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With the third innovation in science and technology worldwide, China has also experienced this
marvelous progress. Concerning the longwall mining in China, the “masonry beam theory” (MBT) was
first proposed in the 1960s, illustrating that the transmission and equilibrium method of overburden
pressure using reserved coal pillar in mined-out areas can be realized. This forms the so-called “121
mining method”, which lays a solid foundation for development of mining science and technology in
China. The “transfer rock beam theory” (TRBT) proposed in the 1980s gives a further understanding for
the transmission path of stope overburden pressure and pressure distribution in high-stress areas. In this
regard, the advanced 121 mining method was proposed with smaller coal pillar for excavation design,
making significant contributions to improvement of the coal recovery rate in that era. In the 21st century,
the traditional mining technologies faced great challenges and, under the theoretical developments
pioneered by Profs. Minggao Qian and Zhengi Song, the “cutting cantilever beam theory” (CCBT) was
proposed in 2008. After that the 110 mining method is formulated subsequently, namely one stope face,
after the first mining cycle, needs one advanced gateway excavation, while the other one is automatically
formed during the last mining cycle without coal pillars left in the mining area. This method can be
implemented using the CCBT by incorporating the key technologies, including the directional pre-
splitting roof cutting, constant resistance and large deformation (CRLD) bolt/anchor supporting system
with negative Poisson’s ratio (NPR) effect material, and remote real-time monitoring technology. The
CCBT and 110 mining method will provide the theoretical and technical basis for the development of
mining industry in China.
© 2015 Institute of Rock and Soil Mechanics, Chinese Academy of Sciences. Production and hosting by
Elsevier B.V. All rights reserved.

1. Introduction

China. The second mining innovation started in the 1980s, which
was characterized by the “transfer rock beam theory” (TRBT) (Song,

In the 1960s, Prof. Minggao Qian proposed the “masonry beam
theory” (MBT) (Qian, 1981, 1982) for the first time in China, and
presented a full discussion on the transmission and equilibrium
method of overburden pressure in mined-out areas by using
reserved coal pillar. On this basis, the “121 mining method” was
established, namely one stoping face needs two advanced excava-
tion tunnels and one reserved coal pillar before the next mining
cycle. The MBT and mining system based on the 121 mining method
laid a sound foundation for the development of mining science in
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1979, 1982) proposed by Prof. Zhengqi Song. This illustrated a further
transmission path of stope overburden pressure and the pressure
distribution in high-stress areas. Then the advanced “121 mining
method” was raised with smaller coal pillar in terms of field
excavation design, making important contributions to develop-
ment of the coal recovery rate in that era.

At the beginning of the 21st century, large deformation failure
problems in coal mines became more challenging with increasing
mining depth, and the accidents in risk-prone gateway and deep
gob-side gateway accounted for 80%—90% of total accidents in
working face gateways (He, 2004, 2005; He et al,, 2005). It is
basically considered that the traditional 121 mining method was
not suitable for the deep mining purpose (Zhai and Zhou, 1999; Li,
2000; Liu and Shi, 2007; Fei, 2008). In 2008, the theory of “cutting
cantilever beam theory” (CCBT) was first put forward. In this theory,
it can be noted that the ground pressure was used for the purpose
of advanced roof caving by precutting to form a cantilever beam
above the gob-side gateway. When the precutting was performed
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on the roof of gateway, the transmission of overburden pressure
was cut off, which mitigated the periodic pressure when using the
121 mining method, and part of roof rock mass was driven down,
forming one side of the gateway for the next stope mining cycle.
The CCBT provides a new basis for the non-pillar mining, under
which the 110 mining method was developed (He et al., 2007;
Zhang et al., 2011; Song and Xie, 2012; Wang and Wang, 2012;
Liu and Zhang, 2013; Sun et al., 2014), namely one stope face, af-
ter the first mining cycle, only needs one advanced gateway exca-
vation; while the other one is automatically formed during the last
mining cycle without coal pillars left in the mining area by using
this mining technology. The core idea of the 110 mining method is
that, first, the natural ground pressure is used to make part of the
roof fall down, instead of fully reinforcing it by artificial supporting
system and coal pillar; second, the gob roof rock is used to form one
side wall of the gob-side gateway; and third, the expansion char-
acteristic of broken gob roof rock is used to reduce the surface
subsidence. This mining method will reduce 50% of gateway exca-
vation workload in the stope and fulfill 100% coal pillar recovery,
which achieves a significant reduction in mining costs and more
importantly, will reduce the accidents in the stope. It may be used
to fulfill the “NOO mining method” in the future, which is the
optimization and innovation of the 110 mining method. The symbol
“NO0” means no matter how many mining cycles and working faces
are in the district, all the gateways would be formed automatically
with CCBT, suggesting no need for gateways to be excavated when
using traditional methods. In this paper, China’s three innovations
in longwall mining will be reviewed and discussed, including the
related theories and the 121 mining method, the CCBT and the 110
mining method, and the key technologies involved. The CCBT and
110 mining method will be considered to be the basis for China’s
next-generation mining industry development, from mining giants
to mining powers.

