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A Study on Dual-Load-Zone Model of Overlying Strata and
Evolution Law of Mining Stress

Yuejin Zhou® ", Mingpeng Lit, Xiaoding Xu' and Meng L.i*

Abstract: The changeable structure and movement law of overlying strata are the main
contributor to the change of mining stress. Starting from the relevant theory of key
stratum and particularly based on the theory of mine ground pressure and strata control,
this research proposed a new solution to mining stress problems by establishing a
dual-load-zone stratum structural model. Elastic foundation beam theory was used to
solve the stress of overlying strata of the dual-load-zones with superposition method,
which revised the traditional calculation method of mining stress. The abnormal increase
of lead abutment pressure in the mining area was explained effectively, through which the
evolution law of mining stress in the case of hard rock was obtained. The results indicate
that mining stress experiences a drastic change within the range of 50 m ahead of the coal
wall due to the collapse of main roof; under the influence of main key stratum and
inferior key strata, the influence range of lead abutment pressure is extended up to
approximately 120 m in the working face; this remarkable increase can be attributed to
the excessive length of sagging zone. Results from both the dual-load-zone model
experiment and field measurement demonstrate high consistency. The model can predict
the influence range of abutment pressure effectively and thus guide the safety production
of mining.

Keywords: Overlying strata structure, dual-load-zone, mining stress, evolution law.

1 Introduction

Numerous studies and explorations have been conducted on the distribution of abutment
pressure in the stope by both domestic and foreign scholars [Qian, Shi and Xu (2010);
Jiang (1993); Liu, Jiang and Zhu (2015); Meng (2016)]. In terms of theoretical studies,
three theories are mainly employed, namely, limit equilibrium theory, synthetic angle of
draw, and elastic foundation beam. For example, Hu, Fan and Wang [Hu (2014)]
calculated the limit equilibrium area and elastic area in the front of the stope by means of
limit equilibrium theory; on this basis they also analyzed the distribution of abutment
pressure in the working face with large mining height and the main influence factors.
Based on the analysis of the five phases of abutment pressure formation, Song, Lu and
Xia [Song (2006)] established the structural mechanical model of abutment pressure. Li
[Li (2005)] maintained that the abutment pressure on the working face is composed of
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two parts: Stress of primary rock and concentrated mining stress. The former is constant
abutment pressure while the latter is caused by the periodic failure of main roof and
directly related with the range and extent of the damage on main roof. These studies
illustrated the change of mining stress to some degree, but failed to consider the influence
of key stratum in the overlying strata on abutment pressure. Particularly, when a main key
stratum does exist and is relatively far from the coal seam, these studies could not explain
the abnormal lead mining stress in working face. Therefore, this research, based on the
previous studies and with No. 8 mine of Pingdingshan Coal Group Co. Ltd. as a case
study, established the calculation model of abutment pressure under the influence of main
key stratum by means of key stratum theory and elastic foundation beam theory. The
purpose of this research was to provide new thinking and methods for solving abutment
pressure in mining area.

2 The discrimination of key stratum
2.1 General information of the working face

The 14200 working face of Ding-4 mining area in No. 8 mine of Pingdingshan Coal
Group Co. Ltd. is situated in the second level of the mine. Its main coal seam is Ding 5-6,
with an average thickness of 2 m. The working face is 175 m long, and its strike length is
1706 m. With a mining height of 2 m, the working face is advanced eastward from the
west. The mining of the 14180 working face located to the south has been completed. Fig.
1 shows the diagram of the working face. The working face is developed by
fully-mechanized mining method, and the roof is maintained by caving method. The
immediate roof of the coal seam is sandy mudstone in general; some part of it has a layer
of carbonaceous mudstone as local false roof whose thickness is 0-0.2 m; some part of
the immediate roof is fine sandstone which contains Ding 4 coal. The immediate floor of
the coal seam is sandy mudstone, and the main floor is sandy mudstone and banding
fine-medium sandstone, whose lithology is shown in Tab. 1.
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Figure 1: General information of the working face
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2.2 The discriminant method of key stratum

With the mining of the working face, the immediate roof falls. As the mining distance
increases, the fracture of the overlying key stratum occurs consequently. To study the
displacement and movement laws of key stratum as well as its influence on the
surrounding rock, the primary task is to locate the key stratum. According to the five
characteristics of key stratum, two determining conditions can be obtained [Qian (2003);
Liang (2017); Sun and Miao (2017)].

