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Abstract

The pore structure of microbially solidified construction residue soil is an important factor affecting its ability to resist wind
erosion and dust. It is challenging to explain the mechanism of microbially induced calcium carbonate precipitation and to
more accurately simulate the infiltration process of bacterial liquid given that current studies on pore structure and distribution
in this field are restricted to two-dimensional surface observation and macroscopic experimental parameter determination.
In this paper, the high-precision image of microbially solidified construction residue soil is obtained by CT scanning, and
the three-dimensional network pore structure model of microbially solidified construction residue soil is reconstructed using
advanced visualization software (Avizo) and digital image processing technology. Four representative units are extracted
from the model in turn, and the maximum ball algorithm is used to statistically analyze the parameters such as pores and
throats of the representative units. Results show that the soil’s pore and throat radii are, respectively, distributed around 80
and 60 pm and the fitting indexes are 0.90 and 0.93, respectively. The coordination number is mainly distributed in the range
of 4-11, and the fitting index is 0.94. The throat length is distributed in the range of 50-950 pm, and the fitting index is 0.83.
According to frequency distributions of pore volume and pore-throat equivalent radius ratio, the pores in the soil are mostly
small and micro pores, the pore network is well developed, and the structure is relatively stable. Construction residue soil’s
resistance to wind erosion and dust-raising can be significantly improved by microbial solidification. This method can also
be useful for nondestructive quantitative characterization of soil meso-pore network structure.

Keywords Microbial solidification - Construction residue soil - Pore network - CT scanning - Maximum ball algorithm -
Parametric analysis

Introduction

Biogeotechnology has many advantages, such as low car-
bon, environmental protection, as well as low investment
and maintenance costs. It is mainly used to deal with envi-
ronmental control, soil reinforcement, slope protection, and
building crack repair.

Soil is the most complex nonlinear system in the world.
The reason for its complexity is that the internal pore net-
work structure changes all the time. In the field of soil
improvement in geotechnical engineering, pouring cement
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or chemical materials into the soil is a common technique
for soil reinforcement. Nevertheless, this technique often
poses a serious threat to the environment (Dimitrios and
Lyesse 2019; DeJong et al. 2010), so scientists are striv-
ing to develop an eco-friendly soil reinforcement technol-
ogy. Microbially induced carbonate precipitation (MICP) is
a new type of soil reinforcement technology that is green,
easy to operate and efficient (Whiffin 2004; Mitchell and
Santamarina 2005). The mechanism of MICP is that micro-
organisms produce mineral crystals through a series of bio-
chemical reactions with the surrounding environment using
their own metabolism and respiration, and then use their
filling and cementation to fill soil pores (DeJong et al. 2006),
changing the pore network structure of the soil, improving
soil stability and giving loose soil specific mechanical prop-
erties (Ivanov and Chu 2008; Cheng et al. 2013; Tang et al.
2020; Whiffin et al. 2007; Michael et al. 2016).
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The impermeability of rock and soil mass (Cuthbert et al.
2013; Phillips et al. 2016), soil improvement (Liu et al. 2016;
Van Paassen et al. 2010), anti-liquefaction (Montoya et al.
2013; Delong et al. 2013), freeze—thaw resistance (Cheng
et al. 2013; Sharma et al. 2021), dust suppression and sand
fixation (Naeimi and Chu 2017; Meyer et al. 2011), and
treatment of polluted soil (Xu et al. 2013; Fujita et al. 2010),
are the main areas of research and application for micro-
bial solidification technology in the field of geotechnical
engineering. Currently, the most efficient MICP is achieved
through microbiologically or enzymatically catalyzed urea
hydrolysis, whereby soluble calcium source is converted into
insoluble calcium carbonate crystals that bind individual soil
grains together, forming a thin layer of calcium carbonate
crust to withstand wind erosion and dust, which has become
a hot topic in the engineering world. Meng et al. (2021a;
b) carried out a field test to study the ability of microbially
solidified desert soil to resist wind erosion; results show that
microbial solidification can form crusts on the soil surface,
thereby improving the bearing capacity and wind erosion
resistance of desert soil. Zhang et al. (2021) performed
wind tunnel tests on four groups of microbially consoli-
dated sands with different particle sizes, and analyzed the
surface strength, microstructure, and soluble salt content of
the samples before and after the test; they concluded that
microbially consolidated bare soil is an efficient and envi-
ronmentally friendly anti-wind erosion and dust technology.
Zhan et al. (2016) determined through laboratory tests and
engineering applications that microbial solidification of soil
technology can effectively improve soil resistance to wind
and hydraulic erosion and has good ecological compatibility.
The essence of microbially solidified soil is that in the pore
network inside the soil, either the mineral crystals produced
by microbial solidification are adsorbed on the surface of
soil particles to increase the particle size, or the adjacent
soil particles are bonded together by “biological bridging”,
in order to improve the stability of soil pore structure and
achieve the purpose of improvement. However, the majority
of current research on microbially solidified soil focuses on
its macroscopic mechanical properties, and there are only a
few mesoscopic studies on the pore network structure within
the soil (Terzis and Laloui 2018, 2019), which does not sup-
port the potential application of microbial solidification and
soil improvement technology.

