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Abstract 
 

Grouting plays an important role in the construction of projects. The influence of dynamic water pressure and confining 
pressure on grouting has not been considered by traditional grouting theory. This study used a “geological engineering 
multifunctional experimental system” to explore the influence mechanism of dynamic water pressure and confining 
pressure on the grouting effect. Four groups of indoor grouting model experiments were adopted and compared. The 
influence of dynamic water pressure and confining pressure on the grouting effect was analyzed under different 
conditions. Experimental results demonstrate that the diffusion of the slurry is divided into pressure diffusion and 
migration diffusion. The dynamic water pressure causes the grouting slurry to be diluted, and the pressure in the cracks of 
the rock mass structure increases. As a result, serious loss of slurry occurs, and the slurry obviously shows migration 
diffusion. The confining pressure leads to closing of structural cracks, and the grouting effect of closed cracks mainly 
affect the pressure diffusion of the slurry. A coupling effect exists between the dynamic water pressure and the grouting 
pressure. The final dynamic water pressure increases by 25% compared with the initial value under dynamic water 
pressure only. By contrast, the final dynamic water pressure increases by 31% compared with the initial value under the 
combined effect of dynamic water pressure and confining pressure. The grouting effect can be improved by increasing 
the grouting pressure, decreasing the dynamic water pressure, and extending the grouting time. 
 
Keywords: Rock grouting, Model experiment, Dynamic water pressure, Confining pressure 
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1. Introduction 
 
Grouting technology has been widely used in practical 
projects to reinforce tunnels [1], porous rock [2], and gravel 
foundation [3] for practicability and wide application range. 
However, rock grouting is a complex and covert system 
project. The effect of grouting is influenced by many factors, 
such as dynamic water pressure, confining pressure of 
surrounding rock, and type of slurry and grouting 
technology. 

The mechanism of grouting can reinforce the 
surrounding rock is that the solidified slurry can block the 
water source and can increase the strength of the injected 
rock mass. That is, by influencing the microstructure, 
micropores can improve the macroscopic mechanical 
properties of rock. Finally, this technology can enhance the 
cohesion and internal friction angle of the structural surface 
[4]. 

Many previous studies on grouting theory have been 
conducted by scholars in China and abroad [5-7]. According 
to the different properties, grouting slurry has been divided 
into Newtonian fluid, Bingham fluid, and power law fluid. 
On the basis of these properties, different rheological 
constitutive equations have been obtained. Numerical 
simulation is an important method to research slurry motion. 

It has advantages of low cost and fast speed but produces 
static results at a certain moment [8-11]. Thus, constantly 
measuring the changing parameters, such as grouting 
pressure and dynamic water pressure, is impossible in the 
entire grouting process. Field experiments have advantages 
of high accuracy. However, they are generally difficult to 
apply because of the high cost and harsh environment of the 
grouting construction site. 

Indoor model experiments are visualized, real, and low 
cost. They can quantitatively or qualitatively analyze certain 
factors that affect the experimental results. From the 
analyses above, the indoor model experiments are found to 
have natural advantages for research on the grouting process. 
This model experiment used a “geological engineering 
multifunctional experimental system” to analyze the 
influence of dynamic water pressure and confining pressure 
on the grouting effect, which may provide certain references 
for grouting construction. 
  
 
2. State of the art  
 
The variability of the grouting construction environment 
leads to the complexity of the grouting effect. Research 
conclusions about the law of slurry flowing have been given 
by many scholars. However, most available results are based 
on the idealization of the slurry flowing model or the 
simplification of the grouting environment. 

