)

In the formula, u0 is the initial Poisson’s ratio; the group,
the tangent Poisson’s ratio, and the initial Poisson’s ratio are
affected by confining pressure.

u0 � f − g log
σ3
P

 . (15)

In the formula, f and g are the experimental fitting
parameters.

2.4. Filter Layer Controlling Seepage. Filtration and de-
compression of soil are the two most basic requirements of
the filter layer and also the basic principle of antiseepage
function of the filter layer. Only when these two basic
principles are satisfied can it be ensured that the soil can be
prevented from seepage failure. Filter soil is one of the main
functions of the filter layer. Although there are more than
thirty or forty design methods for the filter layer at present,
in terms of the filter soil, including the Taisha benchmark,
the following principles are followed: the particles of the
protected soil are not allowed to pass through the pore of the
filter layer in large quantities, leading to loss. Namely,

D0

dk

� a1. (16)

In the formula, D0 is the effective pore diameter of the
filter layer, dk is the particle size of the protected soil without
seepage damage, and α1 is the number of particles that may
form an arch at the pore entrance of the filter layer to prevent
other particles from entering which is also called the arch
coefficient.

For seepage flow, because the filter layer is located in the
lower part of the protected soil, it is necessary to lay the filter
layer first and then the protective soil. During the con-
struction process, the large particles controlling the seepage
stability in the protected soil will let several particles entering
the pore of the filter layer at the same time appear under the
action of gravity. It is easy to form a stable arch structure
consisting of three particles at the entrance of the filter layer.
As shown in Figures 2 and 3(a), at this point a1≤ 3, this type
of filter is called type I filter. In the case of upward seepage
direction, the filter layer is located at the upper part of the
protected soil, and the controlled particle size in the pro-
tected soil enters into the filter layer only under the con-
dition of a large hydraulic gradient. .erefore, most of the
filters enter the filter pore in the form of a single particle
successively, while the maximum particle entering the filter
pore will not exceed two soil particles, especially piping soil.

.erefore, the safety value of the arching coefficient
should be a1≤ 2, as shown in Figure 2–3(b), which is called a
type II filter.

According to the working characteristics of the above
filter layer, formula (12) can be written as follows:

D0

dk

≤ 1 ∼ 3. (17)

.e permeability coefficient of the filter layer must be
significantly greater than that of the protected soil if the
pressure is to disappear after seepage into the filter layer.
According to the seepage calculation theory of double-layer
medium, when seepage flows from one layer of soil to an-
other, the hydraulic ratio of seepage in two layers of soil
shows the following relationship:

J1
J2

�
K2

K1
. (18)

In the formula, k1 and J1 are the permeability coefficient
of the filter layer and the actual hydraulic gradient it bears; k2
and J2 are the permeability coefficient of the protected soil
and the actual hydraulic gradient it bears. .e hydraulic
gradient is inversely proportional to permeability coefficient
in two layers of soil.

3. Experiments

3.1. Selection of TestMaterials. Sedimentary rocks are one of
the most widely distributed rocks in the crust. Sedimentary
rock resources are widely distributed in China. Sedimentary
rocks are widely distributed on the surface, accounting for
about 75% of the land area. .e sedimentary rock distri-
bution area is the main site of hydrogeology and engineering
geology. Laboratory tests of rocks usually have greater
discreteness. When the results are analyzed, the mechanical
properties of rocks can hardly be summarized or even the
opposite conclusion can be drawn. However, the nonma-
terial geotechnical materials in limestone have less influence
on the mechanical properties of rocks. Selecting limestone to
make samples can avoid the resulting error caused by some
microimmaterial geotechnical materials in seepage test of
nonmaterial geotechnical materials. Limestone is homoge-
neous in lithology, easy to be mined and processed, and has
obvious characteristics under the action of groundwater and
stress environment. It is suitable for rock seepage test
material.

