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The slurry diffusion radius is an important parameter in grouting engineering. In some cases, injection into partial overburden is
needed in grouting engineering, and it is thus critical to control the slurry diffusion so as to reduce unnecessary grout take. In an
effort to solve such issues in longwall overburden grouting, we proposed the addition of cement as a means of modifying fly ash
slurry in order to reduce grout diffusion and grout take. The characteristics of the modified slurry were determined under different
water-ash ratios and cement-blending ratios. The cement-blending ratio was found to have a small effect on the density of the
slurry but a significant effect on the slurry’s precipitation rate and viscosity. The slurry diffusion experimental system was
established to study the diffusion radius and consolidation. Results for both the fly ash slurry and the modified slurry revealed
a circular diffusion pattern centered around the grouting borehole. The diffusion radius of the modified slurry made with 10%
cement was 19.4% lower than that of the fly ash slurry, but its solidification thickness appeared to increase. The modified
slurry diffusion had a two-stage effect: a “stability control stage” and a “consolidation control stage.” In the consolidation
control stage, the diffusion radius of the modified slurry was smaller than that of the fly ash slurry, and this stage was the key
to control the diffusion radius of the slurry. Field trials were conducted based on the results of the study, and grout take was
reduced effectively. This research provides a theoretical basis for slurry diffusion radius control in longwall grouting.

1. Introduction

The process of longwall mining causes large area movement
and destruction of the overburden [1, 2], thereby forming
mining-induced fractures inside the overburden [3] that
are continuously transmitted upward in order to induce sur-
face subsidence [4–7]. In the process of overburden move-
ment, there is a layer of hard rock (typically called “key
strata” in China) that is thicker and can temporarily act as
a barrier to the upward transmission of mining-induced
fractures, thereby slowing the rate of surface subsidence. If
the key layer of overburden is reinforced during longwall
mining, surface subsidence can be effectively stopped [8–11].

The overburden isolated grouting method is a highly
efficient technology for reducing surface subsidence. Devel-
oped as a means of taking advantage of the role that “key
strata” play in controlling surface subsidence [12], the

method’s technical principle lies in constructing several sur-
face boreholes above the longwall workface down to certain
key strata. During mining, the slurry is filled into the
mining-induced fissure under the key strata through the sur-
face boreholes at high pressure, and the filling slurry forms a
support structure that maintains the stability of the key
strata and controls the surface subsidence [13–15]. Com-
monly, the slurry used in the overburden isolated grouting
engineering is fly ash slurry, for it is a solid waste in the coal
mine area. This technology has been successfully applied in a
few coal mines in China with the goal of protecting surface
buildings and infrastructures [16–19]. In longwall grouting
practice, it is common for some longwall panels to be only
partially covered by buildings; therefore, protecting these
buildings against mining subsidence can often be achieved
by only partially grouting the overburden area under the
buildings.
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Traditionally, the slurry used in the overburden isolated
grouting project is made of fly ash particles mixed with
water [20]. The diffusion radius and thickness distribution
of the fly ash slurry have been discussed in previous studies.
For example, the slurry diffusion radius of a single borehole
in the injection of a longwall panel has been determined
using the field multihole method at a Chinese coal mine; it
was found that the grout diffusion radius was up to 220m
[21]. In addition, researchers have also carried out relevant
experimental studies and proposed distribution models for
the end-state thickness distribution of the filled slurry [22,
23]. This model has additionally been applied to grouting
design [24, 25]. Under local injection conditions, fly ash
slurry may exceed the expected control range due to its large
diffusion radius, which significantly increases the amount of
filling material and reduces the efficiency of grout filling.
Therefore, the fly ash slurry needs to be modified in order
to reduce its diffusion radius.

