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*e function of a resin anchoring agent is to bond the rock of a borehole wall with the body of the anchor so the anchor can play an
effective supporting role. *e anchoring effect is related to the performance of the resin anchoring agent used and to the stirring
rate applied during the anchor installation process. In this report, the stirring rate of the resin anchoring agent is evaluated and
discussed in terms of how it affects pore structure and anchoring strength. When the stirring rate is in the range of 400–950 r/min,
the uniaxial compressive strength of the resin anchoring agent increases proportionally with the stirring rate, and the compressive
strength corresponding to the maximum stirring rate is 15.1% greater than that corresponding to the minimum stirring rate.
Conversely, the pore size of the foam inside the resin anchoring agent is inversely proportional to the stirring rate, and the pore
size corresponding to the maximum stirring rate is 15.1% smaller than that corresponding to the minimum stirring rate. *e
anchoring strength increases proportionally with the stirring rate when the stirring rate is between 400 and 800 r/min. Specifically,
the anchoring strength associated with the maximum stirring rate is 9.2% greater than the anchoring strength corresponding to
the minimum stirring rate. As the stirring time increases from 20 to 60 s, the anchoring force first increases and then decreases,
with the optimal stirring time determined to be about 50 s. *e results presented herein can be applied to improve anchor
installation technology and the anchoring strength of resin anchoring agents.

1. Introduction

A resin anchoring agent is a type of sticky bonding material
comprising unsaturated polyester resin, curing agent, ac-
celerator, and other auxiliary materials in a certain pro-
portion [1–4]. *e components of this material are typically
divided and packed with polyester film into a cartridge. An
effective anchoring agent has excellent mechanical prop-
erties, including rapid curing at room temperature, high
bonding strength, reliable anchoring strength, and good
durability. Resin anchoring agents are widely used in
roadway supports, shaft installations, and reinforcements of
prestressing anchors in hydropower engineering [5–10].

Based on laboratory tests, theoretical analysis, and nu-
merical simulations, scholars have comprehensively ana-
lyzed the anchoring mechanism and elucidated numerous

factors that influence the anchoring performance of resin
anchoring agents [11–14]. In particular, drilling water,
flowing water, and water accumulation in the hole have a
significant impact on the resin anchoring agent’s perfor-
mance; the drainage effect can be improved by properly
arranging the drainage holes [15–18]. In the case of high-
pressure water injection sealing, the expansion performance
of the resin anchoring agent can be enhanced by adding a
polyol polyether agent [19, 20]. *e laboratory pull test is an
appropriate method for probing the anchoring agent’s
performance. *e temperature has a significant impact on
the anchoring performance of a resin anchoring agent; the
anchoring force is the largest at a temperature of 25°C. In a
simulated system, the anchoring force of the resin anchor
rod exhibited a significant decreasing trend as the drilling
temperature increased [21, 22]. *e shape of the anchor also
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affects its anchoring performance. Specifically, the drawing
test results for three different bolt shapes (i.e., left-handed
nonlongitudinal steel screw bolt, herringbone rib with
longitudinal steel screw bolt, and right-handed full-thread
steel bolt) indicated that the transverse rib of the left-handed
longitudinal-ribbed steel anchor helps push the resin an-
choring agent to the end of the anchor to make the necessary
anchor segment. In this case, the resin cartridge is compact
and full, which improves the anchoring strength [23, 24].
Finally, it has also been determined that the mixing time and
the annular thickness of the anchoring agent influence the
anchoring quality [25].

A thorough literature survey revealed that existing
studies of resin anchoring agents often lack any evaluation of
the effect of different stirring rates on the anchoring agent
performance; however, the stirring rate is known to influ-
ence the solidified compactness of such materials, thus af-
fecting their anchoring performance. *erefore, herein, we
report the influence of stirring rate on the internal pore
structure and anchoring strength of resin anchoring agents
based on uniaxial compression tests, scanning electron
microscopy (SEM), and pull-out tests. *e results of this
study can be applied to improve the anchoring performance
of resin anchoring agents.

