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It is difficult to support roadway with anchor cable in view of impact tendency in impinging liability roadway; a new material of
inorganic and high-performance full-length anchoring material for anchoring cable is developed by adding several modifiers with
ultrafine cement as the main material. *e purpose is to improve the mechanical properties and durability of cement-based
materials, improve the coordination of anchor cable support system, and ensure the stability of surrounding rock of mining
roadway. *e new full-length anchoring material is developed by optimizing the proportion of different components of the
material, and the mechanical properties of the new material were studied. *e anchoring force of resin anchoring agent, ordinary
Portland cement, blank ultrafine cement, and new full-length anchoring material are tested. Based on SEM microscopic
characterization, the fracture types and failure characteristics of resin anchoring agent and full-length anchoring material are
researched. *e results show that the optimal content of each component of the new inorganic high-performance full-length
anchorage material is as follows: the content of component A is 15%, the content of component B is 3%, the content of component
C is 0.2%, the content of component D is 1%, and the content of component E is 1%; the tensile test shows that the full-length
anchoring material has good bonding property, high anchoring strength, strong stability, and good rock coupling. SEM mi-
crostructure and morphology analysis have showed that the new anchorage materials can fully hydrate each other, resulting in a
relatively dense stone body. *e new full-length anchoring material can effectively improve the anchoring force and improve the
stability of the anchor cable and has significant performance advantages and good engineering applicability, and it has the
advantages of lower cost and safer to use. *e new material is a very good supporting material for roadway.

1. Introduction

In the process of coal mining in the western region of China
(Loess Plateau region), the roof of coal seam is mostly
mudstone with poor cementing property. Its main charac-
teristics are as follows: low strength, obvious bedding, being
easy to hydrophilic, and water expansion. In the process of
proceeding of excavation, the coal and rock mass of the
roadway roof have impact tendency, and the frequent

occurrence of “coal cannon” damages the integrity and
continuity of surrounding rock and leads to the develop-
ment of surrounding rock fractures and the decrease of
surrounding rock strength [1–3]. *e occurrence of this
situation puts forward higher requirements for roadway
support system [4]. If the conventional anchor cable support
system is used for support, the failure of anchor cable and
roof subsidence will often be caused by the broken coal and
rock mass above the roof due to repeated impact. Ceiling
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accidents can occur in severe cases; the research on support
system under rock burst environment has become an in-
creasingly important research topic [5, 6]. At present, the
auxiliary means to deal with rock burst support system
mainly include the following: lengthen the anchor cable and
increase the density of anchor cable, rock grouting, and so
forth. *e lengthening of the anchor cable increases the
length of the anchor cable in the hole, which increases the
expansion of the anchor cable and weakens the supporting
force. When end anchorage is carried out, there is no viscous
anchor force between the free section of anchor bolt and the
surrounding rock, and there is a certain gap between the free
section of anchor bolt and the surrounding rock, and the
surrounding rock is prone to dislocation and instability.
However, the long free section of end anchorage leads to
large axial displacement, and the joint position is not affected
by viscous anchor force, so the support body is prone to
shear failure [7]. With the increase of anchor cable density,
the surrounding rock will be more broken and the difficulty
of support will increase. Due to the large discontinuous
deformation of roadway surrounding rock, the phenomenon
of anchor cable breaking gradually increases, and the sup-
port strength greatly decreases, which can easily lead to
roadway roof collapse and sidewall slapping, seriously af-
fecting the safety of underground operation [8]. Many
scholars have started from roadway roof grouting to rein-
force surrounding rock and reconsolidate roof through
grouting filling surrounding rock cracks [9–11]. However,
the field investigation has found that not only has the layout
of grouting pipe increased the workload, but also it is dif-
ficult to achieve the desired effect. *rough theoretical and
experimental studies, Chen et al. [12] have concluded that
full anchor has better anchoring effect than end anchor. *e
conclusion was that the anchoring agent can resist the de-
formation of rock mass together with the bolt and can ef-
fectively prevent the stratification and dislocation of
surrounding rock mass. In order to increase the prestress of
anchor cable, the quantity of resin anchoring agent is in-
creased to increase the anchoring length. However, the resin
anchoring agent is characterized by its viscosity, large
particle size, fast solidification time, and difficulty in dilu-
tion. Moreover, it is difficult to penetrate into the cracks
between coal and rock masses and has poor cementation
ability to the fractured area of drilling. *e increase of
anchoring length requires extremely high requirements for
anchor drill [13]. According to the field investigation, long
anchor cables are generally used for roadway support under
the environment of rock burst (e.g., 7.4m, 8.6m, and 9.8m),
and this is basically unable to achieve full length anchorage
of resin anchoring agent for anchor cables. *erefore, new
inorganic materials must be developed to realize full-length
anchorage. In view of the failure of anchor cable in some
areas caused by the serious deformation of rock burst
roadway surrounding rock, the idea of “end anchoring—
filling in the broken zone—restoring in situ” is adopted.*at
is, the anchor cable is installed at the end of the anchor, and
the new inorganic material is used to fill the “suspended
part” after the prestressing is applied to achieve full-length
anchorage. Coupling the anchor cable and surrounding rock

