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Abstract: Aiming at the deformation characteristics and the support problem of deep high stress
broken-expand surrounding rock, the secondary support of the deep roadway engineering of Fenglong
coal mine in Jiangxi Province, China, is carried out to optimize the parameters. First of all, according
to the characteristics of deep roadway deformation in Fenglong coal mine, the specific support
scheme was put forward on the basis of the original support, then, the secondary support parameters
and the support time are designed. The softening strength parameters of the surrounding rock in the
roadway are obtained by using the piecewise linear strain softening model and the dilatancy angle of
the rock mass. Considering the strength effect of cable anchor, the calculation equation and support
strength index ID concept of anchor cable are put forward, and the corrected calculation parameters of
anchorage effect are given. Then, the numerical calculation is carried out for 16 schemes, meanwhile,
the optimal scheme of the comprehensive evaluation index Es of roadway engineering stability is
adopted. The influence of different anchoring effect on the stability of roadway and different secon-
dary displacement value on the stability of roadway are analyzed respectively. Finally, the optimized
support scheme is used to carry out the engineering practice, the results of monitoring the deformation
of roadway by cross method show that the deformation value is within the controllable range, which
can better control the roadway deformation.
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1. INTRODUCTION

After the deep high stress rock mass has been excavated, then, a large number of cracks
in the surrounding rock were rapidly expanding. Moreover, this phenomenon has the
characteristics of fast deformation speed, large deformation and long duration of defor-
mation. At present, the stability and control technology of the surrounding rock of such
engineering has become a hot and difficult problem (Yu et al. 2017; 2015; 2014a). Such
as G.C. Zhang and He (2015) proposed a multi-level coupling support system with high
strength anchor cable and net, retractable ring bracket and grouting reinforcement as core
based on the stress dilatancy expansion (HJS) composite geologic soft rock, then, the
concrete support form of coupling mechanism of the surrounding rock and the design
of supporting parameters were analyzed. X.F. Li et al. (2014) designed a bolt-mesh-
-anchor coupling support for the roadway repair and reinforcement, which consists of
a first coupling support with bolt-mesh and secondary reinforcement with anchor cables.
R.S. Yang et al. (2017) proposed a support technology focusing on cutting off the water,
strengthening the small structure of the rock and transferring the large structure of the
rock. Z.Q. Zhao et al. (2016) analyzed the uneven evolution law of the mining stress
field and its plastic zone characteristics of the roadway under the action based on the
butterfly shape plastic zone theory of roadway surrounding rock. J.B. Bai and C.J. Hou
(2006) studied the stability of surrounding rock in deep roadway, and believed that the
basic method of surrounding rock control in deep roadway is to improve the strength of
surrounding rock, transfer high stress of surrounding rock and adopt reasonable support
technology. S.J. Niu et al. (2012) studied the strength attenuation law of broken sur-
rounding rock in deep roadway. T.Q. Xiao et al. (2011) put forward the high pretension
bolt and diagonal cable and beam combined support surrounding rock control technol-
ogy based on the mechanism of shear failure in the form of “inverted trapezoidal”
plastic zone. H.P. Kang et al. (2007) proposed high prestress and power support theory
based on the conditions of deep coal mine and complicated roadway which greatly
improve the supporting system of the initial supporting stiffness and strength, maintain
the integrity of surrounding rock and reduce the reduction of the surrounding rock
strength. W.J. Wang et al. (2006) analyzed the deformation characteristics of surround-
ing rock and the failure reasons of support in deep coal seam roadway, and then, put
forward the internal and external structure coupling balanced support principle of this
kind of roadway. W.J. Yu et al. (2014b) also studied the deformation mechanism and
control technology of repair, and then, proposed anchorage length formula and the main
parameters of repairing roadway aiming at the high stress of soft rock roadway with
large deformation and failure problems. The above research provides a better theoretical
basis and control measures for the problems such as rapid deformation, long deformation
time and difficult support in deep high stress rock mass.