2. The MBT, TRBT and 121 mining method

For the development of coal mines in China, the mining science
and technology was characterized by the MBT proposed by Prof.
Minggao Qian, which formed the traditional 121 mining system (i.e.
the 121 mining method), and then by the TRBT proposed by Prof.
Zhenqi Song, which further improved the awareness of the 121
mining method, as shown in Fig. 1. This method is currently the
most widely used system in longwall mining in China, which makes
an important contribution to the development of China’s mining
science and technology.
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Fig. 1. Layout of the 121 mining method.

2.1. The MBT and 121 mining method — the first mining science
innovation

Prof. Minggao Qian first introduced the concept of the
“movement mechanics of stope overlying rock strata” in 1962,
which has been verified by the field tests in Datun mining area and
Kongzhuang coal mine. The MBT was proposed in 1981 and then
was recognized after the First Conference of Coal Mine Stope
Pressure Theory and Practice on 21 August 1981 in China. In 1982,
the MBT was promoted internationally after the topic, Stope
overburden rock mass structure model and its application to strata
control, was presented at the International Conference of Rock
Mechanics in the University of Newcastle, UK. The MBT points out
that: Periodic breaks of the roof rock beam occurred during stoping,
which formed the rotary extrusion of broken rocks, and the masonry
beam structure was formed due to the horizontal force and friction in
the gob area. The structural and mechanical models of MBT are
shown in Figs. 2 and 3, respectively. Based on the proposed
models, the calculation formulae of support strength and roof
subsidence were proposed. It is the first time to present the
detailed discussion on the transmission and equilibrium method
of overburden pressure in mined-out areas. In this instance, the
“large coal pillar-artificial support-gangue” supporting method is
established consequently, i.e. the next mining cycle and two
gateways are far from the gob, which forms the 121 mining
method as shown in Fig. 4.

The supporting strength (Qian and Li, 1982) for longwall mining
can be written as

Ly tan(e - 0)

P = YR h+nle(vhe +q) + |2 30h— s9)

Qo (1)

where P is the supporting strength (kN/m); >"h is the total thick-
ness of immediate roof (m); R is the face width (m); n is a constant
coefficient; g is the uniformly distributed load of overburden (kN/
m?); Lo, he, o and Qg are the breaking length (m), thickness (m),
subsidence (m) and weight (kN/m) of cantilever rocks, respectively;
Lc is the roof length supported by caving rock; ¢ is the friction angle
of rock (°); @ is the angel between fracture plane and vertical plane;
v is the volume weight of rock layer (kN/m?>).

The roof subsidence (Qian and Li, 1982) can then be expressed as

Asg = %%[m—z’lu(p—])] (2)

where Asg is the roof subsidence (m), Ly is the length of cantilever
rocks on the immediate roof (m), m is the mining height (m), and Kp
is the loose coefficient of broken rocks.

111

Fig. 2. Structural model of the masonry beam theory (MBT): A is the coal seam support
affected zone; B is the abscission zone and support affected zone; C is the gob zone,
supported by broken caving rock; I, Il and III are the overlying strata (Qian, 1982).
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Fig. 3. Mechanical model of the masonry beam theory (MBT). The subscripts 1, 2, and 3
are the blocks in different overlying strata (Qian, 1982).
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Fig. 4. Scheme of roof strata movement of the 121 mining method (He, 2014).

2.2. The TRBM and improved 121 miming method — the second
mining science innovation

The TRBM was first proposed by Prof. Zhenqi Song in 1979, ac-
cording to the drilling observational data in Zhaogezhuang mine,
Kailuan, China. In 1981, the theory was presented in the First In-
ternational Conference on Ground Control in Mining in Morgan-
town, USA. Then it was generally acknowledged at the First
Conference of Coal Mine Stope Pressure Theory and Practice on 21
August 1981. The official proposition of the TRBM was given in the
scientific paper entitled “Rules for the stope bearing pressure and
its application” (Song, 1982).