Studies on slurry modification methods and grout diffu-
sion control are common in the field of fractured rock grout-
ing [26–28], but the studied fracture scale and engineering
context differ greatly from those applicable to grouting injec-
tion into the overburden of isolated panels during longwall
mining. In this case, the filling space is the mining-induced
fractures, which are far beyond the millimeter-scale filling
space used in fractured rock injection. Meanwhile, the filling
slurry used in the field of fracture body injection is usually a
cement slurry or a chemical slurry [29–31]. Generally, its
purpose is to increase the groutability and diffusivity of the
slurry, but the modification cost is higher [32–35]. There-
fore, significant differences exist between the two engineer-
ing contexts. In the overburden isolation grout filling
project, the injection ratio (i.e., the ratio of the final compact
fill volume of injection to the extraction volume) can be
greater than 50%, and the amount of filling material is vast
such that it is necessary to use the easily available and inex-
pensive modified materials to modify the pulverized coal
slurry. Therefore, the slurry modification method and the
diffusion radius in the fractured rock cannot be directly
applied to overburden isolation injection.

The present paper proposes a method of mixing a certain
percentage of cement into a fly ash slurry in order to make a
modified fly ash slurry and then using the curing effect of
cement to reduce the diffusion radius of the fly ash slurry.
An experimental study was undertaken in order to deter-
mine the basic characteristics of the modified slurry. As part
of this study, experimental and field research was conducted
on the diffusion radius of the modified slurry, and the mech-
anism of action of the modified slurry in controlling the dif-
fusion radius was explored.

2. Materials and Methods

During grouting, injection into the overburden of the long-
wall panel is usually evaluated based on basic parameters
such as the density, stability, and rheology of the slurry. Five
slurries with differing water-ash ratios (1.2, 1.4, 1.6, 1.8, and
2.0) were selected. The bulk density and density of the fly ash
used are 0.54 t/m3 and 2.47 t/m3, respectively. The particle

size distribution D50 is 16.82μm. The 45μm square sieve
residue of the fly ash is 11.16%. Cement-mixing ratios of
10%, 20%, 50%, and 80% in the dry fly ash were controlled
when making the modified fly ash slurry; the cement is the
32.5R ordinary Portland cement. Differences in density, pre-
cipitation rate, and viscosity of the modified fly ash slurry
were measured in order to investigate the effects of the
water-ash ratio and the cement-mixing ratio on the basic
characteristics of the modified fly ash slurry. The effect of
the water-ash ratio and cement mixture on the base proper-
ties of the modified fly ash slurry was then discussed.

Subsequently, experimental studies on the diffusion dis-
tance of the fly ash slurry and the modified fly ash slurry
were conducted separately. The aim was to determine the
characteristics of the diffusion, differences in the deposition
thickness, and differences in the diffusion radius of the two
slurries; to evaluate the control effect of the diffusion radius
of the modified fly ash slurry; to reveal the inhibition mech-
anism of the diffusion radius of the modified fly ash slurry.

2.1. Slurry Parameters Test. In grouting projects, the precip-
itation rate, which is defined as the ratio of the final
deposited volume (i.e., the slurry without the bled water)
to the total slurry volume after a static settlement, is usu-
ally used to measure the stability of the filled slurry. Mod-
ified fly ash slurry manifests as a typical solid-liquid two-
stage flow and is thus highly susceptible to water-cement
separation. The precipitation rate of the modified fly ash
slurry was tested by placing the modified fly ash slurry
with water-ash ratios of 2.0, 1.8, 1.6, 1.4, and 1.2 and
cement-mixing ratios of 10%, 20%, 50%, and 80%, respec-
tively, into a 100mL test tube and comparing the differ-
ences in precipitation rates.

In order to investigate the time-varying viscosity of the
modified fly ash slurry, a modified fly ash slurry with a slurry
water-ash ratio of 1.2 and a cement-blending ratio of 10%
was selected for viscosity testing with a fly ash slurry with
a water-ash ratio of 1.2. As shown in Figure 1, in order to
simulate different diffusion times, plastic viscosity was mea-
sured using a ZNN-D6X six-speed rotational viscometer
after the two above-mentioned slurries had been left to stand
for 12 h and 24h, respectively.

