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Under different exploitive conditions, the humidity levels of
the backfill stopes are not the same. Humidity greatly affects
the strength and microscopic characterization of the backfill.
Cemented paste backfill (CPB) specimens were cured using 0,
30, 70% and standard curing (20°C, 99%) under four different
humidity conditions. At 28 days, nuclear magnetic resonance
(NMR) and scanning electron microscopy (SEM) techniques
were used to obtain the microscopic features of the CPB
specimens. The relationships between the permeability and
uniaxial compressive strength (UCS) of the CPB specimens,
and the microscopic characteristics of the CPB specimens,
were established. The results showed the following: (i) The
permeability of the CPB had an exponential functional
relationship with its stone powder content. (ii) The stone
powder content of CPB and the peak area of the T, spectrum
are negatively correlated with the UCS. However, there was a
T, peak area corresponding to the worst UCS with the same
stone powder content. (iii) The peak area of the T, spectrum
showed that the proportion of area of a small pore size was
more than 80%, indicating that the pore size was mainly
small. The pore diameter of small pores was linearly and
inversely proportional to the UCS of the specimens. It can be
found that the factors affecting the strength characteristics of
CPB include not only the stone powder content, but also the
curing conditions of different humidity.

© 2019 The Authors. Published by the Royal Society under the terms of the Creative
Commons Attribution License http://creativecommons.org/licenses/by/4.0/, which permits
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1. Introduction

A filling mining method has been widely used in metal mining and is playing an important role in the
development and use of mining resources. At present, the backfill used in the cemented filling mining
method mainly uses tailings as the aggregate and cement as the cementing material [1]. The
microstructure of such filling materials can affect the strength characteristics, and their interrelationships
have led to extensive research in academia. Nuclear magnetic resonance (NMR) techniques can be used to
study the distribution characteristics and evolution of water during the early hydration process of filling
slurry and the variation law of the pore size distribution over time in cemented paste backfill (CPB)
specimens [2,3]. Liu et al. [4] used NMR and scanning electron microscopy (SEM) to characterize the pore
structure of backfill specimens and studied the relationship between the uniaxial compressive strength
(UCS) and the pore characteristics of CPB. However, with the increase of various solid wastes and the
high cost of cement, some scholars have done a lot of research on the disposal of wastes, which are
mainly used to replace cement as a cementitious material [5,6]. However, this will reduce the strength of
CPB. In order to increase the strength of CPB, a lot of research has been done [7-9].

The hydration of cement is affected by the level of humidity. In different stopes of underground
mines, the environmental humidity is not the same. Humidity affects the hydration of CPB, which
affects the strength characteristics of the CPB. There are some scholars who have studied the concrete
curing humidity [10,11], but there are few studies on the curing humidity of CPB. Ma [12] found that,
by studying the compressive strength of concrete specimens under constant temperature and different
humidity conditions, it can be seen that the strength increases with an increase in the curing
humidity. Under the different curing conditions of the mine, the influence in the hydration reaction of
the backfill on the strength differs. Xiong [13] found that, with the slow increase of the downhole
temperature, the compressive strength and elastic modulus of the backfill will gradually decrease.
Xu et al. [14] found that, with an increase in temperature, the strength and elastic modulus of the
cracked tailing backfill first increases and then decreases. However, they only studied the effect of
temperature on the backfill and did not involve the effect of humidity. Gan et al. [15] found that,
under the same curing age, the strength of the specimens in the downhole curing was lower than that
under the standard curing conditions. However, the authors used too few control groups for the
study on the curing humidity, and their research was not comprehensive.

In contrast with the above, the hydration reaction of cement in CPB under different humidity conditions,
particularly the backfill in the replacement using stone powder cement, must have its own law. CPB
specimens were prepared from tailings, stone powder and cement. After the same period (21 days) of
curing, an impact test of the macroscopic and microscopic characteristics and the mechanical properties of
the CPB specimens was carried out by curing the CPB specimens under different humidity environments
for 7 days. NMR technology and a uniaxial compression test were used to explore the effects of humidity
on the macroscopic and microscopic characteristics and mechanical laws of CPB.