2. Materials and Methods

2.1. Resin Anchor Agent. A primary goal of this work is to
study the effect of stirring rate on the outcome of a uniaxial
compressive test, and the resin anchoring agent is the most
important material in this test. Currently, saturated poly-
ester resin is the most common resin anchoring agent used
in coal mines. *e resin anchoring agent used in this work
was the type Z2350 medium-speed anchoring agent from a
single batch produced by Yihai mine equipment company.
*e performance standard was MT146.1-2002, which in-
volves a gel time greater than 180 s and an aging time of
30min. As shown in Figure 1, the first step was to separate
the puddle and curing agent from the type Z2350 anchoring
agent cartridge and mix the anchoring agent in the same
group uniformly. After repeated experiments, the mass ratio
of puddle (black) to curing agent (white) was determined as
1 : 0.05. During the experiments, the samples were main-
tained in a YH-90B standard constant temperature and
humidity maintenance box. *e rated supply voltage was
220V, the consumed power was 2000W, and the temper-
ature was set to 22°C, as shown in Figure 2.

2.2. Electric Hand Drill and Stir Head. To perform experi-
ments with a wide range of stirring rates, a handheld electric
drill was used to stir the anchoring agent. *e input power of
the Mod.6132 electric drill was 820W, and it provided mixing
speeds in the range 0–2600 r/min with a clamp bit diameter of
1–13mm. Based on the size ranges of the special mold and
handheld electric drill clamping bit, the length of the anchor-
rod body of the stirring head was customized to 300mm, the
clamping part of the anchor-rod body was a 10mm× 10mm
square, and the stirring head’s diameter was 30mm.

To determine the influence of the bolt stirring rate on the
hole structure of the resin anchoring agent and the strength
of the bolt anchoring force, it is important to control the
single variable factor of stirring rate (within a reasonable,
designated range) and to eliminate the influence of other
factors as much as possible. After repeated experiments and
maneuverability and safety considerations, we selected the
Z2350 resin anchoring agent and controlled the ambient
temperature of the laboratory in the range of 20± 1°C.
According to the underground construction situation and
the controllable speed range of the electric drill, the applied
stirring rates were 400, 600, 800, and 950 r/min. Four sample
groups were each subjected to one of these stirring rates, as
shown in Table 1.

2.3. Uniaxial Compression Test. *e uniaxial compression
experiments used a cylindrical mold with an inner diameter
of 50mm and a height of 100mm. *ere were two pairs of
four removable screws on each side. To prevent the effects of
floating rust on the test outcome, the surface was treated by
spraying painting. To prevent adhesion between the an-
choring agent test specimen and the inner wall of the mold
(which would inhibit smooth removal), a uniform layer was
spread over the internal area of the mold and on the bottom
of the backing plate needed for the experiment. *e screws
were then tightened symmetrically on both sides of the
mold, which was then fixed onto the backing plate. We
calculated the weight of anchoring agent required for each
test specimen and weighed the puddle and curing agent

Figure 1: Resin anchor agent.

Figure 2: Constant temperature and humidity curing box.
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according to the ratio of 130%–140%. *en, these compo-
nents were placed together into the stirring vessel for 30 s to
completely mix the puddle and curing agent. *is process
was repeated for all samples in a group of test specimens, and
the speed of the handheld electric drill was adjusted to a
different speed to mix the next set of test specimens. As
shown in Figure 3, we quickly inverted the anchoring agent
with uniform composition into the prepared mold and
rolled over the top surface to remove the overflowing an-
choring agent. *e mold was left to rest during the initial
anchoring agent solidification stage.