Upper rotor
Sample cups

Standard scribe

External rotor
Inner tube
Test slurry

Fixing nuts

Brackets

Figure 1: Slurry plastic viscosity test with ZNN-D6X type six-speed
rotational viscometer (part of the experimental section).
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2.2. Slurry Flow Experiment. Practically, the range of injection
zone is associated with mining geometry (usually with a width
of 200-300m), and the slurry diffusion radius does not exceed
350m. For the operation of the experiment, the model geome-
try of 3:5m × 3:5m was chosen (i.e., similarity ratio of 1 : 100).
Therefore, the slurry diffusion experimental system was con-
structed according to a geometric similarity ratio of 1 : 100.

As shown in Figure 2, the experimental system consisted
of a constant-rate grout pump, a rubber base plate, a slurry
barrel, a mixer, a scale, etc. The rubber base plate was used
to simulate the rough rock interface in the overburden frac-
ture, and a 3:5m × 3:5m base plate was chosen in order to
ensure that the slurry diffusion range would be large and the
diffusion time long such that the rheological properties of
the slurry could be fully reflected. In order to measure the
real-time slurry diffusion distance during the filling process,
two scales were laid across the center of the bottom plate.

The diffusion of the slurry within the mining-induced
fracture is controlled by viscous force and pressure, and
the Reynolds number similarity can be used as the similar-
ity criterion. Therefore, the flow similarity ratio is equal to
the geometric similarity ratio. Based on the similarity prin-
ciple, the slurry flow rate was designed to be 30mL/min.
Based on the aforementioned slurry-stability analysis, a
modified fly ash slurry with a cement-mixing ratio of
10% was selected for the flow simulation experiment. Dur-
ing the experiment, the slurry was continuously mixed
with a mixer in order to protect the slurry from precipita-
tion and deposition.

The rheological properties of the modified and unmodi-
fied fly ash slurry needed at least 12~24 h to be fully reflected
under static conditions. Therefore, in order to better reflect
the differences in flowability and solidification caused by
the time-varying viscosity of the modified and unmodified
fly ash slurry, the diffusion process of both slurries was mea-
sured in uninterrupted 72h experiments.

3. Results and Discussion

3.1. Characteristics and Parameters of Modified Slurry

3.1.1. Slurry Density. The density of the modified slurry
with different water-ash ratio and cement-blending was
tested, and the results showed that the density of the mod-
ified slurry at a given water-ash ratio slightly increases
with the increase of cement-blending ratio. For example,
Figure 3 shows that the difference between the density of
the modified fly ash slurry with a 10% cement-mixing
ratio and the density of the modified fly ash slurry with
an 80% cement-mixing ratio was only 1.6% when the
water-ash ratio was 1.2, and the difference between the
density of the modified fly ash slurry with other water-
ash ratio conditions was within 5%. The difference
between the density of the slurry with different cement-
mixing ratios was within 5%, and the density of the mod-
ified fly ash slurry with a water-ash ratio of 1.2 was rela-
tively stable and almost did not change at all with the
changing of cement-mixing ratio.

3.1.2. Slurry Stability. The precipitation rate of the modified
fly ash slurry with different ratios was found to decrease over
time from 0 to 2 h, and the precipitation rate of the modified
fly ash slurry basically stabilized after 2 h. When the cement-
mixing ratio was the same, the higher the water-ash ratio
was, the higher the precipitation rate of the modified fly
ash slurry was. Only the modified fly ash slurry with a
water-ash ratio of 1.2 had a lower precipitation rate under
different cement-mixing ratio conditions, and the precipita-
tion rate remained above 90%.

When the cement-mixing ratio was the same, the higher
the water-ash ratio was, the higher the precipitation rate of
the modified fly ash slurry was. Only the modified fly ash
slurry with a water-ash ratio of 1.2 had a lower precipitation
rate under different cement-mixing ratio conditions, and the
precipitation rate remained above 90%.

