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Multi-factor analysis of roof subsidence of paste filling face

based on response surface method
SUN Guoqing, NING Jianguo, DU Minghao, YAN Ruyu, ZHANG Zhi
(College of Energy and Mining Engineering, Shandong University of Science and Technology,
Qingdao, Shandong 266590, China)

Abstract; Based on the experimental design and data analysis of response surface method, the roof subsidence law of
paste {illing face under different filling body stiffness, top coal stiffness, support stiffness and filling body strength
was first simulated by using the finite difference software UDEC. Then, the influence of single factor and multi-
factor interaction on the roof stability of paste filling face and its causes were analyzed. The results show that the
influence degree of the single factor on the roof overburden movement of paste filling face is as follows: Top coal
stiffness™filling stiffness>>filling strength™ support stiffness. The influence of natural factors (top coal stiffness)
on the roof subsidence of paste filling face can be effectively reduced by adjusting human factors (filling strength,
filling stiffness and support stiffness). Besides, the quadratic multiple regression equation between the roof
subsidence and various factors was obtained, providing a reference for the control of the roof subsidence of paste
filling face under specific mining geological conditions and the selection of appropriate filler stiffness and support
stiffness.

Key words: response surface method; multivariate analysis; paste filling; roof subsidence
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Fig. 1 Layout of 5303 paste filling work face
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Fig. 2 Numerical simulation calculation model of filling work face
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Fig. 3 Physical and mechanical parameters of coal seam overburden numerical calculation
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Tab. 1 Joint mechanical parameters

HE DI A/ (GPa s m™1)  gEmENIEE/(GPa « m™1) M % J1/MPa PEESE A / ()
AR 4.6 12.2 2.0 32
A 3.7 10.3 1.2 25
FERMZ 3.4 9.6 1.1 22
T 3.2 9.2 1.0 24
M 5.2 14.5 2.0 22
wia 4.7 13.2 2.4 30
b= 4.9 14.2 2.1 34
LR ay 6.3 15.1 2.1 32
wiba 5.1 14.7 2.6 30
R ey 6.3 15.1 2.1 32
et 4.2 10.7 1.4 30

LA B4 S B 2% 1 AR A b T TG S B I 2. 8 m SR HUR S 9304 ST LR B PE M R AR B 9. 0 X
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Tab. 2 Experimental design scheme and results

LEVWIES FEBUR BVERE A/ GPa SCHEMIEE/(MN e m™1)  BHSPERE/MPa FESURGR 2/ MPa Ryt /mm
1 3.04 65.30 1.05 5.00 344.7
2 1.90 261.20 1.05 3.00 366.7
3 1.90 261.20 1.05 7.00 365.9
4 1.90 261.20 1.68 5.00 315.7
5 3.04 261.20 1.05 5.00 344.7
6 1.90 163.25 1.05 5.00 366.8
7 0.76 163.25 1.05 7.00 395.2
8 0.76 261.20 1.05 5.00 394.8
9 1.90 163.25 1.05 5.00 366.8
10 0.76 163.25 1.05 3.00 395.2
11 3.04 163.25 0.42 5.00 501.7
12 0.76 65.30 1.05 5.00 395.2
13 1.90 163.25 0.42 7.00 544.0
14 1.90 65.30 1.05 7.00 366.7
15 3.04 163.25 1.68 5.00 305.3
16 1.90 163.25 0.42 3.00 544.0
17 0.76 163.25 1.68 5.00 339.1
18 1.90 163.25 1.68 7.00 315.1
19 1.90 65.30 1.05 3.00 366.7
20 1.90 261.20 0.42 5.00 544.0
21 1.90 163.25 1.68 3.00 315.7
22 1.90 65.30 0.42 5.00 544.0
23 1.90 163.25 1.05 5.00 366.8
24 1.90 65.30 1.68 5.00 315.7
25 3.04 163.25 1.05 7.00 344.7
26 0.76 163.25 0.42 5.00 597.7
27 3.04 163.25 1.05 3.00 408.4
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Tab. 3 Analysis of variance of regression equation

KU A H 05 ¥y 5 % Fd P fH
(%] 14 190 000 13 609.2 91.7 <1x10*
A-FEIARI B 1 5971.9 5971.9 40.2 <1X10*
B- 3B R B2 1 0.1 0.2 8.1x10~* 0.9
C-ToU1E I i 1 156 000 160 000 1052 <1x10*
D- 75 4B {4 i B 1 353.2 353.2 2.4 0.15
5% 2% 10 2 077.8 207.8
BB 28 190 000

y=366.80—22.31x,—0.1x,—114. 0723 —5. 422, +0. lx 2, +15. 552,05 —
15.92x,2,—0. 20x, 2, —0. 152,20, +9. 4825 —3. 2525 +61. 422 +4. 68x5 . (3)
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Fig. 4 Influence of single factor on roof subsidence of filling face
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4 B stiffness and backfill strength
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