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Maintaining surrounding rock mass stability of roadways is essential to the safety of deep coal mining. In this study, the No. 2-
2092 roadway of the No. 2-209mining face in Ganhe coal was taken as the target roadway for field analysis.,e selected region can
be considered a typical area with dominating geological tectonic stress, based on the geological survey and in situ stress results. A
mechanical model of roadway overburdens was developed to analyse the large deformation and stress field distribution. It is found
that the large deformation is caused by the combined superposed stress field including laterally transferred stress formed in
structures at overlying strata, mining-induced advanced abutment pressure, and the regional in situ stress. ,us, a Two-Direction
Hydrofracturing Technique (TDHT) was proposed to reduce the pressure of the No. 2-2092 roadway by altering the roof structure
in the influenced zones. Compared with the original roadway without fracturing, it is found that the roof to floor convergence has
dropped by nearly 47% after fracturing; the displacement of sidewalls has reduced by almost 31%, demonstrating the effectiveness
of the proposed method in pressure relief. Results from this study can provide guidance on controlling the large deformation of
roadways in deep underground mines.

1. Introduction

,e statistics of Statistical Review ofWorld Energy indicated
that, in the global primary energy structure in 2018, coal
accounted for 28% of total energy, where coal output
reached about 3.68 billion tons in China [1], contributing to
59% of China’s primary energy consumption (2018) [2, 3].
As estimated by International Energy Agency, coal will
account for 22% in the global energy structure for up to
2040, and China will still be the largest energy consumer in
the globe with its coal output occupying 50% of global
demand [4]. With nearly 70 years of intensive coal mining
and continuously growing mining depth in China (the
mining deepening rate is over 10–25m/year across China),
deep underground mining is faced with a harsh mining

environment featuring “existence state with high in situ
stress, high operating ambient temperature, highly confined
water condition, high-gas and high-impact mine pressure
tendency, strong mining-induced stress disturbance, and
engineering disturbance from adjacent roadway groups”
[5–8]. ,e main factors for causing the harsh mining en-
vironment include the following: (1) more exasperated
geological conditions that cannot be elaborately proved; (2)
complex surrounding rock stress environment under mul-
tifield disturbance; and (3) unstable caving of the overlying
strata structure formed in the mined area. ,e number of
deep mines is still increasing, and large deformation disaster
is becoming even more violent in the roadway during the
deep mining process [9–11], especially for the gob-side
roadways [12]. Production and transportation of coal
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mining can be easily influenced by large deformation that
occurred in roadway surrounding rock. In addition, the
normalized “floor heaving” and “side expansion” workload
will be abruptly increased, along with the increase of labour
intensity. When the working face is located in a geologic
body with burst tendency, it will even cause fierce dynamic
instability-induced disasters, which severely threaten the
safety of underground workers [13–16]. ,erefore, it is of
great importance to unveil the mechanism of large defor-
mation of surrounding rocks in deep gob-side roadways and
provide corresponding control measures.

In the classical roadway mechanical analysis, elastic
solution of the round hole is often used to analyse the
boundary stress conditions [17]. According to the “,eory of
Axial Variation” proposed by Yu [18], the deformation in
the roadway is directly related to the ratio of the horizontal
stress to vertical stress. Li et al. [19] established a mechanical
model of roadway that occurred in nonuniform stress
conditions based on the unified strength theory and derived
the theoretical range of the plastic zone. Maleki and
Mousivand [20] conducted the elastic-plastic analysis of
roadway surrounding rock mass. Sharan [21] used the
Hoek–Brown criterion to analyse the stress and displace-
ment distribution of surrounding rock in a circular roadway.
Hou and Yang [22] developed a physical model of the
roadway to obtain the real-time surface displacement with
DIC (Digital Image Correlation). Zhu et al. [23] provided the
elastoplastic analysis of roadway using the statistical damage
constitutive model and derived the stress distribution of
roadway. Zheng et al. [24] analysed the range of roadway
elastic-plastic zone under three-directional stresses. Yuan
et al. [25] deduced the boundary equations of the roadway
and discussed the main factors related to roadway stability.
Xue et al. [26] obtained the stress-strain solutions of
roadway considering both creep deformation and strain
softening.

