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Abstract: Grouting is widely used to solve problems such as water inrush and collapse in tunnels and 
subways, with permeation grouting being the most common method. This study explores the influence 
of fluid flow resistance on the permeability of porous media and derives an analytic expression for the 
variation of permeability in porous media based on the diffusion law of cement-based grout columns-
hemispherical diffusion. Based on this, a Newtonian fluid permeation grouting column-hemispherical 
diffusion model considering the variation of permeability in porous media is established, combining 
the rheological equation and the equilibrium equation of the Newtonian fluid. The theoretical results 
considering the influence of fluid flow resistance on the permeability of porous media are consistent 
with the results of existing laboratory tests and numerical simulations, which are closer to the 
experimental results, thus verifying the effectiveness of the proposed theoretical mechanism. 
Parameter analysis shows that with the increase of grouting pressure and grouting time, the diffusion 
radius of the Newtonian fluid infiltration grouting, considering the variation of permeability in porous 
media, increases rapidly and then increases slowly, and with the increase of porous media porosity, its 
radius decreases gradually. The research results can provide theoretical support for selecting grouting 
parameters and quality control in porous media infiltration grouting engineering practice. 

Keywords: permeation grouting; rock and soil porous media; permeability of porous media; 
rheological equation; equilibrium equation 
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1. Introduction 

Since the 20th century, there have been tremendous changes in the infrastructure construction in 
China, and underground excavation projects such as tunnels and subways have been continuously 
developed [1]. However, geological hazards such as large deformation of tunnel surrounding rock, 
water inrush, groundwater and weak strata also pose a threat to underground engineering. 
Reinforcement is the most effective way to solve such disasters, such as anchor reinforcement [2–4], 
grouting reinforcement. Currently, grouting is widely used in engineering projects such as plugging 
and reinforcement during subway and tunnel construction [5,6]. 

Infiltration grouting has become the most widely used and extensively researched grouting 
method in engineering practice due to its relatively easy control during the grouting process and its 
non-destructive effect on surrounding strata [7]. Domestic and foreign scholars [8–12] have conducted 
a large number of laboratory tests on infiltration grouting, studying the relationship between the 
diffusion range of grout mixture and grouting parameters such as grouting time, grouting pressure, and 
water-cement ratio of the grout mixture. Compared to the widespread application of infiltration 
grouting in engineering, the theoretical development of infiltration grouting has been lagging behind 
due to the many influencing factors involved. Earlier, scholars established the Mag theory and the 
Lefranc-Greenwood theory based on Darcy’s law for Newtonian fluids [13,14]. Later, many scholars 
further studied the diffusion path of cement-based grout columns [15,16], the time-dependent viscosity 
of the grout mixture [17–19], the filtration effect of the grout mixture [20–22], and the gravity of the 
grout mixture [23,24] on the diffusion range of infiltration grouting. 

The above studies assume that the pores in rock and soil porous media are uniformly distributed. 
However, the distribution of pores in rock and soil porous media is complex, and assuming that the 
pores are uniformly distributed often results in an overestimation of the diffusion range of the grout 
mixture in infiltration grouting practice. 

Pore distribution in porous media is characterized by curvature and uncertainty and can generally 
be classified into capillary, throat, and pipe-ball models [25,26]. When fluid flows through curved and 
unevenly distributed pores and throats in porous media, it inevitably acts on the particles around the 
porous media, causing changes in pore shape and size. The distribution and size of pores in porous 
media determine the permeability of porous media. Therefore, the permeability of rock and soil porous 
media will inevitably change when fluid flows through it. Permeability of porous media is an important 
factor in analyzing and studying porous media. For example, Sun [27] studied the effect of pore 
pressure on the permeability of mudstone sandstone, and Qu et al. [28] used machine learning to study 
the effect of pore stress concentration on the permeability of porous media and verified a stress-
dependent permeability model influenced by stress concentration with experimental data. In the field 
of oil and gas engineering, the stress sensitivity of permeability is often considered [29–31]. 

Bear [32] proposes that when fluid flows through porous media, it will produce flow resistance 
along the velocity direction of the solid boundary. However, the influence of fluid flow resistance on 
the permeability of porous media in infiltration grouting has not been considered in the study of the 
factors affecting the diffusion range of grout mixture. As shown in Figure 1, after the grout mixture is 
injected into the porous media, the flow resistance it produces will act on the curved and unevenly 
distributed pores, causing the particles around the pores to migrate in the direction of the grout mixture 
velocity, resulting in a narrowing of the pores, and even blocking them, thereby changing the 
permeability of the porous media. 
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Figure 1. The influence of grout flow resistance on the pores of porous media [32]. 

