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Application of Gray Logistic I/II Models in Subsidence Prediction in
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Abstract After the exploitation of underground coal resources, the cracking, subsidence, deformation and other geological disasters may
occur in the surface because of the instability of overlying strata, the collapse and the re—compacting. The traditional methods to deal with
coal mine subsidence include geological methods, field monitoring, physical and numerical simulations and others, but they are often costly
and time consuming, and some parameters are very difficult to identify. In order to obtain accurate information about the ground subsidence
in coal mining, the mining—induced stress—relief principle and the "three —zone" model are applied in this paper, and the coal mining
subsidence in Tuzhu Coal Mine of Jinzhushan Mining Company is studied. The occurrence mechanism and characteristics of surface cracks
and settlement in underground coal mining are analyzed. It is suggested that: (1) when exploiting the shallow coal seams with a large

estimate of vertical cracks which would directly affect the surface, one should make settlement prediction on the basis of theoretical
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analysis and field observation methods, to obtain timely effective security warning information; (2) when exploiting the deep coal seams

with a large estimate of vertical cracks which do not affect the surface, one should, on the basis of the actual observation data, establish

gray Logistic I/Il models to predict the land subsidence, and without the need to carry out the practical monitoring. Practical verification

and model accuracy test show that the Grey Logistic I/Il models can make accurate predictions, with a good agreement between the

predictive value and actual value. It can provide effective and accurate information, and also can provide an important reference for the

reclamation planning of surface environment.

Keywords grey theory; ground subsidence; forecast; grey Logistic I/IIl model

0
, 1981
, 7.06x10%, 1000m
2.6x10"t; 2000m
5.06x10"t, “BP Statistical Review of
World Energy June 2009” 2008
1.145x10%, 13.9%,
; 1.55x10"° 1.2%;
2.46x10"m’, 1.3%. . 1
Fig. 1 Ground subsidence in Tuzhu coal mine of
) Jinzhushan Mining Company
, 2020 55%
, , 1
, 0 1.1
o , ¥ 200m , ; 39*
, , 88" , -300m
) , 44km, 2.9km,
, B 3.4km, 2 , N )
) , -50m s o ,
, ), -50~-250m, 21 23 21
o s —85m o 7 1 .6
) 1 t 3000~ 7 ,2 4 ,3 5
4000m?, 1 o 5°~70°,
o , 19 20 35°, 75°, 25°,5
o 234 ,5
, , , (
20 , ) — (3.5m)— (1
, ,2.0m)—2  (1.0m)— (2.1m)— (3.0m)—
N (2.0m)—3  (2.0m)— (4.0m)— (3.0m)
0 N —4  (0.8m)— (4.6m)— (25m)—5  (1.37m)
. . . — (3.6m)— (10.35m)— (5.56m),
. & , 1.2
’ ol ’ 2 A
2010,28(11) 75
s N



] jcmik

76

eview

Scdesece d 7«:‘-‘-&9;

) (

M ,m,
(1)

AT TR 7 A T T T T T T T T

EL

(Articles)

(a)

(a) Occurrence conditions of coal
in Tuzhu Coal Mine

Fig. 2 Vertical zoning model of fissures caused by underground mining
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Table 1 Height value of no. 21 observation point in Tuzhu Coal
Mine from Jan. to Aug. in 2007
1 2 3 4 5 6 7 8
21* /m 239.429 239.426 239.427 239.425 239.424 239.426 239.421 239.419
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Table 3 Grey Logistic model prediction technology and precision test in coal mining of no. 21 observation point

1 2 3 4 5 6 7 8
Y9(239+) 0.429 0.426 0427 0.425 0424 0.426 0421 0.419
X0 2.331 2.3474 2.3419 2.3529 2.3585 2.3474 2.3753 2.3866
(1-AGO)Y" 2.331 4.6784 7.0203 9.3732 11.7317 14.0791 16.4544 18.841
Logistic T Yo 0.4266 0.4265 0.4264 0.4262 0.4257 0.4247 0.4226 0.4183
Logistic TI o 0.4264 0.4263 0.4263 0.4261 0.4258 0.4249 0.4229 0.4182
I &9 0.0024 ~0.0005 0.0006 ~0.0011 ~0.0017 0.0013 ~0.0016 0.0007
1l &Y 0.0026 ~0.0003 0.0007 ~0.0011 ~0.0018 0.0011 -0.0019 0.0008
xO(k) x 2.3551
x(k) 2 0.0000289(5,=0.0017)
q ¢=0.0000125,4,=0.0000125
Logistic 1 520.0000019 ¢=0.081<0.35 p=1>0.95 1 ()
Logistic 11 3=0.0000021 ¢=0.085<0.35 p=1>0.95 1 ()
NI} Logisticl  Logistic 1T °

Notes: Subscripts I and II denote, respectively, Logisticl and Logistic 1 prediction models.
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