The TRBM states: “With underground stoping, periodic fracture
occurred in the main roof, and then the rock beam structure was
formed which was supported one side by the coal seam in front of
working face, and the other side by the gangue.” The force was always
kept in the direction of advance mining, namely the force was
transferred from the roof to the advanced coal and gangue in the
goaf. This structure is called “transfer rock beam” (TRB), and its
structural and mechanical models are shown in Figs. 5 and 6,
respectively.

Ly=Ly=""=L,
A——First layer transfer rock beam
B——Second layer transfer rock beam

Fig. 5. The structural model of transfer rock beam (TRB).
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Fig. 6. The mechanical model of transfer rock beam (TRB) theory.

The TRBM emphasizes the effect of roof movement state on the
required supporting strength, and the effect of deformation on coal
stress distribution and stope supporting structure. It further ex-
plains the transfer path of overburden pressure, and the high-stress
region should be divided into internal and external stress fields. It
also points out that the excavation of gateway could be in the low
internal stress field and only small coal pillar is needed for sup-
porting, as shown in Fig. 7. Thus the gateway pressure can be
reduced when excavating in the internal stress field by the
improved 121 mining method. The roof control design and method
show that determination of roof support strength can be calculated
by Eq. (3). The TRBM is formulated on the basis of a large number of
engineering practices, which helps to improve the coal recovery
rate in China.

Similar to the MBT, the supporting strength of the TRBM (He,
2014) can be written as

MgYgC AhA

Pr=Pa+ ol Bh 3

where Pr is the supporting strength (kN/m?), Py is the force acting
on the immediate roof (kN/m?), Ahy is the maximum roof subsi-
dence of the face (m), Ah; is the designed roof subsidence (m), Kt is
the rock redistribution coefficient, mg is the thickness of rock beam
(m), v is the volume weight of rock beam (kN/m?), c is the interval
of periodic weighting (m), and Lt is the face width with stope
support (m).

3. The CCBT and 110 mining method — the third mining
science innovation

At the beginning of the 21st century, the disasters and accidents
caused by large deformation of surrounding rocks of tunnels were
frequently reported with the increase of mining depth. According
to the incomplete statistics, accidents in deep gateway accounted
for 80%—90% of total accidents, among which 80%—90% of the
gateway accidents occurred in the gob-side gateway and the
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Fig. 7. Scheme of roof strata movement of the improved 121 mining method (He,
2014).
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accident-prone gateway. Accidents were mainly induced due to
coal pillar burst and support failures under large ground pressure at
great depth and periodic pressure caused by main roof breaking.
Thus, the traditional 121 mining method in terms of reserved coal
pillar was facing great challenges.

For the limits of the traditional 121 mining method, the CCBT
and 110 mining method were proposed in order to address the
problems encountered in longwall mining. The CCBT was verified
in field by using advanced roof caving in 2008, and was first
applied to working face No. 2442 in Baijiao coal mine, Sichuan
Province, in 2010. In this project, non-pillar mining technique was
used in the gateway near the goaf formed automatically by
advanced pressure relief and roof caving (Zhang et al., 2011). The
CCBT was established on the basis of interactions of stress fields,
supports, and surrounding rocks during the process of advanced
pressure release and roof caving. One of the key technologies is
the orientation cutting in the goaf side roof, which cuts off the
transfer of overburden pressure to other parts on the roof, falls
part of roof rock mass down, and forms a new excavation roadway
for stoping subsequently. Besides, many other key technologies
were involved to achieve CCBT. For instance, a new supporting
material, the bolt or anchor with constant resistance and large
deformation (CRLD), was employed in the gob-side roadway roof
supporting to keep the gateway roof stable during the advanced
roof caving.

Along the working face direction, the mechanical model of CCBT
is shown in Fig. 8. In this figure, G is the gravity of the immediate
roof (kN), Fy, is the horizontal force in the rock strata (MPa), L is the
length of working face (m), L;, is the length of gateway, H. is the
depth of roof precutting (m), « is the angle of advanced roof cutting
(°), Tis the shear force on the precutting plane, and N is the normal
force on the plane.