For example, Zhan, K.Y. developed a grouting model 
experimental system under flowing water conditions to study 
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the influence of dynamic water pressure on the grouting 
effect [12, 13]. The system has the advantages of stable and 
variable height of the water head. The rough cracks under 
flowing water conditions are conducive to the spread of 
slurry in the direction of the reverse and vertical flow. 
However, they are not conducive to the spread of slurry 
along the water flow. Gao, G. R. developed a method based 
on the actual dynamic water conditions in the mine [14]. The 
method can be used to simulate grouting under different 
dynamic water conditions. The system can achieve the 
flowing water conditions of the maximum flow rate of 
78L/min and the maximum pressure of 7MPa. 
Simultaneously, it can simulate the grouting materials of 
single and composite slurries. The maximum flow rate is 
1L/min, and the maximum pressure is 30MPa. It lays a 
foundation for studying the influence of grouting materials 
on the grouting effect under different dynamic water 
conditions. However, only the factor of dynamic water 
pressure is considered in the studies above, and the possible 
influence of confining pressure is neglected. 

Guo, M. W. developed a grouting experimental system 
under high-pressure environment to explore the influence of 
confining pressure on the grouting effect [15]. The change in 
pore water pressure can be obtained by means of sensor 
synchronous detection in the experimental system. The 
system can be used to study the seepage law of grouting 
slurry under high-pressure conditions. Kleinlugtenbelt R 
developed a 3D grouting system that can realize real-time 
monitoring of the pore water pressure and the total stress of 
the injected media. It can be used to study the sand body 
grouting mechanism [16]. Shen, G. L. studied the diffusion 
law of grouting slurry under different geological conditions 
in a 3D vacuum environment. He calculated the theoretical 
value of the slurry diffusion radius by using the self-
designed indoor 3D vacuum grouting model [17].In all the 
studies above, only the influence of confining pressure on 
the grouting effect is considered, and the possible influence 
of dynamic water pressure is neglected. 

Grouting experiments have been performed by 
researchers in complex environments. Yang, M. J. used a 
self-developed equipment to perform a single crack and a 
network crack grouting model experiment. The effect of 
different geometric cracks on rock grouting was studied, and 
the main differences between the non-Newtonian fluid 
seepage and the Newtonian fluid seepage in the grouting 
process were obtained. Their respective scopes of 
application were given in the end [18]. Zhang, W. J. 
developed an experimental system of 3D grouting model. 
The experimental system can realize porous grouting and 
multi-step grouting in different media, which have a real-
time monitoring of the internal physical parameters of the 
rock mass. These features are important to the study of the 
permeability and reinforcement mechanism of the grouting 
slurry [19-21]. AC. Houlsby simulated the flowing of slurry 
through a single crack. The influence of slurry pressure, 
permeation rate, and other influencing factors on the 
different parts of the crack length direction was 
studied[22].All the studies above focus on the influence of 
the slurry flow channel on the grouting effect, and that of 
dynamic water pressure and confining pressure is neglected. 
The size effect also exerts some influences to the results of 
the experiments due to the limitation of the size of 
experimental devices. 

In addition to experimental works, theoretical analysis 
and finite element numerical simulation are commonly used 
methods. Their results have also been accepted by practical 

engineering and scientific research. For example, Li, S. C. 
regarded slurry as Bingham fluid. A flood-diffusion model 
was proposed under the assumption of a generalized 
Bingham model and a single plate. The diffusion distance 
equation was obtained in the end by considering the flow 
variable characteristics of slurry [23]. Jian, W. B. calculated 
the dynamic elastic modulus by elasticity theory. Different 
deformation parameters were obtained before and after 
grouting. The grouting effect was experimented using 
acoustic wave technology for the different directions of rock 
mass with different weathering degrees [24]. Yang treated 
grouting fluid as Bingham fluid, and the flowing of the 
slurry in single and multiple cracks were simulated. The 
correctness of the model was verified by experiments [25]. 
However, the disadvantage of theoretical analyses is that 
they assume and abstract the properties of slurry to simplify 
the calculation process. For example, Li, S. C. and Yang 
regarded grouting slurry as Bingham fluid. The various 
complex changes in the slurry in the grouting process were 
limited artificially. 

The discussion above indicates that many studies on 
grouting have been done by many scholars. None has 
considered grouting under the combined effect of dynamic 
water pressure and confining pressure. And experimental 
system under dynamic water pressure and confining pressure 
has not yet been designed. On the basis of these 
considerations, this study uses a “geological engineering 
multifunctional experimental system”. The system is used to 
simulate the diffusion law of grouting slurry and the karst 
aquifer reinforcement effect under dynamic water pressure 
and confining pressure. By observing the main indicators of 
slurry diffusion and slurry consolidation retention, the 
grouting effect is explored, and the ideal experimental 
results are obtained [26-31]. 

