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Based on the compound soft rock movement law, the rock formation structural features for a mining roadway were examined.
Furthermore, the presplitting, extension, and coalescence mechanism of rock formation and the engineering needs for reusing
an abandoned underground roadway were studied. According to engineering and geological conditions, an analytic expression
of the inertial force, the moment of inertia, and the vertical stress acting on the breakage are obtained by constructing a
structural mechanical model of the overlying strata. The transfixion law, the tensile shear failure characteristics, the release rate
in the fracture expansion process of presplitting fissures, and the evolution law of the plastic zone in reused roadway
surrounding rock on conditions of 0m, 0.5m, 1m, 1.5m, and 2m fissure intervals are analyzed by creating a three-
dimensional numerical model. The stress distribution and deformation laws of the roadway under mining disturbance are
obtained. The results show that when the fissure interval is 1m, the peak value of the horizontal stress reaches 10~12MPa, and
the stress concentration factor is 1.8~2.2, which promotes fracture expansion and transfixion and controls plastic damage
development on both sides of a fracture. The elastic strain energy of the reused roadway is reduced to 32.7% of the peak value.
The deformation of the roof is coordinated and deformed. It is helpful for the compound soft rock strata to fall and plug the
area, forming a stable composite reused roadway surrounding the rock structure. A 1m presplitting fissure interval is adopted
for field testing, and the monitoring results show that 0~3.0m behind the mining face, presplitting fissures will be connected
and begin to fall. Moreover, 3.0~6.0m behind the mining face, compound soft rock strata will fall and plug the area fully,
forming a reused roadway structure. Severe deformation of reused roadway was reduced, and the stability of surrounding rock
was improved by implementing the roof presplitting approach.

1. Introduction

In China, coal resources are dominated by underground
mining and result in large abandonment problems in under-
ground spaces such as roadways or underground chambers.
These areas are of widespread concern while satisfying the
rapid development of social economy requirements. Aban-
doned underground spaces waste resources and bring hid-
den dangers such as water bursts, gas outbursts, and strong

mine pressures [1–3]. For the resource development of adja-
cent areas, a series of environmental problems such as
ground subsidence may also occur. Therefore, it is undoubt-
edly the best solution to solve the above problems by taking
full advantage of existing abandoned underground spaces
according to local conditions to perform afterheat reuse of
the abandoned underground spaces [4, 5]. The abandoned
underground spaces of mines include two parts: the leftover
and abandoned roadways of the production mine and the
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underground mine chamber. Mines are equipped with pro-
duction systems such as transport, aeration, and pedestrian
conditioning systems. Use of the abandoned underground
space will more effectively take full advantage of the service
functions of every mine production system on the basis of
good production and safety. The abandoned roadway and
chamber systems in the last mining section can be used as
a warehouse for storing production materials or a provi-
sional substation, and water storage increases the use ratio
of resources and the length of mine service and reduces envi-
ronmental pollution. Reused roadways are different from the
general mining roadways in that one side lateral wall of the
reused roadway is coal-rock mass, while another side is
gob, which includes large deformations in the surrounding
rock. The superimposed stress of double roadway mining
and the adjacent slope is held up by the gob, supporting tre-
mendous mine ground pressure, and is extremely compli-
cated engineering technology [6, 7]. The stability of the
surrounding reused roadway rock depends on the degree
of stress concentration during mining, and the stress con-
centration also depends on factors such as the top and bot-
tom mining coal seam slate structure and its mechanical
properties and the roof structure after caving. To ensure
the stability of the surrounding reused roadway rock, the
supporting design and high safety factor and the size and
strength enhancing the support inside or adjacent to the
roadway are generally adopted [8]. The expected effect is
hard to achieve due to the influence of normal production
and safety, and they cause unnecessary economic losses
[9]. Meanwhile, coal seams with a compound soft roof are
widely found; each rock formation is small in thickness with
joint and fracture development. There are weak bond forces
and low overall strength among rock formations and lower
overall strength, so separation rock formations become
larger under the surrounding rock pressure. The pressure
could easily cause inbreak, and it is hard to form a bearing
structure. Thus, there are greater stability requirements for
the surrounding reused roadway rock [10, 11].