Then the horizontal and normal forces imposed on the precut-
ting surface can be respectively obtained:

N = F,cosa —Gsina (4)

T = Gcosa— F, sin« (5)

The frictional resistant force (or resistance) can be written as
F, = (Gcos a — F, sina)tan ¢ + cA (6)

where F,, is the frictional resistance, c is the cohesion of the sliding
surface, and A is the area of the precutting plane, following the
equilibrium equation on this plane. Then we have

T= ZYiHi(cosaf/\sin a)tan ¢ + cA 7)

The depth of the precutting into the roof is first determined by
the height of the gateway because one side of the gateway needs to
be automatically formed after roof caving, which is the minimum
depth (Hmin) of roof cutting. The volume of rock increases after rock
breakage, thus the roof caving depth is designed to make the

Precutting line

152

_________________

Fig. 8. Mechanical model of CCBT.

broken rock be filled in the mined-out area, in order to keep the
main roof stable along its trend. This would weaken or mitigate the
negative periodical impact and increase the stability of the
roadway. Based on this, the maximum caving depth and the range
of the roof cutting depth can be obtained.

(1) Minimum cutting depth
The minimum cutting depth is
Hmin=Hg+1.5 (8)

where Hpj, is the lower bound of the critical value (m), and Hg is
the height of the gateway (m).

(2) Maximum cutting depth

The maximum cutting depth is

Hmax = Hs + Hp 9)

where H; is the height of the caving rock after breaking, and Hp, is
the maximum bending subsidence.

(3) Cutting depth design

The cutting depth is then written as

He = (H — AHy — AHy)/(k — 1) (10)

where AH; is the main roof bending subsidence, AH; is the
height of floor heave, and k is the bulking coefficient of rock (see
Fig. 9).

Based on the CCBT, the 110 mining method with respect to the
reserved gob-side gateway and non-pillar mining is established.
The layout of the 110 mining method is shown in Fig. 10. The “110”
means for one stope face of the whole mining district, only one
advanced gateway excavation is needed after the first mining cycle,
because the other one, i.e. the gob-side gateway in the traditional
121 mining system, is automatically formed during the last mining
cycle without coal pillars left in the mining area by using this
mining technology. Fig. 11 shows the movement of overlying strata
in the 110 mining method and its effect on ground pressure dis-
tribution. The force transmission in overlying strata is changed by
the directional precutting, forming a short cantilever beam struc-
ture (Song and Jiang, 1986). The transfer of ground pressure is cut
off and the pressure is used to fall part of gob roof rock down,
instead of completely reinforcing it by artificial supporting system
and preserved coal pillar. The roof rock is used to form one side of
the gateway wall, and the gob-side gateway is reserved for the next

Fig. 9. Design for pre-splitting hole depth (Hc).



M. He et al. / Journal of Rock Mechanics and Geotechnical Engineering 7 (2015) 483—492 487

LUAL  prcuine

position Keep the gateway for the next mining cycle

L

—7  —

District dip
return-air
Y

District dip|
for track

District dip
for belt
transport

Supporting pressure

V4

Reserved gateway for the next mining cycle New gateway

Fig. 11. Scheme of roof strata movement of the 110 mining method (He, 2014).

mining cycle, reducing the cost and risks for gob-side gateway
excavating. Extension of broken gob roof rock is calculated and used
for the purpose of gobbing-up the mined-out area. Thus surface
subsidence can be significantly reduced.

4. Key technologies of the 110 mining method

For the fulfillment of 110 mining method, several key technol-
ogies are used, including directional roof precutting, CRLD sup-
porting system, and remote real-time monitoring technology. In
addition, the characteristics of different projects in different mines
are also considered in this new method. Thus, the 110 mining
system with non-pillar mining and automatic formation of gob-side
gateway for the next mining cycle by precutting and advanced roof
caving is established.

4.1. Directional pre-splitting roof cutting technology

The characteristics of high rock compressive strength and low
tensile strength are comprehensively considered, and a blasting
device is developed to achieve the two-directional blasting to
form a cohesive energy flow and thus to produce concentrated
tensile stress. The blasting device is employed with normal ex-
plosives, and the depth of boreholes is determined by the coal
seam depth, gateway height and other conditions in the field,
from 1.5 m to 5 m or more. The explosive charge follows the
general blasting design, normally from 2 to 8 packages of explo-
sives with directional blasting device for different engineering
conditions, and it should be performed on relatively hard rock
layers. The top plate is set in accordance with the direction of the
formation of pre-splitting tensile fracture surfaces (Fig. 12). Field
application results (Fig. 13) show that this technology can achieve
good directional roof pre-splitting according to the design at exact

Blasting device
Tensile force

Fig. 12. Mechanism of directional roof cutting technology.