The remainder of this study is organized as follows. 
Section 3 describes experimental methodology in this study. 
Section 4 gave the grouting results of cracks and aquifer, 
then gave the on-site observation results. Conclusions are 
summarized in Section 5. 

 
 

3. Methodology 
 
3.1 Experiment equipment 
A self-developed “geological engineering multifunctional 
experimental system” is used in this experiment (Fig.1).  

The experimental system consists of a mainframe 
loading frame, an axial servo system, a lateral servo system, 
a water injection servo system, a multi-channel electro-
hydraulic servo control system, an automatic hydraulic 
pump station, and a data processing unit. The hydraulic 
system is adopted to achieve axial pressure and bi-
directional control of pressure and displacement. A loaded 
bladder system is adopted for the horizontal pressure. 
Mutual restraint between two pairs of pressure is avoided 
given that the loaded bladder is a flexible body. The pressure 
and displacement control in the stress loading process can be 
completed by the control system. The purpose of pressure 
loading and data acquisition can be achieved by the entire 
process control of the hydraulic loading. The main feature of 
the “geological engineering multifunctional experimental 
system” is that it can achieve a true triaxial compression test. 
Given its large pressure chamber, the size effect of the 
general 3D loading equipment can be avoided. Grouting 
under the combined effect of dynamic water pressure and 
confining pressure can also be achieved by the system. 
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(a)  

 
(b)  

1- bearing plate; 2- axial servo cylinder; 3- break pressure tank; 4- 
loaded plate; 5- stand column;6-pressure chamber; 7- connector; 8- load 
sensor; 9- bearing plate; 10- operating platform 
Fig. 1. Geological engineering multifunctional experimental system. (a) 
Real product of experimental system. (b) Schematic of experimental 
system 

 
3.2 Experiment scheme 
The size of the experimental model should match the size of 
the experimental system pressure chamber. Length, width, 
and height are 1500, 1000, and 1000mm, respectively. Fig.2 
shows the experimental scheme.  
 

    
1-grouting pipe; 2-aquifer; 3-boundary material aquifers; 4-rock mass 
Fig. 2. Schematic of experimental scheme 

 
 (1) Four groups of comparative experiments were 

designed according to the purposes of the experiment and 
the characteristics of the experimental system: 

Group1: grouting under no dynamic water pressure or 
confining pressure; 

Group2: grouting under dynamic water pressure only; 
Group3: grouting under confining pressure only; 
Group4: grouting under dynamic water pressure and 

confining pressure.  

  
 The same grouting model was adopted for the four 
groups of experiments. The grouting model was built by the 
same boundary material, crack size, grouting time, and 
grouting pressure.  

 
(2)P.O 32.5 cement was selected as the grouting 

material. White cement with a water-cement ratio of 0.75 
was used in this experiment to facilitate the observation of 
the experimental process. The grouting rock mass was made 
of gypsum, ash calcium, sand, and a small amount of tap 
water. Gypsum, ash calcium, and sand were prepared at 
1.46:0.36:11.76 (by weight). The corresponding blocks were 
made using the same materials. Boundary materials were 
also made from the proportioning materials above. The 
aquifer was filled with architectural ceramsite and gravel to 
ensure the water permeability of the aquifer (Fig.3). The 
cracks in the rock mass were simulated with reserved gaps in 
the gypsum masonry. The width of crack was approximately 
1.5 mm, and the length was 450 mm. They were controlled 
by means of adhesive tape holders. 
 

 
Fig. 3. Simulation of aquifer 

 
(3) The experimental model must be continuously cast to 

ensure no cracks between the grouting rock mass and the 
boundary material. The boundary material was poured in 
layers, and the interval between each layer was 40 minutes 
to ensure the initial congeal of the pouring material. 