Therefore, this paper aims to investigate the impact of flow resistance of the grout mixture on the 
permeability of porous media during the infiltration grouting process. A model for the variation of 
permeability in porous media is obtained by applying the diffusion law of infiltration grouting column-
hemispherical diffusion. An infiltration grouting diffusion model is then developed by combining the 
rheological equation and the equilibrium equation of the Newtonian fluid, which takes into account 
the variation of permeability in rock and soil porous media. Also the effectiveness of the proposed 
model is evaluated by comparing the numerical simulation results with the laboratory test data. 

2. Permeation grouting diffusion model considering the variation of permeability in porous media 

2.1. The following theoretical derivation is based on the following assumptions 

1) Neglecting the effects of filtration, gravity, and flow pattern changes during the grouting 
process 2) considering the grout mixture as an incompressible, isotropic fluid during the grouting 
process; 3) ignoring the effects of turbulence near the injection hole and assuming laminar flow 
throughout the grouting process and 4) assuming that the grout mixture diffuses according to the 
column-hemispherical infiltration diffusion and Darcy’s law applies. 

2.2. Permeability variation model in porous media 

Iberall [33] derived an expression for the permeability of porous media using a flow resistance model, 

23 2 lnRe

16 1 4 lnRe
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where Re represents the Reynolds number, ρ represents the density of the grout mixture, v represents 
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the average velocity of the grout mixture, δ represents the initial pore diameter of the porous media, 
μ represents the viscosity of the grout mixture, andφ represents the porosity of the porous media. 

When the diffusion radius of the grout mixture is l, the grouting volume Q can be expressed as: 

Q vAt                                         (3) 

where v represents the average velocity of the grout mixture during diffusion, t represents the grouting 
time, and A represents the spherical surface area over which the grout mixture diffuses during time t. 

The surface area A of the column-hemispheric diffusion zone can be expressed as [37]: 

22 2A l lh                                      (4) 

where l is the slurry diffusion radius in the hemisphere in time t, h is the slurry diffusion height in the 
cylindrical area. 

Combining Eq (1) to Eq (4) 
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The total grouting volume Q as: 
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3
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Bear derived an expression for the permeability of porous media using a flow resistance model 
that depends on the geometry of the pore system, as shown in Eq (7): 
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where C is a coefficient that depends on the geometry of the pore system, K0 is the initial value of 
permeability, λ is the influence coefficient of soil particles in porous media, and for spherical soil 
particles, λ = 3π [32]. 

By substituting the initial permeability of the porous media into Eq (7), the value of the pore diameter 
d can be obtained, Harleman et al. [34] verified the correctness of this formula through experiments. 

Combining Eqs (1) and (5) to Eq (7), the permeability variation model in porous media can be 
expressed as: 
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where α = ((2/3l + h)l)/(l + h), δ = sqrt((6K0λ(1 - φ))/πφ2), t is the grouting time, l is the slurry diffusion 
radius in the hemisphere, h is the slurry diffusion height in the cylindrical region, K0 is the initial 
permeability of porous media, ρ is the slurry density, δ is the initial pore diameter of porous media, μ 
is the slurry viscosity, Φ is the porosity of porous media, λ is the influence coefficient of porous media 
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soil particles, and for spherical soil particles, λ = 3π. 

2.3. Newton fluid diffusion model considering permeability change of porous media 

The flow diagram of Newtonian fluid in the tube is shown in Figure 2 [35]. 

 

Figure 2. Flow diagram of Newtonian fluid in tube. 

The force analysis of the fluid unit is carried out without considering the gravity of the slurry. 

 2 2 2 =0p r p p r r dl                                  (9) 

where r0 is the radius of the tube, r is the radius of the fluid unit, where r ＜ r0. p and p+Δp are the 
pressure at both ends of the unit body, Δp is the slurry unit body pressure increment, dl is for the 
length of the unit body, and τ is the surface shear stress of the unit body. 