To solve the above problems, automatic broken roof
stowboard technology is developed from compound soft
rock, which simplifies the retained roadway technique,
improves the retained roadway efficiency, and provides reli-
able technical support for taking full advantage of the
remaining abandoned underground space. In the above
technical system, the advance presplitting of the roof forma-
tion is an important step [12, 13], since continuous
advanced presplitting of the roof on one side of the roadway
along with the mining side is required, and the length of the
presplitting fissure is up to 1,000 meters. Meanwhile, the
influence on mining must be taken into consideration. Thus,
there are stringent requirements on the time and structure of
advanced presplitting. As a key parameter of roof presplit-
ting, the presplitting fissure intervals have a significant influ-
ence on the stress distribution of the roadway surrounding
rock, the roof cutting result, and the falling position and
state [14]. The intervals become a key factor of whether
the reused roadway plays a normal role. In the paper, the
5# coal seam with a compound soft rock roof of the mining
area in Linfen, Shanxi, was selected to study the propagation

and coalescence effect of rock presplitting fissure and the
stress and deformation law of surrounding rock. Addition-
ally, the plastic zone distribution characteristics of the reused
roadway presplitting rock fissure under different presplitting
rock fissure intervals were analyzed to provide a basis for the
stability of the surrounding reused roadway rock.

2. Study on the Reused Roadway
Stratum Structure

2.1. Engineering Background. The coal seam 5# at a mine has
an average thickness of 2m, belonging to medium-thickness
coal seams. As shown in the geology columnar Figure 1, the
immediate roof stratum of the coal seam is black mudstone
with the average thickness of 3.3m, weak carrying capacity,
and crushing and abscission of strata are liable to occur. The
main roof stratum is sandy mudstone with the average thick-
ness of 3.1m, with good stability, and having direct impact on
the roadway pressure. The main roof stratum has sandy mud-
stone with the average thickness of 7.7m at the top. The over-
lying rock of coal seam 5# is the thick-stratum soft compound
rock strata, mainly mudstone strata and sandy mudstone
strata. It has low strength and weak carrying capacity. Under
the effect of mining disturbance, fracture development and
severe deformation may occur (Figure 2), so the roadway is
hard to maintain. In order to make full use of abandoned
roadway in the 5203 mining face, the air return roadway of
the 5203 mining face as air return roadway is near the 5205
working face, and the transport roadway for the production
material storage warehouse is in 52 mining section.

2.2. Analysis of Presplitting Structure of Composite Soft Rock
Strata. The gob side of the compound soft rock roof is bro-
ken to cut the connection of the roadway roof and the over-
lying rock on the gob side. This process also shortens the
hanging length of the roof rock beam at the roadway gob
and weakens the superimposed pressure caused by mining
disturbances. Meanwhile, under the effect of its own gravity,
the overlying rock pressure, and the mining disturbance, the
compound soft rock strata will be cut along the presplitting
fracture. Using the bulking collapsed rock characteristics,
the roadside gob is filled to form the retained roadway of
the gangue wall, and contact is made with the overlying sta-
ble rock. The bearing structure is formed at the area of gob
side to support the overlying rock pressure and form a coor-
dinated control structure of the roadway surrounding rock
by “roof breaking+pressure releasing+filling with collapsed
rock,” as shown in Figure 3.

The roof presplitting will weaken the boundary con-
straint of A, as shown in Figure 3(a).

The curvature of the compound soft rock formation
group axis after deformation appeared as follows [15]:

1
ρ
= M0
EIz

: ð1Þ

M0 is the bending moment of the compound soft rock
under the mine pressure effect, E refers to the rock forma-
tion elasticity modulus, and Iz is the rock formation inertia
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moment; among them, EIz is the flexural rigidity of the rock
formation. At the time of rock formation presplitting, the
roof flexural rigidity EIz reaches a maximum; as the presplit-
ting fissure interval decreases, the controlling effects of the
surrounding rock formation on the gob roof formation
diminish, the sinking bending becomes obvious, the curva-
ture increases, and when the presplitting fissure interval is
0, that is, when the presplitting fissure is mutually con-
nected, the flexural rigidity is minimal. If the weakening
degree of the rock formation flexural rigidity after presplit-
ting is large, M0 drops rapidly, and compound soft rock will
undergo drastic bending, subsidence, and reversal falling.
The lower rock formation as well as the overlying and com-
paratively complete rock formation cannot deform synchro-
nously and coordinately, or the dynamic loading effect will
occur and threaten the surrounding roadway rock stability.
If the weakening degree of the rock formation flexural rigid-
ity after presplitting is small, the compound soft rock cannot
break along the fissure in time, the roof exposed area
increases, the stress concentration occurs on the solid coal-
rock side of the roadway, and the plastic damage scope of
the surrounding rock increases. Hence, the optimizing fis-
sure width parameter can control the rock formation struc-
ture, the caving position, and the presplitting roof state;
improve stress conditions of the roadway surrounding rock;
and ensure the stability of the reused roadway.

