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To understand the mechanical properties of the backfill, to reveal the evolvement of micromechanical fissure of backfill, a uniaxial
compression experiment was carried out for the full tailing cemented backfill. After loading, the microstructure of the specimens
was observed by microscope and the pore characteristic parameters were analyzed. *e results showed that the diameter of the
initial damage hole of the backfill was mostly between 0 and 40 μm, the hole diameter increases gradually with the increase of
pressure, and the hole diameter reached more than 5000 μm in the postpeak damage stage. *e upper structure of the backfill
specimen is compact while the lower structure is relatively loose. *e cracks and interfaces between tailings particles and cement
paste are mechanical weak surfaces, where the cracks are mainly generated and propagated. *e tip of microfractures in the
backfill is damaged by the influence of stress concentration. In the failure process, both surface porosity and fracture density
decrease first and then increase, and the average pore diameter increases gradually. *e results have guiding significance for the
study of backfill mechanical properties and goaf filling design.

1. Introduction

*e filling mining method uses tailings to fill goaf, which not
only protects the mine surrounding environment but also
reduces the discharge of tailings. Full tailing cemented
backfill is an aggregate composed of tailings and cement
cemented with different properties. Complex microscopic
structures such as the size and composition of tailings,
particles, structural surfaces, and microcracks directly affect
the macroscopic mechanical properties, thus affecting the
mine production safety. *erefore, it is helpful to under-
stand the backfill mechanical properties and provide a
certain basis for the safety of filling mining by exploring the
mesofracture evolution law of backfill mesostructure.

Some scholars [1–4] have made great contributions to
crack propagation and closure under uniaxial compression.
Ghazvinian et al. [5] studied the thresholds for crack ini-
tiation (CI) and crack propagation (CD) in brittle rocks. Xue
et al. [6] applied acoustic emission technology to study the
damage stress threshold of different types of rock cracks
under uniaxial compression. Rodŕıguez and Paola et al. [7]

studied fracture microcrack propagation in marble and
pyromanganese ore by acoustic emission technology.
Kumari et al. [8] used acoustic emission to study the cor-
responding fracture propagation patterns in the micro-
structure of rocks. Liu et al. [9] analyzed the failure
mechanism of tailing cemented backfill with different gray-
sand ratios and its mechanical properties under different
ratios. Most of these studies are based on acoustic emission
(AE). *e temporal and spatial evolution of crack damage
can be well described by AE technology, but the mesoscopic
structure cannot be described in detail.

With the development of CT technology, it has been
applied increasingly in geotechnical engineering. Ren et al.
[10] analyzed the microcrack behavior between cement
slurry and aggregate interface through CT. Shang et al. [11]
and Hu and Yang [12] studied the relationship between rock
porosity change and rock damage under uniaxial load by
using nuclear magnetic resonance (NMR) to determine the
porosity inside the rock. Zhang et al. [13] obtained the hole
distribution of asphalt mixture by CT. Liang et al. [14]
studied the internal void and aggregate distribution
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characteristics of cement-stabilized macadam (CSM)
through CT. Wang et al. [15, 16] proposed a Monte Carlo
simulation method for the study of concrete microstructures
and size effects and obtained the initiation and propagation
of concrete microcracks. Kupwade-Patil et al. [17] used a
variety of pore and microstructure characterization tech-
niques such as X-ray and infrared spectroscopy to study the
pore and microstructure of pozzolan in cement hardening.
Sun et al. [18] conducted a real-time uniaxial compression
scanning test using CT and a small loading device and
discussed the pore evolution law during the bearing failure
of cemented backfill (CPB). *rough CT research, we can
have a deeper understanding of the microscopic structure of
rock and soil. Due to the limitations of CT images obtained
through computer processing, the microstructure of backfill
samples cannot be directly observed.