The main purpose of this article is to study how to use
the MICP process for changing soil pore structure, i.e., to
improve the anti-wind erosion and dust-raising ability of
construction residue soil. The microbially solidified con-
struction residue soil is scanned by CT, and the original
image obtained from the scan is de-noised, enhanced, and
thresholded by the advanced visualization software Avizo.
The pore network model of the soil is three-dimensionally
reconstructed. At the same time, the overall pore network is
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characterized using a set of representative units of a certain
size, and the frequency distribution histogram and curve of
the extracted parameters are analyzed using the pore size,
throat length, pore coordination number, pore volume, pore-
throat ratio, and other parameters of the characterizing unit
body. It can be used as a reference for future studies on the
characterization of microbially solidified soil structure and
the characteristics of wind erosion and dust resistance.

Materials and methods
Test soil

The soil sample used in this experiment is the construc-
tion residue soil in the mountain area of Jiaozuo, Henan
Province. The construction residue soil usually refers to the
abandoned soil containing various building materials and
other wastes produced in building construction or demolition
processes. This type of soil has no cohesive force holding
the particles, and it easily produces dust when it is piled
up on a construction site, which pollutes the environment.
The soil sample is taken to the laboratory for natural air
drying, and crushed through a 2 mm sieve, to maintain its
basic physical properties. Although the soil cannot be com-
pletely dried under natural conditions, the water content
after air drying is defined as the minimum water content
under natural conditions. The grain size distribution curve
of the soil after screening is determined by laser particle size
analyzer (Fig. 1), as shown in Fig. 2. The uneven coefficient
Cu=7.27>5 and the curvature coefficient Cc=1.22=1-3
can be obtained from the data in Fig. 2, namely, the soil with
good gradation. The basic physical soil indexes are deter-
mined according to the soil test standard GB/T50123-2019,
and the results are shown in Table 1.

Fig. 1 Laser particle analyzer
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Fig.2 The gradation curve of soil particle size

CT scanning and sample preparation

The mercury injection capillary pressure and nitrogen
adsorption methods are distinct from CT scanning. These
two techniques can extract the pore size distribution and
pore volume of rock and soil, but they are unable to accu-
rately characterize the pore network structure of soil or
extract the closed pores, and they may also damage the
sample (Wu et al. 2019) to some extent. CT scanning tech-
nology has the characteristics of being non-destructive and
real-time, which allows to observe the internal structure
of the sample in real time without altering its state (Li
et al. 2016), such as pore size, medium size, pore network
distribution and compactness change. It also allows the
direct observation of closed pores and their characteris-
tics. In this experiment, Phoenix vl tome Ix s, an industrial
microscopic CT scanning system is used for nondestruc-
tive scanning of the three-dimensional structure of the
soil sample. As shown in Fig. 3, the system was produced
by General Electric Co., Ltd. and it is a multi-functional
high-resolution system for two-dimensional X-ray detec-
tion, three-dimensional computer tomography, and three-
dimensional measurement. The chosen CT scanning
parameters for soil samples after system debugging are:
voltage 150 kV, current 130 pA, exposure time 1000 m/s,
sensitivity 2, and image resolution 11.54 pm. A total of