The rheological equation of Newton fluid is 

                                           (10) 

where μ is the viscosity coefficient, γ is the shear rate. 
Substituting Eq (10) to Eq (9) 
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Substitute boundary conditions 

0, 0r r v                                       (12) 

Combining Eqs (11) and (12), the grout flow rate in the pipe is 
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The unit grouting volume is 
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Combining Eq (13) to Eq (14), 
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Therefore, the average flow velocity of the slurry in the tube is 
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Introducing permeability, defined as [36] 
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The seepage velocity of grout in the injected medium is 

( )p

K dp
v v
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                                       (18) 

Therefore, the amount of grouting in time t is 

pQ v A t                                           (19) 

Substituting Eq (5) into Eq (19), 

 2pQ v l l h t                                      (20) 

The relationship between hemispherical diffusion radius and cylindrical diffusion height is [14]. 
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l
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where a is the number of grouting holes for the side wall of the grouting pipe. 
Combining Eqs (18)–(21) the pressure gradient expression in the grouting process is obtained as  
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Substitute boundary conditions 

0 0,l l p p                                       (23) 

where l0 is the Grouting tube radius，p0 is the grouting initial pressure。 
Get 
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For column-hemispheric diffusion grout, the total grouting amount can be expressed as 

3 22
( )
3

Q l l h                                      (25) 

Combining Eq (7), the governing equation of the diffusion radius of Newtonian fluid seepage 
grouting considering the permeability change of porous media is obtained: 
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where α = ((2/3l + h)l)/(l + h), δ = sqrt((6K0λ(1 - φ))/πφ2), t is the grouting time, l is the hemispherical 
region slurry diffusion radius during the time t, h is the cylindrical region slurry diffusion height, which 
satisfies the condition h = (2l/3(a2 + l), φ is the porosity of porous media, μ is the slurry viscosity, δ is 
the porous media pore diameter, ρ is the slurry density, l0 is the grouting hole radius, p0 is the grouting 
pressure, a is the grouting pipe side wall grouting number, λ = 3π, K0 is the initial permeability. 

When the permeability change of porous media is not considered, Equation (26) can be 
transformed into Eq (27), which is equivalent to the control equation of Newtonian fluid seepage 
grouting column-hemispherical diffusion radius derived by Yang et al. [37]. 
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where the symbolic meaning is the same as in Eq (26). 

3. Analysis of permeability change model 

In order to study the relationship between the change of permeability of porous media and 
grouting pressure, this paper needs to calculate the mathematical equation between permeability of 
porous media and grouting pressure. 

From Eq (8), the factors affecting the change of permeability are parameters such as grouting time 
t and diffusion distance l. Meanwhile, from Eq (15), it is known that the diffusion distance l has a 
function relationship with the grouting pressure p. Therefore, substituting Eq (25) into Eq (22)  
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Substituting Eq (22) boundary conditions into Eq (28) 

2

0

(4 5)
( )

32( 1)

a t
l p p

a





 


                                (29) 

where the meaning of the symbols is consistent with Eq (26). 
Based on the mathematical expressions of permeability versus grouting time and grouting 
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pressure, the relationship between permeability of porous media and grouting pressure and grouting 
time is investigated in this paper. Based on the relevant laboratory test study [13–15,17,23,37,38,40] 
the slurry parameters and medium parameters are selected, as shown in Table 1. When studying the 
influence of grouting time on permeability, the time range is 0–300 s, and three groups of control 
examples of grouting pressure 80, 100 and 120 KPa are set. When studying the influence of grouting 
pressure on permeability, the pressure range is selected as 0–600 KPa, and three groups of control 
examples of grouting time of 300, 600 and 900 s are set. 

Table 1. Grouting parameters. 

W/C μ0/(Pa·s) ρ/(g/cm3) K0/(cm/s) φ r0/cm τ0/Pa 

2.0 0.0067 1.30 0.0334 0.4 0.5 0.0971 

Based on Eq (8), the relationship between the permeability of geotechnical porous media affected 
by slurry flow resistance and grouting time and grouting pressure is obtained, as shown in Figure 2. 

 

(a) (b) 

Figure 3. The relationship between the permeability change of porous media and grouting 
time and grouting pressure. 

It can be seen from Figure 3(a) that with the increase of grouting time, the permeability of 
geotechnical porous media decreases first and then increases. This is because the slurry flow rate is 
large at the moment of grouting, which has a great influence on the pore medium particles near the 
grouting hole, which is bound to cause a large number of medium particles to migrate, so that the 
permeability of porous media decreases greatly. With the increase of grouting time, the slurry pressure 
and flow rate gradually dissipate, and the influence on the surrounding medium particles decreases, so 
that the permeability of porous media gradually rises. It can be seen from Figure 3(b) that with the 
increase of grouting pressure, the permeability of geotechnical porous media decreases gradually. This 
is because the greater the grouting pressure, the greater the slurry diffusion range and the top pressure 
of the slurry at a certain grouting time, the greater the influence on the pore medium particles, and the 
more significant the influence on the permeability of the porous medium of the rock and soil, resulting 
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in the gradual decrease of the permeability of the porous medium. 