Peristaltic pump Slurry outlet Scale

Rubber sheet

Blender

Figure 2: Experimental system of slurry diffusion.
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Figure 3: Density of modified fly ash slurry with different water-
ash ratios and cement ratios.
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Figure 4: Average slurry precipitation rate corresponding to different water-ash ratios. (a) Water-ash ratio of 2; (b) water-ash ratio of 1.8; (c)
water-ash ratio of 1.6; (d) water-ash ratio of 1.4; (e) water-ash ratio of 1.2.
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When the slurry water-ash ratio was the same, the cement-
doping ratio was different, but the modified fly ash slurry pre-
cipitation rate increased with increasing cement doping. As
shown in Figure 4, the difference between the precipitation
rate of the slurry with a 10% and 20% mass-doping ratio was
very small, and the stability of slurry was good. The difference
was more obvious when the cement-blending ratio was 50%,
10%, or 20%, and the precipitation rate was higher when the
doping ratio reached 80%. Adding more cement to the pulver-
ized coal slurry clearly significantly increased its precipitation
rate, which was not conducive to the flow of the slurry in the
mining-induced fractures. Therefore, it was advisable to
choose a small amount of cement for modification. The stabil-
ity difference between the two slurries with 10% and 20%
admixture, respectively, was small, and from the perspective
of cost reduction, the 10% cement admixture was preferred
for the diffusion radius experiments.

3.1.3. Slurry Rheology. Fly ash slurry and modified slurry are
both Bingham fluids, and the rheological equations is

τ = τ0 + ηp
du
dy

, ð1Þ

where τ is the shear stress, τ0 is the ultimate dynamic shear
stress, ηp is the plastic viscosity, and du/dy is the shear rate.
The shear stress values at 600, 300, 200, 100, 6, and 3 r/min
were measured using a six-speed rotational viscometer, as
shown in Figure 5. The measured values were used to plot
the relationship between shear rate and shear stress, and
the plastic viscosity can be obtained by Equation (1).

The test results revealed that the plastic viscosity of the
fly ash slurry and the modified fly ash slurry after 12 h of
standing were 70.8mPa·s and 63.2mPa·s, respectively. The
plastic viscosity of the modified fly ash slurry was lower than

that of fly ash slurry, and its fluidity was better. The plastic
viscosities of the fly ash slurry and the modified fly ash slurry
after 24 h of standing were 73.2mPa·s and 81.5mPa·s,
respectively. The plastic viscosity of the fly ash slurry was
lower than that of the modified fly ash slurry, which indi-
cates that the flowability of the modified fly ash slurry after
24 h of standing was poor compared with that of the fly
ash slurry.

Comparing the changed characteristics of the plastic vis-
cosity of the two different types of slurry over time, the
growth rate of the plastic viscosity of the fly ash between
12 h and ca. 24 h was 3.4%, while the growth rate of the plas-
tic viscosity of the modified fly ash slurry was 29%. There-
fore, a stage difference was present in the fluidity of the
two slurries: the fluidity of the modified fly ash slurry was
higher than that of the fly ash slurry within 12h. After
12 h, the plastic viscosity of the modified fly ash slurry
increased rapidly, and the fluidity of the slurry was much
lower than that of the fly ash slurry. Therefore, the rheology
of the slurry could be changed by adding a 10% mass ratio of
cement to the fly ash slurry in order to control the diffusion
radius of the slurry, but the rheology of the slurry was signif-
icantly affected by time.

3.2. Differences in Diffusion Pattern and Thickness between
Fly Ash Slurry and Modified Slurry. Both the fly ash slurry
and the modified fly ash slurry had a circular diffusion pat-
tern with the grouting borehole as the center of the circle.
The flowability of the fly ash slurry was significantly better
than that of the modified fly ash slurry, and its diffusion pat-
tern was irregularly circular. On the other hand, the modi-
fied fly ash slurry was less fluid and had a more regular
circular diffusion pattern. During the grout filling process,
the slurry continuously precipitated, deposited water, and
formed solidified ash in the diffusion range. The thickness
of the solidified ash was the greatest at the bottom of the fill-
ing borehole and decreased along the slurry diffusion direc-
tion. The thickness of the ash body in the center of the
modified fly ash slurry was always greater than that of the
fly ash slurry, and the thickness of the consolidated fly ash
slurry was thus lower than that of the consolidated slurry
of the modified fly ash under the same conditions of filling
slurry volume.