Table 1 Basic physical indexes of soil samples
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Fig. 3 Industrial microscopic CT scanning system

1500 jpg images (1936 x 1936 pixels, 8-bit gray value)
scanned in the default order are collected.

The specimen used for scanning is a construction residue
soil prepared in a 10 ml beaker as a mold. The specimen
preparation process is carried out using the controlled dry
density method to fill the mold with the test soil, and the
upper surface of the soil is spread flat. Next, the microbial
curing test is carried out using the most common and effi-
cient reaction process, namely the urea hydrolysis reaction
process (Phillips et al. 2013). The strain used is Bacillus
Sporosarcina pasteurii (China General Microorganism
Collection and Management Center No. CGMCC1.3687),
and the cementing solution is a mixture of urea and cal-
cium chloride in equal proportion. The urease produced
by Bacillus Sporosarcina pasteurii metabolism is used to
hydrolyze urea in a series of biochemical reactions, with
Bacillus Sporosarcina as the nucleation site. The reaction
process then precipitates calcium carbonate crystals with
cementation and fills the final nucleation site of Bacillus sp.
The spraying method (Cheng and Cord-Ruwisch 2014) is
used in this experiment to carry out the microbial curing of
the soil surface. Table 2 shows the amounts and concentra-
tions of the bacterial solution and the cementing solution.
Specimens were sprayed with bacterial solution first, fol-
lowed by colloidal solution at intervals of ten minutes, and
then kept at room temperature for seven days after spraying.
Afterwards, a CT scan of the mold’s central cylinder (20 mm
height X 20 mm diameter at the bottom) was performed, as
shown in Fig. 4.

Soil sample Natural density (kN Maximum dry unit

m™) density/(g cm™)

Minimum dry unit
density/(g cm™)

Liquid limit (%) Plastic limit (%) Dsy (um) Dy, (pm)

Construction resi- 1.67 1.51 1.00

due soil

24.6 16.7 12.36 36.82
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Table 2 Parameter design for microbially solidified construction resi-
dues soil

Dry Bacterium Cement  Bacterial Cement Curing

density/  dosage/ dosage/ concen-  concen- time/

(gem™) (Lm? (Lm™>? tration/ tration/ (d)
(ODgyy)  (mol L7h

1.357 0.5 1.0 4.0 0.5 7

Fig.4 Microbial consolidation of soil samples for CT scan

Max ball algorithm

The maximum ball algorithm is a method for character-
izing the pore network structure of porous media using
a ball-and-stick model, which typically uses data from
microscopic CT scan imaging. It employs a three-dimen-
sional binary matrix transport algorithm to model and
analyze the images in order to describe the physical and
mechanical characteristics of porous media. The algorithm
was first proposed by Silin and Patzek (2006) based on
the pore network model proposed by Fatt (1956), which
defines the concept of pore body and pore throat. The
pores in the soil are identified as inner tangent spheres,
and the connected inner tangent spheres represent con-
nected pores. The modeling automatically identifies the
largest and smaller spheres in the inner tangent spheres.
The largest sphere is identified as the ball and the con-
nected smaller spheres are modeled as the stick in the
ball-and-stick model. The connected spheres form the ball-
and-stick model to characterize the pore network struc-
ture of the medium. However, determining the boundary
between the pores and the throat channel is not an easy
task, because there is no clear definition of the complete
soil pore network that Silin and Patzek (2006) failed to
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extract. Al-Kharusi and Blunt (2007) extended Silin’s ball-
and-stick model in 2007 to include the concept of mas-
ter spheres, slave spheres, or star cluster spheres to ana-
lyze the pore network structure of the medium in a more
refined way, but the practicality of Al-Kharusi algorithm
is weak due to the pore number limitation. Dong and Blunt
(2009) abandoned the previous classification of spheres
and distinguished the pore network structure into pores
and throats only and improved the original maximum ball
algorithm. They extracted the simplified pore-throat net-
work from the pore space image by parameterizing the
geometric structure and connectivity, predicted the sand-
stone pore space network model’s relative permeability
based on the extracted parameters, and compared with the
experimental results to verify the reliability of the maxi-
mum ball algorithm.