2. Material and methods
2.1. Materials

The test materials included tailings as the aggregate and cement and stone powder as the cementitious
materials. The experimental tailings were taken from mineral processing discharge products from the
concentrator at Gaofeng Mine in Guangxi Province, China. The stone powder was taken from a quarry
near the Gaofeng Mine in Guangxi Province, China. The basic properties of the above experimental
materials were analysed using a laser particle sizer (Mastersizer 2000), X-ray fluorescence spectrometer
and X-ray diffraction to determine the particle size distribution (figure 1) and physico-chemical properties
(table 1). The cement was ordinary Portland cement, which was produced at the Changsha Xinxing
Cement Factory. The chemical composition of cement is shown in table 2. Tap water was applied as the
experimental water.

2.2. Experiment methods

2.2.1. Experimental design scheme

Tailings were used as backfill aggregates, and ordinary Portland cement and stone powder were used as
the cementitious materials. In this study, stone powder cement tailings ratio (SPCTR) refers to the ratio of
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Figure 1. Particle size distribution.

Table 1. Physical properties and chemical composition of the tailings and stone powder.

property kind contents
physical properties dlass apparent density (g/cm’) packing density (g/cm’) surface moisture
content (%)
tailings 3.49 1.24 0.128
stone powder 2.89 0.9 0.162

chemical chemical

composition composition

tailings (%) 34.699 23.098 15.857 14.025 4476 2117 1.113

Table 2. Chemical composition of cement.

chemical composition 3@ - Si0, 3Ca0 - Al,03 4Ca0 - Al,05 - Fe,05

content (%) 52.8 20.7 1.5 8.8

stone powder and cement to the tailings. The SPCTR and mass fractions (MFs) were set to 1:3 and 73%,
respectively. A control experiment was conducted on different ratios of stone powder and cement.
According to the research by Feng & Sun [16] and Liu [17], at 21 days, the hydration reaction of most
of the cement in the cement-containing cementitious materials was completed owing to the influence
of moisture in the material. After 21 days, a rehydration reaction of the material occurred owing to
the influence of moisture in the environment. A scheme regarding the influence of environmental
humidity on a cement rehydration reaction was designed. The design of this experiment includes an
initial standard curing for 21 days followed by curing for 7 days under different humidity conditions.
The manufacturing and curing processes of the CPB specimens were as follows: Various raw
materials were weighed according to the designed ratio and they were placed in a mixing bowl and
mixed well by a mixer. Different ratio mortars were made into standard specimens using ®50 mm x
100 mm cylindrical moulds. According to the content of the stone powder, the specimens were
divided into eight groups (labelled as A1-A8) from low to high, and each ratio was 18 pieces, with
144 blocks in total. Each set of specimens was divided into six categories according to the curing and
disposal conditions, with three pieces each, labelled C1-C6. They were initially co-cured for 21 days
under 99% humidity and in a 20°C curing box. After 21 days of curing, they were processed
according to the six design conditions. The specific curing conditions are shown in table 3. In table 3,
A1-A8 of C5, and C6 were placed in the original curing box for 7 days of curing, and then those of

22161 9 s tado 205y sosyjeumol/biobunsiqndfaanosiedor [



CBURYD-OURYD  (SUSYS-(ENsYD  (zLsw—(oLsw) (6)8YO-(08YD) 98YD-WvD) C@gv-evd 8y
U  SDAD-EIND  @A-(0U) OO-(O0 O~ Co@u-Wwy
LYV  (SUYS-ElV)  (2L)ovi—(oLove) 6V~ (VD OO~V @y oy
GUSY-OUSYD  GUSYO-EsYD  (@sy-ousy) R ) (9)SYD-(h)SYD BN (31T (1115 N
___aszs QU  SUWO-EWS)  @Us-0Ln) OO - OWD-IvD COwo-wn
CBUEY-OUEYD  SDEYO-(EDY)  Uewd-0LEw) G BRAE) - 9vO- NV Co@-Ww &
___a:%u ouzvy Uy (ewd-oue) OO - Oo-to RG4S 4 Th R
CEUWYO-OUY  SOWO-EDWD  @ULd-0LLY) (YOO  OWD-D CEwo-Own