Considering the large deformation occurring in the gob-
side roadway, some scholars believed that the movement of
the overlying strata can be reduced or relieved by filling the
goaf to maintain the stability of the gob-side roadway [27],
and related studies were conducted for filling materials,
filling processes, and filling effects. However, the application
of the approach was limited due to the high cost. Previous
studies suggested that the large deformation of a roadway
can be resisted by strengthening the roadway support in-
tensity [28–32], for example, selecting higher-quality bolt
and cable, adjusting support parameters, and using steel
band and metal net as auxiliary members [33–35]. Later,
some scholars argued that these supporting approaches have
only limited control over the actual large deformation of
roadways, and, under most circumstances, the large de-
formation is governed by the self-bearing capacity of sur-
rounding rocks [36, 37]. ,eories such as “self-stabilization
balance ring,” “equivalent cross section,” and “invisible load-
carrying arch” have been proposed to reduce the large de-
formation through the synergistic effect of manual support
and bearing capacity of surrounding rocks [38–40]. When
the geological conditions of roadways become more com-
plicated, the stress grade may grow higher. Some scholars

proposed maintaining roadway stability through pressure
relief or stress transfer. Han et al. [41] established a masonry
beam model of spatial gob-side roadway structure under the
hard roof condition and proposed the detonation-assisted
roof cutting technique. Ma et al. [42] simulated the mining
process with retained gob-side entry by FLAC3D and found
that the roadway deformation could be effectively reduced
by strengthening the support intensity and by roof cutting.
Huang et al. [43] found that using hydrofracturing in the
gob-side roadway, the overhung roof in the adjacent goaf
could be cut off, which may reduce the large deformation of
the roadway. Kang et al. [44] found that the hydrofracturing
technique could lower the stress concentration in the
roadway by generating new cracks.

Many scholars have investigated the instability mecha-
nism of deep mining roadways and stability control tech-
niques for surrounding rocks [45–54]. However, the
research on the large deformation controlling method of
gob-side roadway occurring in the deep coal mine is still
needed, including the mechanical model of the gob-side
roadway and the methods to deal with this unfavourable
displacement. ,erefore, based on the 2-2092 roadway (rail
haulage roadway) in the Ganhe Coal mine, geological survey
and in situ stress measurement were combined to study the
overall mechanical characteristics in the mining region. A
mechanical model of the 2-2092 roadway was developed to
analyse the dynamic evolution of the spatial structure of
surrounding rocks in the mining roadway. ,e Two-Di-
rection Hydrofracturing Technique (TDHT) was proposed
to control large deformation disasters according to the stress
features of the deep gob-side roadway, and satisfactory
results were achieved. ,is could provide useful knowledge
for controlling large deformation in the deep gob-side
roadway and for safe advancement of the working face under
similar geological conditions.

2. Site Details

2.1. Mining Background. ,e Ganhe coal mine is located in
the north of Hongdong County, Shanxi Province, with a
total minefield area of 35.56 km2 in the NE-SW stripped
distribution. ,e designed production capacity is 2.4Mt/
year. ,e 2-209 working face mainly mines the 2# coal seam
in the Permian Tongshanxi Formation. ,e thickness of the
coal seam is about 3.69m, and the overall dip angle is 4°. ,e
target roadway is a rail haulage roadway (2-2092 roadway) of
the 2-209 working face that is currently under mining, and
the 2-209 working face is 183.00m in length with an average
mining depth of 500.00m, where 40–100.00m of the loess
layer and about 394.00m of bedrock layer are overlaid. Both
the 2-2091 roadway (belt conveying roadway) and 2-2092
roadway (rail haulage roadway) are coal roadways. ,e 2-
2092 roadway is close to the 2–100 working face goaf and the
width of coal pillars between the two working faces is
25.00m. ,e spatial relationship between the 2-209 working
face and adjacent working face is shown in Figure 1.

,e immediate roof of the 2-209 working face mainly
consists of grey semihard siltstone with thin siderite mud-
stone, and its thickness is 1.59m. ,e upper part contains
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dark grey mudstone with 4.20m in thickness.,e immediate
floor is lentoid stratified silt with 1.61m in thickness.
,rough in situ strength test of roadway roof and sidewalls
using the WQCZ-56 surrounding rock strength test system,
the measured average strata strength was 53.36–57.32MPa
in the range of 0.00–5.00m above the roof, and 37.45-
38.20MPa within 5.00–10.00m above the roof; the average
strength value was 14.54MPa for the 2# coal seam.