Single hole

(a) Pre-splitting hole.

hen

(c) Manual roof caving to form one side wall of the gateway.

Fig. 13. Photographs for field application.

positions, and reach the designed depth along the roof with
actively advanced pre-splitting roof cutting but will not destroy
the roof.

4.2. CRLD supporting system

The problems of mining pressure transfer are one of the key
issues during advanced pre-splitting cutting and roof caving. In
practice, part of the roof in existing gateway needs to be
reserved. The traditional support system, in a combination of
mesh, bolts, and anchors, can be easily broken when sur-
rounding rocks have large deformations. In this case, the manual
roof caving will produce large tensile force to the gateway roof,
although the precutting has been performed to reduce the force
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Fig. 14. The CRLD bolt/anchor.

transition. For this reason, a new supporting material, the CRLD
bolt, is used to control the gateway deformation and reserve the
roof and one side wall of the gateway, as shown in Figs. 14 and
15. A large number of tests have been conducted on this ma-
terial and testing results show that its mechanical properties are
quite unique and can keep the designed constant resistance
during elongation. As shown in Fig. 16, the CRLD bolt is able to
adapt to the dynamic pressures generated by the roadway roof
caving and effectively control part of the reserved roof. The
CRLD bolt can also withstand various dynamic impacts, and the
high impact energy absorbing abilities are observed in both
laboratory and field tests. Therefore, the CRLD bolt can achieve
high impact resistance and deformation energy released during
roof caving, which can effectively guarantee the overall stability
of roadway safety (He et al., 2014).

4.3. Remote real-time monitoring technology

In order to analyze the CRLD stress and associated potential
risks encountered during roof caving, remote real-time moni-
toring technology is introduced. The forces in CRLD bolts/anchors
are continuously recorded and transmitted to indoor computers
automatically for feedback monitoring (Figs. 17 and 18). It shows
that the force of CRLD increases during the mining and manual
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Fig. 17. Remote monitoring system in the gateway.

roof caving process, and the roof subsidence and gateway stability
are effectively controlled under the periodic roof pressure
impacts.

During mining activities, the pressure on mining shields is
also monitored in field. The measured data show that the stress
on advanced roof cutting and caving was reduced by about 30% of
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Fig. 15. Curves of different materials’ mechanical properties of CRLD bolts.
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the previous maximum periodic pressure in the mining area, i.e.,
from 40 MPa to 27.5 MPa (see Figs. 19 and 20), in conjunction
with the calculated height of the cutting depth with Egs. (6) and
(7). As the stoping face advanced, the variation range of roof
pressure was significantly reduced, i.e., from 23—40 MPa to 21—
27.5 MPa. It is proved that this mining method can effectively
reduce the periodic roof pressure imposed on brace and greatly
improve the stability of the roof, which also facilitates the se-
lection of support measures.
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5. Case studies using 110 mining method
5.1. Case I: normal coal seam in Baijiao coal mine

Baijiao coal mine (Zhang et al., 2011) is located in Furong mining
area, Sichuan Province, China. This mine is the first site used with
the 110 mining method. The working face No. 2422 of this mine is
characterized by normal thickness coal seam of 2.1 m, and the
height of gateway was 2.5 m. Fig. 21 shows the composite columnar
section of working face No. 2422. The first layer of immediate roof is
hard limestone with an average thickness of 1.5 m. The mining
depth is 482 m, the width of working face is 165 m, and the length
of gateways is 465 m.

Before application of the CCBT and 110 mining method, there
were various accidents reported every year for worker injuries
and property losses caused by rockburst and support failures in
gateways. In 2009, we introduced the CCBT and 110 mining
method to working face No. 2422. Fig. 21 shows the support
system and precutting design. The directional pre-splitting roof
cutting was performed at the dashed line position and the
blasting hole was calculated to be 5 m in depth. The CRLD bolts
and anchors were used in the support design. The design depth of
CRLD anchors is 8 m to keep the gateway stable during the
manual roof caving. The prestress of CRLD anchors was larger
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Fig. 19. Mining impacts recorded by 121 mining method in Tangshangou mine, China.
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Fig. 20. Mining impacts recorded by 110 mining method in Tangshangou mine, China.
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than 12 kN and the force in anchors was monitored during the
production by 110 mining method (Fig. 22). When the stoping
distance of 350 m was used in the field experiment, 330 m gob-
side roadway for the next mining cycle was automatically
formed. The average deformation between roof and floor is 15 cm
and the monitored stress curve (Fig. 22) shows that the advanced
stoping had impact on the CRLD support system, but the peak
force in CRLD anchor was only increased to 106 kN, and then kept
stable at 84 kN. The maximum of anchor force was 110 kN during
the precut roof caving far from the design constant resistance of
CRLD support material.