can improve the coordination and stability of the supporting
system. *e material properties need to have “micro per-
meability, high strength, strong bonding, injectability”;
“micro penetration” is to reduce the particle size of the
material molecule and increase the fluidity and it can better
diffuse into the micro cracks, so as to improve the anchoring
force; “high strength” means that the material is modified to
meet the strength requirements by optimizing the material
ratio and adding special reinforcing agent. “Bonding” is the
addition of tiny amounts of nanoorganic modifiers; it in-
creases the hydration reaction of the material to form a high
strength chemical bond to improve the bonding force be-
tween the anchoring material and the surrounding rock and
the anchor cable. “Injectability” means anchoring by means
of anchoring with special devices to reduce workers’
workload and improve tunneling efficiency. In addition, the
new type of anchoring material can penetrate into the cracks
and increase the contact area between the anchoring system
and surrounding rock, so that the supporting body and
surrounding rock have a better coupling.

At present, there are few studies on full-length an-
chorage; relevant domestic and foreign regulations also do
not specify a unified industry standard, especially for the
uneven development of cracks in roadway surrounding rock
and the difficulty of anchor cable support. *e use of
conventional Portland cement particles is larger, and the
injectability is limited to large cracks. If the water-cement
ratio increases, the stone rate and strength will decrease. If
the water-cement ratio is reduced, the injectability will be
greatly reduced, which cannot meet the needs of engi-
neering. In order to solve this problem, a new type of in-
organic anchoring material is developed by adding some
modifiers and using ultrafine cement as the main material
through proportioning experiment. *e anchoring perfor-
mance of the new material is tested by designing the bolt
pull-out experiment. *e development of new materials
further guarantees the stability of the anchor cable support
system for loose and broken surrounding rock.*is research
has remarkable economic benefit, practical value, and
popularization and application prospect.

2. Preparation of Full-Length
Anchoring Materials

2.1. Material Optimization. In this paper, HPC superfine
cement with high resistance is used as the matrix material.
Composite reinforced stabilizer, expansion agent, and super
high-performance water reducer are selected as auxiliary
modified materials; they enhance the strength of full-length
anchoring material and anchoring adhesion and other
properties.

Cement-based materials are as follows: with high-re-
sistance HPC superfine cement as the main body, the
strength grade is 42.5MPa, the content of tricalcium silicate
(C3S) is 44.72%, tricalcium aluminate (C3S) is 2.35%, MgO is
3.10%, and the specific surface area is 630m2/kg.*emedian
particle size is D50 and 10.20 μm, and its particle size dis-
tribution is shown in Figure 1. Component A is a kind of
material with good workability and good injectability and
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can improve the impact resistance of material; its burning
loss is 2.48%, Fe2O3 content is 3.87%, CaO content is 2.27%,
MgO content is 0.81%, Al2O3 content is 29.09%, and SiO2
content is 53.36%. Component B is an organic admixture
with reducing water, improving cement-based strength, and
preventing shrinkage. *e content of chloride ion is 0.01%,
pH value is 5.5, and there is no corrosion effect on rein-
forcement. Component C has the characteristics of good
cement adaptability, micro expansion, and strong durability.
Component D has stable microexpansion, and its main
component is 29% MgO. *e alkali content is 4.12%, and
180 d longitudinal limit shrinkage rate <0.02%. With early
strength, it increases the compressive resistance, flexural
resistance, and reinforcement bonding force and reduces
bleeding rate. Component E starts to adjust the pH value,
improve the bonding force, and increase the compactness.

