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Development and application of overburden structure composed of caving
arch and towering roof beam in deep longwall panel with thin bedrock
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Abstract: Deep coal seam with an overburden of thin bedrock and thick alluvium is affluent in Jiaozuo coalfield.
Due to the special composition of overburden roof movement is active and surface subsidence coefficient is large. Min—
ing activity is threatened by strong mining pressure and water-sand inrush accident. The fracture and water are ob—

served at the surface of mined-out area which destroys buildings and agricultural land. In order to improve

12022-08-22 12022-11-10 : DOI: 10.13225/j.cnki.jees.2022.1234
: (51934008 51904304) ; (2022YQNY13) L E
(1987—) o E-mail: zhwang1024@ 163.com -
J. 2023 48( 2) : 563-575.

WANG Zhaohui TANG Yuesong LI Meng et al.Development and application of overburden structure composed
of caving arch and towering roof beam in deep longwall panel with thin bedrock J .Journal of China Coal Socie—

ty 2023 48(2) : 563-575.



564 2023 48

ground control in such longwall panels overburden fracture development structure formation and its bearing
mechanism are analyzed by taking No. 14030 longwall panel in the second coal mine of the Zhaogu mining area as the
background. Based on the results from laboratory test theoretical analysis and field measurement the overburden de—
formation is divided into four stages including initial static slow increase quick increase and catastrophe increase sta—
ges. The overburden is stable in the first two stages. It becomes instable due to deformation localization in the third
stage and a fracture development appears due to discontinuous deformation in the last stage. Mining induced fracture
initiates in the thick alluvium propagating downward into the bedrock. Full-thick rupture of the bedrock leads to the
formation of overburden structure composed of caving arch and towering roof beam. Overburden movement is
dominated by the key stratum in the continuous stage which becomes dominated by the fracture propagation of the al—
luvium in the discontinuous stage. Fracture initiation is explained based on the deformation characteristics of the key
stratum. The energy principle is used for explaining the fracture penetration phenomenon at the bedding plane.
Full-thick shear rupture condition for the bedrock is deduced from fracture mechanics. After that the
mechanical model is established for the overburden structure composed of caving arch and towering roof beam. Load-
bearing capacity and actual load transmitted onto the caving arch are determined which reveals the structural instabili-
ty condition of the arch. Mining induced stress rotation makes overburden load be transmitted toward the skew back
of the arch which greatly improves the arch stability. Load-bearing capacity of the towering roof beam is calculated by
assigning constant normal stuffiness condition to the rupture fracture of the bedrock and moreover the support capaci—
ty necessary to keep the balance of towering roof beam is determined. Based on the bearing mechanisms of the com—
bined overburden structure a double parameter method including strength and stiffness is proposed for support design
and a flowing path identification method for water-sand inrush is also put forward. Field measurements indicate that the
support type is basically reasonable in No. 14030 longwall panel. Accurate identification of water and sand flowing
path provides an effective guidance for the parameter determination of the grouting borehole in roof strata.
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Table 1 Properties and material ratio for physical model
/kg
/(g*em™) /MPa /MPa /em kg
13 1.63 0.023 0.021 60 2.00 34.230 4.108
12 1.72 0.137 0.149 4 225 40.635 855 36.120 2.258 2.258 2.844
11 1.75 0.185 0.198 1 2.00 36.750 846 32.667 1.633 2.450 2.573
10 1.82 0.265 0.253 2 2.50 47.775 746 41.803 2.389 3.583 3.344
9 1.72 0.137 0.149 2 1.50 27.090 855 24.080 1.505 1.505 1.896
8 1.75 0.185 0.198 1 0.50 9.1875 846 8.167 0.408 0.613 0.643
7 1.72 0.137 0.149 1 2.00 36.120 855 32.107 2.007 2.007 2.528
6 1.79 0.226 0.211 2 2.00 37.380 755 32.708 2.336 2.336 2.617
5 1.75 0.185 0.198 1 2.50 45.938 846 40.833 2.042 3.063 3.216
4 1.72 0.137 0.149 12.75 49.665 855 44.147 2.759 2.759 3.477
3 1 1.68 0.108 0.995 13.25 57.330 955 51.597 2.867 2.867 4.013
2 1.72 0.137 0.149 1 2.50 45.150 855 40.133 2.508 2.508 3.161
1 1.75 0.185 0.198 1 2.00 36.750 846 32.667 1.633 2.450 2.573
13 =10:1:0.2:0.2( ) -
2( a) o . 4
DIC 2( b) 0 a
15 s o
. 5x107 c b 30s
o c a-b
3
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2

Fig.2  Overburden fracture development characteristics in deep longwall face with thin bedrock and thick alluvium
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Fig.3 Second round development of overburden fracture in deep longwall face with thin bedrock and thick alluvium
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Fig.12  Support stiffness evaluation for 14030 longwall face

N

o 19
1 r
Exz + Eyz = (15)
(15)
11
Fig.11 Reconstruction of shear plane in sand sample from 1
roof strata
12 o
14030 7Y18000/30/65D
100 0.2 m
18 000 kN 14030
. 14030 6.5 m
0.2 m 13 4
90 MN/mo
- 12 . 1
120 MN/m . 2
. 14030
1 o 3
14030
0 o 4

4.2
14030



14030

574 2023 48
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Fig.13  Identification of water and sand flowing path for 14030 longwall face
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