After 8min, the mold nut was unscrewed to remove the
anchoring agent test specimens, which were numbered and
placed into the constant temperature and humidity box. *e
insulation temperature was set to 22°C for 4 h. Overall, 4
groups of 3 samples (12 total resin anchoring agent test
specimens) were prepared. After removing a resin anchoring
agent test specimen from the incubator, it was left outside for
12 h, and then, the surface was cut and polished to make the
two horizontal ends of the specimen smooth, flat, and
parallel, as required for the standard uniaxial compressive
test. As shown in Figure 4, after processing, the resin an-
choring agent cylinders used for the uniaxial compression
tests were 40mm in diameter and 80mm in height. *e
temperature of the experimental work up was controlled in
the range of 20± 1°C.

*e processed resin specimens were placed one-by-one
on the CMT5305 electrohydraulic servo universal tester
according to their numbers for the uniaxial compression
test. Using displacement loading, the speed was set to 1mm/
min. After each test specimen was tested, the data were saved
and the destroyed test piece was removed so the test bed
could be cleaned for the next sample. *e destroyed con-
dition of a test piece is shown in Figure 5.

2.4. Pull-OutExperiment. Bolt pull-out tests were conducted
with a C64.106 static electro-hydraulic servo tester. Hy-
draulic clamping was applied in the test machine within an
adjustable range. *e clamping range for this test was
φ15–φ25mm and φ25–φ36mm, which allowed continuous
whole-range measurements. Displacement control was
adopted throughout the test, and the speed was set to
5.1mm/min.

*e construction screw bar with longitudinal anchor
reinforcement and a 16mm diameter was used as the ma-
terial for preparing the test anchors. *e length of each
anchor section was 400mm, and the length of the anchor
section was set to 150mm. Considering the “three-diameter
matching” requirement and the influence of the anchor
longitudinal bar on the actual diameter, the drilling of a steel
pipe with an inner diameter of 26mm and an outer diameter

of 29mm was simulated in this experiment. One end of the
200-mm-long steel pipe was welded to seal the bottom, and
the other end was left open. *e calculated thickness of the
resin anchor ring was 5mm, and the actual thickness of the
anchor ring was about 4mm, which conforms to the optimal
“three-diameter matching” design.

We calculated the weight of anchoring agent required for
each pull-out test specimen and weighed the cement and
curing agent according to a ratio of about 130%–140%.*ese
components were placed in the mixing vessel for 30 s to fully
mix the cement and curing agent. After completing each set
of test specimens, the speed of the electric drill was adjusted
before testing the next set of specimens.

Table 1: Corresponding stirring rate for each group.

Group number Stirring rate (r/min)
1 400
2 600
3 800
4 950

Figure 3: Making of resin anchor agent.

Figure 4: Resin anchor agent test specimens.

Figure 5: Failure schematic diagram of specimens.
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*e amount of anchoring agent needed for a single pull-
out specimen was calculated using the following equation:

m � π R
2
p × Lb − R

2
b × Lp  × ρ, (1)

wherem is the mass of anchor agent; Rp is the diameter of the
steel pipe; Lp is the length of the steel pipe; Rb is the radius of
the anchor; Lp is the anchor length; and ρ is the density of
anchor agent.

*e handheld electric drill was used to stir the cement
and curing agent evenly. *en, the anchoring agent was
immediately added from the pipe mouth, and the anchor
was inserted 150mm into the steel pipe anchoring agent;
250mm of the anchor remained exposed to ensure that it
had been inserted vertically and centrally. *e excess an-
choring agent at the steel pipe mouth was removed, and we
verified that the specimen could stand vertically at the initial
solidification stage without touching the anchor in any way.
After the anchoring agent solidified in the steel tube, it was
placed into the constant temperature and humidity box, and
the next group of specimens was prepared. *e anchoring
agent was taken out after 2 h (Figure 6).

Displacement loading was used throughout the test, and
the speed was set to 5.1mm/min. When the residual load of
the anchor specimen reached the set parameters, the test was
stopped automatically, the tension stress was released, the
anchor was removed, and the pull-out test of the next
specimen was performed, as shown in Figure 7.