The design of the deep roadway surrounding rock support often need to consider sec-
ondary or more support, the permanent support parameters is particularly important to
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the long-term stability of the roadway surrounding rock for a long service. In the design
of supporting parameters, J.C. Chang et al. (2012) proposed the anchor-cable should be
installed at good time with bolts supporting after roadway driving because it can improve
the stress states of deep surrounding rock around the roadway and control the roadway
deformation effectively. H.T. Liu and J.T. Li (2015) studied the deformation law and
characteristics of the bolting and shotcreting-anchor cable-anchor grouting support sys-
tem in different support periods, and the reasonable combined support of the unit was
obtained. Q.L. Chang et al. (2007) put forward a mechanical model of the first bolting
net and the seconed stone arch support from the perspective of macro and micro me-
chanical properties of rock composition. N. Zhang et al. (2010) used the intrinsically safe
YTJ20-type drilling peers TV imaging and dyeing agent tracking slurry method for the
problem of roadway hysteresis grouting effect is difficult to be guaranteed, the Zhuji
coal mine anchor bolt support conditions under the effect of lagging grouting in deep
well soft rock roadway is tested. Y.M. Li et al. (2015) analyzed the support process of
stress and strength adjustment in soft surrounding rock roadway based on the principle
of soft rock roadway support, and determined the theoretical formula of the optimal time
of secondary support, and so on. The above study has emphasized the importance of the
secondary support parameters and the support time, however, it is difficult to grasp the
best supporting time, and there is no clear definition of the secondary support time. Es-
pecially, the optimization and research results of the secondary support parameters and
the support time which taken into consideration are still rare.

Therefore, this paper based on the deep roadway engineering of Fenglong coal
mine in Jiangxi Province, China. Then, on the basis of the original scheme, the mainly
optimization design of the parameters for the secondary support is carried out, and the
optimum support scheme is obtained and applied.

2. PROJECT OVERVIEW

The No. 209 mining area wind stone gate roadway section shape is the semi-circular
arch in Jiangxi Fenglong coal mine north wing –800 m level, with net width × net
height of 4.4 m × 3.5 m, and cross-section of 13.3 m2. The main faults in the area in-
cluding DF4, DF5 and DF9, respectively. Besides, the surrounding rock is a small
block of Maokou limestone, a mixture of carbonaceous mudstone and mudstone
(Fig. 1). The rock formation is disordered and the joints and fissures are developed
with a depth of 840 m, which belongs to a typical high stress fractured rock mass.

The mineral composition analysis of the rock formation by X-ray diffraction
shows that the content of montmorillonite can reach 36% (Fig. 2). Field investigation
of similar project of coal mine (i.e., No. 207 mining area windstone roadway) has been
carried out after the excavation, although the use of the “metal mesh, shotcrete, anchor
bolt, anchor cable” joint support, and some parts even use high strength U-shaped
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steel retractable support, however, due to the high stress level and coupled with bro-
ken rock, so that the roof spray and the surrounding rock have serious problems in-
cluding separation, cracking, collapse and bulging and other phenomena. Figure 3
shows that the deformation of the surrounding rock in the roadway has the character-
istics including large deformation, fast deformation speed and long duration of defor-
mation, which has brought great negative influence to the mine production and seri-
ously hindered the improvement of the productivity.
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Fig. 1. Generalized stratigraphic column
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(a)   (b)

Fig. 3. Actual deformation of surrounding rock and deep roadway section:
a – the original roadway section, b – deformation of roadway surrounding rock

3. PARAMETERS AND SCHEME OF ROADWAY SUPPORT

3.1. FIRST SUPPORT PARAMETER

The north wing –800 m level No. 209 mining area wind stone gate roadway is a per-
manent project, the support with “metal mesh, shotcrete, anchor bolt, anchor cable”
jointed control technology. According to the characteristics of the project, the re-
design is still in the original support on the basis using anchor cable, steel net, grout-
ing, shotcrete and anchor cable to support the roadway. The specific support parame-
ters are as follows: The roadway roof and sidewalls with full length grouting anchor
bolt lc is 2.5 m, and the row and line spacing is 0.8 m × 0.8 m; Net spray layer thick-
ness is 15cm, with concrete strength of C25; Anchor bolt made of the BHRB500 mate-
rial left-hand longitudinal bar steel mesh. The whole section hanging wire mesh and
steel ladder beam, metal mesh is 6.5 mm, grid is 100 ×100 mm, specifications for
1000 × 800 mm; Metal mesh stubs must have the anchor bolt plus steel ladder beam
which could be tightened and closed to the rock surface, the net between the length of
not less than 100 mm, reinforced ladder beam made of 12 mm diameter round steel;
Plate with the center of the prominent 200 mm × 200 mm × 10 mm. The roadway
floor adopts selfdrilling grouting anchor bolt, the length of anchor is 2.0 m, the row
and line spacing of bolt is 0.8 × 0.8 m, respectively. The reinforcing steel net spraying
layer is installed, the floor and the anchor bolt are connected into an integral whole.