As conventional equipment for rock and ore identifi-
cation in mineralogy and petrology, polarized light micro-
scope is used to obtain two-dimensional petrographic
photos of different scales. It can identify mineral particles
with naked eyes and accurately quantify the structural
characteristics of rocks with image processing and structural
analysis software. Yang et al. [19] analyzed the structure and
composition of granite. Higgins et al. [20] studied the
volcanic activities of Quizapu and the cracks under the
volcano through the analysis of andesite. O ′Driscoll et al.
[21] conducted an in-depth study on the genesis of the Bon
Accord nickel deposit and believed that it might be related to
the nickel oxide sulfide deposit related to the explosion of the
Undersea Koma iron mine. Hepworth et al. [22] and
Bradshaw [23] studied the origin of peridot crystals in
peridot magma by observing a series of rock structures and
geochemistry, respectively. Soulié et al. [24] studied the
dissolution of magnesium-rich olivine at high temperature.
Cheng et al. [25] discussed the source of potash feldspar
crystal by analyzing the composition of the rhyolite in Emei
Mountain. However, polarized light microscopy has rarely
been reported in the field of mining and backfill research.
*erefore, the microscopic images of backfill under uniaxial
loading were observed by a polarized light microscope. *e
pore characteristic parameters and crack propagation forms
of backfill were analyzed to understand the mechanical
properties and reveal the mesofracture evolution law of
backfill.

2. Test Design and Process

2.1. SampleMaking. *e aggregate was made of full tailings
from an iron ore mine in Jidong, and the cementing agent
was made of 42.5# Portland cement. *e specimens with a
concentration of 70% and a size of 200 mm × 200
mm × 200mm were prepared according to a gray-sand
ratio of 1 : 10 annd maintained in the standard mainte-
nance box for 28 days. *e mechanical properties of the
same batch of specimens are also different due to the
influence of the size and composition of tailings particles
and the structural surface between particles and micro-
cracks. To ensure that the original damage structure and
basic mechanical properties of the specimens are

consistent, the stability of the test results can be guar-
anteed to the greatest extent by taking the same specimen
for testing. After curing, the use of core drilling in backfill
specimen of nine Φ� 50mm core, according to sequence
numbers 1∼9 for use in subsequent tests. *en, polish the
upper and lower ends of specimen nos. 1∼8, leaving
100mm in the middle. Specimen no. 9 was not polished
for comparative analysis. *e flowchart of sample prep-
aration is shown in Figure 1.

2.2. Uniaxial Compression Test. *e mechanical properties
of the backfill at each stage of the loading process can be
expressed by the stress-time curve. *erefore, in order to
obtain the stress-time curve of the backfill under uniaxial
loading, to divide the middle moment of the loading stage,
uniaxial compression tests were carried out for the three
specimens numbered 1∼3 by uniaxial testing machine. To
ensure full contact between the press and the sample, pre-
loading was carried out before the test, with a limit of 10 kN
and a moving speed of 2mm/min. After the end of pre-
loading, axial equivalent displacement loading was adopted
with a loading rate of 0.15mm/min. After the completion of
the loading of specimen nos. 1∼3, we obtain the stress-time
curve as shown in Figure 2. *e backfill loading stage is
divided into compaction stage (stage I), elastic deformation
stage (stage II), plastic deformation stage (stage III), and
postpeak failure stage (stage IV) by dotted line. Find out the
specific intermediate time corresponding to each stage as
shown in Table 1. Stage 0 represents the raw specimen that
has not been treated.

To study the evolution law of mesoscopic fracture in the
whole loading, uniaxial loading test was carried out to obtain
the failure of mesoscopic fracture at each stage. To maintain
the initial damage of the backfill specimen and protect the
original mesocrack, specimen no. 4 was not loaded. *en,
specimens 5 to 8 were loaded according to the timetable in
Table 1, respectively, and then the specimens were removed.
*e results of specimen treatment are shown in Table 2.