2.5. Scanning Electron Microscopy (SEM). SEM employs
point-by-point scanning and generates images captured by
electron beams focused on the surface of a sample. To date,
this method has been widely used for morphological
characterizations and in situ process analyses of noncon-
ductive samples, such as inorganic materials, petroleum
geological specimens, and biological samples. *e macro-
scopic performance of a resin anchoring agent can be in-
vestigated by observing the microscopic morphology of the
resin anchoring agent interface using SEM. *e scanning
electron microscope used in this work was an FEI Quan-
taTM 250. To ensure the homology of the pre- and post-test
data, we recovered and numbered 12 resin anchoring agent
test specimens (3 samples prepared at each of 4 mixing rates)
after the uniaxial compression test and then analyzed these
samples using SEM. After collecting the resin anchoring
agent test specimens and completing the uniaxial com-
pression test, we identified preferable sections of each test
specimen and cut thin slices (thickness� 5mm), which were
then segmented to produce thin square samples
(10mm× 10mm × 5mm). Finally, we polished the edges
and corners uniformly to make each specimen similar in
shape and size, polished one side smoothly, and grouped
them according to their numbers from the uniaxial com-
pression test. To obtain high-resolution images, ion sput-
tering equipment was used to plate gold on the surface of the
anchoring agent samples as a conductive film (gold spraying
treatment), as shown in Figure 8.

*e resin anchoring agent samples were biphasic systems
comprising (i) the solid formed by the anchoring agent

mixture (solid, continuous phase) and (ii) the gas therein
(gaseous, dispersed phase). In the two-dimensional SEM
images shown in Figure 9, the bubble cavity area appears as a
light grey-white color, the polymer is dark (black), and there
is a color transition zone between the bubble cavity and the
solid interface. Employing computer-assisted image analysis
technology, we were able to identify, distinguish, extract, and
calculate the bubble cavity and polymer region areas. *is
was achieved by moving the observation window, selecting
appropriate locations to capture a bubble cavity structural
image, and then applying 200, 1000, 2000, or 5000 times
magnification to take photographs of each selected point.
*e SEM images in Figure 9 show 200–5000 times mag-
nification of the same position on the same resin anchor
slice. *e degree of particle mixing uniformity, the structure
of the bubble cavity, the transition zone between the bubble
and the solid anchoring agent, and the defects on the surface
caused by processing can be observed clearly in the images
with different magnifications. As a result, the structure of the
material can be described in detail although the artificial
defects must be discriminated during image processing.

3. Results and Discussion

3.1. Compressive Strength. Uniaxial pressure-displacement
curves and results obtained from the compressive tests are
presented in Figure 10 and Table 2, respectively.

Each tested stirring rate (400, 600, 800, and 950 r/min)
was used to prepare three specimens, leading to 12 datasets
from this experiment. *e uniaxial compressive strength of
each specimen was determined on the basis of the maximum
pressure value obtained from the instrument, and the av-
erage compressive strength of all test specimens in each
group was considered as the ultimate uniaxial compressive
strength. However, if the deviation within any sample group
was too large (i.e., if the difference between the maximum or
minimum value and the median value was more than 10%),
the median value of the group was taken as the ultimate
uniaxial compressive strength.

*e relationship between the uniaxial compressive
strength and the stirring rate of the test specimens is shown
in Figure 11, and the relationship between the average
compressive strength and the stirring rate of anchor spec-
imens is shown in Figure 12. *e stirring rates of resin
anchoring agents ranged from 400 to 950 r/min. Analysis of
the uniaxial compressive test results allows for three main
conclusions.

Figure 6: Process of making the pull-out specimen.
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First, the pressure-displacement curves of the 12 resin
anchoring agent test specimens at four different stirring rates
are concave, smooth, and destructive. When axial pressure is
applied, the distance between molecules in the resin an-
choring agent specimen decreases.When the pressure begins
to increase, the fractures in the specimen expand trans-
versely once the distance between molecules has decreased
to a certain extent and then enter the yield stage (i.e., plastic
stage). As the pressure is increased further, the fractures in
the specimen continue to expand until the sample is
destroyed.

