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Abstract: Based on the uncertainty measurement theory, a risk-evaluating and order-arranging mode} of mining
underground goaf was established. Considering the geologic condition and engineering status of underground
goaf, 14 factors that influence the stability of underground goaf were taken into account; and uncertainty
measurement function was obtained based on the in-situ data. The uncertainty problems in risk evaluation were
solved by qualitative analysis and quantitative analysis respectively. Entropy theory was used to calculate the
index weight of factors; and credible degree recognition criteria were established according to the theory
uncertainty measurement. The results of risk evaluation can be obtained with the credible degree criteria. This
method can also arrange the order of risk degree. Furthermore, this model was employed to evaluate 15 risk
underground goafs in Dabaoshan mine. Compared with the results of fuzzy synthetic evaluation method, the
results show that uncertainty measurement method is reasonable and can be applied to the actual engineering.
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Table 1 Classification criterion of qualitative indexes in underground goaf risk evaluation
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underground goaf risk evaluation

iR = =3 b b
%;T\Z;& ;@i B (X/m  TA(Xp)/m? (eri)%m (}i;/'f
14(C) <40 >120 >2 700 >30 >400
UKEC,) 40~50  80~120 1200~2700 20~30 200~400
M) S0~60  80~40  800~1200 8§~20  100~200
IV#(C,)  >60 <40 <800 <8 <100

AR EIMEL 10x10% m®, MRS X R E
10x10* m* BAE, AR 100 m Ll E; 25 % 2003
46 ALIRTRERZ X BAAR N 180x10° m’ bl k.
HEANTROCEHIT L. TIREFELS,
Sl R R I3 3 B SR 28 X A I A LA B T 34
WRHIE, R B R X B % KR E A H 1,

gaKFILY X EAC T BRE®BT

BRETERIVIUR,. FERRURKZRX B 5 MEH
S8, FIHEET 15 MREX, 500 &R
FRATEE™ . 0 R R K G B A DR A 3o
%, EREXELERLE 3.
4.1 FyR e dRiEN B R

AR AR B R 5 SURIER 1, 2 R e
PR L R B AR B AT R N (. Hopis
AFETER. B IR, W, HEERRERN SRS
PR L R K ) LB 1~5. H ARG R, M TR i

KR BRI REZN . ST X G 5
FOTHIAGE . SR XU TR (25 /5 P 1Y LA
TREAT B BB ARl LK 6

3% 3 TR IR, ARYE DL B e bmil A
R (LE 1~6), FTLLRA 15 AKX F IR
FEVFNEERE. DA R, SREX AH, RIEER 3+ 14 4
EERMEE, 2ARANE 1~6 FIHIeERIIEE M
b, THEETEL R, WIBIRARVER AR
[1.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
1.00
1.00
0.00
| 0.00

0.00 |
0.00
0.00
0.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00 |

0.00
0.62
0.00
0.09
0.73
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.38
0.00
0.91
0.27
0.00
0.00
1.00
1.00
0.00
0.00
0.00
1.00
1.00

(luljk)14><4 = 10)




F21% W2 BRI, & T RN EE R R R AR NI *327
#3 REXERMEITNEREES TR
Table 3  Estimation and measured data of risk evaluation indexes of underground goaf
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Table 4 Comparison of the results of uncertainty measurement evaluation and fuzzy synthetic evaluation

Lre R EE

FEK ATk BoRs ik
£ R c, ¢ G G AR HHEE R
Ry, 0.389 0.142 0.394 0.078 % 1%
Ry, 0.156 0.124 0.475 0.244 I % III 4%
Ry 0.346 0.294 0.356 0.003 % T4
Roy 0.327 0.358 0314 0.000 11 % I %
Rys 0.262 0.295 0.443 0.000 I % I %%
Ry 0.471 0366 0.162 0.000 % 1%
Ry, 0.077 0.068 0.264 0.591 v % V%
Ry 0.235 0.209 0.370 0.186 Wl £ 11§27
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Table 5 Results with the fuzzy synthetic evaluation for

part samples
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Ry, 0.380 0.323 0.297 0.000
Ry, 0.361 0.277 0.362 0.000
Ros 0.339 0.250 0.411 0.000
Rog 0.425 0.390 0.185 0.000
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SRR, AR ST B 2 ST % 50 [ 2 A0 AR B
BB, eV R, RIS R
SEREACE, W T EMRENEW. BRKEERS
RERBIEBEAT S RAE, B HRAR R bk 1T
MR, SoRTLIT RER G EEE, FEE
AT RPN MRS 15 ASRZS AT T 4047
RRSUGE RN, FHa%0I R VPR B 2
A, FIHE T RRES R ERESS, &
DU et EER AT, MR RIE R i
SEVE L, ASCHVENT LA T RIR A K G B
BT —&FEK, BHEENEEAILE X,