3.2. Preparation of Limestone Samples. Firstly, the selected
experimental limestone blocks are cut into smaller size
blocks by a cutting machine, then these blocks are made into
square blocks with a height of 110mm by a rock cutting
machine, and then the blocks are put into the rock coring
machine. Standard test rock samples with a height of
110mm and diameter of 40mm were prepared by water
drilling method (using tap pipe to add water and working
together with core drill bit)..en, the samples were screened
and classified, and the rock samples with damaged side, too
large gap at both ends, sandy soil, and obvious cracks in
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material were removed and grouped again to reduce the
influence of individual differences on the seepage test.

In the preparation of rock samples, because of uneven
ground, the vibration ofmechanical equipment in the process of
processing, cutter carton, the too fast loading speed of coring
machine, and other human factors result in the faults of the
uneven end face and lack of standard rock samples. For these
shortcomings, the rock grinder is used in the preparation of
rock samples. .rough two diamond grinding wheels, the
equipment grinds two parallel end faces to grind the rock
samples at the same time. In addition, the grinding tool stone is
used to grind the rock samples equally and especially to ensure
that the end faces of the rock samples are smooth so that the
flatness of the end faces can reach the standard requirements of
+0.05mm. In addition, when grinding the end face, this test uses
a simple device to ensure that the verticality of the rock sample
does not exceed 0.25 degrees and grinds the side face of the rock
sample with coarse, fine gauze, and polishingmachine to ensure
that the absolute value of the diameter difference between the
two end faces of the rock sample is less than 0.3mm, so that the
rock sample meets the requirements of the code.

3.3. Software for Picture Processing of Experimental Rock and
Soil. Hardware environment: computer Dell, CPU i7, GPU

GT630M
Software environment: flagship version of operating
system win10 64 bit, MATLAB

4. Discussion

For the laboratory test of one-dimensional small specimens
in this paper, the axial direction of the specimens, i.e., the
direction of loading, is assumed to be the direction, and the
formula can be expressed as follows:

σdx � m εx + εx0(  · a exp −
εx

b
  + kx0 . (19)

In the formula, kx0 is the initial axial permeability co-
efficient and εx0 is the initial axial strain of rock samples
obtained. .e incremental stress-strain relationship is as
follows:

dσx � ma exp −
εx

b
  + mkx0 − m εx + εx0( 

εx

b
a exp −

εx

b
  dεx.

(20)

Figure 2: Edge detection of stone.

(a) (b)

Figure 3: Types and working principles of the filter layer. (a) I type reverse filtration. (b) II type reverse filtration.
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.e modulus of the stress-strain relationship is

D � ma exp −
εx

b
  + mkx0 − m εx + εx0( 

εx

b
a exp −

εx

b
 . (21)

Based on several theories, the stress-permeability coef-
ficient-strain test data of soft rock are 100# and 158#; based
on the analysis of the test results, the stress-strain curves of
rock samples can be obtained by seepage above mountains
and stress-strain constitutive relations. .e values of test
parameters in the texture relationship of each rock sample
obtained from the analysis of the test results of each rock
sample are shown in Table 1.

.e stress-strain relationship calculation curve is shown
in the smooth curve as shown in Figures 1 and 2.

.e comparison of Figures 4 and 5 shows that the
strength values of the same rock samples in different di-
rections are different. .e strength values of rock samples
parallel to the bedding direction are lower, while the
strength values of rock samples perpendicular to the
bedding direction are higher, which is reflected in the
stress-strain relationship; that is, the value of parameter m
is larger. It can be seen from the comparison that the
relationship between permeability coefficient and strain of
the two rock samples under compression is different, which
is reflected in the difference of a value in the constitutive
equation. It can be seen from the comparison that the
nonlinear relationship between stress and strain of the two
rock samples under compression is different, which is
reflected in the difference of B value in the constitutive
equation. In Figures 4 and 5, it can be seen from the
agreement between the experimental results and the cal-
culated results that the stress-strain relationship proposed
in this paper, which can take into account the influence of
seepage, can better describe the stress-strain characteristics
of the elastic stage and the nonlinear strengthening stage of
soft rock with seepage.