(4)Two-layer plastic film was laid on the top, bottom, 
and boundary of the model to ensure the waterproofness and 
leakproofness of the model boundary and aquifer (Fig.4). 

 

 
Fig.4. Molding process diagram 
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3.3 Experiment procedure 
Except for the model experiment of group1, those of the 
three other groups must be completed with the “geological 
engineering multifunctional experimental system” following 
the experimental scheme. The specific experimental steps 
are described in detail by group 4 “grouting under dynamic 
water pressure and confining pressure”. 

(1) Molding: First, the pressure chamber of the 
experimental system should be cleaned and fully dried. The 
lateral pressure capsule of the pressure chamber was 
installed. A protective layer outside the pressure capsule was 
installed to prevent the pressure capsule from being 
damaged. The molder was lifted into the pressure chamber. 
The inlet and outlet pipes were sealed in the pressure 
chamber with a geotextile to prevent the experimental 
material from flowing out. The inner part of the molder was 
lubricated, and a waterproof PVC film was laid to facilitate 
the removal of mold. Finally, the model was cured for 24 
hours in accordance with the experimental program. 

(2) Connection: Tap water was injected into the lateral 
loading capsule until the water in the capsule was about to 
overflow. The molder was slowly lifted from the pressure 
chamber, and the model was wrapped with waterproof film 
to ensure its tightness. The inlet and outlet pipes were 
connected to the water line, and the lateral loading capsule 
was connected to the lateral loading servo system. The upper 
cover of the pressure chamber was installed, and the 
pressure chamber was pushed below the vertical actuator of 
the main machine of the experimental system. 

(3) Loading: The operating system should be turned on 
and set with the upper limit of loading. The vertical 
pressures P1, P2 (the pressure parallel to the crack direction), 
and P3 were 0.2MPa, 0.2MPa, and 0.15MPa, respectively. 
The vertical and lateral loading systems were turned on, and 
the model rock mass was loaded slowly and uniformly. The 
water pump was turned on to fill the pressure chamber. The 
servo system was started to ensure that the dynamic water 
pressure was maintained at approximately0.16MPa (Fig.5). 
 

 
Fig.5. Pressure control system 

 
(4)Grouting: The grouting pump should be cleaned prior 

to grouting. The cement slurry should be mixed in the water-
cement ratio of 0.75 and should be evenly mixed in the 
slurry barrel. The grouting pressure of the grouting pump 
should be adjusted to 0.75MPa. When the loading pressure 
reached the set value, the value was kept for 8 hours. After 
the process had been completed, grouting was started. The 
pump pipe was connected with the grouting pipe jointed in 

the grouting rock model. Grouting was kept for 45 seconds. 
After grouting, the pump was turned off. During the 
grouting process, the changes in dynamic water pressure 
were monitored and recorded by the servo system. 

(5) Demolishing the model: The pressure was held for 12 
hours, and the model was removed. The dynamic water 
pressure and confining pressure should be closed prior to 
turning off the experimental system. The inlet and outlet 
pipes were disconnected. The lateral loading capsule and the 
pressure chamber upper cover were removed. The pressure 
chamber was pushed out of the main machine, and the top 
plate was dug to observe the grouting effect. 

 
 

4 Result Analysis and Discussion 
 

After demolishing the model, the model is found relatively 
intact, and the cement slurry does not overflow. Therefore, 
the grouting model does not show splitting under the 
grouting pressure. Thus, the grouting pressure meets the 
experimental requirements [32-34]. 
 
4.1 Crack grouting effect 
The following figures show the effect of crack grouting 
experiment in each group.  

The crack grouting effect under no dynamic water 
pressure or confining pressure is the best. The entire model 
crack is filled with white cement slurry and is compacted. 
The crack near the grouting tube is expanded to 4mm given 
the influence of grouting pressure (Fig.6). 