3.2. SECONDARY SUPPORT PARAMETER

The roof and the sidewalls are adopted anchor cable with the length of 6 m, 7 m,
8 m and 9 m respectively. Similarly, the row and line spacing are 600 mm × 600 mm,
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800 mm × 800 mm, 1000 mm × 1000 mm and 1200 mm × 1200 mm, respectively.
Anchor cable length is 2500 mm with diameter of 17.8 mm, and the resin end anchor-
age is used. Each anchor cable using 5 volumes of model K2350 resin drugs, prestress
force should be not less than 100 KN. The anchor plate is stacked with two mats; the
specifications are 350 mm × 350 mm × 10 mm and 150 mm × 150 mm × 10 mm
square plate.

3.3. SECONDARY SUPPORT TIME

The support time, i.e., the time interval between the two supports (or the time interval
after excavation and support). In this paper, in order to indicate the macroscopic phe-
nomenon of the timing of support more visually, the release displacement is used to
illustrate this problem, which is called the support time shift displacement value da.
Because of the large pressure and loose rock mass, the deformation speed of the road-
way is faster and the deformation is larger after the excavation, therefore, the secon-
dary support time is of great important. According to experience and facilitate the
design, the displacement needs to be released from 0 to 100 mm before the completion
of the second support. In the paper, the release displacement is set as 20 mm, 40 mm,
60 mm and 80 mm respectively.

3.4. SCHEME DESIGN

According to the above support parameters, the initial support parameters are
original, and the secondary support parameters should consider the cable length la, the
inter-row spacing ea × ia and the secondary support time shift displacement value da,

Table 1. Each influencing factor and its parameter level

Scheme factors Parameter
level Number

1 6000
2 7000
3 8000Cable length la, mm

4 9000
1 600 × 600
2 800 × 800
3 1000 × 1000

Row and line space of cable
ea × ia, mm × mm

4 1200 × 1200
1 20
2 40
3 60

Secondary
support

Secondary support time
shift displacement value da, mm

4 80
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respectively. In order to minimize the calculation of the unnecessary schemes, the
orthogonal test table is adopted for the design. In the paper, three factors (i.e., the ca-
ble length la, cable row and line spacing ea × ia and secondary support time shift dis-
placement value da) should be considered its influence. According to the secondary
support parameter design, each factor should consider four levels, and the four levels
of each factor in the above design has been given, therefore, the secondary support
program design can be used orthogonal test table L16 (43), 16 calculation schemes
were obtained (parameter level is shown in Table 1). Each calculation scheme is
shown in Table 2.

Table 2. Support calculation scheme

Scheme Cable length la,
mm

Row and line space of cable ea × ia,
mm × mm

Secondary support time shift
displacement value da, mm

1 6000 600 × 600 20
2 6000 800 × 800 40
3 6000 1000 × 1000 60
4 6000 1200 × 1200 80
5 7000 600 × 600 20
6 7000 800 × 800 40
7 7000 1000 × 1000 60
8 7000 1200 × 1200 80
9 8000 600 × 600 20

10 8000 800 × 800 40
11 8000 1000 × 1000 60
12 8000 1200 × 1200 80
13 9000 600 × 600 20
14 9000 800 × 800 40
15 9000 1000 × 1000 60
16 9000 1200 × 1200 80

4. OPTIMIZATION OF SUPPORT PARAMETERS
FOR HIGH STRESS LARGE DEFORMATION ROADWAY

4.1. NUMERICAL MODEL OF ROADWAY

The size length and width is 90 m × 90 m, the width and height is 4.4 m × 3.5 m
of the roadway model. The left and right boundaries of the model are fixed X-axis
displacement constrained boundary, the lower boundary is fixed X and Y axis dis-
placement constraint boundary and the upper boundary is the stress boundary (Fig. 4),
the uniform load is applied according to the thickness of the overlying strata (840 m).
Based on the original stress results of Fenglong coal mine, the vertical stress is taken
from the geostatic stress and the lateral pressure coefficient λ is 1.2.
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Fig. 4. Numerical calculation model of roadway

Table 3 gives the boundary values for calculating the stress boundary conditions of
the model. In order to simulate the horizontal tectonic stress field, the initial stress
field of the original rock is obtained by the iterative cycle that reaches the equilibrium
state according to the given stress boundary condition and gives the gravity accelera-
tion. Besides, in the case of calculation, the disturbance stress is 1.0–1.3 times of the
stress of the original rock during mining in general. Therefore, the disturbance stress
coefficient β (disturbance stress and the ratio of the original rock stress) are 1.0, 1.2, 1.4,
respectively.