Additionally, only the 1-1 specimen was severely frac-
tured when it was damaged. *e failure section of other
specimens was inclined relative to the axis by about 45°–55°,

and the surface specimens were destroyed via dislocation
along the oblique section.

Finally, based on the results presented in Figures 11 and
12, it is clear that the uniaxial compressive strength of the
anchoring agent specimens is proportional to the stirring
rate within the tested range. Specifically, the faster the
stirring rate during the anchoring agent installment, the
higher its uniaxial compressive strength. In the tested
stirring rate range of 400–950 r/min, the uniaxial com-
pressive strength of resin anchoring agent specimens in-
creased by 4.2%, 6.0%, and 4.6% with each incremental
increase in stirring rate. *e compressive strength corre-
sponding to the maximum stirring rate increased by 15.1%
relative to that corresponding to the minimum stirring rate.

(a) (b)

Figure 7: Specimen failure schematic diagram.

(a) (b)

Figure 8: Gold spraying treatment of specimens.
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*erefore, we concluded that accelerating the stirring rate
has a significant positive effect on the uniaxial compressive
strength of resin anchoring agent specimens.

3.2. SEM Analysis. SEM allows the calculation of pore ap-
ertures and distribution over a certain area. According to the
bubble structure disorder hypothesis, when the number of
bubble holes is greater than a certain critical value, the
relationship between the average bubble area and average
pore size on the bubble structure image can be evaluated
with a quantitative function. Specifically, the average pore
size can be calculated by determining the average bubble
area, as shown in Figure 13.

When the number of bubbles approaches infinity, the
relationship between the average bubble section area and the
average bubble diameter can be determined using the fol-
lowing equation:

A � 

R

0
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dx
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R
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*e average bubble diameter can be obtained by an
inverse calculation, as shown in the following equation:
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Figure 9: Scanning electron microscope pictures with different multiples.
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where A is the area of arbitrary bubble section; x means the
distance of arbitrary interface and the centre of bubble; R is
the pore size; and A is the average area of bubble section.

After screening and comparing all images, the final
selected image processing parameters were a scale of 500
microns and magnification of 200 times. For proper image
analysis, the following principles should be followed: (i) the
defect areas resulting from human activities must be
identified and not delineated (three oblique scratch defects
caused by specimen cutting are clearly seen in Figure 14); (ii)
consistent rules must be followed for describing incomplete
bubbles on the image boundary; (iii) there must be a strict

guarantee that the described bubbles are in a disconnected
state; and (iv) the shape must remain unchanged along the
outer edge of the pore structure. Figure 14 illustrates the
process of preprocessing the bubble cavity in a section of an
anchor slice specimen.

After preprocessing the SEM images, Sigma Scan Pro
software was used to measure and extract the data related to
the bubble cavity structure in each image. After sorting the
output data from the Sigma Scan Pro software, equation (2)
was used to determine the quantity and size of pores in each
anchor slice specimen, and the data obtained for each anchor
slice specimen are shown in Table 3. Additionally, the ap-
erture distribution of each group of specimens is shown in
Figure 15, the relationship between the average pore size and
the stirring rate is shown in Figure 16, and the relationship
between the average compressive strength and the average
pore size of each anchor specimen is shown in Figure 17.

*e pore size characterization results for the 12 resin
anchoring agent specimens are compiled in Table 3. N1 and
N2 denote the total number of bubbles at two distinct lo-
cations on the surface of the same specimen, D1 and D2
represent the average apertures at two distinct locations on
the same specimen, D is the average aperture of two loca-
tions on one specimen, and |D1−D2| is the difference be-
tween the average aperture at two locations on the same
specimen.*e repeatability and reliability of the results were
verified by comparing and analyzing the values of |D1−D2|
at different locations of the same specimen. Based on the

Table 2: Data of the uniaxial compressive test.