uonebnyuud pue JUBWIRAI) J3JeM pajeinjes dnoib pury

Juswileal) Jalem pajeines

‘suawpads g4y Jo suomipuod buuny ¢ 3jqel



curing under l | .
different conditions \

curing
—l > i
21d 7d 99% ] 20°C, 99%
maintenance box . ‘ . .
surface wound
“ ) raw tape broken
-\ T
i /R UCS test - NMR test
— [ Y | —
NMR analysis
UCS test
system i
machine Y sampling
. Gl
SEM picture 5 SEM test

5 -

SEM test
machine

Figure 2. Experiment process with sample preparation, UCS tests and SEM.

Table 4. SPCTR, MFs, stone powder content (SP content), cement content and tailing content of CPB specimens.

group SPCTR MF (%) SP content/% cement content (%) tailing content (%)
A1 1:4 73 0.00 25.00 75

Table 5. NMR test parameter setting.

SW SF P1 P2

parameter (kHz) (MHz) D DRG1 NS (us) (us)

number 100 21 27317380 2256 3 16 1152 23.04 150 3000 0.3

C5 were subjected to saturated water treatment (recorded as C5A1-C5A8) and those of C6 were
subjected to saturated water treatment and centrifugation (recorded as C6A1-C6AS8). The curing
temperature of all samples above is 20°C. The experimental ratios are shown in table 4.

2.2.2. Experimental test process

(1) NMR test: An NMR analysis was conducted using MesoMR23-060H. Parameter settings are shown
in table 5. The cured specimens were tested by NMR. The NMR T, spectrum was obtained using
NMR analysis software, and the area of the T, spectrum, the area of each peak and its proportion
were calculated. Of these, the permeability parameter of samples subjected to saturation and
centrifugation could be obtained by NMR.

(2) UCS test: The UCS test was carried out using a pressure tester No. 01000405 with a loading rate
of 0.2kNs™". The cured specimens were then placed in the middle of the pressure plate to be
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Figure 3. NMR T, spectrum distribution of CPB specimens under different curing conditions. (a) 0% humidity. (b) 30% humidity.
(c) 70% humidity. (d) 99% humidity. (e) Saturated water. (f) Saturated water and centrifugation.

3

tested by the UCS test machine. The UCS value was obtained through a force measurement system

analysis.

SEM test: SEM was applied using a Quanta-200. We took cubic specimens with a side length of 5 mm
from the centre of the specimens, and removed the dust from the surface; a metal conductive film
was then applied on the vacuum coater, and finally a magnification of 5000x was set for electron
microscopy to select the appropriate image. The experiment process is shown in figure 2.

3. Analysis results

3.1. NMR T, spectrum distribution

The distribution of the T, value represents the pore size distribution for samples which are saturated [18].
The transverse relaxation time T, of the NMR reflects the pore size; that is, the smaller the T, value, the
smaller the pore diameter. Similarly, the larger the T, value, the larger the pore diameter. The number of
pores that transverse the relaxation time of the peak value corresponds to the largest pore size [19]. The
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Table 6. T, peak area and its proportion of CPB specimens under different curing conditions and stone powder content.