2.2. Geological Details. Located in the Huoxi coalfield, the
Ganhe coal mine is in the north of Hongdong area of Shanxi
transition block (level III) on the north China plate (level II),
wherein its east and west are the Huoshan normal fault and
Luoyunshan normal fault, respectively, and in the south and
north sides are the Xiazhangduan normal fault and Xia-
tuanbai normal fault, respectively. Various vertically and
longitudinally distributed structures, as well as shear
structures, are presented, where the Shilin fault is the largest
east-west structure with intense activities, and the Shang-
tuanbai fault is mainly in the compressive structural plane.
Within the Ganhe coal mine and its adjacent region, there
are 3 folds, 15 faults (with distances greater than 5.00m), and
6 collapse columns. ,e internal geological structures are
complex and staggered, which affects in situ stress distri-
bution in the coalfield.,e geological structural information
of the Ganhe coal mine is shown in Figure 2.

2.3. Excavation Problems. ,e on-site observational data
showed that the roadway section geometry and supporting
effects were effective during the excavation period of 2-2092
roadway, and no obvious roadway deformation was ob-
served. After the 2-209 working face advanced into the
influenced scope of the 2-100 working face goaf, severe
deformation failure appeared in the area of mining-induced
advanced abutment pressure of the 2-2092 roadway. ,e
general feature is summarized as follows: in the advanced
150m region, the hard layer of the floor experienced

cracking with an obvious floor heaving trend. In the ad-
vanced 60m region, deformation failure was aggravated in
the 2-2092 roadway, the floor was fiercely heaved, the metal
net was broken appearing on the roof, the roadway height
declined from 3.6m to 2.5m, and the convergence of roof to
floor reached as high as 1.1m. ,e two sidewalls went
through severe deformation failure simultaneously. ,e
roadway width reduced from 4.8m to 3.5m and the dis-
placement of the two sidewalls reached 1.3m; the reduction
rate of the effective spatial section reached 50%. Four rows of
single hydraulic props and π-shaped beams were arranged
within the area of mining-induced advanced abutment
pressure in the 2-2092 roadway to reinforce the advanced
support, but the roadway deformation was still serious as
shown in Figure 3.

To decrease the side effect of large deformation in the 2-
2092 roadway, roadway repairing methods, including floor
heaving and sides clearing, were adopted. However, this
governance mode is a typical passive remedial treatment
measure with 3 following serious problems in the actual
operation process: (1) governance effect is not ideal with
large labour intensity and it takes a long time; (2) annual
governance cost is high; and (3) the adopted measures may
be temporarily effective and the hidden danger of mine
pressure disaster is still existing, which not only influenced
working efficiency of coal mine workers but also seriously
impacted normal life of mine workers. ,erefore, it is
necessary to analyse the large deformationmechanism of the
gob-side roadway for more pertinent and practical measures
to solve this problem.

3. Superposed Stress Analysis of Surrounding
Rocks in Mining Roadway

,rough a long-term observation of 2-2092 mining road-
way, the deformation of the target roadway abruptly in-
creased during the mining period when entering the area of
mining-induced advanced abutment pressure. According to
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Figure 1: Spatial relationship between 2-209 working face and adjacent working face.
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the stress control theory, all deformations occurring in the
roadway could be considered as local deformations due to
excessive external load borne by surrounding rocks in the
roadway. ,erefore, the stress that occurred in surrounding
rocks of the roadway could be analysed at first. ,e burial
depth of the 2-2092 mining roadway exceeded 500.00m, and
it was located in a region developed with geologic structures,
indicating that the roadway deformation had obvious time
and spatial effects. ,e time effect of roadway deformation
was manifested by a long period from excavation to the
mining phase of the 2-2092 roadway, which resulted in large
attenuation of the surrounding rock strength in the roadway,
and the roadway deformation in the mining phase of this
working face was much larger than that in the excavation
and primary mining phases. Spatial effect referred to that in
comparison with other nongob-side roadways (2-2091
roadway), large deformation mainly occurred in the gob-
side roadway, and the roadway deformation was especially
serious within the area of the mining-induced advanced
abutment pressure. Based on the above analysis, it could be
concluded that the stress causing large deformation of 2-
2092 mining roadway mainly consisted of in situ stress,
laterally transferred stress, and mining-induced advanced
abutment pressure.

