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Structural mechanics model and its fracture mode of variable-thickness

roof strata in large mining height stope

LU Yangbo', YAN Shaohong', ZHOU Kunyou’, WANG Yuanjie’, FU Peng', ZHANG Chenxi'

(1.School of Energy and Mining Engineering, China University of Mining and Technology-Beijing, Beijing 100083, China; 2. School of Mining Engineering,
Anhui University of Science and Technology, Huainan 232001, China; 3. CCTEG Coal Mining Research Institute, Beijing 100013, China)
Abstract: Understanding the fracture movement laws of rock strata plays an important role in the control of mine pressure and the preven-
tion and control of dynamic disasters such as strong mine seismic events in stope. The fracture modes of thin rock strata and thick rock
strata are obviously different, and in the production practice, due to the complexity of geological conditions, rock strata thickness often dis-
plays “variable-thickness” characteristics. To systematically analyze fracture modes under varying thickness conditions, this study estab-
lished a structure mechanical model of variable-thickness roof strata in the stope based on the geological setting of 30202 longwall face in
Muduchaideng Coal Mine, and the influence mechanism of factors such as strata thickness gradient, unsupported span length, and mechan-
ical strength on fracture modes were investigated, revealing the mechanical principles governing different fracture behaviors. The results
show that with the thickness gradient increase, the dominant stress acting on the strata transitions from tensile stress to shear stress, shift-
ing the fracture mode from “tensile fracture” to “shear fracture”, and the unsupported span length of rock strata shows an increase with the

increase of tensile strength and shear strength of rock strata, and shows different growth trends under different thickness gradients. Com-
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bined with the numerical simulation test, it is obtained that under the geological conditions of 30202 longwall face, the critical thickness of

the rock strata in which the fracture mode of the thick and hard rock strata evolves from “tensile fracture” to “shear fracture” is 16.5 m,

which reveals the different of fracture mode of rock strata with different thickness under specific geological conditions. Based on the re-

sponse law of the seismic source fracture mechanism and the structure formed by the fracture of thick and hard rock strata, it is verified

that the fracture modes of rock strata with different thicknesses are different. At the same time, based on the correlation between the on-site

microseismic monitoring data and the structure formed by the fracture of thick and hard rock strata, through the inversion analysis of the

whole process of overburden structure evolution and mine earthquake activity under thick and hard rock strata, the relationship between

different fracture modes of rock strata and energy release is clarified. The research results can provide theoretical and technical support for

the prevention and control of dynamic disasters.

Key words: variable-thickness roof strata; structural mechanics model; fracture modes; microseismic events; energy release
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Fig.4 Structural mechanics model of variable-thickness roof strata in stope
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Table 1 Physical and mechanical parameters of coal and rock mass in 30202 longwall face

b I /(kg + m™) PLRI3 I /MPa L9758 /MPa HAPEA A/ GPa B % J1/MPa PYEEEEA11/(°)
MRS 2440 0.90 2.19 5.35 226 35
Hohrb 2450 0.82 227 5.41 226 27
YRt 2500 0.90 2.19 5.35 0.78 31

Wb 2 400 1.16 3.92 11.90 224 35

e 2100 0.77 2.84 6.65 2.00 26

H 1330 0.59 0.92 2.11 2.30 28
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Fig.6  Stress cloud diagram of constant-thickness rock strata
under different advancing distances
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Fig.10 Relationship curves between rock thickness gradient

and stress under same advancing distances
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Fig.11 Relationship curves between rock stress and unsuppor-

ted span length of rock strata under same thickness gradient
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Fig.12 Relationship curves between tensile strength and

unsupported span length of rock strata
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Table 2 Physical and mechanical parameters of joints in

numerical model

g IR BIUIRIE, MR BRI BUhsm

GPa GPa (°) MPa MPa

HUBEM S 065 0.43 36.94 1.01 0.42
PoRibE  0.83 0.61 32.85 0.56 0.43
Eir R 0.87 0.65 32.85 0.53 0.41
Wb 1.10 0.66 40.00 1.65 0.40
s 0.66 0.50 34.96 1.00 0.21
I 0.29 0.25 33.00 0.07 0.03

#E 30 m B AR LS T UL RS B I L, I
KAEJE T AR 2 DX P 3t BESK BLAEIR X, (IR IX
SR DI e SR AR, s SRR R A R, T
VR A UUAIRS /N [ R T 1R B B ), A2

s mo v

-030 g
‘ o -0.45 3
: ey -0.60 =
i Sl L
SR ; l*0.90

itz YR X
(a) #EH30 m

mokhi i mueor 000
il -2.0

[
.
25

2% /m

M= E W X
(b) S0 m

BGK R AR BT DA AR I—O.S
Doe Moo

Y
SR el

e N 55 £
o | 00 2
N5
(DR AN YA X
(c) 80 m
e U
oy BT
““““ X 35 5
50 =
6.5
it s S0 N7
i =K HAPEX
(d) #E3E90 m
---------------- - g 0.5
i e 70
o DT :

i N
G o
S WD

{7 /m

k%= PEIX
(e) #E#120 m

15 RETREEHBERITHER
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