Fig. 23 shows the reserved gateway in field by 110 mining
method, allowing for the next mining cycle. In Baijiao mine field
test, the length of gob-side roadway is 460 m, and the excava-
tion cost is RMB 465.78 per meter, compared to RMB 3075 per
meter in the original design, thus RMB 1.2 million was saved.
One gob-side roadway excavation was reduced and the relevant
waste rock transportation fee accounting for another RMB 1.82
million was saved consequently. The recovery of 10 m wide coal
pillar made a profit of RMB 4.416 million at that time; and burst
prevention drillings in coal pillar of RMB 3.1 million was also
saved. In other words, the CCBT and the 110 mining method

Force (kN)

1 1l

1
9 10 11 12 13

Fig. 22. Monitored CRLD anchor force curves in Baijiao mine.
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Fig. 23. Reserved gob-side gateway by 110 mining method.

projects at the working face No. 2422 saved RMB 11 million in
terms of safe production.

5.2. Case II: thin coal seam in Jiayang coal mine

Normal thick coal seam can always allow for enough space for
roof caving in the gob after pre-splitting cutting. However, the
space in thin seam mined-out area is limited, and the bend and
sinking of roof will interference the advanced roof caving. To fulfill
the CCBT and the 110 mining method, the key parameters of gob-
side entry retaining technique in thin coal seam are obtained by
the successful case at working face No. 3118 in Jiayang coal mine,
Sichuan, China.

Working face No. 3118 is 850 m in length and 157 m in width, the
average thickness of coal seam is 0.91 m, and the dip angle is 3°. The
height of gateway is 2.9 m and the width is 3 m. The composite
columnar section and gob-side gateway support design and pre-
cutting design are shown in Fig. 24.

The advanced roof caving mainly relies on the gravity of im-
mediate roof and shearing force by overburden pressure. The pre-
cutting angle, «, is employed as a major factor to avoid larger
frictional resistance at the interface during formation of cutting
cantilever beam. It can be determined by the field condition of
working face No. 3118 in Jiayang coal mine, the internal friction
angle of immediate roof is about 55°—60°, and the final precutting
angle o is about 28°—33°. The precutting depth can be calculated
by Eq. (10), and the precutting depth is 4 m.

Field application of the 110 mining method proves to be suc-
cessful in thin coal seam mining (see Figs. 25 and 26), which lays a
good basis to similar mining projects.

6. Conclusions

The paper presents three major technological changes in China’s
mining science and technology in terms of three representative
theories. The 121 mining method and 110 mining method are
introduced based on the theoretical basis. The main conclusions are
drawn as follows:

(1) The traditional 121 mining method has made important con-
tributions to the development of China’s mining science and
technology. The MBT developed by Prof. Minggao Qian has led
to the first mining innovation in China, which focuses on the
transmission and equilibrium method of overburden pressure
in the mined-out areas by using reserved coal pillar. The TRBT
proposed by Prof. Zhenqi Song gives a further explanation to
the transmission path of stope overburden pressure and pres-
sure distribution in high-stress area, an important contribution
to the advanced 121 mining method with smaller coal pillar.
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Fig. 24. Support system and precutting design for working face No. 3118 in Jiayang coal mine by the CCBT and 110 mining method. (1) CRLD anchors, constant resistance: 200 kN,
length: 7.5 m, spacing: 800 mm x 1000 mm; (2) Pre-splitting hole, diameter: 50 mm, depth: 4 m, spacing: 800 mm.
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Fig. 25. Measured roof pressure curve in field.
(a) Steel and mesh support for cracked roof falling.