Avizo is an advanced 3D visualization tool for materi-
als science, with features like raw image preprocessing,
threshold segmentation, 3D volume rendering, pore network
reconstruction, and geometric surface meshing. It can also
analyze the relevant parameters of the matrix and pore body
in the 3D-reconstructed model and save the data in other
relevant formats for joint numerical simulation using COM-
SOL and ANSYS (Bird et al. 2014; Fan et al. 2020). In this
paper, Avizo is used to apply a series of processing functions
on raw images obtained from CT scans. The Pore Network
Model View module of the software is used to visualize the
pore network model of the 3D-reconstructed model with a
ball-stick visualization, and to characterize and analyze the
soil pore network based on the data obtained from the maxi-
mum ball algorithm (Xie et al. 2020) to assess its structural
stability.

The formulas of the maximum ball algorithm based on
the 3D visualization software Avizo (Li et al. 2019) are
given in (1)—(6):

Pore (throat) length (L):

L=l o
i=1

where /; is the discrete pore length (um) divided by a number
of points equal to the Euclidean distance between two points.
Pore (throat) volume (Vp):

Vo =NXV,, 2)

where V,, is the volume of the smallest voxel unit (um?), and
N is the number of voxel units contained in the 3D pores.
Pore equivalent radius (Rp):

P 3)

Throat equivalent radius (R,):
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where V,, is the pore volume (um>), and L is the pore length
(pm).
Coordination number (C):

2 X Ng—Ng
c="2B8"F
N §)

where Ny is the number of branch pores connected by a
node, Ng is the number of endpoint pores, and Nj is the
number of nodes.

Pore throat equivalent radius ratio (P):

p=-2 ©6)

where R; is the equivalent radius of the ith pore sphere, R;;
is the equivalent radius of the throat connected to the ith
pore sphere.

Reconstruction of the 3D pore network
model

Image processing

Figure 5 shows the two-dimensional construction residue
tomographic image obtained from industrial micro-CT scan.
There are three colors in the image: white, black, and gray.
The white area indicates the high-density area, which rep-
resents the minerals in the soil sample. The black part indi-
cates the low-density area, thus showing the pores in the soil
body, and the darker black parts indicate the more developed
pores inside the specimen. The remaining gray parts repre-
sent the soil agglomerates and soil particles. The purpose of
this paper is to explore the pore network model of the soil
body, so when thresholding the CT images, minerals, soil
aggregates, and soil particles are segmented as solid-phase
factors of the soil body to facilitate the modeling and the
analysis of the soil pore network structure parameters. The
two-dimensional tomographic sections can only show the
distribution information of soil matrix and pores in the spec-
imen cross-section, which cannot visually characterize the
three-dimensional structure of the soil body (Ivanov et al.
2019). Therefore, the Avizo 3D reconstruction technique
is required to convert a series of 2D tomographic images
obtained from the scan into a three-dimensional structure,
in order to observe the fine-scale structure of the soil sample
pore network more intuitively.