To facilitate the grease injection test and subsequent data
analysis, specimens nos. 4∼9 to be processed were renum-
bered first, and the numbering rules were shown in Table 3.

*e first letter C represents the backfill, the second digit
10 represents the gray-sand ratio of 1 :10, and the third digits
0, 1, 2, 3, and 4 represent the original specimen of the
backfill, compaction stage, elastic deformation stage, plastic
deformation stage, and postpeak failure stage,
respectively. d stands for specimen no. 9 as the comparison
specimen.

2.3. VacuumGrease Injection Test. *in section analysis can
clearly observe the form and evolution process of meso-
cracks in each loading stage of the backfill. For this reason,
BROT vacuum casting gauge in France was used to inject
colored epoxy resin into the specimen. *e principle is to
pump the laboratory chamber into a vacuum and at the same
time extract the air in the crack of the specimen. *e resin
enters into the crack to replace the air in the crack, to ensure
that the cracks and pores in the specimen are not damaged
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during the grinding process and the morphology is pre-
served. Dyes are added to the resin to facilitate the resolution
of solid particles and pores under a microscope under strong
light.

First, the backfill was marked and stratified from top to
bottom and put into the experimental chamber. *en the
epoxy resin and curing agent were mixed at a ratio of 2 :1,
the catalyst and a small amount of blue dye were added, and
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Figure 1: Schematic diagram for making backfill specimen.
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Figure 2: Stress-time curve of backfill under uniaxial compression.

Table 1: Intermediate schedule of backfill loading stage.

In the loading stage Stage 0 Stage I Stage II Stage III Stage IV
Intermediate time interval (sec) 0 10∼12 23∼25 32∼33 50∼60

Table 2: Treatment table of backfill specimen.

Specimen number Take down the test piece time (sec) In the loading stage
4 00 Original specimen
5 12 Compaction stage
6 24 Elastic deformation stage
7 33 Plastic deformation stage
8 55 Postpeak failure stage

Table 3: Number table of backfill.

Stratification
Number

4 5 6 7 8 9
Above C-10-0-a C-10-1-a C-10-2-a C-10-3-a C-10-4-a C-10-d-a
Middle C-10-0-m C-10-1-m C-10-2-m C-10-3-m C-10-4-m C-10-d-m
Below C-10-0-b C-10-1-b C-10-2-b C-10-3-b C-10-4-b C-10-d-b
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the evenly mixed glue solution was heated in a water bath at
80°C. After the system is vacuumed, the resin was injected
into the laboratory, and samples were taken out and dried
after pressurization. After drying, the samples were cut into
cuboids with a size of 3 cm× 2 cm× 1 cm along the axial
direction of the backfill and then ground into backfill casting
slices with a thickness of 0.03mm. A total of 18 backfill
casting slices are made for slice analysis. See Figure 3 for the
schematic diagram of test section making. Figure 4 shows
the test process.

To ensure that the section would not affect the crack of
the specimen during the test, first, the resin was injected after
stratification to protect the crack inside the specimen from
being destroyed. And then, the specimen is then cut after
drying. At this point, any operation will not affect the cracks
of the specimen, because the cracks are protected by resin.
Finally, the reason why the blue part in the center of the
specimen was selected for cutting was to avoid possible
cracks in the stratification process, to ensure the accuracy of
the test.

3. Test Results and Analysis

3.1. Evolution Characteristics of Mesoscopic Fissure. *e
“color image analysis system for pore characteristics and
grain size of rock thin sections” developed by Sichuan
University was used to process and calculate the parameters
of the image of backfill cast thin sections obtained by Zeiss
polarizing microscope, and then the pore distribution of
backfill was quantitatively analyzed.*emagnification of the
image determines the number of microcracks observed in an
image. If the multiple is too large, the microcracks are not
complete. If the multiple is too small, the microcracks are
not obvious in the image, and the image information will be
lost during the image processing. To avoid this situation, the
magnification is determined to be 100 times after com-
prehensive consideration.*emiddle position of the backfill
was selected for observation and analysis of backfill casting
thin section images. *e gray part is the hardened set ce-
ment, the blue part is the dyed epoxy resin, and the others
are tailing particles. *e field of vision of the sample ob-
served under the microscope is limited, and improper ob-
servation position will lead to errors in the analysis results.
*erefore, images of the sample with typical characteristics
are selected. To obtain enough microfracture information,
the pore statistics are statistical histograms obtained from
the same thin section based on multiple cross-section
images.