curing first peak first peak area second second peak total peak
conditions group area ratio (%) peak area area ratio (%) area
a A 117.0404 86.948 17,5693 10.139 134.6097
R 114.1468 82.701 23.8767 17.299 138.0235
e 11 S 77
A 1049372 79.551 269747 20449 131.9119
R i
i
o o wm msn ww e
A8 999935 81082 233305 18918 1233240
o m mme wm nme sw woms
.
o s mem e e e
M 327189 81573 739108 18427 4011002
e St S
A6 268.6997 88.467 35,0291 1533 303.7288
sy 1 S 1y
A8 135.9360 89.458 16.0191 10,542 151.9551
i S B B
17 1
o s we wew aw s
M s7st 97907 109606 2093 523.6787
o s wmn moes i sems
e men wm sen ow wews
Tttt S S 2
A8 413.6614 98.215 75181 1785 21179
11 s e e
) 728.0665 98.113 14.0028 1.887 742.0693
R
MM 5610880 97259 15.8129 2741 576.9009
Sty S S
e mem  wm wes m san
e
A8 4557898 96081 185910 3919 4743808

NMR T, spectrum distribution of the CPB specimens is shown in figure 3 under different humidity
curing conditions and stone powder content. As shown in figure 3, the two peaks were found in the
T, spectrum distribution of the test specimens. From figure 3a—f, the relaxation times of the first peak
value are 0.15, 0.18, 0.46, 0.49, 1 and 1.14 ms, respectively. In figure 3a,b,e and f, the relaxation times
of the second peak are 3.51, 4.04, 32.74 and 32.74 ms, respectively. The second peak values of
figure 3c,d are smaller, and the transverse relaxation time, T,, is large. This indicates that, after 21
days, a rehydration reaction had taken place. The higher the curing humidity, the larger the most
probable pore size of the small pores. It was proved that the greater the environmental humidity, the
more capillary water occurring in the CPB specimens, providing more moisture to accelerate the
cement rehydration reaction. The cement rehydration reaction was accelerated, resulting in numerous
porous and large-pore-sized hydration products. Under the same humidity condition, the first peak of
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Figure 4. UCS of (PB specimens under different curing conditions and stone powder content.

all specimens was significantly higher than the second peak, indicating the largest number of small pores
in the specimens. Under dry conditions, the first peak is between 100 and 200 a.u.; under 30% humidity,
the first peak value is between 200 and 600 a.u.; under 70% humidity, the first peak value is between 600
and 1000 a.u.; under 99% humidity, the first peak value is between 800 and 1300 a.u.; whereas after water
saturation, the first peak value is between 1300 and 1600 a.u.; and after water saturation and
centrifugation, the first peak value is between 200 and 600 a.u. This indicates that the greater the
humidity, the greater the number of small pores. There are two reasons for this. The first is that
the greater the environmental humidity, the more capillary water and gel pore water that occurs in the
CPB specimens, resulting in an increase in the water content of the small pores in the specimens.
The second is that the greater the humidity, the faster the cement hydration reaction. The hydration
product fills the pores of the specimens, resulting in smaller pores. The first peak value after
centrifugation is not significantly different from the first peak value under 30% humidity, whereas
the second peak value is smaller than the second peak value under 30% humidity, indicating that
centrifugation not only caused all pores to lose moisture but also caused large pores to lose
more moisture.