3.1. In Situ Stress Investigation. ,e above geological survey
of the study area indicated that the geological structures were
complicated, and local stress distortion may occur. In order
to determine the in situ stress field distribution character-
istics in the Ganhe coal mine, the small-bore hydro-
fracturing in situ stress measuring instrument (SYY-56) was
used to carry out in situ stress test of surrounding rocks in
the Ganhe coal mine, and 2 measuring points were arranged:
1# measuring point in the 2-1022 roadway with a measuring
depth of 461.00m and 2# measuring point at the end of the
rail haulage roadway in the second mining area with a
measuring depth of 529.00m. ,e fracturing curves and
measuring orientation are shown in Figure 4. ,e in situ
stress measurement results of the Ganhe coal mine man-
ifested that the maximum horizontal principal stress at the
primary observation station was 16.18MPa, the minimum
horizontal principal stress was 8.38MPa, the vertical stress
was 11.00MPa, and the maximum horizontal principal
stress was at 1.7° north to the east. ,ose from the second
observation station were 14.78, 7.92, and 12.77MPa, re-
spectively, and the maximum horizontal principal stress was
at 14.7° north to the east. According to the analysis of
geological data in the mining area, it is found that the in situ
stress of surrounding rocks in the test area belonged to
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medium-stress areas. ,e measurement results at the two
measuring points both indicated that the maximum hori-
zontal principal stress was greater than the vertical principal
stress, as confirmed by the obvious directional deformation
of the roadway that demonstrated a typical σH> σV> σh
stress field.,is area was mainly a tectonic stress field, where
the maximum principal stress played a dominant role and
the direction was approximately in the N-S direction.

3.2. Lateral Stress Field Analysis of the Mining Roadway.
One side of the 2-2092 roadway was close to the goaf of the
2-100 working face, and the width of coal pillars was
25.00m. During the 2-2092 roadway excavation period, the
coal pillar-side deformation was greater than coal seam-side
deformation in the excavation process, but the overall
roadway deformation was kept at a low level. It could be
indicated from the analysis that the periodic weighting
imposed on coal pillars, generated by 2-100 working face
advancing, which reduced the overall strength of coal pillars
and enlarged injury degree of coal pillars (internal cracks
were developed and ran through each other), weakened their
permanent bearing capacity, but the coal pillars were in a
favourable bearing structural system on the whole, thus
meeting the requirement for maintaining roadway safety.
,e roof went through periodic fracturing collapse in the
mining process of the 2-100 working face, a certain spatial
structure was formed at overlying strata, coal pillars were
under a high stress state, and the coal pillar-side deformation
was larger than the coal seam-side deformation in the ex-
cavation process of the 2-2092 roadway.

,e stress imposed on coal pillars without mining
effect was simplified, and it could be considered that the
external load on coal pillars mainly consisted of two parts
as shown in formula (1), where one part is the weight
(vertical stress, σpo) of the overlying strata at the coal pillar
side and the other part is the increment (n

1 fp(x)) in-
ternal stress of coal pillars transferred by the spatial
structure, which is formed at the upper strata in the goaf of
the 2-100 working face. As the 2-100 working face was
already mined, the structures formed within the scope of
the 2-100 working face goaf are stable. It is shown that a
cantilever beam-like spatial 3D structure is formed nearby
the coal pillars, the mechanical model of coal pillars is
shown in Figure 5, and the stress occurring in coal pillars
is shown in formula (2):where f1(x), f2(x), and fn(x) are
internal stress increment of coal pillars caused by an
external load, which is transferred from the cantilever
beam structures at the first mining stratum, second
stratum, and nth stratum (different strata) to coal pillars,
respectively, MPa; c1, c2, and cn denote strata volume
weights at different strata, N/m3; h1, h2, and hn are
thickness values of rock blocks in the structures at dif-
ferent strata, m; and lh1, lh2, and lhn are lengths of can-
tilever-like rock blocks in the structures at different strata,
m.

σp � σp0 + 
n

1
fp(x) � lh1c1 + lh2c2 +, · · · , + lhncn

+ 
n

1
fp(x),

(1)
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Figure 4: Pressure-time curve and fracturing direction obtained at (a) 1# measuring point and (b) 2# measuring point.
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n

1
fp(x) �f1(x) + f2(x) +, · · · , + fn(x)

� lh1h1c1 + lh2h2c2 + · · · + lhnhncn,

(2)

From equations (1) and (2), formula (3) can be obtained
and the formula represents the internal stress (σp) when coal
pillars are not disturbed by mining. Accordingly, the ex-
ternal load imposed on the coal pillar side is mainly a
function of the overhanging length (lh) of the rock beam
above the coal seam. As the length of the cantilever beam at
overlying strata in the goaf increases, the greater the internal
stress value in coal pillars is, the greater the (σp) value will be:

σp � h1c1 l + lh1(  + h2c2 l + lh2(  +, · · · , + hncn l + lhn( .

