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Abstract. This article focuses on the problem of excessive diffusion range of
grouting body encountered in engineering projects, and analyzes in detail the pos-
sible influencing factors. Based on fractal theory, the filling coefficient and dif-
fusion mechanism of grouting body in sandy soil layer are analyzed from a mi-
croscopic perspective, as well as their influencing factors and causes. Based on
the diffusion mechanism, targeted solutions have been proposed, effectively sav-
ing costs.
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1 Introduction

Grouting is the preparation of a certain material into a slurry, which is drilled through
pressure equipment and injected into the gaps of particles in the formation, the interface
of the soil layer or the cracks of the rock layer for diffusion, solidification, and solidi-
fication, in order to achieve the goal of strengthening the formation or preventing leak-
age. With the deepening of the "the Belt and Road" construction and the rapid devel-
opment of China's economy, large-scale high-rise buildings, water conservancy and hy-
dropower, deep mine, urban subway and other projects have been started. The sand
layer of the aquifer is a poor layer that is often exposed during construction of such
projects. The structure of the water-bearing sand layer is loose, with poor self-stability.
Construction disturbance is prone to disasters such as collapse, water burst, sand blast-
ing, and surface collapse, often causing serious casualties and economic losses. Grout-
ing technology involves disciplines such as chemistry, fluid mechanics, engineering
geology, hydrogeology, and geotechnical mechanics, and is closely related to hydraulic
electronic technology. It is mainly used to reduce the permeability of rocks and soil,
increase their strength, or reduce the deformation of the foundation. In recent years, it
has also been used to repair concrete cracks. Practice has shown that grouting can sig-
nificantly improve the mechanical strength and impermeability of sand layers, and
grouting technology has become an effective way to reinforce and treat aquifers. In
grouting engineering, it is common to encounter sandy soil layers, gravel soil, and other
formations with high porosity and good permeability that are rich in water. In these
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strata, the grouting slurry mainly penetrates and diffuses, and the groundwater flow rate
has a significant impact on the slurry diffusion. Portland cement is the most widely used
and widely used grouting material, but cement slurry is atypical granular slurry. At
present, domestic and foreign experts and scholars have conducted in-depth the theo-
retical analysis and systematic experimental research on porous media infiltration
grouting. Eriksson et al. [1] proposed the percolation effect of the injected medium on
the slurry during the slurry diffusion process based on a mesh model of slurry diffusion;
Chupin et al. [2] studied the one-dimensional grouting diffusion of cement-based grout-
ing material 926 geotechnical mechanics in sandy soil in 2017 through indoor experi-
ments and finite element numerical simulation, demonstrating that the infiltration effect
of sandy soil has a significant impact on the diffusion of cement-based slurry; Bouche-
laghem et al. [3] conducted infiltration grouting simulation on deformable saturated
porous media, using a model that takes into account the deformation of the solid particle
skeleton, the migration of the slurry, and the dilution and filtration of the slurry during
the migration process; Saada et al. [4] conducted penetration grouting tests using ce-
ment suspension and proposed a theoretical model that considers the infiltration effect
of sandy granular media; Fang Kai et al. [6] proposed a cement slurry diffusion model
under spherical pore diffusion conditions based on summarizing the standards for grout
injectability. Chen Xingxin et al. [5] revealed the coupling mechanism between sus-
pended particle size and hydrodynamic forces on the migration characteristics of sus-
pended particles in saturated porous media through indoor soil column experiments.
Kim et al. [7] considered the time-varying viscosity of the slurry and the changes in
porosity of the porous medium, and concluded that the filtration amount of the slurry
depends on the cement particle size, concentration, and porous medium particle size.
Herzig et al. [8] studied the filtration deposition mechanism of slurry particles in porous
media based on mass conservation equations, similarity criteria, and dynamic equa-
tions, and obtained the filtration coefficient under certain conditions. Existing research
has mostly promoted the development of infiltration grouting theory from the perspec-
tive of the filtration mechanism of slurry particles in porous media, while research on
the migration and diffusion changes of water slurry under infiltration effect is even
rarer. Therefore, this article conducted a constant pressure infiltration grouting experi-
ment in sandy soil media, systematically revealing the sealing mechanism and migra-
tion rules of water slurry under infiltration effect The research conclusion not only pro-
motes the development of infiltration grouting theory, but also has high engineering
application value. Due to the complex properties of slurry and injected rock and soil
media, there is currently no very complete mathematical model for dynamic water
grouting, and theoretical research still lags behind engineering practice. Grouting de-
sign mainly relies on engineering experience. Due to the complexity of slurry diffusion
laws, the naturalness of sand layer structures, and the diversity of construction tech-
niques, existing research still cannot fully meet the needs of engineer in construction.
Therefore, this paper conducts a study on the diffusion radius of sand grouting based
on fractal theory.
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2 Project Overview