.e preservation of some of the edge details of the image
can make the fractal dimension more accurate, and some
noise suppression will also reduce the difficulty of subse-
quent processing. .erefore, the smoothing method here
must achieve a good balance between eliminating noise and
enhancing or protecting image features. In suppressing
noise, the traditional filtering method embodies the trade-off
between image signal-to-noise ratio and spatial resolution.
Mean filtering smooths the image to eliminate evenly dis-
tributed noise and Gaussian noise in the image at the ex-
pense of blurring the original image. Figures 6 and 7 show
the digital image processing.

.e normal deformation curves of nonmaterial geo-
technical materials and blocks can be obtained by experi-
ments. As shown in Figure 8, the normal deformation values
of nonmaterial geotechnical materials and blocks are shown
in the figure. For the normal displacement of rock blocks in
nonmaterial geotechnical materials, the weighted values of
deformation of coarse sandstone blocks and fine sandstone
blocks without structural planes can be obtained.

.e curves of nonmaterial geotechnical materials can be
obtained. By analyzing and studying Figure 6, the normal
stiffness coefficient of cracks σn � 10MPa is taken as the

unified stiffness coefficient of nonmaterial geotechnical
material structural planes under different confining pres-
sures. .e normal stiffness coefficients of single-fissure
coarse sandstone, single-fissure fine sandstone, and non-
material rock and soil materials are 1.793, respectively, by
solving the slope of a point on the curve on −Δdf.

Under different confining pressures, the failure mode of
coarse sandstone and fine sandstone is mainly the shear
failure of the oblique section after unloading. Specific steps
are as follows: (a) measure the diameter and height of the
specimen accurately, as shown in Table 2; (b) place the
standard rock specimen between the upper and lower bases
with gaskets in the test, seal with tape, and then add a heat
shrinkage tube to ensure uniform and close contact between

Table 1: Test parameter values in the texture relationship of rock
samples.

Specimen/
parameter a b m K0 ε0

100# –1.28×10−8 0.062 2.14×1012 1.96×10−12 0.5
158# 5.1× 10−16 0.4 0.91× 1017 2.3×10−17 –0.93

0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
1

2

3

4

5

6

8

9

Curve fitting

Experimental curve

Figure 4: Comparisons of stress-strain relationship test results and
juice calculation curves for 100#.

1
1 1.5 2.5 3.5 4.5

1.5

2

2.5

3

3.5

4

Curve fitting

Experimental curve

Figure 5: .e stress-strain relationship test results of 158# and the
fitting curve comparison chart.
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the heat shrinkage tube and the specimen; (c) install an
extensometer and a hoop device on the specimen; (d) place
the installed pattern on the test machine; (e) apply confining
pressure first and then axial pressure through the computer

system of the test machine, and reasonably control loading
path, loading rate, and data sampling interval in advance.

Table 2 shows that the stress-strain curves of standard
rock specimens vary basically under different confining
pressures, but there are some differences in peak strength,
residual strength, and yield stress with different confining
pressures.

5. Conclusions

.e constitutive theory of nonmaterial geotechnical materials is
the basis of modern soil mechanics. When using advanced
numerical methods to analyze geotechnical engineering prob-
lems, the correct establishment and rational application of the
geotechnical media constitutive model is often one of the key
technologies to improve the accuracy of calculation, which is of
great significance. In the study of permeability and hydraulic
hazard of nonmaterial geotechnical materials, one of the most
critical problems is the determination of a constitutive model of
geotechnical materials. Due to the limitation of experimental
means and theoretical development stage, the constitutive
model of seepage stress coincidence has not yet been system-
atically reported. In this paper, based on the analysis of an-
isotropic seepage stress coincidence in geotechnical engineering,
the constitutive model of anisotropic seepage stress coincidence
in soft rock material is established on the basis of the analysis of
the modeling theory and research status of the constitutive
model of geotechnical material and the results of the seepage
stress coincidence test in soft rock. .e main achievements of
this paper are as follows:

(a) In this study, the calculation models and theoretical
formulas of permeability coefficients of nonmaterial

Figure 6: Performs over-limit neighborhood averaging (3× 3) processing.