Table 3. Numerical calculation of boundary stress

Buried depth of upper
and lower boundary

(m)

Vertical stress
on the upper

and lower borders σv
(MPa)

Vertical stress on left
and right borders σH

(MPa)
Buried
depth H

(m)
Buried
depth

of upper
boundary,

H1

Buried
depth

of lower
boundary,

H2

Coefficient
of disturbance

stress
β

Vertical
stress
on the
upper

boundary
σv1

Vertical
stress on
the lower
boundary

σv2

Left and right
border upper

horizontal
stress
σH1

Left and right
border lower

horizontal
stress
σH2

1.0 19.875 22.125 23.850 26.550
1.2 23.850 26.550 28.620 31.860840 795 885
1.4 27.825 30.975 33.390 37.170

Note: the average density of overlying rock mass in roadway is 2500 kg/m3.
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4.2. CALCULATION PARAMETER

(1) Raw rock calculation parameters. Based on the roadway geological survey, it
was found that the rock mass in the roadway is basically in the class IV, the RMR
value is between 30 and 40, thus the rock parameters are listed in Table 4.

Table 4. Calculation parameters for rock mass of wind stone gate roadway
at No. 209 level of north wing –800 m level

Lithology
Bulk

density γ
(kg/m3)

Compressive
strength Rc

(MPa)

Tensile
strength Rt

(MPa)

Cohesion C
(MPa)

Internal
friction
angle φ

()

Deformation
modulus E

(GPa)

Poisson
ratio
μ

Maokou limestone
(Carbonaceous
mudstone
and mudstone)

2500 16.75 1.0 0.80 29.0 7.00 0.22

(2) Calculation parameters of roadway surrounding rock. After the surrounding
rock of the roadway has reached the yield strength, the shear strength and re-
laxation of the joint cracks not only reduce the surrounding rock strength rap-
idly, but also the volume expansion of the surrounding rock increased with the
increase of the displacement. This volume expansion and intensity weakening
effect are more pronounced for deep fractured rock mass. In order to simulate
this rock mass effect, a piecewise linear strain softening model is used in the
calculation, and the swelling effect of the rock mass is taken into account by the
dilatancy angle of the rock mass. According to the experimental study, the rock
expansion angle is 5°–20°. The plastic strain and rock mass strength parameters
of the strain softening model of the No. 209 mining area wind stone gate road-
way in the north wing –800 m level are shown in Table 5.

Table 5. Calculation parameters of post peak of roadway surrounding rock

Lithology
Bulk

density γ
(kg/m3)

Compressive
strength Rc1

(MPa)

Tensile
strength Rt1

(MPa)

Cohesion C1
(MPa)

Internal
friction
angle φ1

()

Deformation
modulus E

(GPa)

Poisson
ratio
μ

Maokou limestone
(Carbonaceous
mudstone
and mudstone)

2500 8.375 0.50 0.40 22.27 7.00 0.22

(3) Bolt and cable calculation parameters. The corresponding mechanical parame-
ters are calculated according to the diameter of the bolt, the anchorage method
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(full length anchor or end anchor) and the row and line space. The mechanical
parameters of anchor bolt, prestressed anchor cable and shotcrete layer are
given in tables 6 and 7, respectively.