(3)

3.3. Analysis ofMining-InducedAdvancedAbutment Pressure
Field in the Mining Roadway. With the advancing of the
working face, mining-induced advanced abutment pressure
would be formed in the coal seam, as influenced by the stress
redistribution. ,e mechanical characteristic of the coal seam
within this influencing scope was analysed as follows: a
“cantilever beam+hinged beam” spatial structure would be
formed in the mining process at the overlying inferior strata
on the working face. ,is structure acted at the front coal
seam of the working face, so as to cause the increase of the
mining-induced advanced abutment pressure (σc), which
mainly consisted of two parts: the first part was the vertical
stress (σco) at the overlying strata on the coal seam and the
second part was the internal stress increment (n

1 fc(x)) of
coal pillars caused by the external load transferred by the
“cantilever beam+hinged beam” spatial structure, which was
formed at the strata in the stope, as shown in formula (4).,e
stress state of the coal seam was simplified and it could be
considered that the stress increment caused by mining was
mainly a function of the overhanging length (la) of the rock
beam above the coal seam, geometrical rotation parameters,
angle (θ) of intermediate rock block (B), and force transfer
coefficient (η) from the hinged structure formed by the rock
beam at different strata to lower the coal seam, as shown in
formula (5). ,e mining-induced mechanical model of
structures at the overlying strata is shown in Figure 6:

σc � σco + 
n

1
fc(x) � Lh1c1 + Lh2c2 +, · · · ,

+ Lhncn + 
n

1
fc(x),

(4)



n

1
fc(x) �f1(x) + f2(x)+, · · · , +fn(x)

� η1 × la1h1c1 +Φ1 lb1, h1, c1, θ1(   + η2
× la2h2c2 +Φ2 lb2, h2, c2, θ2(   +, · · · , + ηn

× lanhncn +Φn lbn, hn, cn, θn(  .

(5)

where f1(x), f2(x), and fn(x) are increment components of
the internal stress of coal pillars caused by external load
transferred by structures at the first mining stratum, second
stratum, and nth stratum, respectively, MPa;Φ1,Φ2, andΦn
are the acting force function of intermediate rock blocks in
structures at different strata, respectively; η1, η2, and ηn are
stress transfer coefficients in structures at different strata;
la1, la2, and lan are lengths of cantilever rock blocks in
structures at different strata,m; lb1, lb2, and lbn are lengths of
intermediate rock masses in structures at different strata,
m; and θ1, θ2, and θn are rotation angles of intermediate
rock blocks in structures at different strata, °. Based on
formulas (4) and (5), the mining-induced advanced
abutment pressure occurring inside the coal seam is
expressed as

σc � σco + 

n

1
fc(x) � Lh1c1 + Lh2c2 +, · · · ,

+ Lhncn + η1 × la1h1c1 +Φ1 lb1, h1, c1, θ1(   + η2
× la2h2c2 +Φ2 lb2, h2, c2, θ2(   +, · · · , + ηn

× lanhncn +Φn lbn, hn, cn, θn(  .

(6)

It could be found from formula (6) that, with the increase
of overhanging length (la) of the rock beam above the coal
seam, geometrical rotation parameters, angle (θ) of inter-
mediate rock block (B), and stress transfer coefficient (η) of
the hinged structure formed by rock beams at different
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Figure 5: Mechanical model of the coal pillar side in 2-2092 roadway.
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strata, the stress increment caused by mining would grad-
ually increase.

4. Two-Direction Hydrofracturing Technique
and Performance Analysis

Based on the above analysis of the time and spatial effects of
large deformation of the 2-2092 mining roadway, it is found
that the deep geological tectonic stress, lateral transferred
stress, and mining-induced advanced abutment pressure
were the primary causes for stress increment of surrounding
rocks in the 2-2092 roadway. ,e influencing scopes of the
superposed stress are shown in Figure 7. ,erefore, it is
believed in this study that the spatial structure at the
overlying strata in the 2-2092 roadway was changed through
manual measures to realize roadway stress control, reducing
the stress of roadway surrounding rocks and then lowering
the large deformation degree of the roadway.