According to the deformation characteristic of key stratum, the first determining
condition for deformation can be expressed as:

ql\n+l < ql\n (1)
where ql‘nﬂ denotes the load (kPa) on the first stratum when calculating the n+1th

stratum; and ql‘ndenotes the load (kPa) on the first stratum when calculating the nth
stratum.

According to the fracture characteristic of key stratum, the second determining condition
for intensity can be expressed as follows:

>l )

n+1

Where |, denotes the fracture moment (m) of the first stratum, and |, denotes the
fracture moment (m) of the n+1th stratum.

According to the determining condition for intensity, when the fracture moment satisfies
the above formula, the first stratum is inferior key stratum; if it does not, the action of the
n+1th stratum as well as its controlling stratum on the nth stratum should be recalculated.

2.3 The discrimination of key stratum in the working face

When discriminating key stratum, the load on every stratum should be calculated first to

locate the hard strata. The calculation formula is as follows:
_ Eihi3 (7/ihi +¥ialhg o+ Vinhi, )
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where qi‘n denotes the load on the ith stratum (kPa) when calculating the nth stratum; E;
denotes the modulus of elasticity of the ith stratum (GPa); ¥;denotes the unit weight of
the ith stratum (kN/m?); and h, denotes the thickness of the ith stratum (m)

After confirming the location of each hard stratum, it is necessary to confirm whether the
hard stratum is key stratum according to the determining condition for intensity. The
fracture moment of hard strata can be calculated by the following equation:
20,
Li =T — (4)
Q;



394  Copyright © 2019 Tech Science Press CMC, vol.58, no.2, pp.391-407, 2019

where N, denotes the thickness of the stratum (m); 0O, denotes the compressive strength
(MPa); and (Q; denotes the load on the stratum (kPa).

According to the actual geological conditions of the 14200 working face and its
composite histogram, the location of the overlying key stratum is calculated. The
discriminant results are shown in Tab. 1.

Tablel: Discriminant result of key stratum

Compressive Position Position

S/N 1:;;: Thlc;nk;less eg/ls (:il:tlu/sé)lf strength BE)EI}\} /foﬂc)e/ of hard of key
yhra /MPa m rock stratum
R-16 mSsd 2.0 374 58.3 25
R-15 mdst 4.0 7.5 36.7 23
R-14  mSsd 31.0 374 583 25 3rd layer hg;z:ul;‘;y
R-13  sdy mdst 4.2 15.8 32.0 24
R-12  sdy mdst 5.0 15.8 32.0 24
R-11 mSsd 4.8 374 58.3 25
inferior
R-10  sdy mdst 15.5 15.8 32.0 24 2nd layer  key strata
11
R-9 mSsd 2.5 374 583 25
R-8 mdst 7.4 7.5 36.7 23
R-7 mSsd 4.6 37.4 58.3 25
R-6 mdst 8.0 15.8 32.0 24
R-5 mdst 3.5 7.5 36.7 23
R-4 mSsd 5.0 374 58.3 25
R-3 mdst 8.5 7.5 36.7 23
inferior
R-2 mSsd 8.0 37.4 58.3 25 Istlayer  key strata
1
R-1 sdy mdst 6.0 15.8 32.0 24
coal ~ Dingsec 2.0 2.6 17.5 14
oal

3 The calculation of abutment pressure under the influence of main key stratum

The main key stratum has a remarkable influence on the distribution of abutment pressure
on the working face, which is mainly manifested in the increase of peak value, the
enlargement of influence range and so on [Wang (2015); Xie and Xu (2017); Zhang,
Zhang, Han et al. (2014); Ren and Ning (2014); Liu, Jiang, Wang et al. (2011); Li, He, Yan
et al. (2012)]. Based on the actual geological conditions of the 14200 working face, a
calculation model of abutment pressure under the influence of main key stratum was
established in this study. Through this calculation model, the influence of main key
stratum on the distribution of abutment pressure was analyzed.
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3.1 The calculation model of abutment pressure