4. Comparative verification 

4.1. Compared with laboratory test 

In order to verify the validity of the theory in this paper, the indoor test results in Reference 37 
are compared with the theoretical results in this paper. In the test of Reference [37], three groups of 
ordinary Portland cement slurry with water cement ratio of 2.0, 5.0 and 10.0 were used to carry out 
three groups of different grouting pressure tests. The grouting test device is shown in Figure 4, which 
is composed of a pressure supply device, a slurry storage container and a model test box. The water 
of the cement slurry and the temperature of the test environment were both 20 ℃. According to 
Reference [38], it can be seen that the cement slurry of these three water cement ratios conforms to 
the properties of Newtonian fluid. The properties of the injected medium and grouting parameters are 
shown in Tables 2 and 3, and the rheological equation of cement slurry is shown in Table 4. 

 

Figure 4. Reference 37 Test device [37]. 

Table 2. [34] The parameters of the injected medium. 

Group 
Injection medium particle size 

distribution/mm 
Porosity 

Permeability 

coefficient/(cm/s) 

G1 1–3 0.3993 0.65 

G2 3–5 0.4505 2.11 

G3 5–10 0.5074 8.94 

Based on Eqs (26) and (27), the diffusion radius of Newtonian fluid hemisphere considering the 
change of permeability of porous media and not considering the change of permeability of porous 
media is obtained. And the diffusion height of cylinder can also be obtained according to the diffusion 
radius of sphere part by Eq (20). And the theoretical diffusion radius and diffusion height, compared 
with the established literature indoor test values were analyzed, the results are shown in Figure 5. 
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Table 3. [34] Grouting parameters. 

Group Water cement ratio 
Grouting 

pressure/m 

Grouting hole 

radius/cm 

Grouting 

time/s 

G1 2.0 4.08 0.75 8 

G2 5.0 6.12 0.75 6 

G3 10.0 8.16 0.75 4 

Table 4. [35] Rheological equation of slurry with different water-cement ratio. 

Water cement ratio Rheological equation 

2.0 τ = 0.0372 + 0.0047γ 

5.0 τ = 0.0880 + 0.0027γ 

10.0 τ = 0.0454 + 0.0019γ 

  

(a) (b) 

Figure 5. Comparison of theoretical and experimental values considering and not 
considering permeability change: (a) diffusion radius of hemispherical part; (b) diffusion 
height of cylindrical part. 

It can be seen from Figure 5 that the theoretical value considering the change of permeability is 
about 1.14 times of the experimental value, while the theoretical value without considering the change 
of permeability is about 1.60 times of the experimental value, indicating that the slurry diffusion length 
considering the change of permeability of geotechnical porous media is closer to the actual diffusion 
radius of Newtonian fluid infiltration grouting, thus verifying the validity of the theory in this paper. 
With the increase of water-cement ratio, the theoretical value considering the change of permeability 
is closer to the experimental value. This is because with the increase of water-cement ratio, the larger 
the slurry diffusion radius is, the greater the influence of slurry on the permeability of porous media is. 
It is more necessary to consider the change of permeability of porous media, so the theoretical results 
considering the change of permeability are closer to the experimental values. 
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4.2. Compared with the numerical simulation results 

In order to further verify the adaptability and reliability of the theory in this paper, based on the 
numerical simulation software COMSOL, the numerical simulation of Newtonian fluid seepage 
grouting column-hemisphere seepage diffusion with different grouting pressure heads is carried out, 
and the theoretical results are compared with the simulation results and test results to verify the 
effectiveness of the theory in this paper.  

1) Model construction  
The size of the model is 1000 mm × 1000 mm × 2000 mm, the grouting hole is located in the 

center, the radius of the orifice and the side grouting hole is 7.5 mm, the side grouting hole is set to 4, 
and the vertical interval is 20 mm (Figure 6). The pressure inlet boundary is selected, and the model 
boundary is a non-pressure boundary. The numerical simulation is based on the COMSOL two-phase 
Darcy’s law module, the permeability change model function (Eq 8) derived in this paper is introduced 
through the built-in custom function of the software, so as to realize the simulation of diffusion of the 
infiltration column-hemisphere of porous media considering the permeability change. The grouting 
parameters and the parameters of the injected medium are set according to Tables 2–4. 