The solidified ash thickness of the fly ash slurry dis-
played the same trend as the change in the solidified ash
thickness of the modified fly ash slurry. As shown in
Figure 6, the changes in the deposited ash thickness of both
slurries were not obvious until 8 h after the experiment had
begun, and the solidified ash thickness also began to increase
after 8 h. For the slurry ash thickness, measurements were
counted beginning in the 8th hour. The ash thickness of
the modified fly ash slurry was always greater than that of
the fly ash slurry during the entire experiment. The ash
thickness of the two slurries was stabilized at about 2 cm
after a large gap beginning at 28 h. In the process of thick-
ness change, both slurries increased more significantly from
50 to 56 h, whereas the slurry diffusion radius changed less,
the solidified ash thickness of the process changed quickly,
and the slurry diffusion radius changed smoothly.
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Figure 5: Fly ash, modified fly ash slurry (water-ash ratio of 1.2)
plastic viscosity.
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The volume of the modified fly ash slurry was compared
with that of the fly ash slurry when both had reached the
same thickness during the experiment. For example, the fly
ash body reached an ultimate thickness of 17.9 cm, the fly
ash slurry diffusion time was 72 h, and the modified fly ash
slurry reached 17.9 cm in 58h. The calculations reveal that
the volume of the modified fly ash slurry filling was 25.2 L
less than that of the fly ash slurry, and the volume of saved
slurry was 19.4%. Compared with the fly ash slurry, the
modified fly ash slurry had a smaller slurry diffusion radius
and a greater thickness, which could generate fast support
of the strata during the injection (compared with the fly
ash slurry).

3.3. Difference in Slurry Diffusion Radius between Fly Ash
Slurry and Modified Fly Ash Slurry. According to the exper-
imental results, the slurry diffusion radius of the fly ash
slurry from 0 to 3 h increased faster, and its slurry diffusion
radius increment gradually decreased after 3 h. The slurry
diffusion radius was a power function with the grouting
time, and the data can be fitted to obtain the fly ash slurry
diffusion radius as a function of time as

RF = 22:15t0:38: ð2Þ

Similar to the fly ash slurry, the modified slurry diffusion
radius and time were also consistent with the power function
relationship, which can be fitted as

RM = 20:47t0:35: ð3Þ

Comparing the diffusion radius of the two slurries as a
function of time, the coefficient and power index in the
slurry diffusion radius function of the fly ash slurry are
clearly larger than those of the modified fly ash slurry. In
other words, with an increase in grouting time, the inhibit-
ing effect of the modified fly ash slurry on the slurry diffu-

sion radius was much better than that of the fly ash slurry.
The longer the grouting time was, the greater the difference
between the two diffusion radii was, which fully illustrates
the control effect of the modified fly ash slurry on the slurry
diffusion radius.

It should be noted that the slurry diffusion radius of
the modified fly ash slurry was not always smaller than
that of the fly ash slurry. As shown in Figure 7, the slurry
diffusion radius of the modified fly ash slurry was greater
than the diffusion radius of the fly ash slurry during the
0–20min grouting process, and the diffusion radius of
the fly ash slurry began to become greater than that of
the modified fly ash slurry after the 20th min of grout fill-
ing. The diffusion radius of the fly ash slurry far exceeded
that of the modified fly ash slurry during the subsequent
grouting process.

Therefore, the effect of the modified fly ash slurry on
the control of the diffusion radius was mainly reflected
after 20min as shown in Figure 8, from the 20th min to
the end of the grouting (20min~72 h), and the difference
in the diffusion radius between the two slurries gradually
increased. Compared with the fly ash slurry, the modified
fly ash slurry diffusion radius could be reduced by 19.43%
on average.

