
Research Article
Numerical and Preliminary In Situ Investigation on Roadway
Excavation Using Static Expansion Mechanical Fracturing

Yin Chen,1,2 Zijun Li,1 Jian Zhao,3 and Dan Huang 3

1School of Resources and Safety Engineering, Central South University, No. 932 Lushan South Road, Changsha,
Hunan 410033, China
2Xinjiang Kalatongke Mining Co., Ltd., No. 1 Jianshe Road Kalatongke Town, Fuyun County, Xinjiang 836107, China
3Institute of Mining Engineering, BGRIMM Technology Group, No. 22 Beixing Road East, Daxing District, Beijing 102628, China

Correspondence should be addressed to Dan Huang; bgrimmhd@126.com

Received 25 January 2024; Revised 10 April 2024; Accepted 27 April 2024; Published 8 May 2024

Academic Editor: Piergiorgio Tataranni

Copyright © 2024 Yin Chen et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

This paper introduced a new nonexplosive roadway excavation method, combining the reserved free space technology and the
static expansion mechanical fracturing technology, where the former is implemented by the gasbag, while the piston splitter is for
the latter. The numerical model of roadway excavation was set up via PFC3D to investigate the mechanical fracturing performance,
including the single-hole fracturing and the hole network fracturing. The results show that the reasonable hole margin is about
1.0–1.5m, and the optimal column spacing of the hole network pattern is 1.0m, after comprehensively analyzing the fracturing
performance and the splitting force evolution. Moreover, the mechanical fracturing excavation method was applied to construct a
parking chamber in the Kalatongke Mine, to preliminarily verify the feasibility of the static expansion mechanical fracturing
technology. The in situ investigation results indicate that the excavation footage is about 0.8m with the piston splitter when
adopting a hole margin of 1.0–1.5m. To sum up, the preliminary field application and the numerical simulation result both support
the feasibility of mechanical fracturing, and the reasonable fracturing hole margin is about 1.0m.

1. Introduction

At present, the drilling–blasting method is still the most com-
mon roadway excavation method in underground metal mines
all over the world, as a relatively mature technology [1–3]. How-
ever, the drilling–blasting construction is a labor- and time-
consuming operation [4], and it will produce a great many
fractures in the surrounding rock of roadway and stope [5–7].
As the rock blasting within the excavation, it is bad for roadway
supporting [8, 9]. In addition, the rock blasting is often accom-
panied by flyrock, rock vibrations, air overpressure, overbreak,
gas emissions, and high-concentration dust [10–12]. These phe-
nomena have a significant influence on mining safety, working
environment, and the stability of adjacent backfill and stope [7].
What is more, since the safety risk management and environ-
mental protection policies are getting stricter in China [13, 14],
the application of the drilling–blasting method will be gradually
restricted, especially for roadway excavation in the ecologically
fragile area of China, for example, in Xinjiang and Tibet. The

rock breaking and roadway excavation method has been proven
in recent years, such as using air–water coupling blasting [15],
water jet-assisted rock breaking [16], hydraulic fracturing [17],
and so on, but these technologies have a huge of water consump-
tion, which is not in line with the principle of environmental
friendly operating standards.

To overcome the drawbacks of existing conventional
roadway excavation methods and improve the efficiency of
rock breaking, several modern nonexplosive rock breaking
approaches have been developed, such as hydraulically driven
mechanical splitting (or mechanical fracturing) methods and
expansive chemical agents [18], while the former method has
a wider application because of its reusability, higher economy,
and faster generation of expansive pressure. In terms of the
development of mechanical fracturing equipment, it generally
includes two main stages: radial splitter stage [19, 20] and
piston splitter stage [18]. These two types of equipment are
bothmainly made of three parts: a hydraulic pump station, oil
pipelines, and splitting bars. Whereas the splitting bar of the
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radial splitter consists of wedge block and two wedge feathers,
the splitting bar of the piston splitter is mainly composed of
column bar and multiple cylindrical pistons, as shown in
Figure 1. The work process of mechanical fracturing using a
radial splitter starts a hole drilling, then the pump station
provides high-pressure oil to the splitting bar through
hydraulic oil pipelines to push the wedge block to move
downward, and then the wedge block drives the wedge feath-
ers to expand. In this process, the axial thrust is converted into
the radial splitting force for the borehole wall [21]. When the
splitting force is large enough, the rock will be fractured
toward the side of the free surface. As for the work process
of the piston splitter, most of the steps are similar to that of the
radial splitter, but the high-pressure oil is directly pumped
into the column bar to jut out multiple cylindrical pistons
toward the free surface. Then the cylindrical pistons apply a
horizontal thrust on the borehole wall to break the rock.