The building of this project mainly consists of 7 high-rise buildings (building numbers
8-13), 1commercial building (building numbers 20), an auxiliary podium, and a pure
basement. The site is equipped with an overall basement, with an excavation depth of
approximately 3.4-4.8m below the ground level. The proposed building structure type
is shear wall structure and frame structure, and the proposed foundation type is pile raft
foundation The foundation of this project adopts drilled cast-in-place piles, and the
static load test results of engineering piles indicate that the vertical ultimate bearing
capacity of some single piles does not meet the design requirements, so it is necessary
to reinforce the foundation

3 Site issues and cause analysis

Through daily construction record statistics and calculations, the daily grouting vol-
ume of this project greatly exceeds the expectations of the project department, in
order to prevent high costs and the impact of the injected slurry on the surrounding
strata and even buildings. It is necessary to identify and solve the reasons for the
excessive grouting volume. Generally speaking, the main reasons for excessive
grouting volume are local formation leakage and human construction factors. Con-
ventional grouting volume abnormalities are most likely caused by local formation
collapse during the drilling process, increasing the amount of grouting. However,
excessive filling coefficient caused by human factors often occurs in individual
holes, and there is rarely a large area of abnormal grouting volume. So it can be
judged that the overall grouting volume is relatively large due to geological reasons.
Due to the unclear diffusion mechanism of slurry in sandy soil, in order to solve
this problem, fractal theory is used to study the diffusion mechanism of pipe slurry
in sandy soil.

4 Research on the diffusion of grouting body in sandy soil

4.1 Research on Sand Permeability Based on Fractal Dimension

Due to the compliance of on-site construction personnel and initial grouting pressure
with specifications, and without considering the influence of human factors, the diffu-
sion of grouting in sandy soil largely depends on its pores and permeability. Therefore,
by studying the relationship between the pore structure and permeability of sandy soil,
the influencing factors of the diffusion radius of grouting are identified. The initial set-
ting time of cement slurry is relatively long, and the time it takes to reach the finals
table diffusion state during the dynamic water infiltration grouting process is less than
the initial setting time. Moreover, the viscosity of cement slurry remains basically un-
changed before the initial setting, and can be regarded as a Newtonian fluid. The flow
of cement slurry and water in these formations conforms to the applicable conditions
of Darcy's law, and the two-phase seepage theory based on Darcy's law can be applied
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to describe the infiltration and diffusion process of cement slurry under dynamic water
conditions. The final stable diffusion state of the slurry can be described through steady-
state calculation results. [9]

The diffusion of cement slurry in the formation refers to the flow of viscous fluids
formed by cement particles and water in porous media. According to the concept and
application fields of porous media, research on porous media has the following charac-
teristics:

1) Complex structure with strong randomness. According to the definition, it can
also be found that the structure of porous media is extremely complex and not neces-
sarily. The law of pore size is often very small, and traditional methods and conven-
tional instruments are almost unable to directly analyze porous media Research. [10]

2) It involves multiple research fields. From the perspective of application scope,
heat and mass transfer, fluid mechanics, seepage theory, and expansion Scattering the-
ory and other disciplines will appear in the study of porous media theory, and in many
cases, multiple phenomena work together, It has many interdisciplinary characteristics,
which increase the difficulty of research. 3) Even though research on porous media
involves a wide range, However, theoretical research on porous media varies in differ-
ent fields. The permeability of porous media is usually obtained by empirical or semi
empirical formulas, resulting in significant errors and affecting Most disordered porous
media are not suitable. At present, people are gradually deepening their research on the
structure of porous media, especially the pore structure The study of the structure found
that the pore structure of most porous media (such as activated carbon, gravel) has Sta-
tistical uniformity, pore size and quantity distribution exhibit power-law function char-
acteristics, so fractal geometry is used to outline porous media The characteristics of
porous structure are more applicable, and fractal geometry provides practical prediction
and theoretical research for the permeability of such porous media Provided different
research methods and ideas. Due to the use of fractal theory to calculate the permeabil-
ity of porous media, which involves the cross-sectional area of porous media flow, and
the irregularity of the porous media structure, it is difficult to calculate the cross-sec-
tional area of fluid flow in porous media. Therefore, we believe that when cement slurry
flows in pipelines, the bending of the porous pipeline will reduce its flow velocity.
Therefore, the bending of the porous pipeline is an important factor affecting permea-
bility, So the fractal dimension of pore tortuosity is used to describe the degree of cur-
vature of porous pipelines. When the pores are not bent, it is considered that the fluid
permeability pipeline is a straight line, which is a one-dimensional state. As the degree
of curvature of the pores increases, the fractal dimension of the pores also increases.
Finally, the curvature of the pores will fill the entire space, and the fluid channel will
change from a one-dimensional line to a two-dimensional plane state

The relationship between pore fractal dimension and pore permeability is
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We can draw the following conclusion from the above equation:
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The permeability of sand is directly proportional to its fractal dimension, directly
proportional to its maximum pore size, and inversely proportional to its pore bending
fractal dimension.