*e hydration reaction of ultrafine cement with high
resistance to HPC is a physical and chemical process that
includes the dissolution of minerals, the precipitation of
ions, the crystallization of new minerals, the precipitation of
products, the bonding, and the nucleation. *e approximate
expression of hydration reaction of ultrafine cement min-
erals with high resistance to HPC is [14–16]

C3S + nH⟶ C − S − H +(3 − x)CH (1)

C2S + mH⟶ C − S − H +(2 − x)CH (2)

C3A + 6H⟶ C3AH6 (3)

C3A + CH + 12H⟶ C4AH13 (4)

C4AH13 + 3CSH2 + 14H⟶ C3A · 3CS · H32 + CH (5)

C4AF + 2CH + 10H⟶ 2C3(A, F)H6 (6)

Equation (1) indicates that C3S react and produce C −

S − H and CH; the hydration reaction is fast and the early
strength of stone body is high, *e hydration products and
structure of C3S determine the performance of ultrafine

cement paste. Equation (2) indicates that C2S hydration
reaction has occurred, and the reaction speed is relatively
slow. Equations (3)∼(5) indicate hydration reaction of C3A,
in this process, the reaction is rapid, the strength increases
quickly, and the strength growth is not obvious in the later
stage. Equation (6) indicates hydration reaction of C4AF, the
reaction rate is between C3S and C3A, and the speed of
strength improvement is between the two aspects, which can
promote the later strength improvement.

2.2. TestMethods. Orthogonal experimental design is a kind
of experimental design method to study multiple factors and
multiple levels. According to the orthogonality, some rep-
resentative points are selected from the comprehensive test
for the test. *ese representative points have the charac-
teristics of uniform dispersion and neat comparison. Or-
thogonal experimental design is the main method of
fractional factorial design. Compared with the multifactor
test, the orthogonal test has shorter period and lower cost
and can get the ideal formula faster. *e orthogonal ex-
periment is based on the two principles of “equilibrium
dispersion” and “neat comparability,” and representative test
sites are selected for the test and evenly dispersed to make
the selected test sites representative and comparable. It is
convenient for the processing and analysis of test data in the
later stage, which can greatly reduce the workload of test and
analysis [17, 18].*is experiment is designed as 5 factors and
5 levels, with ultrafine cement as the matrix and 5 different
components as the variables. *ey are represented by A, B,
C, D, and E, respectively. *e orthogonal test table is the
factor and level of L25(55), as shown in Table 1.

2.3. Test Process. According to the orthogonal experimental
design, each component was weighed accurately by elec-
tronic scale, the weighing materials were mixed, and the
calculated amount of water was added. *en, the agitator
was used to stir evenly, and the stirring time was 85∼90 s to
ensure that all components could be mixed evenly. *e
mixed cement slurry was loaded into a standard cube triplet
test die of 70.7mm× 70.7mm× 70.7mm (the test mold
should be oiled first, which was conducive to the later
demoulding) and vibrated on the plastic sand vibrator to
eliminate the bubbles and increase the compactness. Finally,
it needed to smooth the surface. *e electronic scale and
vibrating platform are shown in Figure 2.

For sample curing, the finished sample needs to be cured
for 12 hours before demoulding. After demoulding, put it
into the curing box for maintenance under constant tem-
perature and humidity environment.

2.4. Analysis of Test Results. According to JGJ/T 70-2009
《Standard for Test Methods of Basic Properties of Building
Mortar》, test the compressive strength of stones at different
curing ages; this was using the WAW-2000 hydraulic servo
universal testing machine. Combined with the acoustic
emission test system, the uniaxial compressive strength of
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Figure 1: Cement particle size distribution.
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curing age of 1 d, 3 d, and 7 d was measured. *e test results
are shown in Table 2.

According to the above orthogonal test results, the re-
lationship curve of the strength and compressive strength of
the stone body under each factor could be drawn, as shown
in Figure 3.