(1) In the unloaded stage, the slice image and the his-
togram of pore statistics are shown in Figure 5. In
Figure 5(a), it can be seen that there are already initial
microcracks in the backfill. In Figure 5(b), the area
frequency of hole diameter reaches the maximum in
the range of 0∼40 μm, and the cumulative area fre-
quency is nearly 80%, indicating that there are a large
number of microcracks and bubbles at the beginning,
which constitute the initial damage of the backfill.

(2) In the compaction stage, the slice image and the
histogram of pore statistics are shown in Figure 6. In
Figure 6(a), the backfill begins to be pressurized, the
specimen is basically without infiltration of dyed
epoxy resin, and the microcrack closes under pres-
sure. In Figure 6(b), the frequency of the hole di-
ameter area significantly disappears in the range of
40∼60 μm and increases in the range of 20∼40 μm,
indicating that the microcrack and bubble in the
filling are closed under pressure, and the specimen is
in the compaction stage.

(3) In the elastic deformation stage, the slice image and
the histogram of pore statistics are shown in Figure 7.
In Figure 7(a) the specimen was subjected to in-
creased pressure, and the dyed epoxy resin entered
the backfill and filled with microcracks, indicating
that the backfill was reopened by the compaction
cracks. *e microcracks’ tip was subjected to great
concentrated stress, and the microcracks tip began to
break, In Figure 7(b), the frequency of hole diameter
area decreased in the range of 0∼40 and increased in
the range of, 40∼100 μm, indicating that the crack
gradually expanded at this stage.

(4) In the plastic deformation stage, the slice image and
the histogram of pore statistics are shown in Fig-
ure 8. In Figure 8(a), as can be seen from the area
occupied by the epoxy resin (the blue part in the
figure), the microcracks develop into larger cracks,
while the contact part between the two cracks
produces microcracks but does not connect. In
Figure 8(b), the frequency of the hole diameter area
significantly increases further, reaches more than
160 μm.

(5) In the postpeak failure stage, the slice image and the
histogram of pore statistics are shown in Figure 9. In
Figure 9(a), in the postpeak failure stage, the backfill
has clearly produced the through crack. In
Figure 9(b), the frequency of hole diameter area
increases between 180 and 200 μm. *e through
crack reduces the strength of the backfill, and the
proportion above 5000 μm increases sharply, indi-
cating that the macrocrack has been formed and the
backfill has lost its bearing capacity after complete
destruction.

*e microcracks and bubbles constitute the initial
damage of the backfill, which is mainly in the range of
0∼40 μm. *e 40∼60 μm with large fissure was closed in
the compaction stage, and with the increasing pressure,
the reexpansion development increased from 40∼100 μm
to 160 μm to above 5000 μm. *erefore, a large number of
microfractures are first distributed in the backfill. Under
the action of pressure, some of these fractures expand and
develop under pressure, leading to macroscopic failure of
backfill. However, the stress of some fractures is not
significant and the development of fractures is not
obvious.
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3.2. Characteristics of Backfill in the Direction of Gravity.
*e filling slurry is uniform under ideal conditions without
segregation and precipitation. However, segregation and
settlement still exist in practice because of the fluidity of the
filling slurry in the pipe. In addition, before the consoli-
dation of filling slurry, the hydration reaction of cement has
not been completely completed, and the consolidation force
of cement on tailings particles is too weak. Figure 10 shows
the upper, middle, and lower castings of the specimen with
no. 9 backfill.