The compound soft rock strata fall along the presplitting
fissure and form the supporting structure in the gob side of
the reused roadway, as shown in Figure 2(b). The upper sta-
ble rock B will rotate and bend at point O, and the support
strength of the filling support structure for the high top plate
B is as follows [16, 17]:

E ⋅ l − að Þ ⋅ sin θ = P0, ð2Þ

where E is the caving gangue supporting elasticity modulus;
P0 is the loose gangue strength; θ is the upper rock forma-

tion angle; l is the suspended roof length, basically being
the same as that of the periodic fracture of the rock stratum
and could be monitored on field; and a is the roadway width.
It is known from Equation (2) that when the angle is larger,
the holding power borne by the filled rubble is larger, and
the cantilever beam caves easily on the kerf after presplitting,
which effectively reduces the acting force of the upper rock
formation bending deformation on the caving support and
enhances the stability of the reused roadway surrounding
rock structure.

IB is the moment of inertia of the upper stable rock B. lB
is the hanging length of rock B on the gob side. α0 is the
rotational acceleration of rock B. The inertia force FB and
inertia moment of couple MB acting on the base point O
are [18, 19]

FB =mα0 =m
lB
2 α,

MB = JBα =
1
3ml2Bα,

ð3Þ

whereαo = ðL/2ÞαandqðxÞis the equation of vertical load dis-
tribution for rockBand is the vertical shear stress of the key
blockBat the gob side. According to the force balance in
the vertical direction, the vertical force FO acting on B at O
point is

FO = f o +
ðl
0
q xð Þdx +mg −

αmlB
2 : ð4Þ

Therefore, when the compound soft rock strata are fall-
ing, the dynamic pressure of the upper strata B causes the
rapid pressurization of the support structure collapse and
is one of the key factors affecting the stability of surrounding
rock of the reused roadway.
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𝜃

(a) Before roof presplitting
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Figure 3: Mechanical model of the presplitting structure of compound soft rock strata.
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2.3. Determination of Roof Breaking Height. The height of
rock stratum caving after compaction will depend on the
bulking coefficientKp of the rock. The rock caving at the
roof soft rock caving zone in the working face is irregular.
After recompaction, the loosening coefficient is low and
the residual breaking expansion coefficient Kp is taken as
1.2 [20]. When the caving thickness of the overlying rock
stratum is ∑h, the accumulation height after caving is
Kp∑h. The possible gap remaining with the overlying sta-
ble rock stratum is [21, 22]

Δ =〠h +M − Kp〠h =M−〠h Kp − 1
� �

, ð5Þ

where M is the mining height, taken as 2m, and Kp is the
residual bulking coefficient of rock, taken as 1.2.

According to Equation (5), whenM =∑hðKp − 1Þ, Δ = 0,
i.e., the falling overlying rock will fill up the gob to support
the load of overlying rock. Thus, the required thickness of
the overlying rock to fill up the gob is

〠h = M
Kp − 1 : ð6Þ

The parameters are entered into Equation (6) to obtain
∑h. For the 5203 panel, the coal seam mining height is
2m, and the height of the caved zones is 9.9m based on
field measurement. According to above equation, the bulk-
ing coefficient is 1.2 and the fracturing height of the roof
strata is 10m.

3. Analysis of the Presplitting Fissure Extension
and Presplitting Roof Stability

3.1. Model Establishment. According to the field monitoring
results, the effective fracture length is 2m. In order to study
the migration law and the presplitting effect of the roof rock
under different presplitting fissure intervals, the continuous
element numerical model is established for the presplitting
fissure intervals of 0, 0.5m, 1m, 1.5m, and 2m, respectively.
Ahead of the presplitting with the mining at the same time,
the establishment of the model is shown in Figure 4.

m,n,φ, andh, respectively, are for the resplitting length,
intervals, deflection angle, and height. The direction of m,
n is consistent with the mining direction of the 5203 work-
ing face in the numerical model.