As can be seen from Figure 3(a), with the content of
component A at 5%, it had an influence on the late strength.
When the content was 5%∼10%, the strength of the later
stage was greatly improved. When the content was 15%, the
3 d strength increased by 29.4%, and the 7 d strength in-
creased by 43.6%. When component A was more than 15%,
the early and late strength were decreased. As shown in
Figure 3(b), although the intensity of component B was low
at the early stage when the content of component B was 3%,
its intensity increased significantly on 3 d and 7 d. 3 d
strength was increased by 46.03% and 7 d strength was
increased by 65.82%. As could be seen from Figure 3(c),
when the content of component C was 0.2% and 0.4%, the
intensity on 3 d and 7 d was significantly improved. When
the content was 0.2%, the 3 d strength was increased by
41.09%, and the 7 d strength was increased by 43.65%, and
component C regulates the fluidity of the slurry, but it had
shrinkage, so the amount could not be too much. As can be
seen from Figure 3(d), the strength can be significantly
increased when the component B content was 4%, which was
34.78% higher on 3 d and 40.20% higher on 7 d. It could be
seen from Figure 3(e) that the addition of E reduces the
strength of the stone body.*e strength of calculi was higher
when the content was 1%, which was increased by 31.36% at
3 d and 61.11% at 7 d. By comparing the strength properties

of different components, the optimal matrix composition of
the material was 15% of component A, 3% of component B,
0.2% of component C, 1% of component D, and 1% of
component E. *erefore, group A24 was the optimal
combination.

3. Material Anchorage Performance Test

It is a very important index to evaluate the performance of
materials to study the anchoring force and failure mode of
materials [19–21]. Traditional anchoring materials were
usually brittle and had low anchoring force, and they bond
poorly with the bolt/cable. *is was primarily because tra-
ditional materials had larger particle size and lower overall
strength. At present, the resin anchoring agent used in mine
had large consistency and high requirement to anchor drill.
In order to compare the anchoring force difference between
the new full-length anchoring material and the traditional
cement material and resin anchoring agent, the anchor rod
pulling test was conducted. In order to verify the influence of
various factors on the adhesion of the new inorganic an-
choring material, the mineral resin anchoring agent, ordi-
nary Portland cement, and new inorganic anchoring
material were compared and tested. *e anchorage strength
was used as the test index, the pullout test was carried out,
and the acoustic emission was used as the auxiliary, so as to
better understand the failure characteristics in the process of
anchorage failure. AE energy was to highlight the AE time
characteristics at a certain moment; AE counts and cu-
mulative energy can evaluate the characteristics of the whole
process of acoustic emission [13].

Electronic scale

(a)

Vibrating platform

(b)

Sample
curing

(c)

Strength
test

(d)

Figure 2: Test instrument and process.

Table 1: Orthogonal test factors and levels.

Level
Factor (different components and contents)

A (%) B (%) C (%) D (%) E (%)
1 1 1 0.1 1 1
2 5 2 0.2 2 2
3 10 3 0.3 4 3
4 15 4 0.4 6 4
5 20 5 0.5 8 5

4 Advances in Materials Science and Engineering



Table 2: Orthogonal test results.

Test number
Material mass fraction (%) Compressive strength (MPa)

A B C D E 1 d 3 d 7 d
A1 1 1 0.1 1 1 17.3 19.8 20.1
A2 5 2 0.2 2 2 18.26 20.89 20.01
A3 10 3 0.3 4 3 26.28 32.63 36.63
A4 15 4 0.4 6 4 29.56 34.01 42.84
A5 20 5 0.5 8 5 23.46 28.61 29.56
A6 1 2 0.3 6 5 20.14 24.04 30.65
A7 5 3 0.4 8 1 18.65 36.76 48.2
A8 10 4 0.5 1 2 23.59 33.49 33.51
A9 15 5 0.1 2 3 23.92 30.2 30.24
A10 20 1 0.2 4 4 31.95 43.66 42.23
A11 1 3 0.5 2 4 21.91 26.77 30.17
A12 5 4 0.1 4 5 19.96 25.16 23.95
A13 10 5 0.2 6 1 25.51 35.57 34.79
A14 15 1 0.3 8 2 34.72 36.89 39.24
A15 20 2 0.4 1 3 30.72 36.63 30.45
A16 1 4 0.2 8 3 20.18 27.35 31.36
A17 5 5 0.3 1 4 25.14 32.51 25.33
A18 10 1 0.4 2 5 32.17 37.92 31.35
A19 15 2 0.5 4 1 29.23 39.81 46.92
A20 20 3 0.1 6 2 24.11 30.18 32.54
A21 1 5 0.4 4 2 18.42 28.35 26.75
A22 5 1 0.5 6 3 21.45 31.75 18.66
A23 10 2 0.1 8 4 26.97 33.78 36.68
A24 15 3 0.2 1 5 27.5 46.64 48.88
A25 20 4 0.3 2 1 27.92 20.95 33.39
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Figure 3: Continued.
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3.1. Test Scheme. In order to test the shear resistance of the
new anchoring material, the pull-out resistance of the bolt
was simulated. In this test, the anchor rod diameter
φ� 20mm, length� 140mm dextral rebar, and the end had
the grinding process. *e anchorage matrix was made of
granite with hard material and good uniformity. Its size was
length×width× height� 100mm× 100mm× 100mm, the
borehole was set at the center of the granite, and the di-
ameter of the borehole was φ30mm. When the granite
specimen was placed horizontally, it was necessary to make
sure that the steel bar was in the center of the hole. *e hole
bottom was sealed with transparent tape to ensure that the
steel bar was clearly in the center position.*en themodified
slurry was added for casting. After curing the prepared
specimen with anchor rod for 7 d, the anchoring force test of
bolt was carried out by using WAW-2000 universal testing
machine and DS-2 acoustic emission system. *e prepared
sample is shown in Figure 4.