4.1. Two-Direction Hydrofracturing Technique. Based on the
stress analysis of surrounding rocks in the 2-2092 roadway,
the TDHTwas applied within the 150.00m advancing scope
of the 2-209 working face. Hydrofracturing-induced frac-
tures were set at specific positions so as to reduce the length
of the stable cantilever occurring in the 2-100 working face
goaf, which could lower the grade of lateral transferred
stress. ,e spatial strata structure of the 2-209 working face
goaf could be changed by applying the hydrofracturing
technique, in order to lower the mining-induced stress grade
transferred by the “cantilever + hinged” structure. ,erefore,
the proposed TDHT could simultaneously reduce lateral
stress grade and mining-induced stress grade in the road-
way, which can reach the goal of controlling the stress grade
of the roadway surrounding rocks and lowering the roadway
deformation. ,e TDHT parameter is determined by re-
ferring to relevant literature on hydraulic fracturing [55–58],
considering regular hydraulic fracturing parameters of other
working faces with similar mining conditions in the
researched coalfield and basing on the thickness of roof
strata, lithology, and strata characteristics of the 2-209
working face. ,e TDHT parameters are shown in Table 1

and the technical layout of the TDHT is shown in Figure 8.
,e design of the fracturing hole S` in the hydrofracturing
scheme aimed at changing the integrity parallel to the
roadway axis in the mining process of the working face. ,e
continuity of structural planes or cracks on the hard roof was
damaged and their strength was reduced at 150.00m in front
of the working face; thus, the roof could timely collapse
according to the designed length. ,e design of the frac-
turing hole S aimed at laying structural planes or cracks on
the advanced working face with two functions, including
changing the cantilever length of the cantilever beam
structure on the overhanging-side roof and changing the
stress state of the overhanging-side cantilever.,e cantilever
beamwas turned into a semi-imply supported beam to lower
the stress concentration degree at the supporting position,
and the roof collapse is more likely to take place. Fracturing
holes S and S` jointly acted upon the hard roof and,
meanwhile, the collapse form was changed from the ad-
vancing direction of the working face to the direction
perpendicular to the roadway axis, which realizes the ad-
justment of stress environment of the gob-side roadway.

,is TDHTmainly included hole sealing, high-pressure
water fracturing, and pressure maintaining water injection
procedures, and the main step was to push the hole packer to
the designed position with columns connecting water in-
jection pipes to implement the hole sealing procedure.
Fracturing was performed using the retrusive fracturing
method, that is, fracturing outward from bottom of drill hole
successively. It is necessary to observe the drill hole and
monitor the pressure gauge and detect whether the hole
packer could maintain the pressure. If water flowed out of
the drill hole or pressure dropped obviously, the hole sealing
failed, and then the junction of the hole packer should be
checked to ensure its normal operation. ,e fracturing area
was continuously pressurized until cracking, and at the same
time, the pressure would suddenly drop. Pressure main-
taining water injection led to continuous crack expansion
together with the generation of new cracks, and the pressure
maintaining water injection fracturing time was determined
according to on-site fracturing conditions. If water effused
or burst out of the roadway roof, coal seam, or drill hole,
fracturing should be immediately stopped.

B
C

Stope and goafCoal seams (L)

h 1

la2

la1

h 2 la3
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lanh 3
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Figure 6: Mechanical model of mining-induced structures at the overlying strata.
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4.2. Effect Analysis. In order to verify the effect of TDHT,
three convergence monitoring stations (termed A, B, and C)
were set outside the fracturing scope, and another 10
convergence monitoring stations (numbered 1#–10#) were
arranged within the fracturing scope with an interval of
10.00m. ,e roof to floor convergence and displacement of
two sidewalls were monitored in both the fracturing area and
nonfracturing area of the 2-2092 roadway. ,e results of the
area without applying the TDHT are shown in Figures 9(a)
and 9(b). It was found that the roadway roof to floor
convergence decreased with the increase of the distance
from the working face to the observation station. ,e dis-
placement characteristics of two sidewalls also decreased
with the increase of the distance from the working face to the

observation station. Moreover, when the distance from the
monitoring station to the working face exceeded 100.00m,
the roof to floor convergence and displacement of two sides
became small. When the distance was 100.00m, the roof to
floor convergence and displacement of two sides started to
grow linearly when approaching the working face, where
roadway roof subsidence occurred with an obviously in-
creased floor heaving. As the distance from the observation
station to the working face decreased, the roof to floor
convergence reached 1.08m and the displacement of two
sidewalls reached 1.16m, which can seriously influence the
regular mining operations. ,erefore, it can be concluded
that when the 2-2092 roadway advanced to the influencing
scope of the adjacent goaf, the scope of the superposed