The size of model is 85m × 45m × 37m. The equivalent
load is applied to the upper boundary of the model. The lat-
eral displacement of the model is limited, and the vertical
movement is restricted by the bottom surface. The Mohr-
Coulomb strength criterion is used to judge the yielding
state of coal and rock mass [23, 24]:

f s = σ1 − σ3
1 + sin φ

1 − sin φ
+ 2C

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 + sin φ

1 − sin φ

s
, ð7Þ

where σ1 and σ3 are the maximum and minimum main
stress, respectively.C and φ are the bonding force and fric-

tional angle of the rock, respectively. Whenf s > 0, the mate-
rial will experience shear failure, according to the law of
tensile strength (σ3 ≥ σt) to analyze whether there is rock
tensile deformation. See Table 1 for the physical and
mechanical parameters of the rock stratum. In the numerical
model, before extraction of the 5203 panel, a roof presplit-
ting line is arranged in the roof strata of reused roadway.
This was performed by adopting null element representing
the roof fracturing line.

3.2. Distribution Horizontal Stress Characteristics. The pre-
splitting fissure is an opening-type fracture that induces
the roof rock formation to extend and cut along the prede-
termined direction. The superimposed stress caused by min-
ing disturbance plays a leading role on the presplitting
fissure extension [25]. Under static-dynamic loading, the fis-
sure tip stress is concentrated. When the horizontal stretch-
ing stress of the rock formation on both sides of the fissure
exceeds the extension strength of the rock formation, the
rock formation will break along the fissure tip and the com-
pound soft roof on the gob side will experience large hori-
zontal displacement. The bearing capacity of the sandy
mudstone at 0.5-3.5m above the reused roadway is strong,
which is close to the roadway and has a strong control effect
on the caving of the compound soft rock formation. The
average breaking distance period of intact rock formations
is 25-30m. The slice at 3m above the reused roadway is
taken as the main object of study in the model, and the sur-
vey line is set at 2m away from the presplitting fissures in
the roadway. Figure 5 shows the horizontal stress nepho-
gram for both sides of the presplitting fissures and the hori-
zontal stress curve at the survey line.

The development and coalescence of the presplitting fis-
sure are accompanied by the stress evolution of rock mass
around the fracture. Figure 5 shows a presplitting interval
of 0m, and the presplitting fissures coalesced in the initial
section of the retained roadway. When mining 0-6m, the
rock with presplitting fissures is in an unstable state because
the roof loses the binding force on one side. The surround-
ing horizontal stress is then concentrated in the ends of the
fracture, and the horizontal stresses reaches 8-12MPa, while
the stress concentration factor is 1.45-2.18. When mining to
6-9m, the horizontal tensile stress is drastically attenuated
from the peak and remains stable. The average horizontal
tensile stress is kept at 1MPa. If the slope of the stress curve
is large, fissures dramatically occur and spread horizontally
in a short time, effects that are not beneficial for the stability
control of the rocks with presplitting fissures.

Figures 5(b) and 5(c) show that the presplitting fissure
intervals are 0.5m and 1m, which are short in distance.
When mining to 0-6m, the rock is weakened under the cut-
ting action of rock formation. The presplitting fissures are
not penetrated, so there is no momentary instability and
the stress concentration is eased; stress around the presplit-
ting fissures is 6-7MPa, and its concentration factor is
reduced to 1.1-1.3, which is better to ensure the integrity
of its surrounding rock and fully engage the self-bearing
rock capacity. When mining to 6-9m, the tension stress
among rocks in fractures overlaps to form an “O” ring with
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a radius of 0.5-1m. The horizontal stress peak of rocks in the
fissure interval reaches 10-12MPa, and expansion and coa-
lescence occur in the ends of the presplitting fissures. When
mining to 9-12m, the horizontal tensile stress starts to
become stable, and the stability remains between 6 and
6.5MPa. A large displacement occurs on the presplitting fis-
sure in the short range, which benefits the timely caving of
the compound soft rock formation, plugging of the gob side
of the reused roadway, and rapid building of the reused roof
cutting stowboard structure.

