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Abstract; In order to deeply study the surface movement law during mining under a thick loose layer,
taking the Heze mining area in Shandong Province as an example and based on the field measurements of
surface deformation, 12 numerical models were established using FLAC3D at different thickness ratios of
the loose layer to the bedrock (hereinafter referred to as the loose-to-base ratios) ranging from 0.25 to
5.00. The surface deformation parameters were obtained, analyses were carried out on the stress of the
overlying rock and the characteristics of surface deformation, and studies were conducted on the variation
law of the surface deformation parameters. The results are as follows: (1) The surface subsidence
coefficient is relatively large and the surface subsidence response is rapid because of the combined
influence of the thick loose layer and the aquifer subsidence caused by water loss. The starting distance is
0.2H ( H represents the average depth). The recession characteristics of the boundary area of the
subsidence basin are obvious, and expand rapidly first and then slow down until finally converging.

(2) When the mining depth remains constant, as the loose-to-base ratio keeps rising, the subsidence
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coefficient initially goes up and then declines. The horizontal movement coefficient first increases,

subsequently decreases, and ultimately becomes stable. The tangent of the main influence angle also shows

an upward-then-downward trend. Tt is found that when the loose-to-base ratio ranges from 1. 50 to 2. 00, the

surface deformation attains its peak value. (3) Above the center of the goaf, the failure of the overlying rock

is mainly tensile failure. As the loose-to-base ratio increases, the tensile stress first increases and then

decreases. Above the boundary of the goaf, it is affected by both tensile and compressive stresses. The

compressive stresses on both sides of the goaf decrease as the loose-to-base ratio increases.
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Tab.1 Surface deformation parameters for Workface 3301
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Fig. 3 Dynamic subsidence curves along the workface orientation
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Tab. 2 Surface deformation parameters under general loose layer thickness conditions during mining

TAEm FRE/m INBUZEE/m HWRTIR g KPEBFRE D FERWMIEY ang FREMEREM/(°)
MPGH 2331 280 55 0.61 0.30 1.51 82
K ERT 3313 116 48 0.77 0.28 1.54 78

BH 325 186 90 0.93 0.32 1. 60 76
A 3213 120 76 0. 87 0.29 1.50 81
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Fig. 5 Numerical simulation model
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Tab. 3 Mechanical and physical properties of coal and rock formations

i JERE TRFRR B Sy G W] Brhise g A BE AT I
/m /GPa /GPa /MPa /MPa /(°) /(kg+m™)
N 500 0. 057 0. 65 0.12 0.02 18 2 000
b 28 9.350 2.30 3.52 2. 60 30 2750
4-YIbA 26 9.260 2.25 3.50 2.50 28 2250
bibas 36 9. 480 1.10 3.50 3.10 38 2 500
3-ARbE 26 9.420 2.23 2.25 2. 00 30 2 250
3-E 15 9.200 1. 60 2. 60 3.30 30 2 450
2-4HRb A 29 9. 580 2.50 2.50 2.20 32 2270
2-JA 56 9. 400 1.00 1.20 3.50 36 2 400
1- 41 17 9.240 2.23 2.13 8.00 30 2 300
LM 19 9. 120 2.30 2.25 9.10 30 2300
ot 6 0. 460 0. 87 2.00 2.00 25 1 500
1-Je % 36 9. 160 2.12 1.25 2.50 37 2 400
Wb 17 9.320 2.10 2.60 2.40 32 2300
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Tab. 4 Simulated parameters of surface deformation at

different loose-to-base ratios

R iﬂ%f?ﬁ 7J<3F”$Zijj i??ﬁﬂﬁﬂ
ES g Ay MIEY) tang
1 0.25 0. 985 0.41 1.19
2 0.50 1. 061 0. 44 1.38
3 0.75 1. 086 0.45 1.42
4 1.00 1. 096 0. 47 1.45
5 1.50 1. 116 0.48 1.49
6 2.00 1. 133 0.45 1.32
7 2.50 1.126 0.45 1.28
8 3.00 1.123 0. 44 1.26
9 3.50 1.113 0. 44 1.22
10 4.00 1. 106 0.43 1.19
11 4.50 1. 101 0.43 1. 16
12 5.00 1. 096 0.43 1.12
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Tab. 5 Measured surface deformation parameters at different workfaces

TAEm mEE  BEEE/m RE/m WETUIERE KEREHEE D TFERIAMIEY
TR 1308 3.00 3.0 765 1.032 0.40 1.35
AL 2301 2.50 3.1 780 1. 081 0.41 1.32
TR 4305 2. 00 2.8 775 1.162 0. 40 1.36
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Fig. 11 Stress distribution in the rock and soil formations
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