2-1002 roadway

2-2091 roadway

2-2092 roadway

2-209 working face

Pillar

Mining induced
influence range

Superposed stress
induced influence

range

Goaf of 2-100
working face

2-1001roadway

Goaf induced
influence

range

Goaf

Goaf induced
influence range

Figure 7: Influencing scope of superposed stress.

Table 1: Two-direction hydrofracturing parameters.

No. Length of
hole (m)

Diameter of
hole (mm)

Elevation angle
of hole (°)

Included angle
between hole and

roadway (°)

Hole
spacing
(m)

Fracturing
time (min)

Fracturing
interval (m)

Single-hole
fracturing times

S 40.5 50 50 90 16 30 2-3 10–13
S′ 40.5 50 50 3–5 8 30 2-3 10–13

2-
20

92
w

or
ki

ng
fa

ce

S'1

ABC1#2#3#4#5#6#7#8#9#10#

Unit: m

Goaf
2-2092

roadway

Pillar

Goaf of 2-100
working face

150

S1S2S3S4S5

16 8 10

S’9 S’8 S’7 S’6 S’5 S’4 S’3 S’2

Figure 8: Arrangement of the DHT and the associated monitoring.
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influence of the mining-induced advanced abutment pres-
sure would be approximately 100.00m.

,e monitoring results from 10 convergence monitoring
stations arranged in the area with TDHT are shown in
Figures 9(c) and 9(d). It can be shown that the roadway roof
to floor convergence decreased as the distance from the
working face to the observation station increased.
Figure 9(d) showed that the displacement characteristics of
two sidewalls also decreased with the longer distance. It
could be known from Figures 9(c) and 9(d) that when the
distance from the monitoring station to the working face
exceeded 50.00m within the fracturing area, the roof to floor
convergence and displacement of two sidewalls were both

relatively small with little variations. When the distance
from the monitoring station to the working face was
20.00–50.00m, the roof to floor convergence and dis-
placement of two sides increased. When the distance was
smaller than 20.00m, the maximum roof to floor conver-
gence was 0.57m and the maximum displacement of two
sides was 0.79m.

In fact, the large deformation is inevitable in some local
regions such as the advanced abutment pressure influencing
zone. ,e superposition, including local support strength
decreasing, longer load-burring time, and unloading effect of
coal seam, leads to the large deformation of the roadway.
According to the monitoring data, the roof to floor
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Figure 9: Comparison of roadway deformations in both fracturing area and nonfracturing area. (a) Results of the roof to floor convergence
without fracturing. (b) Displacement of two sidewalls without fracturing. (c) Results of roof to floor convergence with fracturing. (d)
Displacement of two sidewalls with fracturing.
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convergence was reduced by over 47% and displacement of
two sides reduced by over 31% in the area where the TDHT
was adopted. ,e influencing scope of the superposed stress
was reduced to 20.00–50.00m with a reduction rate of
50–80%. Filed observation suggested that the roadway ex-
perienced floor heaving but had no influence on single
hydraulic props and equipment within the TDHT area,
indicating that continuous production of the working face
was achieved. ,e roadway site within the TDHT area is
shown in Figures 10(a) and 10(b). Based on the above
comparative analysis, the TDHT was found to effectively
control the large deformation generated on the surrounding
rocks of the deep roadway, which can reduce the cost of
roadway maintenance and labour intensity.

5. Discussion

One side of the 2-2092 roadway in Ganhe coal mine was near
the coal seam and the other side was close to the goaf of the

2-100 working face. According to the regular observation,
the roadway deformation in the excavation period was
smaller than the deformation before the 2-209 working face
entered the influencing scope of the adjacent goaf and was
smaller than the deformation when it entered the influ-
encing scope of the goaf in the 2-100 working face. It could
be seen that the deformation in the gob-side roadway had
evident time and spatial effects, and the final large defor-
mation of the roadway was caused by the superposition of
both time and spatial effects.