Group number Number Stirring rate
(r/min) Maximum stress (kN) Average

stress (kN) Uniaxial compressive strength (MPa) Mean
strength (MPa)

1
1-1

400
60.771×

70.912
48.38×

56.461-2 71.372× 56.82×

1-3 70.912 56.46

2
2-1

600
71.837

74.235
57.19

58.832-2 75.951 60.47
2-3 73.918 58.85

3
3-1

800
77.475

78.352
61.68

62.383-2 76.379 60.81
3-3 81.203 64.65

4
4-1

950
80.513

81.93
64.10

65.234-2 82.091 65.36
4-3 83.186 66.23
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data in Table 3, the value of |D1−D2| decreases as the
number of bubbles in the SEM image increases. When the
number of bubbles in the SEM image is greater than 200, the
maximum error of this method is estimated to be less than
±3.81 μm, that is, 6.77%. *erefore, the data processed using
this method have sufficient repeatability and reliability.

Our calculations revealed that the gas content in the
resin anchoring agent specimens was basically the same
regardless of the applied stirring rate, indicating that the
stirring rate had a limited effect on the gas content (i.e.,
porosity) of the resin anchoring agent. *erefore, the po-
rosities of the anchoring agent specimens in this study were
considered invariant although there were six sets of data for
each group of three samples. Based on the obtained results,
there were some slight errors, but the data still reflect the
distribution of bubble cavity size because it relates to the
corresponding stirring rate. Additionally, according to
Figure 15, the pore size distribution in each group of
specimens under different stirring rates essentially follows a

(a) (b) (c)

Figure 14: Preprocessing of sectional face structure.

Table 3: Characterization of specimens aperture data.

Group number Number N1/individual N2/individual D1 (μm) D2 (μm) |D1–D2| (μm) D (μm)

1
1-1 185 190 70.17 65.11 5.06

65.081-2 173 194 67.03 66.56 0.47
1-3 218 230 62.18 59.43 2.75

2
2-1 213 189 63.98 65.62 1.64

62.742-2 209 199 60.09 64.54 4.45
2-3 228 192 59.48 64.73 5.25

3
3-1 227 209 58.57 61.16 2.59

57.263-2 238 230 56.01 58.39 2.38
3-3 229 244 56.23 52.42 3.81

4 4-1 221 236 56.54 53.62 2.92 55.314-2 232 227 56.32 59.39 3.07
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normal distribution, and the pore size is mainly concen-
trated in the range of 20–60 μm. As the stirring rate in-
creases, the proportion of small pores increases and the
proportion of large pores decreases. Figure 17 shows that the
uniaxial compressive strength of the resin anchoring agents
is inversely proportional to the size of internal pores in the
tested range of stirring rates. Specifically, the smaller the
pore size, the greater the strength, and the larger the pore
size, the weaker the resin anchoring agent. Finally, based on
Figure 16, it is clear that the internal bubble pore size in the
resin anchoring agent specimen is inversely proportional to
the stirring rate within the tested range. Specifically, the
faster the stirring rate, the smaller the pores in the resin
anchoring agent. Within the stirring rate range of 400–950 r/
min, the average pore size of bubbles in the resin anchoring
agent specimens decreases by 3.60%, 8.78%, and 3.41% with
each increasing stirring rate interval; the average pore size at
the maximum stirring rate is 15.1% smaller than that at the
slowest stirring rate. *e pore size of bubbles in the solid
samples has a significant effect on the material’s
performance.

3.3. Anchoring Force of Bolt. As stated previously, the av-
erage value of the maximum anchoring strength of each
group of specimens was considered as that group’s final
anchoring strength, and if the data deviation within any
group of specimens was too large (i.e., if the difference
between the maximum or minimum value and the median
value was more than 10%), the median value was considered
as the group’s final anchoring strength. *e results obtained
from the bolt anchoring force tests are shown in Table 4.