In light of the actual situation of the 14200 working face after the collapse of overlying
strata, a dual-zone calculation model of abutment pressure under the influence of main
key stratum was established As is shown in Fig. 2, the abutment pressure under the
influence of main key stratum is divided into two parts: abutment pressure caused by
sagging zone, and abutment pressure caused by fractured zone. The main key stratum and
its overlying strata can be taken as sagging zone. The strata in this zone can be seen as an
infinite elastic foundation beam, whose bending causes abutment pressure below main
key stratum. The rock mass of fractured zone can be seen as a semi-infinite elastic
foundation beam. After the fracture of the strata in fractured zone, the fractured stratum
above the goaf exerts additional load and bending action on the unfractured rock mass at
the corresponding position above the coal body. Under the joint effect of additional load
and bending moment, the rock mass of fractured zone exerts abutment pressure on the
corresponding rock mass below. The abutment pressure caused by main roof in the coal
seam can be calculated in the same way. It is important to note that this calculation model
divides the abutment pressure into two parts: stress of primary rock and abutment
pressure caused by the strata displacement after mining. In this study, the former is
excluded when calculating. In other words, only the latter (the increase volume of
abutment pressure after mining) is calculated. However, for the sake of convenient
expression, it is still called as abutment pressure.

sagging zone

fractured zone

caved zone

o, -abutment pressure caused by sagging zone; O -abutment pressure caused by

fractured zone; o, -abutment pressure caused by caved zone

Figure 2: The calculation model of lead abutment pressure

3.2 The analysis of abutment pressure in the two zones
3.2.1 The abutment pressure formed below sagging zone

The bend of rock mass in sagging zone causes abutment pressure on the rock mass below.
Suppose that main key stratum is an infinite elastic foundation beam, and then the
abutment pressure caused by the bend of the beam can be calculated. The abutment
pressure is transferred downward to the coal seam, so it can be taken as the abutment
pressure caused by the rock body in sagging zone. The calculation model of abutment
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pressure in sagging zone is shown in Fig. 3.
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Figure 3: The calculation model of abutment pressure in sagging zone

As is shown in Fig. 3, the direction of coal wall is set as the direction of y axis; the load
on the stratum above main key stratum is set as being equivalent to uniform load 0. The

displacement curve below main key stratum is y(x) . Under the action of {, the beam

bending above the coal wall is Y,. The rock mass below main key stratum can be

considered as elastic medium which complies with Winkler’s elastic foundation
hypothesis. The composite foundation coefficient of the rock mass between main key

stratum and goaf is K, and that of the rock mass between main key stratum and coal wall
isk, . With these parameters, the elastic foundation beam model can be established.

(1) The displacement curve of main key stratum above goaf

According to elastic foundation hypothesis [18-21], the relation between the pressure of
sagging zone upon the composite foundation and the corresponding subsidence can be
shown as follows:

p=—ky ©)
where P denotes the pressure of sagging zone upon the composite foundation; K denotes
the coefficient of composite foundation; and Y refers to the subsidence of the composite
foundation.
As for the sagging zone above the goaf, the differential equation of the bending
deformation of main key stratum can be expressed as follows:
d'y
| —=q-k (y- (6)
o —a-k(y=Y)

E

Where K, denotes the composite foundation coefficient of rock mass between goaf and
main key stratum; EI denotes the bending stiffness of the beam.

Through this equation, the displacement curve of main key stratum above goaf can be
obtained and shown as Eq. (7):
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y:k&+ Yo +€“*(C,sinayx+C, cosax) ()

1
According to the above equation, the rotation, bending moment, and shear of the main
key stratum above goaf can be expressed as follows:

6, = % = a6 [(C,—C,)sineyx+(C, +C, ) cosayx |
d2y 2 A0nX H
Ml:d—:Zozl e™(C,cosx—C, sin e x) (8)

X2

3
Q= % = 2a,%e""| (C, ~C,)cos ayx—(C; +C, )sin a1X:|

(2) The displacement curve of main key stratum above coal wall

For the infinite elastic foundation beam, the influence of axial force on the beam bending
can be ignored. The differential equation of the bending deformation of main key stratum
above coal wall (x>0) can be expressed as follows:

d*y
El e =q-k,y ©)

Where K, denotes the composite foundation coefficient of rock mass between coal wall

and main key stratum; EI denotes the bending stiffness of the beam.
Through this equation, the displacement curve of the main key stratum above coal wall
can be obtained and shown as Eq. (10):

y=&+e*“zx(cssin a,X+Cg Cosa,X) (10)

k2
According to the above equation, the rotation, bending moment, and shear of the main
key stratum above goaf can be expressed as follows:

d —a,X 1
0, zd_i = a6 [(C; —C, ) cos ar,x—(Cy + Cy )sin X |

2
M, :%: 2a,,"e"“ (C4 cos a,x — Cg sin a,X) (11)
d’y
Q, = - 20,% [ (C, —C; )sina,X—(Cy +C; ) cOS X |

(3) The displacement curve of main key stratum

The following is the boundary conditions for the mechanical model established:
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Y=Y, x=0
6=6, x=0