3.2.TestProcess. In order to test the anchoring performance
of the new type of anchoring material, at the same time, the
anchoring force of resin anchoring agent and blank ul-
trafine cement material were compared. *is test adopted
WAW-2000 microcomputer control universal testing
machine and Softisland DS-2 acoustic emission monitoring
system, and the test system is shown in Figure 5. In this
experiment, due to the large and hard granite matrix,
compression test was used to replace the pull-out test, and
the prepared and maintained anchorage specimen was
fixed, and the acoustic emission probe sensor was fixed as
well. When the preliminary work was ready, start the press,
and it was at a loading rate of 0.05MPa/s, until the bolt was
“pressed out.” *e failure test of anchorage material was
finished. In this experiment, four different anchoring
materials were used for testing. *rough the comparative
analysis of the test data, it was concluded that the anchoring
agent was good.
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Figure 3: Relationship curves between different component contents and stone body strength.
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3.3. Analysis of Test Results

3.3.1. Load-Slip Curve. Figure 6 shows the load-slip curve in
the drawing test. It could be seen from the figure that the
resin anchoring agent had good toughness; when the slip was
6.46mm, the load reached a peak value of 34.82 kN. Inor-
ganic materials showed obvious brittleness: (1) *e maxi-
mum load was 45.27 kN when the slip was 4.8mm and the
blank superfine cement was used for anchorage. (2) When
the cement PO.525 was used for anchorage, the maximum
load was 58.93 kN when the slip was 5.05mm. (3) When the
new full-length anchoring material was anchored, the
maximum load reaches 66.75 kN when the slip was 3.26mm.
From the experimental data, in terms of anchoring force
performance, the new full-length anchoring material has

improved the anchoring force by 91.7% compared with resin
anchoring agent. Compared with blank ultrafine cement, the
anchoring force was increased by 47.44%. Compared with
ordinary silicate anchoring force was increased by 13.27%.
*e slip displacement of the new full-length anchoring
material was 49.5% less than that of the resin anchoring
agent. Compared with blank ultrafine cement, the slippage
was reduced by 32.08%. Compared with ordinary silicate
slippage was reduced by 35.44%; in terms of the damage
form, the resin anchoring agent was used to damage the
contact surface between the anchoring agent and the sur-
rounding rock. It showed that the resin anchoring agent has
a good bond with the bolt but a little bad bond with the
surrounding rock. When the inorganic anchoring agent was
used for full-length anchoring, the damage was between the

Bolt length Bolt diameter

Matrix drilling Matrix finished

Bond-anchorage

Figure 4: Preparation of anchorage specimen.

(a)

Mainframe
Electric
buttonControllerScreen

Oil source
system

Computer
system

AE
mainframe

AE sensor

(b)

Figure 5: Schematic diagram of bolt pull-out test system. (a) Loading test system. (b) Drawing test system diagram.
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bolt and the anchoring agent. It showed that the inorganic
full-length anchoring material has good bonding property
with surrounding rock.

3.3.2. Shear Modulus. Shear modulus was an important
index to describe the mechanics of materials and refers to the
ratio of shear stress to strain within the proportional limit of
elastic deformation.*e shear modulus was large; that is, the
hardness was large, the rigidity was strong, and the resis-
tance to deformation was strong. *e shear modulus of
different materials during elastic stage is shown in Figure 7.
It could be seen from Figure 7 that the shear modulus of
resin anchorage agent was the lowest, about 0.17 GPa. *e
shear modulus of blank ultrafine cement group was
0.82GPa, the shear modulus of PO.525 cement was
1.01GPa, and the shear modulus of the new full-length
anchorage material was 1.92GPa. Compared with the blank
group, the shear strength of the new full-length anchorage
material was increased by 134.2%. *e results indicate that
the new full-length anchoring material can improve the
hardness of the material and resist deformation better after
the interaction of various components.