(2) With increasing mining depth, large deformation of sur-
rounding rocks in deep tunnel becomes a challenging issue,
thus the CCBT using advanced roof caving is put forward. With
the use of directional pre-splitting roof cutting, the periodic
pressures can be reduced or eliminated. The CCBT provides a \
basis for non-pillar mining and automatic tunneling technol- Roof rock falling and
ogy, under which the 110 mining method is established. one side of gateway formed

(3) The 110 mining method mainly includes directional pre-
splitting roof cutting, CRLD supporting system and remote
real-time monitoring technology. In addition, the site-specific :
geological conditions are also considered, forming the tech- (b) rayi éi)rte surface treatment.
nology of pre-splitting and roof caving for the purposes of
pressure release and automatic gateway formation. The CCBT

Fig. 26. Photographs of the reserved gateway for the next mining cycle.
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and 110 mining method will provide theoretical and techno-
logical basis in China for the purpose of major mining powers.

(4) Two cases using the 110 mining method in different mining
conditions are introduced, and field applications prove that the
new theory and mining method is practicable, economic and
effective. More importantly, the safety is ensured in the daily
mining production.

Conflict of interest

The authors wish to confirm that there are no known conflicts of
interest associated with this publication and there has been no
significant financial support for this work that could have influ-
enced its outcome.

Acknowledgements

It is gratefully noted that the work is supported by the National
Natural Science Foundation of China (No. 51404278) and the State
Key Program of National Natural Science Foundation of China (No.
51134005).

References

Fei Xumin. The status-quo of support technology on gob-side entry retaining
laneway and existing problem discussion. China Science and Technology In-
formation 2008;(3):31—-2 (in Chinese).

He Manchao. Present situation and prospect of rock mechanics in deep mining
engineering. In: Proceedings of the 8th Conference of Chinese Rock Mechanics
and Engineering. Beijing: Science Press; 2004. p. 88—94 (in Chinese).

He Manchao. Conception system and evaluation indexes for deep engineering.
Chinese Journal of Rock Mechanics and Engineering 2005;24(16):2854—9 (in
Chinese).

He Manchao, Xie Heping, Peng Suping, Yaodong Jiang. Study on rock mechanics in
deep mining engineering. Chinese Journal of Rock Mechanics and Engineering
2005;24(16):2803—13 (in Chinese).

He Manchao, Zhang Guofeng, Qi Gan, Li Qian, Jia Qizeng, Zhou Jie. Stability control
of surrounding rocks in deep entry of Jiahe coal mine. Journal of Mining &
Safety Engineering 2007;24(1):27—31 (in Chinese).

He Manchao, Gong Weili, Wang Jiong, Qi Peng, Tao Zhigang, Du Shuai, Peng Yanyan.
Development of a novel energy-absorbing bolt with extraordinarily large
elongation and constant resistance. International Journal of Rock Mechanics &
Mining Sciences 2014;67:29—42.

He Manchao. Latest progress of soft rock mechanics and engineering in China.
Journal of Rock Mechanics and Geotechnical Engineering 2014;6(3):165—79.

Li Huamin. Roof strata control design for gob-side gateway. Chinese Journal of Rock
Mechanics and Engineering 2000;19(5):651—4 (in Chinese).

Liu Yang, Shi Pingwu. Existing problem on long wall remaining coal pillars support
mining. Journal of China Coal Society 2007;32(6):565—9 (in Chinese).

Liu Xiaoqgiang, Zhang Guofeng. Technology of roof cutting pressure relief gob-side
entry retaining in soft fractured stratum. Coal Science and Technology
2013;(Suppl. 2):133—4 (in Chinese).

Qian Minggao. The equilibrium condition for overlying strata in the stope. Journal of
China Institute of Mining Technology 1981;2:31—40 (in Chinese).

Qian Minggao. The structural model of overlying strata in the stope and its appli-
cation. Journal of China Institute of Mining Technology 1982;2:1-11 (in
Chinese).

Qian Minggao, Li Hongchang. The movement of overlying strata in longwall mining
and its effect on ground pressure. Journal of China Coal Society 1982;(2):1-12
(in Chinese).

Song Zhenqi. Basic rules for stope overlying strata. Journal of Shandong Institute of
Mining Technology 1979;1:12—25 (in Chinese).

Song Zhengi. Rules for the stope bearing pressure and its application. Journal of
Shandong Institute of Mining Technology 1982;1:1—25 (in Chinese).

Song Zhenqj, Jiang Yujing. Basic research on the AND method of control — designing
in face. Journal of Shandong Institute of Mining Technology 1986;(3):1—13 (in
Chinese).