3.2. T, spectrum peak area

The area of the NMR T, spectrum is in direct ratio with the water content in the specimens [4,19]. Table 6
shows the total peak area of the T, spectrum, the area of each peak and its proportion in each specimen
under different humidity curing conditions and stone powder content. It can be seen that the higher the
content of stone powder in the specimens, the smaller the total area of the T, spectrum under the same
humidity. This indicates that an increase in the stone powder amount in the specimens leads to an
accelerated cement hydration reaction, which consumes more water in the specimens, resulting in a
decrease in their moisture content. Under the same stone powder amount, the greater the curing
humidity, the larger the total area of the T, spectrum of the specimens. This indicates that the more
environmental moisture that occurs, the more pore water in the specimens. The amount of water
consumed by the cement hydration reaction is lower than the increase in pore water, resulting in an
increase in water content in the specimens. The first peak area was between 80 and 99% of the total
area, indicating that the pores in the specimens were mostly small. This occurs because the cement
hydration reaction produces many fine hydration products, filling in the pores of the specimens,
resulting in smaller pores (which occurs because, in cement hydration, the pores are filled by fine
hydration products). Under the same humidity, the proportion of the first peak area decreased with
the increase in stone powder content. The proportion of the second peak area increased with an
increase in the stone powder content. This indicates that the consumption of the capillary water is
larger than that of the macroporous water, which proves that the increase in the stone powder content
in the specimens will accelerate the cement hydration reaction. Cai [20] also found a phenomenon in
that stone powder will accelerate the cement hydration reaction when studying stone powder
concrete. Under the same powder content, from 0 to 70% humidity, the proportion of the first peak
area gradually increased, and the proportion of the second peak area gradually decreased. This
indicates that, with an increase in humidity, the water evaporated in the large pores consumes more
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Figure 5. Relationship between permeability and stone powder amount of (PB specimens.

water than the cement hydration reaction in the capillaries. However, when the humidity reaches 99%,
the proportion of the first peak area is not increased, but is rather decreased, and the proportion of
the second peak area is not reduced but increased. This shows that, when the environment reaches a
certain level of humidity, the evaporation of water in the large holes will slow down. A4 under 30%
humidity, A3 under 70% humidity and A4 under 99% humidity showed some abnormalities.

3.3. Strength characteristics

Figure 4 shows the UCS of specimens with eight different stone powder contents under four different
humidity curing conditions. A pressure of 1.4 MPa is the basic requirement to meet the strength of the
mine (Gaofeng Mine) backfill [21]. Because the strength of the saturated water specimens was too low,
the strength was not tested. It can be seen from figure 4 that, under the same humidity conditions,
the strength tends to decrease as the amount of stone powder increases. Li [22] also found a similar
phenomenon in that excessive stone powder content leads to a reduction in strength when studying
stone powder concrete. There are two reasons for this phenomenon. On the one hand, the stone
powder absorbs some of the free water and reduces the amount of cement slurry in the specimens,
resulting in a decrease in the adhesion between aggregates. On the other hand, the increase in the
amount of stone powder in the specimens causes the gradation to become unreasonable, resulting in a
weakening of the skeleton effect of the cement slurry and the aggregate. Clearly, the greater the
humidity, the lower the strength because, when the humidity is too high, more moisture occurs
between the particles. A disassembly pressure was generated, and the force of bonding matter was
reduced; thus, the CPB was loosened, reducing the UCS of the CPB. When the stone powder content
is the same, the UCS decreases as obviously as the humidity increases. It shows that the moist
environment seriously affects the UCS. Although the moist environment could promote the hydration
reaction, at this time, the moisture content is a decisive factor affecting the strength, which results in a
decrease in the strength of CPB.

4. Discussion and analysis
4.1. Permeability

Permeability is a physical quantity used to characterize the ability of porous media materials to transport
liquids, obtained by Coates model in NMR, the size of which determines the quality of the permeability.
The permeability of the backfill is directly related to the water secretion ability of the filling slurry, and is
one of the important properties of the backfill. To be able to drain the moisture in the backfill faster,
reduce the stopping cycle and reduce the pressure on the retaining wall and filtering well, the mine
needs a suitable permeability of the backfill [23]. Therefore, it is important to study the permeability.
Here, the permeability of the hardened specimens was obtained using saturated water and

127161 '9 s uado 05y sosy/jeumol/bioBusygndisaposiefor [y



200 A

150 -
2 WAT,:
= T,= (11 +12)/2
>
£ 100 1 ds/S = r/R
=}
O
E
50
0 i /l\l T
0.01 0.1 1 10 100 1000

Figure 6. WAT, schematic diagram.

4.5

m  experimental data
linear fitting

40
35

3.0
25F

UCS (MPa)

2.0

1.5

y=-2.9708x +4.0878
R?=0.8684 .