Due to the significant advantages of mechanical fractur-
ing, many scholars have considered it the primary roadway
excavation method and carried out lots of basic research
[18]. Li et al. [21] studied the effect of auxiliary holes by
comparing the rock breaking performance using a hydraulic
splitter under the situation with and without auxiliary holes,
based on the numerical simulation results of finite element
method (FEM) and experimental results. When the auxiliary
holes are located at the prefabricated angles α= 40° and 45°,
the crack propagation can be well induced, and the cracks pass
through the auxiliary holes. Liu et al. [22] studied the rock
breaking performance of rock specimens using a radial split-
ter and revealed the crack propagation during the rock break-
ing by numerical simulation approaches via AUTODYN
code; besides, they concluded that the borehole margin, con-
fining pressure, borehole depth, and borehole diameter are
the main factors influencing on rock breaking. Zhou et al.
[23] experimentally investigated the fracture performance
with a single borehole by using a hydraulic splitter, and
they also studied the effect of the rock compressive strength,
confining pressure, and borehole margin, and then they sum-
marized the peak fracture pressure with the free surface is
lower than that without the free surface. What is more, de
Graaf and Spiteri [24] introduced a successful application case
of the hydraulic splitting cylinder (that is, radial splitter) for

breaking rock at the Goldfields KDC West Gold Mine in
South Africa, and they proposed that the splitter becomes
more effective once the second free face is presented; there-
fore, they thought that future work should concentrate on
developing more effective techniques for creating an ini-
tial cut.

The above existing researches mainly focus on the utili-
zation of radial splitter. However, with the development of
new mechanical rock breaking equipment, the piston splitter
has more outstanding rock breaking ability and higher rock
breaking efficiency. The rock breaking depth of the radial
splitter is generally hundreds of millimeters, while it is
more than 1m for the piston splitter. Furthermore, the
most current investigations on rock breaking performance
adopt laboratory experiments and numerical simulations
with small-scale rock specimens, which is difficult to directly
guide the fieldwork. In addition, the numerical simulation
based on FEM cannot answer the accurate range of rock
fractures and fragments.

To realize the transformation of roadway excavation
from the explosive method to the nonexplosive method in
underground metal mines, this paper presents a new excava-
tion method based on the static expansion mechanical frac-
turing and the gasbag reserved free space technologies. In
this work, the engineering background and the operation
of the new mechanical fracturing excavation method are
introduced, and then the fracturing properties of a single
hole and hole networks are investigated using the distinct
element method (DEM) via PFC3D code. Finally, the field
application of mechanical fracturing with the piston splitter
in the Kalatongke Copper–Nickel Mine is carried out.

2. Engineering Background

2.1. Geology Information. The Kalatongke Mine is located
about 500 km north of Urumqi, Xinjiang. The copper–nickel
lode consists of three ore deposits, as shown in Figure 2, and
their maximum depth is about 600m, where the elevation
level of the ground surface is about 1,000m. The mining
method in the 1# and 2# deposits are mainly the downward
cut-and-fill method and the sublevel open stoping with sub-
sequent backfilling method for the 3# deposit. The uniaxial
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FIGURE 1: Two types of hydraulically driven mechanical splitting bars: (a) radial splitter and (b) piston splitter.
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compression strength of the ore body is about 140MPa,
while 110–140MPa is for the surrounding rock.

2.2. New Roadway Excavation Method

2.2.1. Gasbag Reserved Free Space Technology. For the
drilling–blasting method, the sufficient free surface is an
important factor for successful blasting excavation, which
is generally realized through constructing the cut and auxil-
iary holes on one side of the roadway [25]. In this process,
however, a great deal of time is spent on the construction of
the blasting cut, resulting in a lower excavation efficiency.
Therefore, we proposed a new method to form a free surface
by setting gasbags in the backfill of the one-step mining area.
It cannot only be used for the drilling–blasting method but
also the mechanical fracturing excavation method.