 

 
Fig. 6. Grouting effect of cracks under no dynamic water pressure or 
confining pressure 

 
 
The grouting effect of the crack is relatively poor under 

dynamic water pressure. The overall expansion of the model 
cracks is obvious with a width of 3-3.5mm for the combined 
impact of dynamic water pressure and grouting pressure. 
Many gaps are still found although traces of white cement 
grouting fill in the cracks. The reason is that, although the 
slurry spreads to this location, the dynamic water pressure 
washes it away. Thus, the slurry is not consolidated and 
retained (Fig.7). 

The grouting effect under confining pressure only shows 
that the crack is basically filled. However, the model crack 
closes due to the confining pressure. The width of crack after 
slurry filling is only approximately1mm. The spread of the 
slurry is also impeded (Fig. 8). 
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Fig. 7. Grouting effect of cracks under dynamic water pressure only 

 
 

 
Fig. 8. Grouting effect of cracks under triaxial pressure only 

 
The grouting effect under dynamic water pressure and 

confining pressure is the worst. The model cracks close, and 
the crack filling rate is low. Thus, the slurry diffusion and 
consolidation retention are greatly affected. The grouting 
effect of each group shows that the filling effect of cracks on 
the adjacent side of the grouting pipe is remarkably better 
than that of the far side. Therefore, the grouting pressure 
decreases with the extension of the grouting distance. 

 
4.2 Aquifer grouting effect 
Figs. 9 to 12 show the grouting effect of the experimental 
aquifer in each model group.  

In group 1, the aquifer is completely filled with the 
slurry. The white cement slurry spreads to the aquifer and 
cement together with gypsum masonry (Fig.9). 

In group 2, the cement slurry is removed and transported 
by dynamic water pressure after filling although the aquifer 
is basically filled with cement slurry. The gypsum masonry 
is poorly consolidated with the white cement slurry and has 
a loose structure (Fig.10). The filling structure of the aquifer 
near the outlet pipe is slightly dense compared with that near 
the inlet pipe because the slurry is brought to the outlet pipe 
by dynamic water pressure and consolidated with the aquifer. 
The dynamic water pressure mainly affects the consolidation 
of the slurry. 

 

 
Fig. 9. Grouting effect of aquifer under no dynamic water pressure or 
confining pressure 
 

 
Fig. 10. Grouting effect of aquifer under dynamic water pressure only 

 
In group 3, the effect of aquifer grouting near the 

grouting pipe is better than that away from the grouting pipe. 
Therefore, the grouting pressure decreases with the 
extension of the grouting distance, which results in less 
cement slurry flowing into the aquifer. The main influence 
under confining pressure is the spread of the slurry. The 
confining pressure is favorable to the consolidation of the 
slurry given that the white cement slurry shows regionally 
concentrated cementation (Fig.11). 

 

 
Fig. 11. Grouting effect of aquifer under confining pressure only 

 
The effect of aquifer grouting under dynamic water 

pressure and confining pressure is poor compared with that 
in the three other groups above. Nearly no white cement 
slurry flows into the aquifer. Many unfilled voids are left, 
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and the filling structure is loose. This condition indicates 
that the grouting slurry diffusion and consolidation retention 
are affected, which greatly reduces the grouting effect 
(Fig.12). 

 

 
Fig. 12. Grouting effect of aquifer under dynamic water pressure and 
confining pressure 

 
4.3 The change law of dynamic water pressure 
 
Fig.13 shows the change curve of dynamic water pressure 
with grouting time under dynamic water pressure only. It 
shows that the dynamic water pressure is close to 0.16 MPa 
at the beginning of grouting. When grouting time reaches 25 
seconds, the dynamic water pressure increases rapidly until 
it reaches a peak of 0.2 MPa at the end of grouting. The 
grouting pressure also increases slightly. In the end, the 
dynamic water pressure increases by 25% from the initial 
value. Therefore, the dynamic water pressure and the 
grouting pressure show a mutual coupling effect in the 
grouting process. 
 

 
Fig. 13. Under dynamic water pressure only 

 
When grouting under dynamic water pressure and 

confining pressure, the initial dynamic water pressure is 
slightly higher than 0.16 MPa. The pressure begins to 
increase rapidly at 25 seconds and reaches a peak of 0.21 
MPa at the end of grouting, which increases by 31% from 
the initial value (Fig.14). 