1.0

05F

0.0 0.2 0.4 0.6 0.8 1.0 1.2
WAT, (ms)

Figure 7. Relationship between UCS and WAT, value of cemented backfill specimens.

centrifugation processing (i.e. C6A1-C6AS8). Figure 5 shows the relationship between the permeability of
the CPB specimens and the amount of stone powder. The permeability of the CPB specimens
exponentially decreases with the amount of stone powder. This relationship is as follows:

y = 259.8008 + 1920.9875e ' 0282, (4.1)

where y represents the permeability (mD), and x represents the amount of stone powder in the cemented
backfill specimens (%).

There are two reasons for this relationship. First, the stone powder can accelerate the hydration
reaction of the cement to form finer products, and thus the porous medium contained finer particles,
the internal structure became denser and the porosity became smaller, resulting in a poor permeability
of the backfill. Second, the stone powder particles were small, filling in the voids in the specimens
and reducing the porosity, resulting in a poor permeability of the CPB.

4.2. Relationship between UCS and pore size distribution

Regarding the value of UCS, many factors affect the UCS of the CPB. The pore size in the CPB was one of
the influencing factors [24]. In §3.2, it was mentioned that the first peak area accounted for more than
80% of the total area. Here, the influence of the pore size of the small pores on the strength of the
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Figure 8. Magnified SEM image.

specimens was studied. For the pores of the spherical model and tube bundle model, the relationship
between the pore radius r and the transverse relaxation time T, can be approximated as

Fs
H~0 ) = (4.2)

where T, represents the total transverse relaxation time (ms), r represents the pore radius (um), Fg
represents the pore shape factor (for spherical pores, F+ =3, and for tube bundle pores, F,=2), and p,
represents the transverse surface relaxation strength (umms™), S represents the pore surface area
(cm?), V represents the pore volume (cm?).

So according to equation (4.2), the pore radius could be expressed as

r= FSPZTZ . (43)

The peak area of the first peak in the T, spectrum has a direct ratio with the water amount of the
pores. The water amount of the pores is a direct ratio with the number of small pores, and thus the
peak area of the first peak reflects the number of small pores. The ratio of the T, spectral area (ds)
between the two adjacent T, values (t; and f,) in the first peak of the T, spectrum and the total area
(S) of the first peak reflects the ratio of the pore size (r) corresponding to the intermediate T, (T5)
value of the above two adjacent T, values to the total number of small pores (R). WAT, schematic
diagram is shown in figure 6. Using the above ratio, the weighted average transverse relaxation time
(WAT)) is calculated based on the weighted average of the transverse relaxation time of the first peak
of the T, spectrum, and the relationship between the pore size and the UCS is then obtained using
WAT,. The relationship between WAT, and the UCS of the specimens is shown in figure 7. It can be
seen that WAT, is linearly and inversely proportional to the UCS of the specimens, and its
relationship is as follows:

y = —2.9708x + 4.0878, (4.4)

where y represents UCS (MPa) and x represents WAT, (ms).

As WAT; increases, the UCS decreases. This phenomenon also occurred when Zhu et al. [25] studied
silicon powder cement. The larger the WAT), the larger the pore size and the worse the compactness of
the backfill, resulting in a decrease in the UCS of the specimens. Figure 7a,b show SEM images (10 000x)
for the A2 and A7 specimens under 70% humidity, respectively. The binarization image can well reflect
the distribution of pores. Binarization mainly uses threshold greyscale segmentation to transform the
solid phase and pores in the image into black and white regions. The principle is

o (O0fG)<T,
fap = { L) > T,

where T is the threshold grey scale. By the binarization function, the pixel points, whose grey values are
lower than T, are set to 0, that is, the black point (solid phase) and the pixel points, whose grey values are
higher than or equal to T, are set to 1, that is, white point (pore).

