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Waste concrete powder (WCP) is proposed to replace part of the cement to seek environmentally friendly grouting materials for
ground improvement in mine goaf. +e optimal mixing proportion was selected based on the performance indexes of the water-
separation ratio, stone rate, viscosity, setting time, and compressive strength. X-ray diffraction (XRD) and scanning electron
microscopy (SEM) tests were also conducted to analyze mineralogical phases and investigate the microscopic mechanism. Test
results show that the slurry prepared by the substitution rate of 70% and adding 0.05% water-reducing agent meets well the
requirements of ground grouting in mine goaf. +e WCP produced by grinding mainly exerts microaggregate effect in the slurry
due to low activity. A lot of pores on the surface ofWCPwere shown by SEMwhich can absorb the water in the slurry and increase
the stone rate. +e WCP application for ground grouting in mine goaf can not only recycle WC but also provide new grouting
materials for goaf ground.

1. Introduction

China’s mineral resources are rich and widely distributed.
Large areas of goafs have been formed with the continuous
exploitation of mineral resources. Serious geological disas-
ters are often caused by the instability of goaf, which not only
threatens the safety of human life and property but also
breaks the original ecological balance of nature [1, 2]. +e
ground in mine goaf is a geological unit consisting of the
rock-soil body and the underlying mine goaf within the
scope of additional stress of building foundation [3]. With
the rapid economic development and the in-depth ad-
vancement of urbanization, urban land resources are be-
coming increasingly tight, and engineering construction on
the goaf site has become an inevitable trend [4]. Research
and treatment of the ground in mine goaf are an essential
prerequisite for such activities.

Grouting technology is widely used in the field of
geotechnical engineering and disaster prevention.

Geological disasters can be prevented by injecting slurry to
fill and strengthen the rock-soil body [5].+ere are twomain
types of grouting materials: chemical and cement-based.
Ordinary Portland cement slurry is the most widely used
grouting material due to the fact that chemical grouting
usually contains toxicity, large environmental pollution, and
poor controllability [6–8]. A large number of researchers
have started to develop solid waste into grouting materials
with the concept of green sustainability gaining popularity.
Zhou et al. [9] used bentonite to replace 50% of cement to
prepare cement-based slurry and used water glass as a co-
agulant to study the apparent viscosity, bleeding rate, setting
time, and compressive strength of the slurry through lab-
oratory tests. Test results show that the slurry has the ex-
cellent characteristics of high viscosity, low bleeding, short
and controllable setting time, and high early strength. Perez-
Garcia et al. [10] used slag instead of cement to prepare
slurry and studied its consistency, workability, leaching
instability, and mechanical properties. Test results show that
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slag can replace up to 70% of cement, which not only saves
cement but also provides a way to recycle slag from the steel
industry. Zhu et al. [11] developed a new grouting material
suitable for coal floor grouting reinforcement using waste
tire rubber particles and fly ash as the main raw materials,
providing a new way for the selection of grouting rein-
forcement materials for mine floor.

Ground grouting in mine goaf is different from general
rock-soil body grouting, which mainly aims at filling the
cavities, voids, and cracks in goaf and the overlying rock-soil
body. +e reinforcement mechanism is mainly based on
filling and compaction, which has low requirements on
material strength and certain requirements on fluidity,
setting time, and stone rate of slurry [12]. Besides, large
amounts of slurry and high cost of slurry materials are
caused by the large-area filling of the ground in mine goaf.
+erefore, grouting materials for ground in mine goaf is
necessary to conduct special research to improve filling
efficiency and save filling costs.

+e annual construction waste generated by demolition
may be billions of tons in China, but the average utilization
rate is less than 5%, which is far lower than the EU and
other developed countries [13–15]. +e proportion of waste
concrete (WC) in construction waste is extremely high.WC
is often crushed and screened into coarse and fine aggre-
gates of different particle sizes, which are used to replace
some natural aggregates to prepare recycled concrete
[16–18]. Many researchers began to work on the recycling
of waste concrete powder (WCP) due to the fact that the
fine powder produced by crushed aggregates is often
discarded and wasted [19]. Xiao et al. [20] recovered the
powder generated from building demolition and used it to
replace part of Portland cement to make recycled powder
concrete. It was found that when the replacement rate did
not exceed 30%, the incorporation of recycled powder had
little effect on the mechanical properties of concrete. Kwon
et al. [21] used cementitious powder in waste concrete to
produce recycled cement. +e study found that cemen-
titious powder in WC is difficult to separate from fine
aggregate powder. To produce high-quality recycled ce-
ment, efficient separation technology needs to be devel-
oped so that the amount of fine aggregate powder mixed is
less than 30%. He et al. [22] used wet grinding technology
to grind waste autoclaved aerated concrete from building
demolition into ultrafine powder with a median particle
size of 2.3 μm. +e slurry was prepared by replacing a
certain proportion of cement with the powder, and the
mechanical properties of the slurry were measured. It was
found that the compressive strength of cement slurry
mixed with wet grinding powder was not lower than that
of pure cement slurry when the replacement rate did not
exceed 30%.