 

 
Fig. 14. Under dynamic water pressure and confining pressure 

 
The grouting pressure increases to 1 MPa in the end. The 

final grouting pressure is greater than the sum of the initial 
dynamic water pressure and the initial grouting pressure 
(Fig. 15).    

 

 
Fig. 15. Final grouting pressure under dynamic water pressure and 
confining pressure 

 
4.4 Analysis of experiment results 
The results of four groups of experiments show that the 
grouting effect mainly depends on whether the slurry can be 
smoothly spread and whether the slurry can be successfully 
consolidated and retained. The reason why the dynamic 
water pressure and confining pressure affect the grouting 
effect can be summarized as follows: 

(1)From the results of groups 1 and 2, the flowing water 
is concluded to dilute the slurry, which leads to its viscosity 
to decrease. As a result, the slurry easily flows with water 
out of the model cracks. The grouting pressure causes the 
increase in dynamic water pressure, which results in a 
considerable expansion of the cracks in the model structure 
surface. The grouting space is increased, and the slurry is 
highly difficult to consolidate and retain. Therefore, dynamic 
water pressure mainly influences the grouting effect by 
affecting the consolidation of the slurry. 

(2)From the results of groups 1 and 3, the grouting 
filling and cementing effect of aquifer under confining 
pressure is found to be weak given that the normal stress of 
the cracks in the structural surface increases and that the 
cracks close. Accordingly, the slurry injection in the cracks 
decreases. Thus, the slurry that flows through the cracks into 
the aquifer is reduced. Therefore, the confining pressure 
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mainly influences the grouting effect by affecting the spread 
of the slurry. 

(3)From the results of groups 1 and 4, the combined 
influence of the dynamic water pressure and the confining 
pressure is found to considerably negatively influence the 
effect of cracks grouting and aquifer reinforcement. The 
confining pressure (normal force on the crack surface) 
enables closing of the crack surface of the rock mass. When 
the dynamic water pressure is coupled with the grouting 
pressure, the original dynamic water pressure is increased. 
These factors adversely affect the consolidation of the slurry. 

Therefore, other grouting parameters must be changed to 
achieve the intended purpose of grouting, such as increasing 
the grouting pressure, extending the grouting time, and even 
reducing the dynamic water pressure. 

 
4.5 On-site observation results 
From the on-site observations, the karst aquifer can be 
divided into the following four categories according to a 
single-hole maximum hydraulic discharge and grouting 
amount for unit volume. Table 1 shows the results of the 
division. 

 
Table 1. Karst structure type and its classification index 

Type 
Single hole maximum hydraulic 
discharge 

hm3  

 
Grouting amount for unit 
volume 

3mL  

Karst aquifer Spatial structure 
type 

Karst fissure 
development 

Ⅰ >80 >100 Dissolved-hole 
network structure Extremely serious 

Ⅱ 40~80 30~100 Dissolved-pore 
network structure serious 

Ⅲ 10~40 5~30 Dissolved-gap 
network structure Moderate 

Ⅳ <10 <5 Single-fractured network 
structure poor 

 
As shown in Table 1, the single-fractured network 

structure limestone aquifer in the coal mine is an area with 
poor karst development. The influence of dynamic water 
pressure is relatively small. The grouting is considered to 
occur under high-pressure environment. The curve of 
grouting pressure with time is steep. The orifice pressure 
(equivalent to the grouting pressure in the experiment) rises 
rapidly with time. During grouting, the orifice pressure 
reaches the final grouting pressure in a short time. Thus, the 
slurry consumption is small, and the grouting difficulty is 
relatively small. Figs.16 and 17 show that the grouting time 
for the Z2-2 orifice in the 2667 working face of the Liuyi 
Mine is approximately 5 hours, and the grouting time for the 
JZ3-4 orifice in the 26117 working face of the Hengyuan 
Mine is approximately12 hours.  
 