Figures 5(d) and 5(e) illustrate that the presplitting fis-
sure intervals are 1.5m and 2m, and the distance between
presplitting fissure interval rocks increases. When mining
to 0-9m, the control forces on both sides of the presplitting
fissure become stronger. The horizontal tension stresses of
both sides increase to 8-10MPa, and the concentration fac-
tors are 1.45-1.8. The stress of the fractured interval rock is
elliptical, and the stress concentrations at the fissure ends
do not overlap. The central position of the horizontal tensile
stress peak decreased to 8-9MPa. When mining to 10-15m,
the horizontal displacement reaches its peak value, and the

slope of the stress curve is small and represents a cyclical
fluctuation. The timely cutting effects of caving and plugging
into the gob of the compound soft rock formation are not
ensured, which influences the quick roadway construction
effect.

3.3. Plastic Damage Evolution Law of Presplitting Fissure
Zones. As shown in Figure 6, in the vicinity of the fracture
tip, the plastic zone is formed due to stress concentration
and relaxation. Under mining disturbance action, the dam-
age plastic zone is distributed along the axial direction of
the reused roadway, the rock mass around the fracture
decreased, and the plastic zone expanded.

As shown in Figure 6(a), the reused roadway is reserved
and set as 0-9m. Both sides of the fissure and the roof at the
gob side are mainly shear damage. If 9-27m is reserved, the
shear stress is drastically attenuated from the peak, and fric-
tional slip occurs between the fractures. Dilatancy displace-
ment is restricted by the side, and the secondary fissure
development is induced, which exacerbates the damage
range of the fissure sidewall. In Figures 6(b) and 6(c), 0-

Table 1: Physical and mechanical parameters of rock stratum.

Parameters Bulk (GPa) Shear modulus (GPa) Tension (MPa) Cohesion (MPa) Friction (°) Density (kg·m-3)

Sand mudstone 12 8.6 2.1 1.2 32 2600

5# coal seam 1.5 2.0 1.2 0.9 24 2450

Mudstone 4.3 8.6 1.7 1.4 30 2200

Fine sandstone 36 12.6 7.2 1.45 31.5 2600

Siltstone 25 4.6 3.6 1.0 33 2500

2# coal seam 1.5 2.0 1.2 0.9 24 2450

Mining direction 5203 mining

section

h

m n

Reuse roadway

𝜑

Figure 4: Numerical model of reused roadway.
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9m is reserved in the reused roadway, and both sides of the
fracture show damage. Due to the roof suspension area
increase, the roof at the gob side is bent and sunken under
the upper overlying stratum pressure and mining distur-
bance actions; the segregated rock is mainly subject to shear,
and dilatant plastic damage occurs. When 0-18m is
reserved, the plastic area at both sides of the presplitting fis-
sure has a sustainable development within 10m from the
initial end of the roadway. The force of the roof is from
the shear stress to tension stress, the tensile and plastic dam-
age areas increase, and the fissure interval accelerates the
expanding and coalescence. The plastic areas are also con-
nected to each other afterwards. When 27m is reserved,
the above evolution process proceeds in the roof presplitting
fissures at the gob side; therefore, the expansion and coales-
cence cycle of its presplitting fissure is 8-10m. In
Figures 6(d) and 6(e), the fracture expansion is further lim-
ited when the presplitting fissure enlarges, and 0-18m is
reserved in the roadway. The suspension rock formation at
the gob side does not experience large shear damage except

in the small area where shear dilation as well as tensile and
plastic damages occurs; the presplitting fissure does not
show an expansion trend. The retained roadway is 27m. It
reaches the intact cycle caving distance of the roof rock,
and the overburden pressure is transferred to the compound
soft rock formation. The roof shows dramatic bending, sub-
sidence, instability, and collapse, and the presplitting fissure
has large expansion and coalescence as well as shear dilation
at the gob side. The tension and plastic damage areas inter-
mingle. The presplitting fissure does not have a better con-
trol effect on the caving of the compound soft rock
formation, and the expansion and coalescence cycle of the
fissure reaches 18-25m.