In detail, after the one-step mining in the ore body, the
gasbags are placed on the roadway side along the roadway
axis and then backfilling the one-step roadway and stope.
When excavating the two-step roadway, the gasbag is
deflated and recycled, thereby forming a reserved free space
in the gasbag region, as shown in Figure 3(a). It makes sure
that the rock mass inside the two-step roadway is under
uniaxial compression, which is helpful for the two-step road-
way excavation. Meanwhile, the gasbag reserved free space

technology also saves the construction cost of the free sur-
face, with cost savings of about 50%.

2.2.2. Static Expansion Mechanical Fracturing Technology.
Due to the high rock hardness, the feasibility of a cantilever
roadheader applied in the Kalatongke Mine is low. Thus,
after creating an initial cut with gasbag reserved free space
technology, the roadway excavation could be accomplished
through the static expansion mechanical fracturing technol-
ogy (see Figure 3(b)), using the piston splitters mentioned in
Figure 1(b).

In detail, the fracturing holes are first set up inside the
roadway excavation region near the initial cut, the depth of
which is about 1.0m, about 100–200mm for the diameter.
The specific borehole diameter is determined by the overall
dimension of the selected piston splitter, and it is slightly
larger than that of splitter in general. Then the piston splitter
is inserted into the boreholes, and multiple cylindrical pis-
tons are jut out from the piston splitter subsequently. As the
travel of pistons increases, the splitting force acting on the
surrounding rock of the fracturing hole improves continu-
ously, as well as more and more microcracks in rock mass.
When the splitting force reaches a certain critical value, the
roadway rock mass near the initial cut is fractured, and then
a new free surface appears, which is used for the next
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FIGURE 3: A new roadway excavation method: (a) gasbag reserved free space in the two-step roadway and (b) static expansion mechanical
fracturing technology.
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fracturing excavation cycle. The maximum splitting force of
the adopted piston splitter is about 25MN and with a maxi-
mum piston travel of 30mm.

3. Numerical Analysis on
Mechanical Fracturing

3.1. Model Setup. To make sure the successful application of
the static expansion mechanical fracturing excavation in the
Kalatongke Mine, it is necessary to design reasonable spacing
pattern parameters of the hole network. In this section, hence,
a roadway excavation numerical model is set up using PFC3D
to investigate the rock breaking performance, including the
range of rock fragments, rock fractures, and the splitting force.
The numerical model includes two parts, continuum-based
zone element and discontinuum-based rigid block element, as
shown in Figure 4. The blocks and zones are connected
through wall elements, and the zone elements are regarded
as the surrounding rock of block elements, while the block
elements are divided into three regions: surrounding rock,
gasbag space, and roadway excavation region.

To speed up the numerical calculation, the excavation
process is simplified into a plane strain model. And the spac-
ing of cylindrical pistons along the piston splitter is 0.3m, so
the numerical model is set to 0.3m thick in consideration of
the symmetry effect between cylindrical pistons. The geom-
etry size of the numerical model is 30.0m× 0.3m× 30.0m
(X×Y×Z). Where, the roadway is 4.0m× 4.0m (X×Z),
and the size of the reserved space formed by the gasbag on
the left side of the roadway is 0.5m× 4.0m (X×Z). The
numerical model has a total of approximately 30,000 block
elements and about 30,000 zone elements, and their mini-
mum size is about 25mm. In general, the smaller the block
element size, the more accurate the simulated fragment
range. But it also means more block elements and lower

calculation efficiency, if adopting a smaller block element
size. While if adopting a larger element size, the simulated
broken rock blocks will not conform to the actual engineer-
ing situation. The constitutive model of the zone element-
based surrounding rock is an ideal elastic model, and the
contact material model of the block is soft bond. The contact
model between cylindrical piston and rock mass is linear
model. Table 1 shows the mechanical parameters of the
numerical model.