 
Fig. 16. Grouting time for the Z2-2 orifice in the 2667 working face of 
the Liuyi Mine 

 
Fig. 17. Grouting time for the JZ3-4 orifice in the 26117 working face 
of the Hengyuan Mine 

 

By contrast, the limestone aquifer with the dissolved-
hole network structure belongs to the region where karst 
development is extremely serious. The environment is of a 
typical high dynamic water pressure and high confining 
pressure. The data observed at this site show that the curve 
of the grouting pressure with time changes slowly. The 
orifice pressure rises slowly with time, and the orifice 
pressure takes a long time to reach the final grouting 
pressure. The consumption of grouting slurry is greatly 
increased, and the construction becomes more difficult than 
before. Figs.18 and 19 show that the grouting time for the 
Z5-4 orifice in the 663 working face of the Liuyi Mine is 
approximately 240 hours, and the grouting time for the J7-4 
orifice in the 1023 working face of the Wugou Mine is 
approximately110 hours. 

 
Fig. 18. Grouting time for the Z5-4 orifice in the 663 working face of 
the Liuyi Mine 

 
Fig. 19. Grouting time for the J7-4 orifice in the 1023 working face of 
the Wugou Mine 
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 The reliability of the model experimental results is 
further validated by the results of on-site observations. The 
“geological engineering multifunctional experimental 
system” can simulate grouting under dynamic water pressure 
and confining pressure. On-site observation data show that 
the grouting time in high confining pressure and high 
dynamic water pressure environment is much longer than 
that in high confining pressure only. At the same final 
grouting pressure (approximately7.5MP), the longer the 
grouting time is, the more slurry is required, and the more 
difficult the grouting is. Thus, grouting construction should 
avoid the simultaneous existence of high dynamic water 
pressure and high confining pressure. 
 
 
5 Conclusions 
 
To simultaneously consider the influence of dynamic water 
pressure and confining pressure on the grouting effect, four 
contrast groups of grouting experiments for cracked rock 
were completed using a “geological engineering 
multifunctional experimental system”. Individual 
influencing factors were analyzed separately, and 
conclusions were obtained as follows: 
 

(1) The effect of grouting is mainly affected by two 
factors: whether the slurry can be spread smoothly, and 
whether the slurry can be consolidated and retained. 

(2) The spread of the slurry is mainly affected by the 
confining pressure. The diffusion radius of grouting slurry is 
proportional to the grouting pressure. Thus, the grouting 
effect can be improved by increasing grouting pressure in an 
environment with high confining pressure. 

(3) The consolidation of the slurry is mainly affected by 
the dynamic water pressure. When grouting is in the 
confined water zone, measures should be taken to reduce the 
dynamic water pressure or use chemical slurry that can be 
cemented quickly. 

(4) The slurry diffusion and the consolidation retention 
are affected when dynamic water pressure and confining 
pressure coexist due to a coupling effect that exists between 
the dynamic water pressure and the grouting pressure. The 
dynamic water pressure increases by 31%, and the final 
grouting pressure is greater than the sum of the initial 
grouting pressure and dynamic water pressure in this 
experiment. Thus, the spread and consolidation of the slurry 
are greatly affected. 

The factors influencing grouting effect were 
systematically studied using the “geological engineering 
multifunctional experimental system”. Notably, the grouting 
effect needs to be further studied under the combined 
influence of dynamic water pressure and confining pressure. 
The confining pressure decreases the width of the cracks in 
the rock mass. The smaller the crack width, the greater the 
grouting resistance is. However, the fluidity of the slurry 
deteriorates due to the compression of the cracks in the rock 
at the same time. The degree of dilution by water in the 
water-conducting channel is correspondingly reduced, which 
facilitates the rapid cementation of the slurry. In case of 
grouting in a flowing water environment, the dilution of the 
slurry by the dynamic water pressure will be greatly reduced 
if the slurry cements quickly. From this perspective, the 
confining pressure is beneficial to the grouting effect. The 
confining pressure and dynamic water pressure exert a 
coupling influence on the grouting effect. A fitting point 
with the best grouting effect under dynamic water pressure 
and confining pressure is found and has a better influence on 
the grouting construction in the complex environment. This 
topic requires detailed and comprehensive research.  
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