3.4. Energy Dissipation of Presplitting Fissure Features. Coal
bump occurs in a very short period of time, and there is
no sign before it occurs. In order to eliminate the occurrence
of coal bump, many researches on the strain energy distribu-
tion characteristics were conducted. Energy is considered the
internal variable through the presplitting fissure opening
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and spreading. The damage process of the surrounding rock
damage and the evolution process can thus reflect the pre-
splitting effect [26]. In the fracture propagation process,
the energy is released at the fracture tip, part of which will
be used to form a new fracture area, and the other produces
plastic deformation. The energy release rate G of the pre-
splitting fissure end region is greater than the surface free
energy γs of the interval rock mass against fracture propaga-
tion, i.e., G > γs; the presplitting fissure will continue to
expand and cross. According to the energy balance theory,
the crack energy release rate G is as follows [27, 28]:

G = 1
2B

d W −Uð Þ
da

, ð8Þ

where W is external work done on the presplitting fissure
structure, U is stored strain energy, B is thickness of the pre-
splitting strata, and a is length of the presplitting fissure.
According to Equation (8), when the strain energy U , the
thickness of presplitting strata B, and the length of the pre-
splitting fissure are certain, the presplitting fissure is sub-
jected to the work W of the mining disturbed rock mass in

the horizontal direction as

W =
ð
l
p xð Þs xð Þdx: ð9Þ

Monitoring lines are set in the gob side from the prefab-
ricated fissure as 3m. The horizontal tensile stress distribu-
tion pðxÞ and the horizontal displacement sðxÞ are fit into
the polynomial equation and integrated into Equation (9),
as shown in Figure 7. The dispersion curves of the strain
energy dissipation in the horizontal direction of the fracture
zone are then obtained.

The expansion and coalescence of a presplitting fissure
are the exchange process of energy absorption, transforma-
tion, and release. As shown in Figure 7(a), when the
retained roadway is 9m, the slope of the curve becomes
larger with the side roof of the gob cutting down along
the fissure, and the sliding energy accelerates to release
with a value of 1172.5 kJ. When the retained roadway is
18m and 27m, respectively, the curve changes from index
variation to linear variation. The overlapping range of the
upper and lower surfaces increases, which leads to the
dilatancy effect. Large amounts of friction are created in
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(d) Presplitting interval 1.5 m
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(e) Presplitting interval 2 m

Figure 6: Plastic damage evolution process of rock mass in the presplitting area.
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(b) Presplitting interval 0.5 m

Figure 7: Continued.
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(c) Presplitting interval 1 m

Reuse distance of roadway 9 m
Reuse distance of roadway 18 m
Reuse distance of roadway 27 m

0 2 4 6
Distance of roadway (m)

8 10

0

200

400

600

H
or

iz
on

ta
l s

tr
ai

n 
en

er
gy

 (K
J)

800

1000

1200

1400

1600

1800

(d) Presplitting interval 1.5 m

Figure 7: Continued.
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the gap interfaces, and the energy consumption rate
decreases to 550 kJ, which is 47% of the initial rate. In
Figures 7(b) and 7(c), the retained roadway is 0-18m,
and the presplitting fissure remains in a stable expansion
stage while the elastic strain energy release curve presents
an exponential form and steady growth. The strain energy
of the rocks around the presplitting fissure has sustainable
growth, and the average peak value reaches 1,650 kJ when
the retained roadway is 9-18m. At this point, the accumu-
lated ability of the elastic strain energy release reduces
because the initial fissure occurs. When the retained road-
way is 27m, the fissures continually expand and link, so
the energy consumption rate of the surface shows a linear
increase. Meanwhile, the peak values decrease to 319 kJ
and 576 kJ, which are 19.3% and 32.7% of the peak,
respectively, and the shear friction weakens and quickly
achieves that of the stowboard. In Figures 7(d) and 7(e),
no cutting downward or sinking occurs along the presplit-
ting fissure of the soft rock formation at the gob side.
However, the overall bending subsidence occurs based on
the solid roadway rock. When the retained roadway is
9m, the plastic deformation of the solid rock is large,
the strain energy rapidly accumulates, the broken rock
zone of the surrounding roadway rock is enlarged, and
the elastic strain energy release decreases to a peak value
of 1,100 kJ. Compared with the presplitting fissure inter-
vals of 0.5m and 1m, the slope of the curve flattens and
decreases greatly to 66%, seriously weakening the fracture
expansion capacity. When the retained roadway is 9-
27m, the elastic strain energy curve presents a linear var-
iation, of which the mean peak value is 360 kJ. The energy
consumption rate decreases, and the linkage cycle period is
prolonged, causing difficulties in achieving quick stow-
board after mining.