According to the geological information of the Kala-
tongke Mine, the depth of roadway is about 400m, and the
lateral stress coefficient of rock mass around the roadway is
assumed as 0.5. The bottom boundary of the numerical model
is fixed, and the vertical and horizontal stresses based on the
self-weight of overburden and lateral stress coefficient are
applied on the top surface and four sidewall surfaces as sup-
plementary stress. After reaching the first initial stress equi-
librium of the numerical model, the blocks inside the gasbag
space and boreholes are deleted, where the borehole diameter
is 220mm, and then the numerical model with free space is
calculated to reach a new initial stress equilibrium, which is
considered as the initial state before mechanical fracturing.
Finally, to carry out the mechanical fracturing, a cylindrical
piston is generated inside each borehole by the wall element
(see Figure 4), the diameter of which is 110mm. After com-
prehensive considering the quasi-static equilibrium state of
rock mass and reasonable numerical calculation time, the
cylindrical piston is applied a constant horizontal velocity of
10m/s to move toward the free space, and the travel distance
is about 30mm. To sum up, the flow diagram of mechanical
fracturing numerical simulation is shown in Figure 5.

3.2. Single-Hole Mechanical Fracturing

3.2.1. Single-Hole Layout Scenario. It is helpful to design the
spacing pattern parameters of the hole network after figuring
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out the rock breaking performance of mechanical fracturing
with a single hole, so the mechanical fracturing performance
of a single hole is firstly investigated. The borehole layout
includes five scenarios, S1–S5. Their vertical positions are the
same, all located on the horizontal center line. But the hori-
zontal positions are different; the margin to the free surface
varies from 0.25 to 2.0m, as shown in Figure 6.

As the hole margin increases, to successfully break the
rock mass, it needs to produce a longer fracture between the
fracturing hole and the free surface, as well as a higher

splitting force on the borehole wall. For an extremely large
margin, the fracture induced by the mechanical fracturing
may not propagate to the free surface, causing the failure of
mechanical fracturing. Apart from the range of rock fracture
and fragment, the splitting force between the cylindrical pis-
ton and the borehole wall is also an important factor. If the
simulated maximum splitting force is beyond the rated split-
ting force of the piston splitter, even though the fracture can
propagate to the free surface, the corresponding margin is
still not suitable. Therefore, to decide the reasonable margin,
it mainly compares the rock breaking effect and splitting
force under different margin scenarios by the numerical sim-
ulation of single-hole mechanical fracturing.

3.2.2. Single-Hole Fracturing Results. According to the
numerical simulation results of the single hole, the mechani-
cal fracturing performance in different scenarios is summa-
rized in Table 2. And Figure 7 shows the evolution of the
rock fragment area and the maximum splitting force of the
piston splitter.

It can be seen from Table 2 and Figure 7 that the fracture
area continuously improves as the hole margin increases, and
the fracture shape gradually changes from a triangle to a
rectangle. But when the margin is too large, as in scenario
5 (X= 2.0), the fractures are unable to penetrate the rock
mass from the fracturing hole to the free surface, so the
corresponding margin pattern is not feasible. Moreover,
the maximum splitting force also gradually rises as the
hole margin in general. Among them, the maximum splitting
forces in S1, S2, S3, and S4 are all below the rated force,
where the FR-200 piston splitter used at the Kalatongke
Mine has a rated splitting force of about 2,500 tons, that is,
25MN, while the maximum splitting force in S5 is much
larger than the rating value.

The rock fragment and fracture induced by mechanical
fracturing in different single-hole scenarios are shown in
Figures 8 and 9. The former indicates the rock macrofrag-
ment range while the rock microfracture inside the rock
fragment range for the latter. In Figure 8, the fragment range
is determined by the contact state of the rock block element.
When bonded contacts between block elements failure, it
forms rock macrofragments, while the color represents the
fragment ID. Figures 8 and 9 reveal that the overall rock
breaking effect by single-hole mechanical fracturing first
increases and then decreases as the hole margin increases
based on the numerical simulation results. When the hole

TABLE 1: Mechanical properties of numerical model.

Parameter Zone Block Bond contact

Elastic modulus 65GPa — 65GPa
Poisson 0.26 — —

Density 2,990 kg (m)3 2,990 kg (m)3 —

Friction coefficient — — 0.5
Normal-to-shear stiffness ratio — — 2.0
Friction angle — — 47°
Cohesion — — 20MPa
Tensile strength — — 5MPa

Roadway excavation
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FIGURE 5: Flow chart of mechanical fracturing numerical model.
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margin between the crack hole and the free surface is within a
reasonable range, the rock fractures during the single-hole
mechanical fracturing can penetrate to the free surface. And
with the increase of the holemargin, the ranges of rock fragment
and fracture continue to expand. However, when the hole mar-
gin exceeds the critical margin, the rock fragment and fracture
cannot extend to the free surface, causing the failure of the
mechanical fracturing. In addition, Figure 9 also illustrates that
the rock failure is mainly tensile failure in the process of splitting
rock mass. The green fractures in Figure 9 represent the tensile
failure state of the contact elements between fragment block
elements, and the tensile or shear fractures are determined by
the contact state between block elements. The microfractures
appear between macrofragment blocks, when the contact ele-
ments between them happen tensile or shear failures.