+e replacement rate is generally not more than 30% due
to the fact that the activity of WCP after grinding is not high.
According to the characteristics of ground grouting in mine
goaf, a high substitution rate slurry suitable for ground
treatment in mine goaf is proposed by mixing theWCP with
cement, which not only can reduce the cost of slurry ma-
terials but also provides a new way to recycle WC.

2. Materials and Methods

2.1. Materials. +e cement used in the test was 42.5-grade
ordinary Portland cement, and the water-reducing agent
used was naphthalene system water-reducing agent. +e
main material used in the test was taken from the WC
produced by the demolition of the old building of Henan
Polytechnic University, which was crushed by PE 125×150
jaw crusher after removing the steel bar and other impu-
rities, and the crushed concrete blocks were directly put into
the cement test mill of SM-500 model for grinding without
sieving. A square-hole sieve with an aperture of 1.25mmwas
used for screening after 10 minutes of grinding to make the
particle size of the ground powder more uniform. +e
remaining particles on the sieve were treated as hard-to-
grind particles (which can be used as aggregates for recycled
concrete). +e powder after removing the hard-to-grind
particles was put into the cement test mill to continue
grinding. Particle size grading test, XRD analysis, and ac-
tivity test were performed on the ground powder. +e
production process of WCP is shown in Figure 1.

2.1.1. Grinding Fineness and Time. +e grinding fineness of
WCP shall refer to the fineness standard of secondary fly ash.
+e residue of the secondary fly ash through the 45 μm
square-hole sieve should not exceed 30% [23]. Malvern laser
particle size analyzer was used to perform particle size grading
tests on WC ground for 80, 100, and 120min. And the
percentage of particles larger than 45 μm is derived from the
particle size distribution. +e test result is shown in Figure 2.
As shown in Figure 2(a), the volume density curve of WCP
after grinding for 80min shows two small peaks on the left
and one large peak on the right, indicating that the WCP at
this moment has a strong unevenness, and coarse particles
account for a relatively high proportion. +e volume density
curve of grinding for 100 minutes has one less peak than that
of grinding for 80 minutes, and the larger peak is on the left
side, indicating that the particles are finer and more uniform
at this time. +e volume density curve at 120 minutes of
grinding was similar to that at 100 minutes of grinding, so it
was concluded that continued grinding did not significantly
improve particle uniformity and fineness. As shown in
Figure 2(b), the 100-minute grinding curve has a significant
left shift compared to the 80-minute grinding curve, while the
120-minute grinding curve has only a very slight left shift
compared to the 100-minute grinding curve. +is phenom-
enon indicates that the grinding efficiency decreases gradually
with the increase of grinding time. Fitting the percentage of
particles larger than 45 μm shows that the sieve allowance
decreases exponentially with the increase of grinding time,
indicating that the grinding efficiency decreases sharply. In
this experiment, concrete powder with grinding duration of
100 minutes was selected for subsequent study due to the
reduction of grinding efficiency.

2.1.2. XRD Analysis of WCP. +eWCP was tested by Bruker
X-ray diffraction, and the test result is shown in Figure 3.+e
main mineral composition of WCP is calcite, dolomite,
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quartz, and sodium feldspar. +e main component of calcite
is CaCO3, which may be produced by the carbonization of
Ca(OH)2 in concrete.+emain component of quartz is SiO2.

SiO2 crystals with high crystallinity can play a filling role in
the slurry, and the vitreous body SiO2 has volcanic ash
activity, which can react with Ca(OH)2 to form hydrated
calcium silicate [24].