Table 6. Calculated parameters of the anchor bolt and anchor cable structure

Support
structure

Diameter
(mm)

Section
area

(10–4 m2)

Mortar
compressive

strength
(MPa)

Elastic
modulus

(GPa)

Yield
strength

(kN)

Kbond
(GPa)

Sbond
(105 N)

Bolt 22 3.80 20 98.6 130.0 31.3 5.65
Cable 17.8 2.13 20 49.3 115.0 3.25 2.4

Table 7. Calculated parameters of the concrete sprayed layer

Spray layer
material

Spray layer
thickness

(m)

Section
area
(m2)

Spray layer
elastic modulus E

(GPa)

Section inertia
moment I

(m4)
Plain shotcrete 0.10 0.1 17.5 83.3 × 10–6

Metal mesh
spraying layer

0.20 0.2 21.0 666.7 × 10–6

4.3. STRENGTH EFFECT OF CABLE ANCHORAGE BODY

The anchoring effect of the anchor cable is mainly play a role to improve the carrying
capacity of the surrounding rock by the applied lateral stress, meanwhile, because the
anchorage body of the anchor cable has a high strength effect, a composite strength-
ening body is formed between the rock mass and the supporting member, which can
greatly limit the severe deformation of surrounding rock. Therefore, the anchor body
strength effect is to reduce the degree of weakening of the surrounding rock, i.e., in-
creased the residual strength of the surrounding rock. In order to quantitatively con-
sider the effect of the strength of the anchorage body, it is assumed that the effect is
proportional to the length and pre-stress of the anchor and is inversely proportional to
the product of the row and line space, whereby the support strength index ID of the
anchor cable can be defined as follows:

cc

c
T ie

lKID


 . (1)

Where, lc is the anchor cable length (m); ec and ic are the row and line space of
anchor cable respectively (m); KT is the prestressed anchor cable correction coeffi-
cient, according to experience, the following correction coefficient expression is
given:
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cc

c
T ie

QK



20
11 (2)

where, Qc is the prestress force applied by a single anchor (t), here, 14 t is taken.
The application of anchor bolt, especially pre-stressed anchor cable, which increases

the contact stress between the surrounding rocks, avoids or reduces the loose range and
increases the residual strength of the plastic zone as well. In this paper, the anchoring
effect correction parameters of the support surrounding rock are given as follows:







 

10
1

1

IDRR c
P
c , (3)







 

10
1

1

IDRR t
P
t , (4)







 

10
111

IDCC , (5)

1tg
10

1tg  





 

IDp , (6)

where, ,P
cR  ,P

tR  CP
 and 

P  are the correction parameter of compressive strength,
tensile strength, cohesive force and internal friction angle after the post-peak of
surrounding rock respectively; Rc1, Rt1, C1 and φ1 are mechanical calculation pa-
rameters for softening the surrounding rock after peak respectively as shown in
Table 6.

According to Eqs. (3)–(6), the value of the supporting strength index ID with dif-
ferent support schemes and parameters of rock strength after corresponding plastic
strain peaks are obtained, as shown in Table 8.

Table 8. Calculation parameters of rock mass modified by anchoring effect
of surrounding rock after secondary support

Scheme
Supporting

strength
index ID

Compressive
strength
(MPa)

Tensile
strength
(MPa)

Cohesion
(MPa)

Internal
friction
angle

()

Deformation
modulus

(GPa)

Poisson
ratio

1 2 3 4 5 5 6 7
1 16.70 22.36 1.33 1.07 47.55 7.00 0.22
2 9.39 16.24 0.97 0.78 38.44 7.00 0.22
3 6.00 13.40 0.80 0.64 33.24 7.00 0.22
4 4.17 11.87 0.71 0.57 30.12 7.00 0.22
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1 2 3 4 5 6 7 8
5 19.48 24.69 1.47 1.18 50.37 7.00 0.22
6 10.95 17.55 1.05 0.84 40.63 7.00 0.22
7 7.00 14.24 0.85 0.68 34.85 7.00 0.22
8 4.86 12.45 0.74 0.59 31.33 7.00 0.22
9 22.27 27.02 1.61 1.29 52.88 7.00 0.22

10 12.51 18.86 1.13 0.90 42.68 7.00 0.22
11 8.01 15.08 0.90 0.72 36.40 7.00 0.22
12 5.56 13.03 0.78 0.62 32.50 7.00 0.22
13 25.05 29.35 1.75 1.40 55.13 7.00 0.22
14 14.08 20.17 1.20 0.96 44.60 7.00 0.22
15 9.01 15.92 0.95 0.76 37.90 7.00 0.22
16 6.25 13.61 0.81 0.65 33.65 7.00 0.22