Figure 10 presents the relationship between the splitting
force of the cylindrical piston acting on the hole wall and the
piston travel. It demonstrates that, in general, the splitting
force gradually increases, and then decreases after reaching
the peak value, with the increase in the travel of the cylindri-
cal piston inside the column bar. Generally speaking, the
travel corresponding to the peak splitting force increases in
the hole margin, but in special circumstances, the maximum
splitting force in scenario 4 (X= 1.5m) is slightly less than
that in scenario 3 (X= 1.0m), also presented in Figure 7; the
reason is that the splitting force in the hole margin of 1.5m
does not reach the peak value within 30mm of the cylindrical
piston travel. That is, when the hole margin X≤ 1.0m, the
splitting force can reach the peak value within 30mm travel
while not for the hole margin X≥ 1.5m.

Then to determine the reasonable margin by the single-
hole fracturing results, it should comprehensively analyze the
rock breaking effect and the maximum splitting force
required. On the one hand, if the single-hole margin is small,
the maximum splitting force required and the corresponding
piston travel are also smaller, which is conducive to lowering
the performance requirement for the piston splitter and then
further facilitating the popularization and application of the
hydraulic driven mechanical fracturing technology. But if
using a small spacing pattern for the hole network, there is
a disadvantage of more borehole drilling construction, which
increases the drilling cost and the utilization number of pis-
ton splitters. What is more, for the small spacing pattern, the
peaking force appears within a small travel, like the single-
hole margin of 0.25 and 0.5m mentioned in Figure 10, and
the splitting capacity of the piston splitter is wasted.

On the other hand, however, if the single-hole margin is
big, the fractures produced by the mechanical fracturing can-
not expand to the initial free surface of the gasbag reserved
free space effectively, so there is a risk of fracturing failure.
Furthermore, even if the range of the rock fracture can prop-
agate to the free surface while the requiredmaximum splitting
force is over the rated splitting capacity of the equipment, it
also cannot effectively break the rock to achieve the roadway
excavation by the static expansion mechanical fracturing
technology.

According to the numerical simulation results, and com-
bined with the above analysis, the critical holemargin is 1.5m,
and the reasonable hole spacing should be 1.0–1.5m. In this
range, it can make full use of the rated splitting force of the
piston splitter used in the Kalatongke Mine, and the hole
number construction is suitable. It should be noted that if
the initial crack of the rock mass is rich, and the stress of
the surrounding rock mass is small, it can select 1.5m
as the reasonable hole space parameter of the hole network
in the process of in situ mechanical fracturing. If the rock
mass has a poor initial crack, a high strength, and high stress,
then a space parameter of 1.0m is a better choice.

3.3. Hole Network Mechanical Fracturing

3.3.1. Hole Network Layout Pattern. In this section, two kinds
of layout patterns of the mechanical fracturing hole networks
are designed, because of the reasonable single-hole margin of
1.0–1.5m, as presented in Figure 11. These two patterns are
both arranged in a straight line and column, and this study
only investigates the fracturing effect of the split holes while
ignoring the guiding function of the auxiliary holes around
the roadway profile contour and between the split holes.

TABLE 2: Fracturing performance of single hole.

Scenario Fracture penetrability Fracture shape Fragment area (m2) Max. splitting force (MN)

S1 (X= 0.25m) Yes Triangle 0.125 3.4
S2 (X= 0.5m) Yes Triangle 0.5 8.2
S3 (X= 1.0m) Yes Trapezoid 1.875 22
S4 (X= 1.5m) Yes Square 2.25 18
S5 (X= 2.0m) No Rectangle 2.47 32
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Pattern 1 is a total of 12 split holes in four columns, with a
column spacing of 1.0m and a column spacing of 1.25m.
There are three split holes in each column, top, center, and
bottom hole; they are carrying out mechanical fracturing at
the same time. While there are a total of nine split holes in
three columns for pattern 2, the column and row spacing are
1.0 and 12.5m.