Figure 7: Performs over-limit neighborhood averaging (5× 5) processing.
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Rock mass
Rock block

Figure 8: Weighted value curve.

Table 2: Dimensions and confining pressures of specimens.

Specimen
number

Diameter
(mm)

Height
(mm)

Confining pressure
(MPa)

01 46 97 0
02 47 96 2
03 48 95 4
04 49 96 6

Advances in Civil Engineering 9



geotechnical materials with different lithologies on
both sides of cracks are derived, which improves the
accuracy of the calculation of permeability coeffi-
cients of heterogeneous nonmaterial geotechnical
materials. .e proposed formula complements the
short slabs in this field and provides a more safe and
reliable calculation method for geotechnical engi-
neering construction

(b) .e permeability coefficient of nonmaterial geo-
technical materials decreases with the increase of
confining pressure in a certain range. When the net
confining pressure is 14MPa, the permeability co-
efficient of nonmaterial geotechnical materials be-
gins to stabilize, which indicates that the influence of
confining pressure on the permeability of rock mass
is limited to a certain range

(c) Lithology on both sides of the fracture surface of
immaterial geotechnical materials has a significant
influence on the fracture permeability coefficient.
Under the same fissure water pressure and confining
pressure, the permeability coefficient of single-fis-
sure coarse sandstone is the largest, the permeability
coefficient of the single-fissure heterogeneous rock
mass is the second, and the permeability coefficient
of single-fissure fine sandstone is the smallest
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Pb2+ and Cd2+ from aqueous solution by containment geo-
materials,” Exergetic, Energetic and Environmental Dimen-
sions, pp. 1029–1043, 2018.

[37] M. J. Alipour and A. Lashkari, “Prediction of sand instability
under constant shear drained paths,” in Proceedings of the
International Workshop on Bifurcation and Degradation in
Geomaterials, pp. 105–110, Limassol, Cyprus, May 2017.

[38] A. Eslami, M. Ahmadnezhad, A. E. Kenarsari et al., “Ex-
perimental study on stiffness properties of non-engineered
clay and granular fills,” Arabian Journal of Geosciences, vol. 8,
no. 5, pp. 1–11, 2015.

[39] S. Ji, S. Sun, and Y. Yan, “Discrete element modeling of rock
materials with dilated polyhedral elements,” Procedia Engi-
neering, vol. 102, pp. 1793–1802, 2015.

[40] P. Shan and X. Lai, “Influence of CT scanning parameters on
rock and soil images,” Journal of Visual Communication and
Image Representation, vol. 58, no. 1, pp. 642–650, 2019.

[41] S. Wan, Y. Xia, L. Qi, Y. H. Yang, and M. Atiquzzaman,
“Automated colorization of a grayscale image with seed points
propagation,” IEEE Transactions onMultimedia, vol. 22, no. 7,
pp. 1756–1768, 2020.

[42] P. Shan and X. Lai, “Mesoscopic structure PFC∼2D model of
soil rock mixture based on digital image,” Journal of Visual
Communication and Image Representation, vol. 58, pp. 407–
415, 2019.

[43] Nhat-Duc Hoang and Q.-L. Nguyen, “Metaheuristic opti-
mized edge detection for recognition of concrete wall cracks: a
comparative study on the performances of roberts, prewitt,
canny, and sobel algorithms,” Advances in Civil Engineering,
vol. 2018, Article ID 7163580, 16 pages, 2018.

[44] M. Elhoseny and K. Shankar, “Optimal bilateral filter and
convolutional neural network based denoising method of
medical image measurements,” Measurement, vol. 143,
pp. 125–135, 2019.

Advances in Civil Engineering 11