4.4. EVALUATION INDEX
OF ROADWAY STABILITY

In general, the stability of the surrounding rock is related to the stress release, it
is mainly shown in the following two points: Firstly, a certain range loose zone is
from outside to inside in the roadway. The second is the release of surrounding rock
stress and the internal stress of rock mass decrease with the development of the
loose zone of surrounding rock, however, the resistance of supporting structure is
increasing. Therefore, it can be considered that when the final bearing resistance
Rlast of the support structure is less than the ultimate resistance Rmax of the support
structure can sustain, the stability of the roadway surrounding rock is inversely pro-
portional to the maximum monitoring displacement Umax, the final convergence rate
Vc and the plastic zone range P, conversely, which directly proportional to the final
bearing resistance of the support structure Rlast and safety factor Fs. That is, the
comprehensive evaluation index of the stability of roadway engineering can be ex-
pressed as:

max

last

UPV
FRkE

c

s
s 


 , (7)

where, Es is the comprehensive score of the stability of the roadway engineering,
k is the normalization coefficient, the maximum value of the Es is 1, Rlast is the
final bearing resistance of the support structure, MPa, Umax is the maximum moni-
toring displacement of the roadway surrounding rock, m, Vc is the final conver-
gence rate of the surrounding rock, m/step, P is the plastic zone, m, Fs is the safety
factor.
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5. CALCULATION RESULT

The results obtained from the 16 schemes in Table 2 are shown in Table 9. Figure 5
illustrates the Eq. (7) available in the program’s comprehensive score value. Schemes 9,
10 and 13 have a higher combined score of 0.89, 0.77 and 1.00, respectively. There-
fore, these three schemes can be used as the best alternatives. According to the needs
of the field, schemes 9 and 10 have a relatively close score. Similarly, all the factors
including the displacement, convergence rate, plastic zone and the resistance of sup-
port structure and safety factor (i.e., all more than 1.5), all the calculation results are
relatively close, that these two programs can guarantee the stability of the roadway.
However, from an economic point of view, the No. 10 scheme can save a part of the
cost compared with the No. 9 scheme, therefore, taking into account a variety of fac-
tors, the No. 10 scheme is optimal, i.e., the cable length lc is 8000 mm, row and line
space ec × ic is 800 mm × 800 mm, initial support time displacement value of dc is
40 mm, respectively.

Table 9. Evaluation index value of each scheme

Maximum
monitoring

displacement Umax
(mm)

Final convergence
rate Vc

(mm/step)Scheme

Vault Sidewalls Floor Vault Sidewalls Floor

Final bearing
resistance

of the support
structure Rlast

(MPa)

Plastic
zone

of surrounding
rock P

(m)

Safety
factor Fs

1 216.8 221.1 227.3 2.98×10–4 3.25×10–4 3.23×10–4 13.24 6.32 1.24
2 257.1 269.1 298.4 1.78×10–4 1.17×10–4 2.23×10–4 13.12 6.58 1.21
3 317.2 338.1 341.9 1.44×10–4 1.45×10–4 1.98×10–4 12.36 6.97 1.19
4 358.1 389.4 354.1 2.97×10–4 2.80×10–4 1.88×10–4 13.18 7.21 1.17
5 208.1 211.8 217.2 2.59×10–4 2.84×10–4 2.87×10–4 11.47 5.59 1.34
6 241.9 254.3 284.6 2.64×10–4 2.89×10–4 2.01×10–4 11.97 6.12 1.31
7 298.4 321.4 321.9 1.27×10–4 2.01×10–4 1.58×10–4 10.25 7.47 1.24
8 331.6 358.3 334.7 2.04×10–4 2.41×10–4 2.18×10–4 11.11 7.01 1.19
9 195.8 204.4 207.9 2.01×10–4 2.61×10–4 2.42×10–4 11.87 4.36 1.51

10 232.0 247.2 254.4 1.92×10–4 1.97×10–4 1.84×10–4 11.05 4.87 1.53
11 274.1 303.5 297.0 2.37×10–4 2.79×10–4 1.99×10–4 9.66 5.74 1.38
12 318.9 337.5 326.4 1.25×10–4 1.94×10–4 1.35×10–4 10.93 6.23 1.34
13 167.4 189.6 184.0 2.24×10–4 2.19×10–4 2.20×10–4 10.67 4.21 1.52
14 217.8 219.6 227.7 2.92×10–4 2.87×10–4 2.64×10–4 10.49 4.41 1.57
15 249.5 273.5 254.6 2.08×10–4 2.67×10–4 2.67×10–4 9.34 4.94 1.43
16 297.3 309.2 296.9 2.44×10–4 2.83×10–4 2.68×10–4 11.38 5.58 1.36
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Fig. 5. The composite score of each calculation scheme