3.4. Acoustic Emission Characteristics of Full-Length An-
choring Materials. When the stress level of the material
exceeds its previous maximum stress level, a large number of
acoustic emission events will occur [22]. Most material
deformations and fractures occur by sound emission; by
analyzing the acoustic emission count and energy in the
process of material destruction, the change rule of acoustic
emission in the process of destruction was obtained. Figure 8
shows the relationship between AE counts and accumulated
AE energy and stress changes of each sample during an-
chorage force test.

Figure 8(a) shows that a small number of acoustic
emission events occur in resin anchorage samples at the
initial loading stage. *e AE counts increase obviously at
47.5 s, and the accumulated AE energy increases at the first
stage in the 50 s. It was followed by a short period of calm
and a large increase at 60.98 s was shown, indicating that the
sample was destroyed greatly. As could be seen from
Figure 8(b), the blank ultrafine cement sample was always
accompanied by acoustic emission counts during the
loading process. At 40.12 s, the accumulated AE energy had
showed a significant increase, indicating that the sample
suffered sustained damage during loading. From Figure 8(c),
it can be seen that the accumulated energy of AE increased
significantly after 77.4 s. *en there was a period of stability,
and the acoustic emission technology was increased sharply
at 100.2 s. *e cumulative energy of AE was increased
significantly, indicating that the damage degree of the
sample became more and more serious. As can be seen from
Figure 8(d), it was relatively stable in the early stage. At
105.85 s, the AE counts increased, and the accumulated AE
energy increased significantly. From the data synthesis, it
could be concluded that the new anchorage material ex-
periences a longer calm period than other materials. Strong

stability, large bearing capacity, and good anchorage per-
formance were shown in the early stage.

4. Micromorphology of Failure Section

In this paper, SEM scanning was used to obtain the mi-
crostructure characteristics of the shear failure section be-
tween the resin anchoring agent and the full-length
anchoring material, which could better understand the
microstructure of the material. *e damaged sections are
shown in Figure 9 and Figure 10. As can be seen from
Figure 9, the molecular particles of resin anchoring agent
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Figure 7: Shear modulus of different materials.
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were obvious, and there were pores and some fluffy interface.
Very significant pores could be seen and the strongly sup-
ported gel was loosened. As could be seen from Figure 10,
each component of the full-length anchorage material had
undergone hydration reaction, very dense between the

molecules, basically no fluffiness, no cracks and bubbles,
good section cementation, continuous hydration effect, and
high fracture toughness. *e results showed that the new
full-length anchorage material had reasonable minerals, and
the stone body was compact after hydration reaction of each
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Figure 8: Relationship between time of anchorage specimen and AE counts-cumulative energy and axial stress.

Figure 9: SEM of resin anchoring cartridge.
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component. *e interfacial bonding strength was high, and
the coupling degree with rock was good. *e mechanical
properties and long-term stability of the full-length an-
choring materials were ensured.

5. Conclusions

(1) *rough material ratio test, the optimal combination
of full-length anchoring materials is as follows:
component A about 15%, component B about 3%,
component C about 0.2%, component D about 1%,
and component E about 1%, optimal performance
and high strength were under this dosage.

(2) *e material properties were obtained through the
drawing test: full-length anchorage material> ordi-
nary Portland cement> blank superfine
cement> resin anchoring cartridge. *e anchoring
force of superfine cement could be increased by
47.44% by proportioning full-length anchoring
agent. Compared with ordinary silicate materials, the
anchoring force was increased by 13.27%.

(3) According to the experimental data, compared with
resin anchoring agent, as well as blank superfine
cement, the shear modulus of ordinary Portland
cement was greatly improved. *e results indicate
that the new full-length anchoring material could
improve the hardness of the material and resist
deformation better after the interaction of various
components.

(4) According to the AE monitoring during the an-
chorage force test, the full-length anchoring material
experienced a long calm period and strong tough-
ness, strong bore capacity, and good anchoring
performance were shown.

(5) SEM test results showed that, after hydration reac-
tion, each component of the new full-length an-
chorage material was cemented together to form an
internal compact structure, which improves the
internal density and the cohesion of the material.
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