It can be seen from figure 8 that the CPB is formed by a large number of acicular substances forming a
loose network structure, such that a large number of pores appear, and the pores are distributed in
different shapes and quantities and the pore size distribution is not uniform [26], the ability for the
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Figure 9. Relationship between UCS and T, peak area under different humidities.

pore structure to resist external forces was reduced. The larger the pore size, the lower the resistance; the
looser the structure, the worse the compactness of the CPB and the lower the strength in terms of the
macro-performance. By comparing the two images, it can be seen that the higher the stone powder
content, the smaller the pore size. This occurs because the stone powder particles are small and fill in
the pores in the specimens, resulting in smaller pores. This indicates that the stone powder can refine
the pore structure to a certain extent.

4.3. Relationship between UCS and NMR T, spectrum area

The area of the NMR T, spectrum can reflect the amount of fluid contained in the specimens [18].
Figure 9 shows the relationship between the T, spectral area and the UCS. It can be seen from the
figure that under the same amount of stone powder, the UCS decreases initially and then increases
with the increase in the spectral area. This indicates that excessive humidity is not necessarily harmful
to the strength. The declining trend in the front section occurs because the hydration products of the
previous cement fill in most of the pores, and no more space is available to accommodate the new
hydration products produced during the later stage. However, as the amount of water in the
specimens increases, the cement hydration reaction still accelerates. The hydration product causes
pressure on the CPB to reduce the strength. Feng et al. [27] also found a similar phenomena when
studying concrete. An increasing trend at the back end indicated that carbonic acid in the moisture
reacted with the hydration product CH: Ca(OH), + CO, + H,O — CaCO; +2H,O [28]. This occurred
because the water in the specimens came from tap water, which contained CO, and reacted with
water to form carbonic acid. As the moisture content in the specimens increased, the amount of
carbonic acid also increased. When a certain amount of carbonic acid was reached, the carbonic acid
reacted with the hydrated product CH, reducing the CH in the specimens to increase the strength. In
addition, when the content of the stone powder was the same, there was a T, peak area with the
worst UCS, which indicated that, when the water content reached a certain amount, the cement
hydration reaction rate reached the maximum and the hydrated product had the fastest production
rate and the largest pore diameter, resulting in the lowest strength.

5. Conclusion

There are many factors that affect the strength of CPB, and the curing environment with different
humidity is one of them. In order to analyse the strength characteristics and microstructure of CPB,
the pore characteristics, microstructure and strength characteristics of CPB were tested using NMR,
SEM and a single-axis compressor in this study. The permeability, UCS, relationship between the UCS
and pore size and the moisture content of the specimens were analysed.

(1) There are two peaks shown in the NMR T, spectrum distribution. The first peak area accounts for
80-99% of the total area. The first peak is significantly higher than the second peak, indicating



that the specimens are mostly small pores. As the curing humidity increases, the T, value of the peak
and the proportion of the area of the first peak all gradually increase, indicating that the pore size
and proportion of small pores increase. Under the same curing humidity conditions, the UCS of
the specimens decreases with an increase in the amount of stone powder. It was found through
an analysis that the UCS of the specimens is linearly and inversely proportional to the pore size
of the small pores, the main reason for which is that both the hydration product and the stone
powder change the pore size, thus changing the compactness of the CPB.

As the amount of stone powder in the specimens increases, the internal structure of the specimens
becomes denser and the porosity becomes smaller, resulting in a decrease in exponential permeability.
Under the same stone powder content, the strength of the specimens first decreases and then
increases with an increase in the water content. The main reason for the turning of the specimen
strength is the consumption of the CH in the hydration product and conversion into CaCO;.

(V)

3)

Although this research has achieved some outcomes, there are still some limitations, such as various
measurement errors. And this study needs further research, such as the co-effect of temperature and
humidity changes on CPB. However, this research is still very meaningful. The use of stone powder
instead of cement can effectively reduce the filling cost. The research on the influence of curing
humidity on CPB can provide guidance for CPB in different stopes to meet the requirements of mines.
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