Sun Xiaoming, Liu Xin, Guangfeng Liang. Key parameters of gob-side entry retaining
formed by roof cut and pressure releasing in thin coal seams. Chinese Journal of
Rock Mechanics and Engineering 2014;33(7):1449—56 (in Chinese).

Song Runquan, Xie Jiapeng. The application of pre-splitting roof cutting and pres-
sure releasing technology at working face and gob-side gateway maintaining.
Coal Science & Technology Magazine 2012;(3):52—4 (in Chinese).

Wang Juguang, Wang Gang. Discussion on gateway retained along goaf technology
with roof breaking and pressure releasing. Coal Engineering 2012;(1):24—6 (in
Chinese).

Zhai Xinxian, Zhou Ying. Research on the filling body for gob-side gateway and its
interaction with roof strata. Coal Mine Design 1999;(8):6—8 (in Chinese).

Zhang Guofeng, He Manchao, Yu Xueping, Huang Zhenggu. Research on the tech-
nique of no-pillar mining with gob-side entry formed by advanced roof caving
in the protective seam in Baijiao coal mine. Journal of Mining & Safety Engi-
neering 2011;28(4):511—6 (in Chinese).

Dr. Manchao He, born in Lingbao, Henan Province, is an
expert in Mine Engineering and Rock Mechanics. He is an
Academician in Chinese Academy of Sciences, professor at
China University of Mining & Technology at Beijing
(CUMTB), and the Vice President at large of International
Society for Rock Mechanics (ISRM) of the term 2015—-2019.
He graduated from Changchun College of Geology with
Bachelor Degree and earned his Master Degree from the
same college in 1985. In 1989, he graduated from the
Mechanics Department at CUMTB with a Ph.D. and was
awarded the Honorary Ph.D. by University of Mons,
Belgium in 2011. He is the Director of the State Key Labo-
ratory for Geomechanics and Deep Underground Engi-
neering, Chairman of China National Group of ISRM, Vice
President of Chinese Society for Rock Mechanics and Engineering (CSRME), Chairman
of the Soft-rock Engineering and Deep Disaster Control Sub-society of CSRME. He is
also Chief Scientist of the Major Program of the National Natural Science Foundation
of China, Chief Scientist of 973 Program and winner of National Outstanding Youth
Scholar Fund. He has published 4 books and over 190 research papers. He also serves
on the editorial board member of several journals, including Journal of Rock Mechanics
and Geotechnical Engineering.


http://refhub.elsevier.com/S1674-7755(15)00086-4/sref1
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref1
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref1
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref1
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref2
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref2
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref2
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref2
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref3
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref3
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref3
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref3
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref4
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref4
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref4
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref4
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref6
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref6
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref6
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref6
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref7
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref7
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref7
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref7
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref7
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref5
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref5
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref5
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref8
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref8
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref8
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref9
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref9
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref9
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref10
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref10
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref10
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref10
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref11
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref11
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref11
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref12
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref12
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref12
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref12
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref13
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref13
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref13
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref13
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref14
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref14
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref14
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref15
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref15
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref15
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref16
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref16
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref16
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref16
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref16
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref17
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref17
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref17
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref17
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref18
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref18
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref18
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref18
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref19
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref19
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref19
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref19
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref20
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref20
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref20
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref21
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref21
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref21
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref21
http://refhub.elsevier.com/S1674-7755(15)00086-4/sref21

	Longwall mining “cutting cantilever beam theory” and 110 mining method in China—The third mining science innovation
	1. Introduction
	2. The MBT, TRBT and 121 mining method
	2.1. The MBT and 121 mining method – the first mining science innovation
	2.2. The TRBM and improved 121 miming method – the second mining science innovation

	3. The CCBT and 110 mining method – the third mining science innovation
	4. Key technologies of the 110 mining method
	4.1. Directional pre-splitting roof cutting technology
	4.2. CRLD supporting system
	4.3. Remote real-time monitoring technology

	5. Case studies using 110 mining method
	5.1. Case I: normal coal seam in Baijiao coal mine
	5.2. Case II: thin coal seam in Jiayang coal mine

	6. Conclusions
	Conflict of interest
	Acknowledgements
	References