*e relationship between the anchor-hold force and the
stirring rate is shown in Figure 18, and the relationship
between the anchoring strength and the stirring rate is
shown in Figure 19. Because of the conditions for these tests,
the stirring rate range for all resin anchoring agents was
between 400 and 800 r/min (i.e., stirring rates of 400, 600,
and 800 r/min were tested). Although there are no clear
differences among the nine datasets, the combined results
presented in Table 4 and Figure 18 show an increasing
proportional trend. After excluding the failure data, it is clear
that the anchoring strength of the resin anchors increases
with increasing stirring rates. *e relationship between the
average anchoring strength and the stirring rate indicates
that the anchoring strength of a resin-anchored bolt is

proportional to the stirring rate within a certain range.
Specifically, the faster the stirring rate, the greater the an-
choring strength of the resulting resin-anchored bolt. In the
stirring rate range of 400–800 r/min, the anchoring strength
of resin anchoring agents increased by 4.0% and 5.0% with
each increasing interval in the stirring rate. *e anchoring
strength corresponding to the maximum stirring rate in-
creased by 9.2% compared with that corresponding to the
minimum stirring rate. *ese results allowed us to conclude
that increasing the stirring rate has a remarkable effect on the
anchoring strength of resin anchoring agents.

Using an appropriate stirring rate renders the anchoring
agent mixture more uniform and improves its anchoring
strength and performance. However, during the on-site
construction process, different stirring durations may also
affect the performance of the anchoring agent. *erefore, bolt
pull-out tests were performed to evaluate the influence of the
mixing time on the strength of the resin anchoring agent. *e
experimental materials are the same as those used for the tests
described above. To retain the underground bolt construction
as much as possible and to reduce the interference of human
factors during the mixing process, the cement was not sep-
arated from the curing agent in this test, but rather, the
anchoring agent cartridge contents were placed into the steel
pipe as a whole. *e MZ-II anchor-cable installation device
was used to complete the anchor rod installation, as shown in
Figure 20, and then, the excess section of the rod body was cut.
*e normal stirring rate of this instrument is 190 r/min; a total
of five sets of three anchor rod anchoring specimens were
produced, and the corresponding stirring time for each set
was 20, 30, 40, 50, or 60 s.

*e average value of themaximum anchoring strength of
each group of specimens was taken as the final group an-
choring strength.*e data obtained from this test are shown
in Table 5.

*e relationship between the average anchoring strength
of each group and the stirring time is shown in Figure 20.

*is figure shows the pull-out failure and average an-
choring force curve of the resin anchoring agent after dif-
ferent stirring times. *e average anchoring force of each
group of anchor rods is 33.963 kN (20 s), 47.001 kN (30 s),
47.417 kN (40 s), 69.475 kN (50 s), and 52.358 kN (60 s).
*ese results confirm that the pull-out force for an anchor
rod depends on the stirring time. In general, the pull-out
force increases with increasing stirring time in the range of
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Figure 17: Average compressive strength and average aperture relation.
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20–50 s. However, when the stirring time exceeds 50 s, the
pull-out force of the anchor rod decreases. Additionally,
based on the relationship between the average anchoring
force and the stirring time, it is clear that the anchoring force
increases by about 2.05 times as the stirring time increases
from 20 to 50 s. *is is because with a short stirring time of
20 s, there is insufficient mixing of the cement and the curing
agent, which results in a limited degree of bonding between
the anchoring agent rod body and anchoring agent pipe wall,
which leads to a low anchoring strength. With a longer
stirring time, the cement and curing agent are allowed tomix
completely, and there is more anchoring interface contact

and adhesion, so the anchoring strength increases signifi-
cantly. However, when the stirring time is too long (>50 s),
the structure of the fully-stirred cement/curing agent mix-
ture is destroyed before it solidifies. In addition, at longer
mixing times, there is a risk that the anchoring agent was
ejected because of centrifugal force, thus resulting in the
separation of the two-phase anchoring system, which leads
to a reduced anchoring force. Based on these results, the
optimal mixing time for resin-anchored bolt construction is
about 50 s. In the field construction process, increasing the
mixing time while ensuring efficiency can improve the
anchoring effect of resin-anchored bolts.