 

Figure 6. Model size and grouting hole position. 

2) Numerical results  
In the numerical calculation, the surface Darcy velocity is used to represent the slurry diffusion 

range, that is, when the slurry diffusion velocity is 0, the slurry is no longer diffused [39]. Figure 7 
shows the G3 group of Newtonian fluid cement slurry column-hemispherical diffusion model diagram. 
Figure 5 shows that the lower part of the slurry model diagram conforms to the hemispherical diffusion, 
and the upper part of the model diagram is not the standard cylindrical diffusion, but the diffusion form 
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of the cylinder and the top semi-ellipsoid, which is different from the standard cylindrical diffusion. 
The simulation results are consistent with the indoor test results obtained by Yang et al. [40]. 

 

Figure 7. Simulated diffusion form diagram with a pressure head of 8 m. 

In order to verify the validity of the theoretical results, the numerical simulation values of the 
diffusion radius of the three groups of G1, G2 and G3 with different grouting pressure heads and the 
theoretical calculation values of the diffusion radius considering the permeability change of the porous 
medium are selected to compare with the experimental actual values. In order to make the comparison 
effect obvious, the middle section of the three-dimensional simulation diagram is selected. Since the 
upper cylindrical diffusion result is not a standard cylindrical shape, in order to better compare and 
verify the theoretical cylindrical diffusion results, this paper refers to Eq (30), that is, the equal product 
method adopted by Yang et al. [40] to calculate the equivalent height of cylindrical diffusion. The 
results are shown in Figure 8 and Table 5. 

d

V
h

l
                                    (30) 

where hd is the cylindrical diffusion equivalent height; V the diffusion volume of Newtonian fluid stone 
can be obtained by calculation. l is a hemispherical diffusion radius, which can be measured. 
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Figure 8. Comparison of theoretical results with simulation results and experimental 
results: (a) Group G1; (b) Group G2; (c) Group G3. 

Table 5. Simulated, theoretical and experimental values. 

Group 

Hemisphere part diffusion radius/cm Cylindrical part diffusion height (cm) 

Simulated 

value 

theoretical 

value  

experimental 

value 

Simulated 

value 

theoretical 

value  

experimental 

value 

G1 16.32 14.39 11.8 50.12 47.98 39.33 

G2 20.01 18.27 15.2 62.21 60.91 50.67 

G3 21.58 20.98 18.4 70.37 69.93 61.33 

It can be seen from Figure 6 and Table 5 that the theoretical calculation results are compared with 
the numerical simulation results. The radius difference of the hemisphere part is 2–10 %, and the height 
difference of the cylinder part is 1.5–4 %. It shows that the numerical simulation results of Newtonian 
fluid column-hemisphere diffusion inserted into the permeability change of porous media are basically 
consistent with the theoretical calculation results, which further verifies the validity of the theory in 
this paper. Both results are greater than the indoor test results, because this paper does not consider the 
filtration effect of slurry, diffusion path and other reasons. 

4.3. Results analysis 

Through the above analysis, it can be seen that there is still a difference between the theoretical 
analytical value and the numerical simulation value of the Newtonian fluid seepage grouting column-
hemisphere diffusion radius considering the permeability change and the indoor test value. This is 
because this paper does not take into account the time-varying viscosity of the slurry, slurry diffusion 
path, slurry filtration effect and other effects on the slurry diffusion range. 

Ruan et al. [38] obtained the relationship curve between slurry viscosity and time through 
laboratory test analysis. It can be seen that the slurry viscosity gradually increases with the increase of 
time, so the viscosity of the slurry in the diffusion process gradually increases. In this paper, the slurry 
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viscosity value is certain, which leads to the theoretical value of the slurry diffusion radius in this paper 
is larger than the actual value of the slurry diffusion. Maghous et al. [41] and Fang et al. [20] 

theoretically analyzed that the cement slurry will produce cement particles to block the pores during 
the diffusion process of the porous medium, resulting in a decrease in the permeability of the porous 
medium. Because this article does not take into account the filtration effect of the cement slurry, the 
theoretical results are greater than the actual diffusion results. Bear et al. [32] and Lu et al. [15] 

proposed that the path of the slurry in the diffusion process is a curve rather than a straight line, and 
proved this view through theoretical analysis and laboratory tests. However, this paper does not 
consider the tortuosity in the slurry diffusion process, resulting in a deviation between the theoretical 
value and the actual value. Therefore, the influence of the above factors on the diffusion range of slurry 
infiltration grouting can be considered in the follow-up study. 