In the CT scanning of soil samples, some small spots
often appear on the original CT images due to soil

T "

'

3

Fig.5 Two-dimensional tomographic image of soil [threshold range:
pores (54-92), soil grain (92—175), minerals (175-250)]

disturbance, and unstable operating voltage and current of
the scanning equipment and detector noise, which affects the
modeling of the soil to some extent in the later 3D recon-
struction. In order to minimize the impact of such factors
on image quality, a noise reduction filter is applied, edges
are enhanced, and other pre-processing techniques are per-
formed on the original CT images to improve the analysis
of the structural information of the pore network of the con-
struction residue soil later on. Common filtering methods
are Gaussian filtering, mean filtering and median filtering. In
this paper, the median filter of the filter sandbox module of
Avizo is first applied to smooth the original images. Median
filtering is more efficient than the other two filtering meth-
ods and results in a smoother output. It reduces the noise at
image edges while maintaining the effective information in
the image (Fig. 6).

3D reconstruction and extraction of characterization
units

The three-dimensional model of the CT-scanned images of
microbially solidified soil is reconstructed using the visual
image analysis software Avizo. The preprocessed two-
dimensional CT fault image is first segmented by binariza-
tion. Based on gray level differences in the CT image, the
interactive thresholding module in Avizo is used with the
appropriate threshold to segment the CT image. Segmenta-
tion is a key step in the subsequent modeling analysis. In this
paper, the soil is mainly divided into two states, pores and
solid phases. There are many small pores in the soil due to
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(a) Original image

Fig.6 Pre-processing effect of the original image
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(b) Representative element volume

(a) 3D reconstructed model

Fig. 7 Extraction of representative element volume

its looseness. For these small pores, the interactive Top-Hat
module can be used to better identify the fine structure in
the segmented image. The volume rendering module is then
used to reconstruct the 3D image of the soil, which is shown
in Fig. 7a. As seen in the diagram, the soil particle content
has an absolute advantage, and the interactive distribution
of pores forms a connected network structure. Due to the
limitation of computer memory and CPU processing capac-
ity, a representative element volume (REV) of 3 X3 X3 mm
is taken every 2 mm in the three-dimensional reconstruction
model of soil to characterize the pore network parameters

(a) Original image (b) Threshold segmentation

Fig.8 REYV pore structure reconstruction
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(b) Processed image

of this layer in the residual soil (Koestel et al. 2020). Four
REVs are taken from top to bottom, as shown in Fig. 7b.
The three-dimensional pore network structure of the soil
representative element REV is visualized, and the qualitative
extraction and analysis of relevant parameters are carried out
to clearly understand the meso-structure characteristics of
the pore network in the microbially solidified soil.
Parametric analysis of the extracted REV pore network
model (Brian and Robert 1998) is performed based on the
maximum ball algorithm. The Volume Edit module in Avizo
is first used to extract the corresponding position and char-
acterize the three-dimensional structure of the unitary REV.
The Axis Connectivity module is then used to link the pores
in the REV and remove the isolated pores. The Separate
Objects module is used next, in order to adjust the relevant
parameters to segment the pores in the REV. The individual
pores are characterized as shown in Fig. 8c, and the pore
network model of REV is modeled using the Generate Pore
Network Model function as shown in Fig. 8d. The maximum
ball algorithm is analyzed using the Pore Network Model
View module, and the relevant parameters of the pore net-
work structure model of the soil REV are finally exported. In
the reconstructed REV pore network ball-and-stick model,
the ball represents the pores and the cylinder represents the
throat channel connected between the pores. In this paper,
the REV pore network model is analyzed by the maximum
ball algorithm to obtain the structural parameters, such as

(©)3D Volume rendering (d) Pore network
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pores and throat channels of the REV, distribution of the
volume of pores, equivalent radius of pores, coordination
number, equivalent radius of throat channels, and length of
throat channels. Pore-throat radius ratio (Meng et al. 2021a,
b) in the soil REV is evaluated by analysis to describe the
overall pore network distribution characteristics and struc-
tural stability of the soil sample.