Next, we will analyze the microstructure of the sandy soil. Based on the definition
of the box dimension and the boxes counting process, the contour image into 500x500
pixels The grid with images is 1, and without images is 0. Firstly, using 8x8 cells as the
basic unit thirty-one The box counting method calculates the total amount of images by
continuously reducing the grid size and recording the presence of The sum of the image
parts and the length of the box, resulting in a series of information about the length of
the box and the presence of the image The points related to the total number of boxes
are simulated to obtain an approximate straight line with a slope of Calculate the fractal
dimension D of the pore structure that we need to obtain. [11]

4.2  Research on the diffusion range of grouting body in sandy soil

Firstly, by simplifying the seepage channel into a tortuous pore, we can assume that the
flow mode of the grouting body in the formation is single-phase horizontal flow, and
the seepage direction remains vertical, resulting in radial leakage. We do not consider
the volume and temperature changes of the grouting body during the movement pro-
cess. At this time, we can simplify the flow of the grouting body into a Bingham model
under the influence of the initial grouting pressure[12]

His general form is:

(1—fAH+la4H4) V2p — 2+ H3)VH -vp = e )
3 3 3 K dt

Where ¢ is the porosity of porous media; K is the permeability of porous media; uis
the dynamic viscosity of the Bingham fluid

At this point, based on the equation, we can see that the diffusion radius of the slurry
is inversely proportional to its dynamic viscosity and directly proportional to its perme-
ability. According to our conclusion in the previous section, it can be seen that its per-
meability is inversely proportional to its pore tortuosity fractal dimension. As the grout-
ing body is configured according to a unified standard, its influencing factor is its pore
tortuosity fractal dimension.

Through the verification of excavation results, it can be seen that the theoretical
grouting diffusion radius is basically consistent with the actual grouting diffusion radius
(see Figure 1 for comparison between the actual and theoretical values of grouting dif-
fusion radius)
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Fig. 1. between the actual and theoretical values of grouting diffusion radius.

5 Control measures for excessive diffusion range of slurry

Based on previous theoretical derivation and experimental verification, it can be
seen that the main reason for the excessive diffusion radius of the grouting body in
this case is the large fractal dimension of its own pore tortuosity. Therefore, we
need to change other influencing factors of the grouting body to solve the problem
of the formation in a targeted manner. [13] Therefore, the following suggestions for
handling measures are made:

1. Due to the fact that the permeability range of the grouting body in sandy soil
is related to its initial grouting pressure, increasing the initial pressure will increase
the permeability range of the grouting body, but at the same time, it is necessary to
ensure the grouting effect of the grouting body. Therefore, conducting grouting
permeability tests in advance and selecting appropriate initial grouting pressure are
the core methods to solve this problem. [14]

2.Due to the fact that the permeability range of grouting material in sandy soil is
related to the dynamic viscosity of the slurry, the diffusion range will correspond-
ingly decrease when it dynamic viscosity is high. Therefore, increasing the density
of bentonite slurry can increase it viscosity or using organic polymer bentonite
composite slurry. It can also increase the dynamic viscosity of the slurry and reduce
the diffusion range of the grouting material. After using the above methods, the
subsequent slurry consumption and diffusion radius of this project were effectively
reduced (see Figure 2 for the comparison of diffusion radius after excavation and
before excavation).
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Fig. 2. the comparison of diffusion radius after excavation and before excavation

6 Subsequent grouting effect testing

Throughout the entire construction process, settlement observation is maintained at
all times, and regular observation is carried out from the beginning of the project to
the end of foundation reinforcement, and then until the completion of the project.
After reinforcement, the horizon deformation of the surrounding retaining structure
and piles of the foundation pit is significantly reduced, and the soil layer under the
piles is compacted, reducing the unbalanced horizontal force generated by the ex-
cavation of the foundation pit on the piles. From the measured pile settlement
around the foundation pit, it can be seen that grouting reinforcement effectively
controls the settlement of the pile foundation and surrounding ground, ensures the
normal passage of vehicles and pedestrians around the deep foundation pit, and also
reduces the risks brought by the deep foundation pit project. Both evaluations have
achieved the effect of grouting reinforcement. All have met the design requirements
for the foundation treatment of the project, successfully saving funds and shorten-
ing the construction period for this project.

7 Conclusion

This article provides a detailed analysis of the possible influencing factors of the large
diffusion range of slurry encountered in engineering. Based on fractal theory, from a
microscopic perspective, the box dimension of sand was determined, and the relation-
ship between dimension and permeability coefficient, as well as the relationship be-
tween permeability coefficient and grouting diffusion radius, was derived. The filling
coefficient and diffusion mechanism of grouting in sand layers were analyzed, as well
as their influencing factors and reasons. Based on the diffusion mechanism, targeted
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solutions have been proposed, playing an important role in ensuring the economic ben-
efits of the project during the later grouting construction.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
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source, provide a link to the Creative Commons license and indicate if changes were made.
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permitted by statutory regulation or exceeds the permitted use, you will need to obtain
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