It can be seen from Figure 10(a) that there are many
types of set cement and a large area. *e upper layer of
backfill is mostly cement with a tight structure. *e lower
layer, as shown in Figure 10(c), has more tailing particles and
looser structure. As shown in Figure 10(b), the proportion of
middle set cement and tailings particles is between the upper
and lower layers. *is phenomenon is obvious from the
perspective of gravity analysis. Due to the different particle
sizes of tailings, during the consolidation process of backfill,
the coarsest particles firstly settle and accumulate in the
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Figure 5: Original specimen of the cast thin section. (a) Slice image. (b) Pore statistical histogram.

Figure 3: Schematic diagram of test slice cutting.
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Figure 4: Flowchart of lipid injection test.
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lower end of backfill, while the unhydrated cement is on the
upper layer of backfill. *erefore, this phenomenon will
result in different mechanical strength of upper and lower
ends of backfill under uniaxial compression. *erefore, in
the pretreatment of Section 2.1 sample making, the upper
and lower ends of the backfill were polished, the middle
section is selected for the test, which reduces the influence to
a certain extent, and the test results are more persuasive.

3.3. Propagation Law of Mesoscopic Fissure. To explore the
propagation direction of mesoscopic fractures in the backfill,
the cast slices of the backfill numbered “C-10-2-middle”

were observed under a microscope, and the picture shown in
Figure 11 was obtained.

It can be clearly seen from the pictures that the
microcracks in the backfill occur at the contact surface
between tailing particles and set cement and are distributed
and developed along the edge of tailing particles. *en,
under the action of stress, the microcracks on the edge of the
particles gradually develop and expand and then deflate and
expand toward the cement stone area, finally forming the
through cracks.

Under the action of pressure, the crack tip produces
concentrated stress, which promotes the crack surface and
microcrack propagation. *e fracture and interface between
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Figure 7: Elastic deformation stage of the cast thin section. (a) Slice image. (b) Pore statistical histogram.
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Figure 6: Compaction stage of the cast thin section. (a) Slice image. (b) Pore statistical histogram.
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tailing particles and set cement are the mechanical weak
surfaces. *is is because of their different hardness and the
stress propagates at the interface between them. *e dif-
ference in hardness leads to the formation of microcracks on
the interface, which propagate on the interface and even-
tually develop into cracks throughout the backfill.

4. Discussion

As a composite material, full tailing cementing backfill is
composed of full tailings, cement, water, bubbles, initial
cracks, and so on. *e early hydration slurries consist of

needles or sheets of fibers, which are not solid, but fine
tubular and dendritic interlaced. *erefore, the backfill
contains a large number of microcracks in a disorderly
direction. Griffith failure criterion believes that there are
many fine cracks in the material; under the action of force,
the surrounding of these fine cracks, especially the crack
end, can produce stress concentration phenomenon.
Damage to the material often starts at the end of the crack
and the crack spreads and eventually leads to complete
damage to the material. *e pore characteristic parame-
ters of backfill under uniaxial loading are shown in
Table 4.
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Figure 9: Postpeak failure stage of the cast thin section. (a) Slice image. (b) Pore statistical histogram.
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Figure 8: Plastic deformation stage of the cast thin section. (a) Slice image. (b) Pore statistical histogram.
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Both the physics experiment of Chen et al. [26] and the
simulation experiment of Xu et al. [27] show that cracks
usually appear at the tip of cracks and then gradually expand
around cracks. In their papers, they both mentioned that
rock bridge (the rock mass between fractures that has not
been penetrated), where the inner tip of the two fractures
converge during the loading process,thus connecting the two
fractures *eir research results and the research content of
this paper can be well verified: in the elastic deformation
stage, the fracture ends of microcracks begin to expand to
the surrounding due to stress concentration; in the plastic
deformation stage, the fracture is enlarged, but the fracture is
not connected; it can be regarded as a “bridge” in the backfill.
In the subsequent postpeak failure stage, the fracture is

connected. In this paper, the characteristics of crack evo-
lution described by them are described in detail at different
loading stages.