12
M, =M,,x=0 12
Q=Q, x=0

After obtaining relevant coefficients, the displacement curve of main key stratum without
considering the action of self-weight can be expressed as follows:

2 2
o ta a,—a, .
qx1—2+&e““£#smalx—cos%xj x<0

K, azz K, a+a,

y= 5 (13)
)& goe coso:zx—Oll_OK2 sina, X x>0
k,\ &, o ta,

(4) The abutment pressure formed below sagging zone

Based on the elastic foundation beam model, substitute Eq. (13) into Eq. (5), and then the
abutment pressure formed below sagging zone can be expressed by the following
equation:

2

k, [ @ - o —a, .

o, =0q-2| = | e""| cosa,Xx———=2sin a,X (14)
k \ o, o, +a,

3.2.2 The abutment pressure formed below fractured zone

Since there are many strata in fractured zone, they can be divided into many strata groups
according to the change of their respective bending stiffness. Calculate the additional
load and bending moment of every strata group on the stratum above coal wall and add
up the abutment pressure of every strata group, and then the abutment pressure caused by
fractured zone in the coal wall can be obtained. Take the ith strata group of fractured zone
as an example. The additional load and bending moment exerted on the coal wall after its
fracture can be expressed as follows:

P =yHLK; (15)
M; :%7HiLi2Ki (16)

Where H; denotes the thickness of the stratum in fractured zone; L; denotes the
stratum length; K; represents the coefficient of stratum in state of motion. When the
stratum is in a state of suspension, K;=1; when the initial fracture of the stratum occurs,

K;=0.5; when the periodic fracture occurs, K;=0.25-0.3.

Under the action of additional load and bending moment, the abutment pressure on the
corresponding position above the coal wall can be expressed as the following equation:
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o =286 [ R cos fx—BM (cos Bx—sin Ax) | (17)

1/4
. ) k.
Where ﬂi denotes stress attenuation coefficient and £ =[E ; ki denotes the
ili

coefficient of composite foundation between the stratum of fractured zone and that of
coal seam; E;l, denotes the bending stiffness of bearing stratum in fractured zone.

The abutment pressure formed in every strata group can be calculated by Eq. (17), so is
the abutment pressure formed below main roof. Since the immediate roof is located
within the roof-control area, its influence on abutment pressure is relatively small and
thus can be ignored.

3.2.3 The analytical solution of lead abutment pressure in the working face

Through the above calculation, the abutment pressure can be obtained that is caused by
flexural subsidence or additional load and bending moment. The pressure is formed in the
bottom of every strata group. When transferred toward the coal body in the front of
working face, this abutment pressure can be taken as the abutment pressure formed in the
coal body. With reference to the solution to the plane problems as to the action of
concentrated force on semi-infinite body in elasticity theory, a calculation model of
vertical stress formed by triangular-zonal load in a semi elastomer can be established, as
is shown in Fig. 4.

Pim
X /m‘!wo
0,
vy

a(x.y)

Figure 4: The calculation model of abutment pressure transferring

Let the abutment pressure formed in every stratum be equivalent to triangular zonal load
and represent its peak value and distribution width with P, and Ly, respectively. After

converting the calculation model into rectangular coordinates, the abutment pressure
caused by the ith stratum group in the coal seam can be obtained through the following
equation:
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X’ (X ~ LDi )2
2 2 2 >
Py | XY (x—La) +y
%= 2L (18)
i X—Lp X X—L.. X X — L.
— =0} arctan — —arctan ——2 + — y - ( D;)y :
Y y y XTHY" (x=Ly) +y
(1) The analytical solution of abutment pressure in sagging zone

The peak value and influence range of the abutment pressure formed in sagging zone can
be expressed as:

q 0‘12 a,—a, k2 arctan 22
(24
Pbm:/ I DR K 1
a +a
. 1 , 2 1T 1 (19)
o +a
L, = —arctan—+—=
a, o, —