5.1. INFLUENCE OF DIFFERENT ANCHORING EFFECTS ON ROADWAY STABILITY

In general, the greater the support strength index ID value, the better the anchoring
effect and the smaller the deformation of the surrounding rock, in other words, the
more stable the roadway. In fact, according to the relationship between the support
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Fig. 6. The relationship between different support strength index value ID and roadway stability
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strength index ID and the roadway rock displacement value Dmax and the comprehen-
sive score Es (Fig. 6). It is found that although the deformation of the surrounding rock
was gradually smaller with the increase of the support strength, the Es value of the
comprehensive score of the roadway engineering was no longer increased or even
reduced which in a certain extent. Moreover, the stability of roadway with different
surrounding rock quality increases with the length of anchor cable, and its stability
safety coefficient is linear with the length of anchor cable. The stability of the road-
way decreases with the mining stress, and the decreasing trend is also linear.

6. ENGINEERING PRACTICE

6.1. SUPPORT SCHEME

The first support based on the original support, by contrast, the cable parameters of the
secondary support are determined by the above optimization results, i.e., the anchors ca-
bles diameter is 17.8 mm in the sidewalls and roof, the length of the cable is 8000 mm, the
row and line space is 800 mm × 800 mm, respectively.
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Fig. 7. Anchor cable support parameter
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In addition, in order to control the deformation of the floor, the row and line space
of the cable in the floor is set as 2000 mm × 1600 mm. The floor anchor cable is con-
nected by long beam channel (4.4 m) and the two cables are formed as a whole. Besides,
the floor anchor cable is arranged with an angle of 45° to the horizontal. Using resin
end anchor, and the anchor length is 2500 mm. Each anchor cable using 5 volumes of
model K2350 resin drugs, prestressing force shall be no less than 100 KN. The cable
plate is stacked with two plate, the specifications are 350 mm × 350 mm × 10 mm and
150 mm × 150 mm × 10 mm square plate respectively, the larger plate is on the small
plate, which as shown in Fig. 7.

6.2. FIELD MONITORING AND SUPPORT EFFECT

Cross section method is used to observe the deformation of the roadway and 4 moni-
toring points are arranged. The average values of the measured points as shown in Fig. 8.
After 120 days of monitoring, the average convergence value of the sidewalls is 230 mm
and the relative value of the roof to floor is 381 mm. The deformation value is within the
controllable range, and the deformation tends to be stable, at the same time, the conver-
gence rate is less than 1 mm/d at the later stage of monitoring. Therefore, through this
optimization of the support scheme can better control the roadway deformation.
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Fig. 8. Monitoring curve of roadway surrounding rock in test section

7. CONCLUSIONS

Based on the deep roadway engineering of Fenglong coal mine in Jiangxi Province,
China. Then, the mainly optimization design of the parameters for the secondary sup-
port is carried out, we can obtain the optimum support scheme. The main conclusions
are as follows:
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(1) On the basis of the original support scheme, the specific support parameters are
put forward. Meanwhile, the secondary support parameters and the secondary
support time are mainly considered. The length of the anchor cable la, the row
and line space of the anchor cable ea × ia and the displacement value of secon-
dary support time da are considered respectively.

(2) Based on the deep high stress deformation characteristics of broken expand rock,
considering the effect of crushing deformation. The piecewise linear strain-
softening model was used to obtain post-peak soften strength parameters of sur-
rounding rock. The support strength index ID concept of cable, calculation equa-
tion and corrected calculation parameters of anchorage effect are given.

(3) According to the relationship between the support strength index ID and the road-
way rock displacement value Dmax and the comprehensive score Es. Although the
deformation of the surrounding rock was gradually smaller with the increase of the
support strength, the Es value of the comprehensive score of the roadway engi-
neering was no longer increased or even reduced which in a certain extent.

(4) The engineering practice shows that under the optimized secondary support pa-
rameters, the average convergence value of the sidewalls is 230 mm and the rela-
tive value of the roof to floor is 381mm. The deformation value is within the con-
trollable range, and the deformation tends to be stable. Therefore, through this
optimization of the support program can better control the roadway deformation.