The quantity difference in split holes for the two patterns
is negligible in each excavation cycle, so their borehole drilling
construction cost and roadway excavation efficiency are sim-
ilar and are both better than the drilling–blasting method.
Compared with pattern 1, as the column spacing of the hole
network keeps increasing, the required splitting force of pat-
tern 2 accordingly improves, also for the piston travel corre-
sponding to the peak splitting force. And the failure risk of
mechanical fracturing using pattern 2 is higher than pattern 1
because the column spacing of 1.5m is the critical holemargin
of the single hole. On the other hand, however, regardless of
pattern 1 or pattern 2, the splitting capacity of the piston
splitter is fully utilized. Therefore, the comparison of their
pros and cons mainly concentrates on the roadway section
forming result, the overbreak and underbreak situation, and
the maximum splitting force.

3.3.2. Hole Network Fracturing Results. Table 3 presents the
comparison results of the different hole network patterns,
based on the mechanical fracturing numerical simulation
results. The value of overbreak or underbreak is determined
via measuring the distance of rock breaking range beyond or
short of the roadway design profile. Table 3 makes it clear that
both hole network patterns can fracture the rock to form a
square roadway with a side length of 4.0m, and the required
maximum splitting force in each fracturing hole is generally
within the rated splitting force of the piston splitter. But for
pattern 2, the maximum splitting force is slightly greater than
the rated splitting force, which may cause the failure of the
mechanical fracturing. In addition, there is a certain over-
break and underbreak for the excavation roadway by both
patterns (Figure 12). Whereas the overbreak mainly appears
in the roof and floor region, the underbreak is in the right side
of the last column of the fracturing hole. The maximum size
of the roadway overbreak and underbreak is about 0.3m.
Therefore, to make sure the success of the mechanical frac-
turing and reduce the roadway overbreak, it is necessary to set
some auxiliary guiding holes and additional fracturing holes,
according to the in situ construction situations and the actual
mechanical fracturing results.
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Figure 12 exhibits roadway section forming results by the
two patterns of the hole network mechanical fracturing,
where the square with a side length of 4m is the roadway
design profile. The rock fragment induced by mechanical
fracturing can cover the entire roadway section range, which
proves the feasibility of the new excavation method based on
the gasbag reserved free space and the static expansion
mechanical fracturing technologies. In the aspect of the road-
way overbreak, the overbreak in the floor is bigger than that
in the roof, and the overbreak by pattern 1 of 1.0m column
spacing is slightly bigger than pattern 2 of 1.5m column
spacing. And the overbreak is mainly distributed in the
region between the first column and the second to the last
column of the fracturing hole, which is mainly produced in
the last few columns. Hence, it is necessary to clean the
fractured rock mass in time, after the mechanical fracturing
in the first few columns, to avoid the uncleaned broken rock
mass affecting the range of free surface. In addition, the
roadway underbreak happens by both patterns, and it only
exists on the right side of the roadway after the last column of
mechanical fracturing, the range of which is about 100mm
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on the roadway side, which is close to the radius of the frac-
turing hole, but a much larger underbreak about 300mm
around the shoulder corner of the roof and floor.

Figure 13 gives the splitting force evolution during the
mechanical fracturing for the two hole network patterns. The
splitting force of the two patterns with different spacing
parameters is generally between 15 and 25MN. While there
is a peak splitting force of 28MN in pattern 2, it is slightly
greater than the rated splitting value, which happens in the
first column bottom hole near the roadway floor. Moreover,
for pattern 1 with the column spacing of 1.0m as shown in
Figure 13(a), the peak splitting forces of different fracturing
holes all appear within the effective travel of 30mm, and then
the splitting force gradually decreases or remains unchanged.
However, in pattern 2 with a larger column spacing as pre-
sented in Figure 13(b), the splitting force of most of the
cylindrical piston continues to increase at the maximum
piston travel. On the one hand, the rated splitting force could
be fully utilized, but on the other hand, the fractures induced
by mechanical fracturing can penetrate the rock mass and
propagate to the free surface only if the piston travel is large.
There is a risk of cracking failure for pattern 2.

In conclusion, the optimal hole network pattern should
take full account of the section size of the roadway, the
mechanical properties and stress environment of the road-
way and surrounding rock mass, the construction quantity of
fracturing holes and auxiliary guiding holes, the operation
time of mechanical fracturing, and the overbreak and under-
break conditions after mechanical fracturing, as well as the

required maximum splitting force. Based on the numerical
simulation results of the hole network mechanical fracturing,
it recommends pattern 1 with a column spacing of 1.0m.