4. Analysis on the Stability of Roadway

4.1. Deformation and Plastic Damage Characteristics of
Surrounding Roadway Rock. Rocks have strain softening
and dilatancy characteristics. The failure zone of the sur-
rounding rocks is the cause of increased pressure and defor-
mation of the surrounding rock [29, 30]. In reused
roadways, during the initial excavation process, the
medium-term mining disturbance, and the latter part of
the maintenance and reuse process, the elasticity, plasticity,
and rupture of the surrounding rock have an evolutionary
process. The occurrence, development, and stability gener-
ally cause an unstable state of destruction. The larger the
damage area is, the greater the amount of convergence
deformation is [31]. Therefore, the size of the surrounding
rock damage rupture zone is a measure of the degree of
instability of the surrounding rock key factors.

As shown in Figure 8, the presplitting fissure interval is
0m and 0.5m, since the lateral diastrophism limit of the
compound soft rock formation is greatly weakened, and
the fissure interfaces overlap during collapse, the rock integ-
rity is destroyed, and the bearing capacity is weakened. The
friction action between the interfaces enlarges the shear and
plastic damage around the fissures, which easily leads to a
rapid collapse due to the sudden instability on the side rock
mass of the reused roadway. The upper stable rock suddenly
loses the support of the lower rock to create a stress concen-
tration and a large range of tension damage occurs. The 1m
presplitting fissure weakens the flexural rigidity of the road-
way soft rock mining side as a tensile fracture. The falling
rock formation inversion alleviates the dilation friction
between fractures. Meanwhile, the plastic zone of the road-
way gob side soft rock formation has a wedge distribution
with a large end towards the bottom, which is advantageous
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(e) Presplitting interval 2 m

Figure 7: Strain energy accumulation and dissipation curve of presplitting fissure propagation.

16 Geofluids



for the successive, coordinated caving of low and median
rock formations. A stable supporting structure at the gob
side of roadway is then formed. In the case of presplitting fis-
sure intervals of 1.5m or 2m, the fracture effect will slightly
weaken the flexural rigidity of the rock formation, with the
roofs of both sides being sidewise limited. The compound
rock formation is not easily cut downwards along the pre-
splitting fissure, resulting in the whole roadway tiling down
sharply and going against the stability of surrounding rocks.

4.2. Study on the Roadway Roof Stratum Stability. One side
of the reused roadway is the solid coal, and the other side
is the filling body. The roof deformation is asymmetric, so
the roof to the gob side rotation subsides, and the roof
above the gob produces a wide range of shear failure.
Thin, weak, soft rocks exist in the overlying roadway
strata, the stratum movement is severe, and the shear slip
range and tear propagation increase [32]. The roof separa-
tion and separation stratum increases cause the bearing
capacity of the rock stratum to be greatly reduced, which
threatens the stability of the surrounding rock. The upper
roadway section of 10m is the cut-off section of the pre-
splitting fracture. The distribution range of the composite
soft rock, the presplitting cracks on the upper reused road-
way at 10m, and the composite soft rock distribution
influence the stability of the surrounding rock. As shown
in Figure 8, the distribution curve of the upper 3m, 6m,
and 9m shows vertical stress.

Different interrock formation properties including the
stiffness, intensity, and joint development occur in the struc-
tural plane and are prone to separation under high stress.
According to the comprehensive geological histogram, the
upper sections that are 3m and 6m higher than the roadway
are composed of thick and well-bearing sandy mudstone and
mudstone; sections 9m higher than the road are close to the
upper section of the compound soft rock, which is adjacent
to the upper stable rock. Upper, lower, and middle rocks
are mingled with several types of soft rock strata, making it
prone to separation and instability. Figures 9(a) and 9(b)
show that with an increase in retained roadway distance,
the 3m and 6m high rock formations are close to the gob
side. The vertical slope of the vertical stress curve increases,
and the sloping deformation is obvious on the gob side; the
shear slippage on the structural plane is intense. The shear
stress increases as its distance away from the solid coal seam
of roadway increases, resulting in an increase in local curva-
ture and the formation of an isolated instability zone. A ver-
tical stress of 9m high rock appears high in the middle and
bottom of both ends. Deflection appears when bending, and
the maximum vertical stress reaches 10.3MPa and 7.6MPa
at the gob side. The rock section is in a nonlinear state of
rotation, buckling, etc., which leads to the separation and
instability of the upper stable roadway rock. In Figure 9(c),
the average change in the vertical stress range of the 3m,
6m, and 9m high rocks is smaller. The deformation deflec-
tion remains consistent, and coordinated roof deformation
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Figure 8: Deformation curves and plastic damage distribution characteristics of surrounding reused roadway rock.
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develops, restricting the separation and dislocation of the
rock formation surface and assuring the integrity of the
compound soft rock and the stability of the surrounding
roadway rocks. Therefore, the stress concentration weak-
ened, and the pressure change eased. In Figures 9(d) and
9(e), the vertical stresses of the gob and solid coal-rock sides
of the 3 and 6m high rock formations decrease and increase,
respectively; as increasing gap of the retained roadway