2.1.3. Activity Test and SEM Scan ofWCP. +e activity index
test of WCP was performed according to the standard GB/T
1596 [23]. +e 40mm× 40mm× 160mm specimens were
poured according to the ratio of mortar sand as shown in
Table 1. After 28 days of underwater curing, the specimens
were tested for flexural strength and compressive strength,
and the activity index was calculated according to (1). +e
activity index of WCP was calculated as 57%. Apparently,
the fineness of WCPmilled for 100min met the requirement
but the activity was low. +e reason is that the WC used in
the test was generated by the demolition of the old brick-
concrete structure, and its original strength is not high.
Besides, the cement particles have basically been completely
hydrated in the ages, so the activity stimulated by physical
grinding is low.

H28 �
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Figure 1: Production process of WCP.
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Figure 3: XRD pattern of WCP.
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Figure 2: Particle size classification of WCP at different grinding times: (a) volume density, (b) particle size accumulation, and the
proportion of particles greater than 45 μm.
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where H28 represents the activity index, and the unit is %, R
represents the 28 d compressive strength of the test mortar,
and the unit is MPa, and R0 represents the 28 d compressive
strength of the reference mortar, and the unit is MPa.

SEM scanning was performed on WCP to observe its
morphology after grinding. +e morphology of WCP under
different magnifications is shown in Figure 4. As shown in
Figure 4(a), the particle size of WCP is uneven, which is
consistent with the results measured by the laser particle size
analyzer. As shown in Figure 4(b), the cube-shaped CaCO3
crystals can be seen. Besides, as shown in Figure 4(c), it can
be seen that the structure of the WCP is relatively loose and
the surface is rough, containing particles bound by gel and a
large number of the pores.

2.2. Method. According to the code (GB/51180-2016) [3],
the water-solid ratio of the ground grouting in mine goaf is
generally 1 :1-1 :1.3. In this test, the water-solid ratio was
fixed at 1 :1.1, and pure cement slurry was set as the control
group.

+e test is an optimization test, which consists of two
stages. In the first stage, the change rules of slurry viscosity,
setting time, water-separation ratio, stone rate, and com-
pressive strength were studied when the replacement rate of
WCP was 50%, 60%, 70%, 80%, and 90%; the detailed test
ratios are shown in Table 2. According to the test results of
the first stage, the WCP70, WCP80, and WCP90 groups
were optimized with naphthalene system water-reducing
agent in the second stage to enhance the fluidity of the slurry,
the detailed test ratios is shown in Table 3. It should be noted
that the test results of indoor room temperature mainte-
nance adopted in this test are suitable for the on-site con-
ditions of less mine water.

Viscosity is the resistance of the fluid to flow, reflecting
the fluidity of the slurry. +e fluidity represents the inject-
ability, which directly affects the diffusion radius of the slurry,
and also determines the grouting pressure, flow rate, and
other parameters [25, 26]. In this test, the Brookfield DV2T
viscometer was used to measure the viscosity of the slurry.

+e setting time of the slurry is divided into two parts:
the initial setting time and the final setting time. In order not
to affect the flow and diffusion distance of the slurry, it is
generally required that the initial setting time of the slurry
should not be too short. In addition, the final setting time
should not be too long; otherwise, it will affect the project
activities and progress. +is test uses a Vicat apparatus to
determine the setting time of the slurry referring to the
standard GB/T 1346 [27].

+e water-separation ratio is an important indicator to
measure the stability of the slurry. +e higher the water-
separation ratio of the slurry, the more unstable the slurry,
which will seriously affect the grouting effect. In this test, a

measuring cylinder was used to test the water-separation
ratio. +e prepared slurry was poured into a 50ml cylinder
and sealed with plastic wrap. +e readings of the clear
water at the upper part and the sediment at the bottom
were observed and recorded until no more water came
out. At this time, the ratio of the volume of clear water to
the original volume is the water-separation rate of the
slurry.

+e stone rate of the slurry refers to the ratio of the
solidified volume to the original volume. +e higher the
stone rate, the better the filling effect. In order to achieve
good filling effect of ground in mine goaf, the stone rate of
the slurry is usually required to be no less than 80%. +e
measuring cylinder method was also used to test stone rate,
injecting the slurry into the 50ml cylinder, sealing themouth
of the cylinder with plastic film. After 28 days at room
temperature, the scale of the solidified slurry was recorded,
and the ratio of the solidified volume to the original volume
is taken as the stone rate of the slurry.

+e test block is poured with a 70.7mm triple test mold,
and the compressive strength of the cube is measured with a
universal testing machine. +e value of the test block
strength is carried out in accordance with the standard JGJ/T
70 [28].