4. Preliminary In Situ Investigation on
Mechanical Fracturing

4.1. Preliminary Application Test. To verify the feasibility of
mechanical fracturing roadway excavation in the Kalatongke
Mine, a preliminary application test was carried out first in
constructing the parking chamber near the 770-m level road-
way, as shown in Figures 14(a) and 14(b). The free surface is
constructed by the core drilling rig (Figure 14(c)), and
Figure 14(d) gives the piston splitter. The excavation size
of the test roadway is about 5m wide and 3.2m high. In
addition, another roadway excavation test was conducted
at the 926m level, with the roadway shape and size similar
to that of the 770m level parking chamber.

4.2. Field Application Result. It starts with the construction of
initial cut holes and fracturing holes in the mechanical exca-
vation at the 770m level and the 926m level, as shown in
Figures 15(a) and 15(c). The cut holes are drilled along the
chamber and roadway boundary, and the fracturing holes are
1.0–1.5m from the cut holes. There are about 10 fracturing
holes in total in each excavation cycle, and all splitting forces
are lower than the rated splitting capacity of piston splitter.
The mechanical fracturing results presented in Figures 15(b)
and 15(d) reveal that the mechanical fracturing excavation is
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TABLE 3: Fracturing performance of hole network.

Pattern Roadway section forming Max. splitting force range (MN) Overbreak and underbreak

P1 (column spacing= 1.0m) Yes 15–25 Overbreak 0.1–0.5m,
underbreak 0.1–0.3mP2 (column spacing= 1.5m) Yes 15–28
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feasible when adopting a hole margin of 1.0–1.5m, and the
effective excavation footage is about 0.8m in each fracturing
cycle. The successful application test in the chamber excava-
tion provides a reliable technical basis for the application of
the new roadway excavation method in the Kalatongke Mine.

5. Conclusions

This study introduced a new nonexplosive roadway excavation
method based on the gasbag reserved free space and static expan-
sion mechanical fracturing technologies, which overcomes the
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disadvantage of the conventional drilling–blasting method. The
mechanical fracturing performancewas numerically investigated
at first, to study the reasonable single-hole margin and the opti-
mal hole network pattern. Then taking the Kalatongke Mine as
an example, the application of the new mechanical fracturing
method is exhibited to validate the feasibility. The main conclu-
sions are drawn as follows:

(1) The new roadway excavation method includes two
implementation phases, setting up free space with
reserved gasbag and mechanical fracturing excava-
tion with piston splitter. In the first phase, the gasbag
is placed in the one-step roadway near the two-step
roadway before backfilling the one-step roadway and
stope. In the second phase, the gasbag is deflated and
recycled to form an initial cut, and the fracturing hole
is constructed at the same time, and then the two-
step roadway is excavated through the mechanical
fracturing using the piston splitter in the fracturing
hole.

(2) The numerical model of roadway excavation was set
up via PFC3D to simulate the mechanical fracturing
process using the piston splitter. During the mechani-
cal fracturing process, the fractures in rock mass are
mainly induced by tensile failure. As the single-hole
margin increases, the overall rock fracturing effect first
increases and then decreases, and the margins that are
too large or too small are not good for efficient
mechanical fracturing. There is a reasonable single-
hole margin of 1.0–1.5m, after comprehensively

considering the borehole construction quantity, the
fracturing area, the required splitting force, and so on.

(3) Two kinds of hole network patterns were designed
based on the single-hole results, and then themechan-
ical fracturing performance was compared. The two
patterns with column spacing of 1.0–1.5m can both
form the roadway section using the piston splitter.
The pattern with the column spacing of 1.0m is the
optimal choice of hole network layout scheme, after
analyzing the splitting force evolution over the piston
travel of the splitter.

(4) The preliminary field test of mechanical fracturing
excavation technology was conducted in a parking
chamber in the Kalatongke Mine, where the initial
cut was constructed through the core drilling rig.
And when the hole margin is 1.0–1.5m, the roadway
excavation with mechanical fracturing is feasible,
with footage of 0.8m. Therefore, the reasonable frac-
turing hole margin is about 1.0m.
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