3.4. Mechanism of Inhibition of Diffusion Radius of Modified
Fly Ash Slurry. As shown in Figure 9, compared with fly ash
slurry, the diffusion of the modified fly ash slurry can be
divided into 2 stages: a “stability control stage” and a “con-
solidation control stage.”

The stability control stage occurred during the early
stage of the slurry diffusion (0~20min). Due to the addition
of cement, the slurry contained tricalcium aluminate
(3CaO·Al2O3), which enhanced the water absorption capac-
ity of the modified fly ash slurry, and both slurry stability
and fluidity thus improved. Therefore, the diffusion radius
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of the modified fly ash slurry was greater than that of the fly
ash slurry from 0 to 20min.

The curing control stage occurred after 20min, mainly
because the modified fly ash slurry continued to harden
and generate strength, which made the diffusion radius of
the modified fly ash slurry smaller than that of the fly ash
slurry. The slurry diffusion radius gap became more obvious
with increasing grouting time.

It should be noted that the diffusion radius of both slur-
ries displayed a significant difference after 45min, and the
solidifying action became more and more significant due
to the initial setting time of the cement (i.e., 40–45min).
Therefore, the cementation stage of the modified fly ash
slurry that had been made by adding cement to the fly ash
occurred mainly after the cement had reached the initial set-
ting time, which also caused the thickness of the cemented
ash body of the modified fly ash slurry to far exceed the
thickness of the fly ash body.
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4. Field Investigation

Yangliu coal mine is located in Huaibei, Anhui Province,
China. Longwall panel II1074mines seam #10 with a thickness
of 3.4m. The panel width is 210m, and the length is 700m. As
shown in Figure 10, in order to protect the surface buildings, it
is necessary to implement grout filling about 350m range from
the working face, but the outer section does not need to be
grouted. In order to control the spread of the slurry during
our test, modified fly ash slurry was used.

There are 4 surface holes in the working face. Through
the implementation of grout filling, a total of 89,638 t of fly
ash was filled, and 2,800 t of cement was mixed. During
the grouting process, cement was added in order to modify
the slurry in boreholes #1, #3, and #4, but not in borehole
#2. During the grouting process, the borehole pressure was
continuously monitored in order to evaluate the effect of
the modified fly ash slurry.

Monitoring revealed that the pressure in the filling cavity
increased more quickly after using the modified fly ash slurry.
As shown in Figure 11(a), both boreholes #1 and #3 were ini-
tially filled with fly ash slurry, but always in a pressure-free
state. When grouting with modified fly ash slurry with a 10%
cement-mixing ratio, the pressure in borehole #1 increased
rapidly from 0.07MPa to 1.59MPa, and the pressure in bore-
hole #3 increased rapidly from 1MPa to 4MPa.

As a comparison, the duration of the low-pressure stage of
the borehole was longer when using the fly ash slurry.
Figure 11(a) shows that the longwall advance distance during
the time that borehole #2 reached the ultimate pressure from
zero was 382m, and the accumulated filling volume was
29,026 t. The longwall advance distance for borehole #4 was
283m, and the accumulated filling volume was 23,900 t.

This comparison reveals that the slurry diffusion radius
could be shortened by 26%, and the filling volume reduced
by 18% after using the modified fly ash slurry with a 10%
cement-mixing ratio. Under the same conditions of injection
volume, the borehole could be pressurized more quickly
after using the modified fly ash slurry. As shown in
Figure 11(b), at a single borehole filling volume of 12,000 t,
the grouting pressure of boreholes #1, #3, and #4 with the
modified fly ash slurry were 0.5, 1.6, and 1.2MPa, respec-
tively, which represented an average increase of 37.5% com-
pared with the grouting pressure of 0.8MPa for boreholes
with nonmodified fly ash slurry. At a single borehole filling
volume of 16,000 t, the grouting pressures of boreholes #1,
#3, and #4 with the modified fly ash slurry were 1.4MPa.
The grouting pressure of boreholes #1, #3, and #4 with the
modified fly ash slurry were 1.4, 4, and 1.5MPa, respectively,
which increased by 91.7% on average compared with the
grouting pressure of 1.2MPa in the boreholes with the
nonmodified fly ash slurry. This finding indicates that the
modified fly ash slurry effectively controlled the slurry diffu-
sion radius.
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5. Conclusions