ACKNOWLEDGMENTS

This study was supported by the Open Research Foundation of Key Laboratory of Safety and High-efficiency
Coal Mining, Ministry of Education(Anhui University of Science and Technology) (JYBSYS2015201) and
National Natural Science Foundation of China (51574122, 51434006). The financial supports are greatly
appreciated.

REFERENCES

BAI J.B., HOU C.J., 2006, Control principle of surrounding rocks in deep roadway and its application,
Journal of China University of Mining and Technology, 35 (2), 145–148.

CHANG J.C., XIE G.X., 2012, Research on space-time coupling action laws of anchor-cable strength-
ening supporting for rock roadway in deep coal mine, Journal of Coal Science & Engineering, 18 (2),
113–117.

CHANG Q.L., ZHOU H.Q., LI D.W. et al., 2007, Stability Principle of Extremely Rigid Secondary Sup-
port for Soft and Broken Rock Roadway, Journal of Mining and Safety Engineering, 24 (2), 169–172.

KANG H.P., WANG J.H., LIN J., 2007, High pretension stress and intensive bolting system and its
application in deep roadways, Journal of China Coal Society, 32 (12), 1233–1238.

LI X.F., CHENG G.H., LI X.Q. et al., 2014, A Study of Soft Rock Roadway Coupling Support in Xiajing
Coal Mine, Procedia Engineering, 84, 812–817.

LI Y.M., ZHANG H., MENG X.R., 2015, Research on secondary support time of soft rock roadway,
Journal of China Coal Society, 40 (s1), 47–52.



W.J. YU, G.S. WU268

LIU H.T., LI J.Q., 2015, Research on timeliness of coordination support of bolting-mesh-shotcreting-
grouting in deep roadway, Journal of China Coal Society, 40 (10), 2347–2354.

NIU S.J., JING H.W., YANG X.X. et al., 2012, Experimental study of strength degradation law of sur-
rounding rock in fractured zone of deep roadway, Chinese Journal of Rock Mechanics and Engi-
neering, (08), 1587–1596.

WANG W.J., LI S.Q., OUYANG G.B., 2006, Study on technique and test of surrounding rock control of deep
shaft coal roadway. Chinese Journal of Rock Mechanics and Engineering, 25 (10), 2102–2107.

XIAO T.Q., BAI J.B., WANG X.Y. et al., 2011, Stability principle and control of surrounding rock in deep
coal roadway with large section and thick top-coal, Rock and Soil Mechanics, 32 (6), 1874–1880.

YANG R.S., LI Y.L., GUO D.M. et al., 2017, Failure mechanism and control technology of water-
immersed roadway in high-stress and soft rock in a deep mine, International Journal of Mining Science
and Technology, 27 (2), 245–252.

YU W.J., WANG P., DU S.H., 2014a, Deformation mechanism of high-stress and broken-expansion
surrounding rock and supporting optimization based on the gray correlation theory, Journal of
Chongqing University (English Edition), 13 (3), 99–114.

YU W.J., WANG W.J., HUANG W.Z. et al., 2014b, Deformation mechanism and rework control tech-
nology of high stress and soft rock roadway, Journal of China Coal Society, 39 (4), 614–623.

YU W.J., WANG W.J., WU G.S. et al., 2017, Three Zones and Support Technique for Large Section
Incline Shaft Crossing Goaf, Geotechnical & Geological Engineering, 1, 1–11.

YU W.J., WANG W.J., CHEN X.Y. et al., 2015, Field investigations of high-stress soft surrounding rocks
and deformation control, Journal of Rock Mechanics and Geotechnical Engineering, 7 (4), 421–433.

ZHANG G.C., HE F.L., 2015, Deformation failure mechanism of high stress deep soft roadway and its
control, Journal of Mining and Safety Engineering, 32 (4), 571–577.

ZHANG N., WANG B.G., ZHENG X.G. et al., 2010, Analysis on Grouting Reinforcement Results in
Secondary Support of Soft Rock Roadway in Kilometre Deep Mine, Coal Science and Technology,
38 (5), 34–38.

ZHAO Z.Q., MA N.J, GUO X.F. et al., 2016, Falling principle and support design of butterfly-failure
roof in large deformation mining roadways, Journal of China Coal Society, 41 (12), 2932–2939.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