3. Results and Discussion

+e test results of the control group are shown in Table 4.
+e pure cement slurry had high compressive strength and
good injectability and fluidity. However, the filling effect on
the ground in mine goaf was not satisfactory due to the high
ratio of water separation and low rate of stone formation.
According to the grouting mechanism of ground in mine
goaf, the new slurry can reduce the compressive strength,
increase the stone rate, and prolong the setting time to a
certain extent while maintaining good fluidity.

3.1. Only Adding WCP. Water-separation ratio and stone
rate at different substitution rates are shown in Figure 5. It
can be seen that the water-separation ratio of the slurry
gradually decreased and the stone rate gradually increased as
the replacement rate increased, indicating that the mixing of
WCP can make the slurry more stable and the filling effect
for ground in mine goaf better. +is is due to a large amount
of water absorbed by the pores on the surface of WCP
particles, thus reducing the water-separation ratio and in-
creasing the stone rate of the slurry. Not only that, but the
sum of the water-separation ratio and the stone rate of the
slurry in the same group was exactly equal to 1, indicating
that the sample will not show obvious shrinkage and ex-
pansion in the later curing process after the completion of
water separation.

Table 1: Mixture ratio of mortar.

Type of mortar Cement (g) WCP (g) Standard sand (g) Water (ml)
Reference mortar 450 — 1350 225
Test mortar 315 135 1350 225
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+e setting time at different substitution rates is plotted
in Figure 6. As shown in the picture, the setting time of the
slurry decreased slightly relative to the pure cement slurry
when the replacement rate was 50%. Afterwards, the initial
setting time and final setting time of the slurry increased
continuously with the increase of the replacement rate. In
particular, the setting time increased greatly when the re-
placement rate exceeded 80%.

As shown in Figure 7, the viscosity of the slurry increased
when part of the cement was replaced by WCP, and the
viscosity continued to rise with the increase of the re-
placement rate. +is is due to a large amount of water
absorbed by the pores on the surface of WCP particles,
which increases the viscosity of the slurry.

Unconfined compressive strength (UCS) of specimen at
different substitution rates is shown in Figure 8. +e picture
shows that the addition of WCP can significantly decrease
the compressive strength, and the compressive strength of
the specimen at all ages was continuously reduced with the
increase of the replacement rate. +e strength was reduced
obviously due to the fact that the activity of theWCPwas not
high and the cementing material produced in the specimen
decreased with the decrease of cement content.

3.2.OptimizationofWater-ReducingAgent. High viscosity is
the biggest problem for ground grouting in mine goaf with
WCP according to the results of the first stage test, which will
make the injectability and flow diffusion of slurry worse,
thus affecting the grouting effect. To ameliorate this prob-
lem, water-reducing agent was added to the slurry to reduce
the viscosity and increase the fluidity. To obtain a suitable
slurry with a high substitution rate, the WCP70, WCP80,
and WCP90 groups of slurries were selected in this ex-
periment for subsequent study.

From the results of Figure 9, the viscosity of the slurry
continued to decrease as the amount of water-reducing
agent increased. Among them, the WCP70 group slurry
could reach a viscosity similar to that of pure cement slurry
by adding only 0.05% water-reducing agent. +e viscosities

(a)

CaCO3

(b)

CaCO3

(c)

Figure 4: SEM images of WCP: (a) 100x, (b) 800x, and (c) 5000x.

Table 2: Test ratios of phase 1.

Group number Cement content (%) WCP content (%)
WCP0 100 0
WCP50 50 50
WCP60 40 60
WCP70 30 70
WCP80 20 80
WCP90 10 90
Note. +e group number in the table is “WCPa,” where “a” means the
mixing percentage.
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of WCP80 and WCP90 slurries were also similar to that of
the control group by adding 0.1% and 0.15% water-reducing
agent, respectively. +e improvement of fluidity results from

the absorption of negatively charge water-reducing agent
which increases the electrostatic repulsion and lubricity
between cement particles [29].

Although the addition of water-reducing agent can reduce
the viscosity of the slurry, it will inevitably affect other
properties. From Figure 10(a), the water-separation ratio of
slurry was rising and the stone rate of serous fluid decreased
slightly with the increase of water-reducing agent. +e water-
reducing agent particles attached to the surface of WCP
reduced the water absorption and increased the water-sep-
aration ratio of the slurry. Besides, the sum of the water-
separation ratio and the stone rate of the slurry in the same
group was exactly equal to 1, indicating that the incorporation
of water-reducing agent will not cause obvious shrinkage and
expansion of the slurry in the later curing process after the
completion of water separation. From Figure 10(b), it can be
seen that the stone rate of the three kinds of newly prepared
slurry is higher than pure cement slurry and the water-sep-
aration ratio was much lower than pure cement slurry, in-
dicating that the newly prepared slurry is more stable and has
a good filling effect on the ground in mine goaf.