Table 4: Pull-out experiment data.

Group number Number Agitation rate (r/min) Maximum anchoring strength (kN) Average anchoring strength (kN)

1
1-1

400
74.76

76.371-2 75.61
1-3 78.74

2
2-1

600
78.33

79.412-2 77.84
2-3 82.06

3
3-1

800
83.36

83.363-2 73.98×

3-3 85.21×
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Figure 18: Anchor stress-stirring rate trend.
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10 Advances in Materials Science and Engineering



4. Conclusions

In this report, the effects of stirring rate on the mechanical
properties of resin materials and the morphology of the
generated bubbles and pores are discussed. We present a
method to improve the pore structure and anchoring strength
of resin anchoring agents by changing the stirring rate and
duration.*is work is supported by comprehensive theoretical
analysis, laboratory testing, and verified simulation tests. *e
relationship between the mechanical properties of the resin
anchoring agent and the internal pore structure of the bubbles
was analyzed thoroughly, and the pull-out test of anchoring
strength with an anchor rod was conducted. *e main con-
clusions from the experiments and analysis are as follows:

(1) *e uniaxial compressive strength of the resin an-
choring agent increases proportionally to the stirring
rate in the range of 400–950 r/min. *e uniaxial
compressive strength corresponding to the maxi-
mum stirring rate increased by approximately 15.1%

compared with that corresponding to the minimum
stirring rate.

(2) *e pore size of the resin anchoring agent in the
foam is inversely proportional to the stirring rate in
the range of 400–950 r/min. *e pore size corre-
sponding to the maximum stirring rate decreased by
15.01% compared with that corresponding to the
minimum stirring rate.

(3) Porosity and pore size are important factors affecting
the anchoring strength of a resin material; in general,
the anchoring strength decreases with increasing
porosity and pore size. If the porosity remains un-
changed, the strength of the resin anchoring agent is
inversely proportional to the pore size of internal
bubbles. *is indicates that the larger the pore size of
bubbles in a resin anchoring agent specimen, the
lower the strength of that anchoring agent. Increasing
the stirring rate can significantly decrease the pore size
of large and small holes in the anchoring agent.

Table 5: Anchor force at different stirring time.

Group number Number Stirring time (s) Maximum anchoring strength (kN) Average anchoring strength (kN)

1
20-1

20
25.469

33.96320-2 44.655
20-3 31.765

2
30-1

30
56.883

47.00130-2 32.509
30-3 51.612

3
40-1

40
48.188

47.41740-1 43.402
40-1 50.661

4
50-1

50
87.984

69.47550-1 49.894
50-1 70.549

5
60-1

60
70.901

52.35860-1 41.122
60-1 45.052
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Figure 20: Average anchor stress-stirring time relationship.
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(4) *e anchoring strength is proportional to the stirring
rate, and it increases and then decreases with longer
stirring times. In the stirring rate range of 400–800 r/
min, the anchoring strength of the material increases
with increasing stirring rate. *e anchoring strength
corresponding to the maximum stirring rate in-
creased by 9.2% compared with that corresponding
to the minimum stirring rate. Additionally, the
anchoring force increased by about 2.05 times while
increasing the stirring time in the range of 20–50 s;
the optimal mixing time for resin anchor bolt
construction was determined to be about 50 s.

(5) *e optimal stirring rate for underground con-
struction can be determined by adjusting the stirring
rate of anchor resin and evaluating the resulting
strength. Such understanding reduces the con-
struction workers’ labor efforts and improves con-
struction accuracy while enhancing the strength of
the anchoring agent. *erefore, the results presented
herein can help improve (i) the supporting effect of
underground anchor bolts, (ii) the safety of roadway
supports, and (iii) the cost-effectiveness of imple-
menting such anchors.
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