The generation and propagation of mining-induced over-
burden fractures plays a vital role in surface subsidence for
longwall mining engineering. Overburden isolated grouting
achieves control of surface subsidence by filling overburden
fractures. Controlling the slurry diffusion radius is funda-
mental to grouting, which is important in partial grouting
engineering. When the local area of a longwall panel needs
to be grouted, the traditional fly ash slurry allows a large dif-
fusion beyond the expected range, leading to unnecessary
grout take and cost. This paper proposed a method of add-
ing cement to fly ash slurry in order to suppress the diffusion
radius and reduce unnecessary grout take. Through experi-
mental methods, the basic characteristic parameters of the
modified slurry were measured. An experimental slurry flow
simulation system was constructed, an experimental study of
the diffusion radius of the modified slurry was carried out,
and the mechanism of action of the modified slurry for con-
trolling the diffusion radius was discussed.

The study found that there were differences in the degree
of influence of the water-ash ratio and the cement ratio on
the basic properties of the modified slurry. The cement-
mixing ratio (i.e., 10%, 20%, 50%, and 80%) had less effect
on the density of the modified slurry, which almost did not
change with the changing cement ratio. However, the effect
on the precipitation rate and viscosity of the slurry was sig-
nificant, and the precipitation rate varied greatly under dif-
ferent cement-mixing ratio conditions. Comparing the
changed characteristics of the plastic viscosity of the two dif-
ferent types of slurry over time, the growth rate of the plastic
viscosity of the fly ash between 12 h and ca. 24 h was 3.4%,

while the growth rate of the plastic viscosity of the modified
fly ash slurry was 29%.

An experimental study on the diffusion of modified slurry
and fly ash slurry was carried out and revealed that the diffu-
sion morphology of both the fly ash slurry and the modified
fly ash slurry showed circular diffusion centered around the
grouting borehole, but the modified slurry had poor mobility
and large solidified ash thickness. Moreover, the study found
a stage characteristic of the difference in diffusion distance
between the fly ash slurry and the modified fly ash slurry,
and the inhibition effect of the modified slurry on the diffusion
radius gradually increased over time. Compared with the tra-
ditional slurry, the volume of the filled modified slurry with
10% cement-mixing ratio was reduced by 19.4% for the same
fill thickness. Finally, the study additionally found that the dif-
fusion radius of the modified slurry was 19.43% lower than
that of the fly ash slurry over 72h of continuous experimenta-
tion. This finding fully illustrates the control effect of the mod-
ified slurry on the diffusion radius.

The inhibition process of the modified slurry on the diffu-
sion radius was reflected in both the stability control stage and
the consolidation control stage. Within the stability control
stage, the slurry had enhanced water absorption capacity,
which caused it to have better diffusion ability, as manifested
in the larger modified slurry diffusion radius compared with
that of the fly ash slurry. In essence, during the consolidation
control stage, the cement gradually began to solidify and
harden when it had reached the initial setting time, which sig-
nificantly reduced the diffusion radius of the slurry during
cement consolidation and hardening and also caused the
thickness of the consolidated ash body of the modified slurry
to far exceed the thickness of the fly ash body.
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Based on these experimental research results, field tests
were conducted in the local area grouting project of the Yan-
gliu coal mine in Huaibei, Anhui Province, China. Using a
modified slurry with a 10% cement-blending ratio for grout
filling, the diffusion radius of the slurry and the filling vol-
ume was found to be reduced by 26% and 18%, respectively.
The modified slurry caused the grouting pressure in the
borehole to rise faster and effectively controlled the slurry
diffusion range, thereby reducing the grout filling volume
and improving the grouting effect.
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