Table 3: Test ratios of phase 2.

Group number Cement content (%) WCP content (%) Water-reducing agent content (%)
WCP70WR0.025 30 70 0.025
WCP70WR0.05 30 70 0.05
WCP80WR0.05 20 80 0.05
WCP80WR0.1 20 80 0.1
WCP90WR0.05 10 90 0.05
WCP90WR0.1 10 90 0.1
WCP90WR0.15 10 90 0.15
Note. +e group number in the table is WCPaWRb, where “WR” is water-reducing agent, and “a” and “b” represent the WCP and WR mixing percentage,
respectively.

Table 4: Test results of the control group.

Setting time (min)
Water-separation ratio (%) Stone rate (%) Viscosity (cP)

Compressive strength
(MPa)

Initial setting time Final setting time 3 d 7 d 28 d
590 725 20 80 86.4 5.66 13.38 34.76
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As shown in Figure 11(a), the incorporation of water-
reducing agent prolonged the setting time of the slurry, but
the setting time showed a slower and slower increase and the
growth rate gradually decreased as the number of incor-
porations increased, which was in a relatively stable state.
From Figure 11(b), it can be seen that the setting time of the
three newly configured WCP-Cement grouts is greater than
that of pure cement slurry, which is more conducive to the
flow and diffusion of grout. However, the final setting time of
WCP90WR0.15 group slurry is close to 4 days, which may
affect the project progress to some extent and should be
carefully selected according to the site situation and con-
struction period requirements.

+e results in Figure 12(a) indicated that the uniaxial
compressive strength of WCP80 and WCP90 groups

decreased as the amount of water-reducing agent was in-
creased. For the WCP70 group, the strength in the early
stage had little change after adding different doses of water-
reducing agent, but in the middle and late stage it showed a
trend of first decreasing and then increasing. +is may be
due to the fact that the WCP70 group had relatively lower
WCP content and poorer water absorption, which increased
the water-separation ratio. +e increase of water-separation
ratio is equivalent to the decrease of the water-solid ratio of
slurry, which makes the strength of specimen increase.
+erefore, when the amount of water-reducing agent was
small, the compressive strength of the specimens affected by
the water-reducing agent decreased. When the amount of
water-reducing agent was increased, the compressive
strength of the specimens was slightly increased by the
higher ratio of water-separation but still is less than the
components without adding water-reducing agent.

As shown in Figure 12(b), the compressive strength of
the WCP-Cement slurry was much lower than that of pure
cement slurry. Based on the code (GB 51180-2016) [3], the
28-day compressive strength should not be less than 2MPa,
so the WCP70WR0.05 group is the most suitable compo-
nent. Although the 28-day strength of theWCP80WR0.1 test
piece was less than 2MPa, it had good other properties and
can be used for ground in mine goaf which is not within the
main stress layer of building foundations according to the
site conditions.

Cement is expensive and the production process emits a
lot of CO2, which causes great pollution to the environment
[30–32]. According to the grouting requirements of ground
in mine goaf, replacing cement with WCP can greatly en-
hance the green environmental protection of the slurry. In
terms of economy, the unit price of naphthalene water-
reducing agent is about ten times that of cement, but the
amount is only one-thousandth of the total mass of solid.
+erefore, WCP-Cement slurry can save a lot of cost
compared to pure cement slurry. However, it is worth noting
that WC is hard to grind and consumes more electricity in
the grinding process, so we should consider upgrading
grinding equipment or adding grinding aid to further reduce
cost and improve economic efficiency.

3.3. XRD. XRD patterns of the WCP70WR0.05 group
samples at 7 d and 28 d are shown in Figure 13. +e figure
shows that the main phases in the sample are gypsum,
dolomite, calcium hydroxide, calcium carbonate, and silicon
dioxide. Gypsum comes from cement, calcium hydroxide is
produced during cement hydration, and the remaining
phases come from WCP.

Comparing the 7-day and 28-day spectra, we found that
the peaks’ positions and numbers at different ages of the
specimens were basically the same, indicating that thematrix
phases of the specimens at different ages were the same, and
the increase in age would not cause the specimens to pro-
duce new phases, nor would it cause the original phases to
disappear. From the figure, it is found that although the
positions of the peaks are almost the same, there are different
degrees of changes in their peak heights, indicating that
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changes in maintenance age have an effect on the degree of
crystallization of the phase.