Parameter results and analysis

Comprehensive analysis of the four REV pore network mod-
els extracted from the 3D reconstructed model and the sta-
tistics of the relevant pore parameters is carried out, and the
frequency distribution of each parameter is plotted. Figures 9
and 10 show the frequency and distribution curves of pore
equivalent radius and throat equivalent radius, respectively.
It can be observed that the pore equivalent radius distribu-
tion is within 250 pm, with a peak frequency distribution of
about 9% near 80 pm. The number of pores with equivalent
radius in the range of 70—100 pm accounts for most of the
pores, and there is only a very small number of pores with
equivalent radius over 150 pm and below 40 pm. The distri-
bution of the equivalent radius of the throat channels is also
within 250 um, and the frequency distribution peak occurs
around 60 pm, which is about 10%. The number of throat
channels with the equivalent radius in the range of 40-70 pm
accounts for the majority, and the throat channels with the
equivalent radius over 120 pm represent a minority. This
indicates that the pore spaces in the range of 70—100 pm
and the throat channels in the range of 40-70 pm are the
main components in the pore network structure of this soil
sample. The equivalent radius of the pore and the equivalent
radius of the throat are fitted with Gaussians. The average
equivalent radius of the pore is 110 pm, and the fitted index
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Fig.9 REYV pore radius distribution frequency figure
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Fig. 10 REV throat radius distribution frequency figure

after the adjustment of the pore radius is 0.90. The aver-
age equivalent radius of the throat is 79 pm, and the fitted
index after the adjustment of the throat radius is 0.93. It can
be seen that the frequency distribution curves of the pore
radius and the throat radius approximately obey the normal
distribution. The frequency distributions of pore and throat
dimensions of the four characterization units indicate that
the overall structure of the soil body is relatively stable.

In the three-dimensional reconstruction of soil body,
the pores are connected to one another by the throat. The
number of pore throats connected to a pore is called the
coordination number of the pore, which can directly indi-
cate the good or bad connectivity of the pore network. The
connectivity between the pores improves with increasing
coordination number, and the permeability of the three-
dimensional pore structure model to the medium also
improves with connectivity. Figure 11 shows the frequency
diagram of the average coordination number distribution
of the four taken REVs. It can be observed in the figure
that the coordination number of the soil sample is mostly
distributed in the interval from O to 25, where the peak fre-
quency distribution occurs near the coordination number
of 6, which is about 12%. Since the sample is a soil struc-
ture, there are almost no closed pores when the coordina-
tion number is 0, meaning that the pores are closed and
not connected to other pores. The percentage of the four
REV pore parameters is 0.1% in this case. The average
coordination number of all pores in the soil is 9.03. The
Gaussian fitting of the coordination number frequency dis-
tribution curve shows that the fitting index of the coordi-
nation number is 0.94, which indicates that the frequency
distribution curve roughly follows the normal distribution,
which suggests that the coordination number distribution
is more concentrated and the pore network of the soil is
better connected.

@ Springer
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Figure 12 shows the frequency distribution diagram of
four REV throat lengths. It can be noticed that most of the
throat lengths are distributed in the range of 50-950 pm,
and the frequency distribution peak appears near the throat
length of 180 pm, accounting for about 9%. Gaussian curve
fitting is used to fit the distribution frequency of the throat
length. The fitting index of the throat length is 0.83, and the
average equivalent length of the throat is 380 um, which is
quite different from the peak value of the throat. However,
as can be seen from the figure, the frequency distribution of
the throat length is relatively concentrated. When the throat
length exceeds the 180 um peak, the distribution frequency
of throat length shows a gradual decreasing trend, indicating
that the throat length is roughly subject to normal distribu-
tion. This corresponds to the normal distribution frequency
of pore and throat equivalent radius, indicating that the pore
network structure of soil is relatively stable.
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Fig. 12 REV throat length distribution frequency figure
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Figure 13 shows the frequency diagram of the pore vol-
ume distribution of the four REVs. It can be observed that
the distribution of the pore volume of the soil sample is
relatively uneven, due to the fragmentation and dispersion
of the soil, and most of the pore volume is in 0—1.0 X 107
pum?, accounting for 83%, while only 15% of the pore volume
exceeds 2.0x 107 pm?. The frequency distribution curve of
the pore volume is fitted with a Gaussian, and the correlation
coefficient obtained from the fitting is 0.52. Therefore, the
distribution curve does not follow a normal distribution. The
reason is that due to the special nature of the soil, most of
the pore network is made up of small pores and micro-pores.
However, this also demonstrates that the skeletal part of the
soil is completely dominant, and the structure is stable.