Combine Egs. (18) and (19), and then the analytical solution of abutment pressure caused
by sagging zone can be obtained and expressed as the following equation:

q O(Z a. —a k arctan 2
S22 Tlg +a |2e My

2
Jai+a,t o \a+ay K,
o 1 o +a,
7 —arctan—+—2%
a, a,—a,
_ : , 1 i
ot a,+a
) X—-—arctan -2 X ——arctan -1~ %2
X &, a0 a, a,—a
2 2 2 - .
Xty 1 o +a, 2 y
X——arctan—1—2 | +y
a, a, -
1 a+a 1 o +a
X —-—arctan —1—=2 X —-—arctan —1—2 |y
X (94 o, — Q. X o o, —
arctan — —arctan 2 2 14— y - 2 2 L
y y X4y 1 o +a, ,
X——arctan—1—2 | +y
a, o, —0y

(2) The analytical solution of abutment pressure in fractured zone
The peak value and influence range of the abutment pressure caused by the ith stratum
group can be obtained through the following equation:
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P2 +28°M.>—28PM, —arctan—”'“ﬁ;‘e
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LDfi :iarctanw

fim —

Combine Egs. (18) and (21), and then the analytical solution of abutment pressure caused
by the ith stratum group in the coal seam can be obtained and expressed as the following
equation:

+2 M2 2 P|\/| falrctanzl”L.i_Pi
253 A B Yy
(xy)= \/P2 +(28M,-PY’
O X, y — %
ﬂiarctanM
2 -
- arctan A2 =E x— L arctan AMi =P
X2 3 B BM, B M,
X2+y2 [ ﬁM j 2 y
X——arctan +y
B BM,
iVl 1 M. — P
X—iarctanm x——arctan'B'i' y
X i i i Xy ﬁl IMI
arctan ——arctan +— - 2
y y X2 +y [ 1 ﬂ_M__p] ]
X——arctan=—— | +y
i b BM,

(22)

3.2.4 The analysis of lead abutment pressure law in the working face

After deducing the calculation formulas for the analytical solution of abutment pressure
formed in every strata group in the working face, a calculation model of lead abutment
pressure in 14200 working face can be established according to the discriminant results
of key stratum (shown in Fig. 5). Group 1 extends from inferior key strata 2 to the rock
mass below main key stratum; Group 2 extends from inferior key strata 1 (main roof) to
the rock mass below inferior key strata 2; and the rock body of and above main key
stratum (sagging zone) can be seen as another group.
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_ sagging zone
Group 1
inferior key strata.

fractured zone

’ caved zone

Figure 5: The calculation model of lead abutment pressure in 14200 working face

After calculating the peak value and distribution width of abutment pressure formed
below every strata group and giving full consideration to the actual distance between
every strata group and coal wall, the calculation results are substituted into Egs. (20) and
(22) respectively. Then the abutment pressure caused by every strata group in coal wall
can be obtained. By means of the software “origin”, numerical fitting is conducted,
whose results are shown in Fig. 6.

18 |-
L SRR abutment pressure of sagging zone
16 |- - - - -abutment pressure of group 2 strata
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Figure 6: The abutment pressure in strata

Note: The abutment pressure in the Figure refers to the increase of abutment pressure
caused by every strata group of the three zones in coal wall and does not include stress of
primary rock
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It can be known from Fig. 6 that the increase of abutment pressure is composed of three parts:
abutment pressure caused by sagging zone, abutment pressure caused by Group 1 Strata, and
abutment pressure caused by Group 2 Strata. Abutment pressure caused by Group 1 Strata
has a noticeable influence on stress concentration near the coal wall and decides the
concentration coefficient of lead abutment pressure. This is mainly because the main roof is
relatively close to coal seam and its periodic weighting has a remarkable influence on lead
abutment pressure, but meanwhile the range of this influence is relatively short, no farther
than 40m ahead of coal wall. Group 2 Strata is composed of inferior key stratum and the
strata under its control. Since it is farther away from coal wall than Group 1 Strata, the
increase of abutment pressure is comparatively sharper within the range of 0-50 m; it
appears relatively mild within the range of 50-100 m, but still greater than the increase
caused by Group 1 Strata. This is mainly because the fracture moment of inferior key
stratum 2 is larger than that of main roof, thus having a greater influence on lead abutment
pressure in coal seam. Sagging zone mainly covers the rock body of and above main key
stratum which is relatively far from the coal seam. The distribution of abutment pressure in
this zone indicates that although the peak value is not high, its rate of attenuation is relatively
low. In other words, the range of its influence is comparatively long, reaching approximately
120 m. Since main key stratum does not break, the range of bending is relatively large and
abutment pressure experiences an increase of different degrees deep in the coal seam. This in
turn enlarges the influence range of lead abutment pressure directly.