5. Parameter analysis 

In order to obtain the relationship between the diffusion range of Newtonian fluid seepage 
grouting column-hemisphere and grouting parameters considering the permeability change of porous 
media, the sensitivity analysis of slurry diffusion radius to grouting pressure and grouting time is 
carried out in this paper. 

Based on the relevant literature research [15–17,23,37–40], the grouting pressure head range 
is 0–8 m, and the grouting time range is 0–10 min. The porosity is set to 0.4, the radius of grouting 
hole and side grouting hole is set to 15 mm, the side grouting hole is set to 4, the water cement ratio of 
slurry is 5.0, the viscosity of slurry is 0.0027 Pa·s, and the permeability coefficient is 0.6 cm/s. 

At the same time, based on COMSOL numerical simulation software, numerical simulation tests 
with grouting pressure head of 0–8 m and grouting time of 0–10 min were carried out respectively. 
The numerical simulation results were compared with the theoretical calculation results to obtain the 
relationship between the diffusion radius of Newtonian fluid seepage grouting column-hemisphere and 
grouting time and grouting pressure. The parameter setting is the same as the above theoretical 
calculation parameters. 

From Section 2.1, it can be seen that the change trend of diffusion radius and diffusion height of 
Newtonian fluid seepage grouting column-hemisphere is completely consistent, so this section only 
studies the sensitivity analysis of hemisphere diffusion radius. Based on the Eq (26), the relationship 
between the diffusion radius of Newtonian fluid cement slurry and the grouting pressure head and 
grouting time considering the permeability change of porous media is obtained, and the results are 
compared with the numerical simulation results. The comparison results are shown in Figures 9 and 10. 

Figure 9 shows that with the increase of grouting pressure head, the slurry diffusion range 
gradually increases. At low grouting pressure, the slurry diffusion radius increases rapidly, from 0 to 1 
m is the most obvious; with the further increase of grouting pressure, the rate gradually decreases. This 
is because the greater the grouting pressure, the greater the diffusion radius of the slurry, the greater 
the influence range on the permeability of the porous medium, resulting in a decrease in the rate of 
increase in the diffusion radius. 
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Figure 9. Relationship between diffusion radius and grouting pressure head. 

 

Figure 10. Relationship between diffusion radius and grouting time. 
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It can be seen from Figure 10 that with the increase of grouting time, the slurry diffusion radius 
increases rapidly at first and then increases slowly. This is because the slurry increases rapidly at the 
initial stage of grouting, but with the increase of grouting time, the slurry pressure gradually dissipates, 
so the diffusion rate gradually decreases. 

6. Conclusions 

In this paper, the influence of slurry flow resistance on the permeability of geotechnical porous 
media is introduced. Combined with the Newtonian fluid seepage grouting column-hemispherical 
diffusion law, the permeability change model of geotechnical porous media is obtained. Combined 
with the rheological equation and equilibrium equation of Newtonian fluid, a seepage grouting 
diffusion model considering the influence of slurry flow resistance on the permeability of porous media 
is established. The theoretical results are compared with the existing literature results and numerical 
simulation results to verify the effectiveness of the theoretical mechanism. At the same time, the 
parameter analysis of the diffusion radius of Newtonian fluid seepage grouting considering the 
permeability change of porous media is carried out. The following conclusions are obtained:  

1) The influence of cement slurry flow resistance on the permeability of porous media in rock and 
soil during grouting is introduced. The analytical expression of the permeability of porous media with 
grouting construction parameters, slurry diffusion radius and pore characteristics of porous media is 
established.  

2) The comparison between the theoretical results of this paper and the experimental results of 
the existing literature shows that the theoretical results considering the change of permeability are 
about 1.14 times of the experimental results, and the theoretical results without considering the change 
of permeability are about 1.6 times of the experimental results. At the same time, based on COMSOL 
numerical simulation software, the permeability change function of porous media is introduced, and 
the numerical simulation results are basically consistent with the theoretical results, which verifies the 
effectiveness of the theoretical mechanism in this paper.  

3) The parametric analysis can be obtained that with the increase of grouting pressure and grouting 
time, the diffusion radius of Newtonian fluid infiltration grouting considering the change of 
permeability of the porous medium increases rapidly at first, and then the rate of increase becomes 
smaller gradually. 
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