3.4. SEM. +e fraction with 70% substitution and 0.05%
water-reducing agent addition (WCP70WR0.05) was
scanned by SEM and analyzed for 7 d and 28 d microscopic
morphological changes.

+e morphology of the sample under different magni-
fications after 7 days of curing is shown in Figure 14. As
shown in Figure 14(a), there were a large number of pores on
the surface of the specimen, and the structure of it was
relatively loose. In addition to pores, ettringite (AFt), cal-
cium hydroxide (CH), and gel (CSH) were seen in the
sample from Figure 14(b). AFt provided early strength and

CH created an alkaline environment for the later reaction.
Besides, the surface of the specimen was covered with a large
number of CaCO3 crystals, which were derived from WCP
and were mainly used for filling. It can also be found from
Figures 14(b) and 14(c) that the AFt was similar to fibrous
distribution, CaCO3 crystal was cubic distribution, and CH
was flake like hexagon distribution, and they covered the
surface of CSH together.

+e morphology of the sample under different magni-
fications after 28 days of curing is shown in Figure 15.
Comparing Figure 15(a) with Figure 14(a), it can be seen that
the number of pores and the pore diameter of the sample
were reduced in the later stage. Some of the original pores
were filled with more cementing materials in the later period
with the progress of hydration reaction, which made the
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Figure 10: Water-separation ratio and stone rate after adding water-reducing agent: (a) change rule and (b) comparison of slurries with
similar viscosity.
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Figure 11: Setting time after adding water-reducing agent: (a) change rule and (b) comparison of slurries with similar viscosity.
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structure of the sample more compact. Comparing the 8000
times magnified images in Figures 14(b) and 15(b), the CH
and CaCO3 crystals are invisible in the later stage.+is is due
to the fact that fewer gels were produced in the early stage,
which can only have a slight bonding effect on CaCO3 and
CH. However, the increasing amount of gels in the later stage
can cover both of them. Besides, there were slight changes in

the morphology of AFt at different ages. +e AFt in the early
stage was mainly distributed in a similar fiber shape, and in
the later stage, it was mainly inserted in the gel in the shape
of needles or short columns, which looked more rigid. +e
CH was wrapped up by the CSH seen in Figure 15(c) at
12000x magnification, so it is difficult to see it in the low
magnification image.
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Figure 12: Compressive strength of test samples at different water-reducing agent dosages: (a) change rule and (b) comparison of slurries
with similar viscosity.
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Figure 13: XRD patterns of WCP70WR0.05 group at 7 and 28 days.
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Figure 14: SEM images of the specimen for 7 days: (a) 1000x, (b) 8000x, and (c) 12000x.
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4. Conclusions

In order to use waste concrete powder (WCP) in grouting
for ground improvement in mine goaf site, WCP-Cement
slurry with replacing 50%–90% of cement is proposed and
studied. +e influence factors of setting time, fluidity,
water-separation ratio, stone rate, and compressive
strength were studied, and an environmentally friendly
slurry suitable for ground treatment in mine goaf is op-
timized by adding water-reducing agent later. Suitable
matched specimens were sampled for XRD and SEM mi-
croanalysis to study the cementation grouting mechanism
from the view of microstructure. +e following conclusions
can be drawn:

(1) +e water-separation ratio of slurry decreases and
the stone rate increases as the replacement rate of
WCP increases, but the viscosity continues to in-
crease, which makes the fluidity and injectability of
the slurry worse, so it is necessary to add water-
reducing agent to optimize the slurry.

(2) +e slurry made up of 30% cement, 70% WCP, and
0.05% naphthalene-based water-reducing agent has
the obvious advantages of high stone rate and good
injectability. Besides, other properties of it also meet
the grouting requirements of the ground in mine
goaf, which is an economical and environmentally
friendly filling material.

(3) +e slurry prepared with 20% cement, 80% WCP,
and 0.10% naphthalene-based water-reducing agent
also has significant advantages of high stone rate and
good injectability, but its 28 d uniaxial compressive
strength is less than 2MPa. It can be used in ground
inmine goaf which is not within the main stress layer
of building foundations according to the site
conditions.

(4) +e activity of WCP produced by mechanical
grinding is low, and it is difficult to supplement the
strength of the specimen. However, fine WCP par-
ticles can exert microaggregate effect in the slurry
and enhance the compactness of the stone body.
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