Generally speaking, the distribution of lead abutment pressure under the influence of
main key stratum is different from the case in ordinary working face. The difference
mainly lies in the influence range of lead abutment pressure. The calculation results of
this model indicate that Group 1 strata mainly influence the abutment pressure within the
range of 40 m ahead of coal wall. This abutment pressure, integrated with the pressure
near the peak value of Group 2 strata, exerts drastic influence on lead abutment pressure
which mainly occurs within the range of 50 m ahead of coal wall. The abutment pressure
caused by sagging zone and Group 2 strata leads to the rise of abutment pressure to
various extents in the coal body beyond the range of 50m ahead of coal wall. In this case,
the influence range of lead abutment pressure can be extended even up to approximately
120m. This justifies the noticeable enlargement of influence range of lead abutment
pressure under the influence of main key stratum.

4 Field measurement
4.1 Survey equipment and scheme

A mining monitoring system was used to survey the lead abutment pressure in the 14200
working face. To be specific, this system is composed of PZY-60 expansion pressure
converter, YHY 60 mining Intrinsic-safety pressure gauge, and a bolt-cable pressure recorder
(data collector). YHY 60 mining Intrinsic-safety pressure gauge can automatically record and
store pressure data in the pressure converter all day long. In this case, the technicians do not
have to record the data in the mine in person every day. They can use a portable data
collector to collect the data in the pressure gauge at certain intervals. Then the data can be
input into computers and processed with professional software. After calculation and
analysis, the distribution of lead abutment pressure in the working face can be obtained.
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During the mining of 14200 working face of Ding-4 mining area, a survey station was set
up in the wind road. The station was 160m away from the current mining position and
had two survey sites. The horizontal distance between the two survey sites was
approximately 1m. The drilling depths of No. 1 and No. 2 site were 10 m and 15 m,
respectively. All the drill holes were 1 m higher than the floor and arranged in the coal
body parallel to the floor, as is shown in Fig. 7.

Figure 7: The plane graph of survey sites

4.2 Survey results and analysis

The pressure data were collected with data collector and input into computer. By means
of drawing software, the distribution of abutment pressure in the mining process was
drawn as follows:

35 -
—=— survey site 1

—e— survey site 2

30

25 |

20

abutment pressure/MPa

\.‘1\.

15

10 1 1 1 1 1 1 1 ]
0 20 40 60 80 100 120 140 160

distance from working face/m
Figure 8: The distribution of abutment pressure in working face
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From the above figure it can be seen that when the two survey sites are 160 m away from
the working face, the abutment pressure is approximately 15.8 MPa, quite close to the
primary rock stress. With the advancement of mining position, the abutment pressure
increases mildly. When the distance between the mining position and survey sites is
approximately 120 m, the abutment pressure begins to increase faster than before and
reaches to approximately 16.7 MPa. When the distance between the mining position and
survey sites is approximately 100 m, the abutment pressure witnesses a sharp increase,
indicating that the survey sites are within the range of noticeable influence. When the
distance between the mining position and survey sites is approximately 19 m, the
abutment pressure reaches the peak value. At No. 1 survey site, the peak value is 32.5
MPa; at No. 2 survey site the peak value is 34.2 MPa. After the peak value, the abutment
pressure drops rapidly. When the distance between the mining position and survey sites is
approximately 3 m, the abutment pressure at the two survey sites is 14.2 MPa and 12.1
MPa, respectively.

The above analysis indicates that the peak value of abutment pressure in the 14200
working face appears at the location which is 19 m ahead of the current mining position.
The stress concentration coefficient reaches up to 2.28. The overall influence range of
lead abutment pressure extends to 120 m and the range of noticeable influence reaches up
to 100 m. The results of field measurement are consistent with those of theoretical
calculation.

5 Conclusion

(1) Based on key stratum theory and elastic foundation beam theory, this research
established a structural model of lead abutment pressure under the influence of main key
stratum. The abutment pressure on the rock mass below caused by sagging zone and
fractured zone was calculated respectively. Then the analytical solution of lead abutment
pressure in the working face under the influence of main key stratum was obtained with
superposition method. Meanwhile the law of lead abutment pressure was analyzed.

(2) With the mining conditions of the 14200 working face in Ding-4 mining area as the
background, this research calculated the distribution law of lead abutment pressure by
means of the model established. The results indicate that the overall influence range of
lead abutment pressure extends up to 120 m under the influence of main key stratum; the
range of noticeable influence also extends up to 100 m. The results are highly consistent
with the survey of mine pressure and verify the accuracy of the calculation model
established.
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