From the stress analysis of the surrounding rocks in the
2-2092 roadway, the superposed stress-induced large de-
formation mainly consisted of the deep in situ stress, lat-
erally transferred stress, and mining-induced advanced
abutment pressure. ,erefore, to better control the large
deformation of the gob-side roadway, the TDHT can be
adopted to alter the spatial structures formed in both the 2-
209 working face goaf and adjacent goaf, which could lower
the grades of laterally transferred stress and mining-induced

(a) (b)

Figure 10: Roadway in the mining-induced advanced abutment pressure area of the fracturing area.
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Figure 11: Comparison of fitted curves of the roadway deformations in the fracturing area and nonfracturing area. (a) Deformation results
of the roof to floor convergence. (b) Deformation results of two sidewalls displacement.
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advanced abutment pressure, resulting in optimized stress
environment and reduced deformation of the roadway.
From Figures 9(a)–9(d), the fitted curves from the moni-
tored data are given by

y �
1.29

1 + exp[0.03 ×(x − 39.98)]
,

y �
3.95

1 + exp[0.02 ×(x + 37.73)]
,

y � 0.06x
−0.32

,

y � 1.24x
−0.39

,

(7)

where x indicates the distance of the monitoring station to
the working face, m, and y indicates the deformation, m.
Comparison of the fitted curves of the roadway deforma-
tions in the fracturing area and nonfracturing area is shown
in Figure 11. It is dedicated that the fitted curves of roadway
convergence could be divided into three stages, including
sharp deformation stage (I), slow deformation stage (II), and
stable deformation stage (III). It is also found that the ob-
vious distance variation of the roadway decreased by 50%–
80% from 100m to 20–50m, indicating that the scope of the
mining-induced advanced abutment pressure in was greatly
reduced the fracturing zone. In addition, the maximum roof
to floor convergence and the maximum displacement of two
sides reduced from 1.08 and 1.16m to 0.57 and 0.95m,
respectively. By comparing Figures 11(a) and 11(b), it is
dedicated that only three monitoring stations showed two-
side large deformation appearing among the designed ten
monitoring stations. It is suggested that the recording time
of the roadway deformation would be set after a long
stopping period, which could increase the roadway defor-
mation. In general, the roadway deformation and influ-
encing scope of the superposed stress were remarkably
reduced and the stability of the roadway was effectively
controlled.

,e proposed TDHT for large deformation of the gob-
side roadway can optimize the stress environment of the
surrounding rocks in the roadway by adjusting the spatial
structure of the overlying strata, which meets the goal of
controlling the roadway deformation. Most of the existing
control measures can exert a very good controlling effect on
shallow roadway or roadway with low stress grade by
controlling one side of the roadway (e.g., only gob side or
front of the working face). However, for deep roadways or
roadways with a high stress grade, it is necessary to control
simultaneously the spatial structures at the overlying strata
along both directions of the gob side.

6. Conclusions

(1) Results from the continuous deformation observa-
tion in the 2-2092 roadway indicated that the large
deformation of the gob-side roadway possessed
evident time and spatial effects. ,e time effect was
manifested by the fact that the roadway deformation

gradually increased during the excavation process.
,e spatial effect indicated that large deformation
mainly took place in the gob-side roadway, and the
roadway deformation was most severe within the
scope of mining-induced advanced abutment
pressure.

(2) Based on the stress analysis of the 2-2092 roadway, it
was found that the superposed stress mainly in-
cluded the in situ stress in the area, laterally trans-
ferred stress formed in structures at overlying strata,
and mining-induced advanced abutment pressure.

(3) ,e proposed Two-Direction Hydrofracturing
Technique could prevent further accumulation of
large elastic energy at the overlying strata of the gob-
side roadway by controlling the geometrical mor-
phologies of the “cantilever beam” structure and
“cantilever beam+hinged beam” structure formed at
the overlying strata in the mining area.

(4) ,e performance monitoring results indicated that,
in the area applied with the two-direction hydro-
fracturing, the roof to floor convergence was reduced
by over 47%, the displacement of two sidewalls was
reduced by over 31%, and the influencing scope of
mining-induced advanced abutment pressure de-
clined to 20.00–50.00m with a reduction of 50–80%,
suggesting that the TDHTcould provide an effective
means of controlling the large deformation that is
often found in the deep gob-side roadway.
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