In the soil REV pore network structure, the ratio of the
equivalent radius of the pore and the equivalent radius of its
connected throat is defined as the pore-throat radius ratio.
By reflecting the size difference between the pore and its
connected throat, this ratio can, to a certain extent, reflect the
uniformity of the development of the pore network structure.
The smaller the radius ratio of pore throat, the smaller the
size difference of pore throat, the more uniformly the pore
network develops, and the structure is relatively stable. In
contrast, the larger the pore throat radius ratio, the larger
the size difference of pore throat, the poorer the pore net-
work develops, the larger the size difference of pore and
throat, and the structure is very unstable. Figure 14 shows
the frequency diagram of REV pore-throat equivalent radius
ratio distribution. As can be seen from the diagram, the
pore-throat radius ratio is mainly distributed in the range of
0.5-2.0, accounting for 64%, while the pore-throat ratio over
3.0 accounts for very little. Through the analysis of the REV
pore-throat radius ratio, it shows that the pore network of the
samples is relatively uniformly developed, and the structure
is more stable. Due to the properties of the soil, there are
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Fig. 13 REV pore volume distribution frequency figure
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some areas with a large pore throat radius, but the propor-
tion is generally quite small, so the overall soil structure is
relatively stable.

Conclusion

(1) A high-precision image was obtained by CT scanning
of microbially solidified construction residue soil. The
visualization software Avizo and digital image process-
ing technology were used for denoising, enhancement,
threshold segmentation, and three-dimensional volume
rendering of CT scanning images. The three-dimen-
sional pore network model of microbially solidified
construction residue soil was reconstructed. Four REVs
were extracted from the model, and the maximum ball
algorithm was used to analyze the pore network struc-
ture of the REV.

(2) The analysis of the pore parameters of the soil REV
pore network model showed that the pore radius, throat
radius, pore coordination number, and throat length all
roughly follow a normal distribution, and the frequency
distributions of pore volume and pore-throat equiva-
lent radius ratio are also more concentrated, indicating
that the pore network of microbially cured construction
residue soil is more evenly developed and features a
more stable structure.

(3) The pore and throat radii are, respectively, distributed
in the range of 80 and 60 pm, and their fitting indexes
are 0.90 and 0.93, respectively. The coordination num-
ber is mainly distributed in the range of 4-11, and the
fit index is 0.94. The throat length is distributed in the
range of 50-950 pm, and the fit index is 0.83. The pore
volume is mostly less than 1.0 x 107 pm?, accounting
for 83%, the pore-throat radius ratio is mainly distrib-

uted in the range of 0.5-2.0 accounting for 64%, and
the ratio of more than 3.0 is very small.

According to this study’s analysis of the meso-structure
of the soil pore network, microbial curing directly increases
the soil’s wind erosion resistance while also improving the
pore network of construction residue. This suggests that
microbial curing technology has a lot of potential in the field
of geotechnical engineering soil reinforcement and improve-
ment. However, there are still certain restrictions on how
this study may be used to practical engineering, such as the
impact of microbial strains” working settings, the uniformity
of the spraying technique, the impact of harsh environments,
etc.
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