increases, the vertical stress difference on both sides
increases sharply, and the roadway roof stress concentration
coefficient is larger, increasing the shear slip and immedi-
ately tearing the fissure growth at the two ends of the 9m
rock formation and structural plane The separation range
of the middle section of the structural plane is enlarged
and is prone to local separation and instability, making it,
difficult to maintain the surrounding roadway rock.
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Figure 9: Stress distribution of the Reused roadway roof at the heights of (1) 9m, (2) 18m, and (3) 27m.
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5. Field Test

Based on the simulation results, the optimal presplitting
interval of roof is 1m. In field test, the roof presplitting line
could be arranged at about 1m from the presplitting side of
the roadway roof and the purpose is to facilitate the con-
struction of drilling equipment. At the same time, it is also
convenient to maintain the integrity of reused roadway sur-
rounding rock. The presplitting interval 1m of roof fracture
is implemented in the field test, as shown in Figure 10. The

whole process of the formation, development of the presplit-
ting cracks, and the deformation of the overlying strata is
observed by the method of drilling.

In front of the mining work, the roof of the reused road-
way is presplitting fractures. Behind the mining working face
of 0~3.0m, the fractures appear on the roof of the roadway
and finally connect each other and begin to fall. Behind the
mining working face of 3.0~6.0m, the upper strata show
coordinated deformation. Compound soft rock strata fall
and plug fully at the gob side to form the reused roadway
structure. Through drilling observation, there is no obvious
separation and dislocation; the roof rock is more complete.
Three deformation monitoring stations are arranged in the
roadway, each 50m apart. After mining face for 40 days,
the deformation of roadway roof is effectively controlled
and surrounding rock tends to be stable, as shown in
Figures 11 and 12.
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Figure 10: Expansion and penetration field test of roof presplitting fractures.
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Figure 11: Deformation law of roadway roof.

Figure 12: The stable reused roadway surrounding rock after roof
presplitting.
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6. Conclusions

(1) Based on the engineering needs of compound soft
rock, the characteristics of overlying stratum mecha-
nisms, presplitting, extension, and coalescence of
rock formation are examined. The compound soft
rock stratum breaking and falling process is estab-
lished, and the dynamic pressure of the upper strata
causes the rapid pressurization and collapse of the
support structure. This is one of the key factors
affecting the stability of the surrounding rock of
reused roadways

(2) A three-dimensional model with fissure interval con-
ditions of 0m, 0.5m, 1m, 1.5m, and 2m is estab-
lished to analyze the horizontal stress around the
presplitting fissure, the plastic damage evolution
rule, and energy dissipation features associated with
fissure extension. In the case of presplitting fissure
intervals of 0.5m and 1m, the stress concentration
of the initial section of the retained roadway is
removed, and the presplitting fissure is expanded
and cut through, effectively controlling the dilatancy
and damage of the surrounding rock mass and the
energy dissipation process. This control is also bene-
ficial to the coordinated caving of rock formations

(3) When the presplitting fissure interval is 1m, the
stress transfer caused by mining disturbance is
obstructed and the flexural rigidity of side soft rock
formation of roadway mining side is weakened. By
avoiding the dilatancy friction, the plastic zone of
the roadway gob side weak strata has a wedge distri-
bution with the big end down, which is advantageous
for the successive, coordinated caving of low and
median rock formations. This type of caving limits
the separation and dislocation of the roadway roof
rock surface and helps to form a stable supporting
structure on the gob side of the roadway and
increases the self-bearing capacity of the upper rocks

(4) A 1m presplitting fissure interval is adopted to be
used in field test and on the monitoring surface: if
the reused roadway is reserved and set as 3-6m,
the presplitting fissures will connect. If the reused
roadway is reserved and set as 9-12m, the roadways
will be constructed after being plugged and cut
downwards along the coalescence fractured from
top to bottom. After mining 40 days, the surround-
ing rock deformation of reused roadway tends to
be steady
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