In the unloaded stage, the face rate and fracture density
of the backfill are 8.77% and 2.32mm/mm2, respectively,
which are mainly the initial cracks formed on the interface
between tailings particles and the set cement of the backfill
and the undischarged bubbles. According to the Griffith
failure criterion, it is assumed that the cracks are open and
elliptically shaped and begin to crack at the tip edge wall of
the open crack [28–31]. In the compaction stage, the backfill
face rate and fracture density were reduced to 7.28% and
1.62mm/mm2, respectively. *e reason for the fracture
closure of the backfill was that the compaction was worse
than that of the rock. Under the action of external forces, the
internal microcracks and bubble compression stress of the
specimen led to compaction and closure, and the pore
characteristic parameters were relatively reduced. In elastic
deformation stage, face filling rate and fracture density were
increased to 9.24%, 3.22mm/mm2, with the increase of
pressure, the microcracks after undergoes compression,new
microcracks start to emerge at the seam end on the basis of
the initial cracks, and the new cracks are mainly distributed
between the tailing particles and the cement stone or around
the larger tailing particles In the plastic deformation stage,
the face rate and fracture density of backfill increased sig-
nificantly, which were 17.11% and 6.54mm/mm2, respec-
tively, indicating that the internal stress continued to
increase, the cracks expanded rapidly, mainly along the edge

Figure 11: “C-10-2- middle” backfill casting thin section image.

(a) (b)

(c)

Figure 10:*e cast thin slices in different positions of specimen no. 9. (a) C-10-d-above slice image (b) C-10-d-middle slice image. (c) C-10-
d-below slice image.
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of tailings particles to set cement, and a large number of
microcracks were connected to form larger pores. In the
postpeak failure stage, a large area of damage occurred inside
the sample, and the face rate and fracture density of the
backfill further increased, which were 25.44% and 14.66mm/
mm2, respectively, indicating that the through crack had
formed the bearing capacity of the macroscopic crack
backfill. In summary, under uniaxial compression, the
mesoscopic crack of the backfill body is damaged under the
influence of tensile stress. However, the average pore size is
increasing from 21.37 μm to 266.41 μm, indicating that the
volume of the mesocrack of the backfill is increasing, the
contact between tailings particles becomes less due to the
propagation of cracks, the structure inside the specimen
becomes loose, the cementing capacity of cement begins to
decline, and the carrying capacity of the backfill decreases.

5. Conclusion

(1) During the consolidation of backfill, due to the ac-
tion of gravity, large tailings particles sink to the
bottom, so the upper structure of consolidated
backfill is compact, while the lower structure is
relatively loose.

(2) In the unloaded stage, the diameter of the initially
damaged pores was mostly between 0 and 40 μm.
With the increase of load, the diameter of the holes in
the compaction stage decreased slightly, while the
diameter of the holes in the elastic deformation stage
increased in the range of 40∼100 μm, and micro-
cracks began to form and develop. In the plastic
deformation stage, the diameter of the hole reaches
more than 160 μm, and the crack expands rapidly. In
the postpeak failure stage, the pore diameter is above
5000 μm, the crack is connected to the macrocrack,
and the backfill is destroyed.

(3) *e fracture and interface of tailings particles and set
cement are the weak mechanical surface and the
weak position of the backfill. *e generation and
propagation of cracks mainly occur here.

(4) In the failure process, the pore characteristic pa-
rameters, face rate and fracture density, both de-
crease first and then increase, and the average pore
diameter gradually increases. *e tip of the micro-
crack is destroyed by the influence of stress con-
centration, the crack volume increases gradually, the
specimen structure becomes loose, and the carrying
capacity of the backfill decreases.
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