45 BEREEEEHF

B#EXO), BT C,>c,>Cc,>C,, 4C =4,
C,=3, C,=2, C,=1iIHEHMWNEZELE, WH
4={qs,» Gr, " dr,} ={1.369, 1469, 1.631,
1.669, 1.745, 1.829, 1.843, 2.192, 2.492, 2.820,
0.318, 2.938, 2.984, 3.013, 3.309}.

Xf 15 MRTF X e BT, RS
XIERHERE MR B MKIR A Ry » Ry » Ry Ry
Ry» Rys Rg» Ry» Rg» R,» R,» Ry» Ry >
R,» R,. EBrt, BTRENGERRERT XA
TR 7 S AA R R, IRAEARYE B 2
FEMF, BESEALHEER MR SN, XFEALER
EW IR A B A E R EX, AR
KA Xy BRI R H4R T

ERERMRE RN, HEEENER L.

(L BT I &k, BIfaERmBREX
SR 570 BRI Ry 591 TR R, » Ry, X 630
B R, A 610 B R, K& 591 MR, » 3k
it 64 '

() BT M ki, B E—RIRTX
SIARE 542 HEL Ry B 610 TR R, » B2 4

(3) HEMBET IV RERIE, BIER RN
KX DHE 673 TR, , R, LUK 673 REH
Ry s 542 B R, F1 570 HEHIR, . R, & 591
HEEIR,, T AN

5 &

is FIARB AR I B PP B R E X K F I fE R
PEBEAT T VP S R0r . IEBUEMR ZERFRENER) 14

$ 3 Mk (References):

(1}

[2}

3]

(4

(6]

A, WRE, EEF. WERN ST A AT AN
B h23RE, 2005, 35(1): 91 - 99.(ZHOU Hongwei, XIE
Heping, ZUO Jianping. Developments in researches on mechanical
behaviours of rocks under the condition of high ground pressure in
depths[J]. Advances in Mechanics, 2005, 35(1): 91 - 99.(in Chinese))
HRAR, 24, TR, %, RRGET S0 B ReRg]. #
4, 2002, 23(10): 11 - 15.(FENG Changgen, LI Junping, YU
Wenyuan, et al. Mechanism study on abandoned stope disposal in
Dongtongyu gold mine[J]. Gold, 2002, 23(10): 11 - 15.(in Chinese))
HEL, 2y RSBV RITRBEEAM]. L5 HET
Mk R4, 2006.(GU Desheng, LI Xibing. Modern mining science
and technology for metal’ mineral resources[M]. Beijing: China
Metallurgical Industry Press, 2006.(in Chinese))

R4 REEELR. BRZEETHBRBEIM—
L BURBT SR 5 (2004 ~2010)[R]. Jbm: BEF bl
EHEER, BRETREWEHER, 2003.(State Administration of
Work Safety. State technological development programming of
work safety —non-coal mine domain research bulletin(2004 -
2010)[R]. Beijing: State Administration of Work Safety, State
Administration of Coal Mine Safety, 2003.(in Chinese))

EH R, FHn, BEE, F EVHATEZEXEN. LBS
ZRTPHAN. KV 5RETEFR, 2006, 23(1): 24 - 29.(L1
Xibing, LI Diyuan, ZHAO Guoyan, et al, Detecting, disposal and
safety evaluation of the underground goaf in metal mines[J]. Journal
of Mining and Safety Engineering, 2006, 23(1): 24 - 29.(in Chinese))
Eyot, WRE, B O % REABTRREXAEEASL
WIARIRRBRD]. &R IESTEFER, 2004, 23(7): 1198 -

1 202. (TONG Liyuan, LIU Songyu, QIU Yu, et al. Current research



*330 .

B S TR

2008 4

[71

{8}

(91

[10]

(1]

[12]

state of problems associated with mined-out regions under
expressway and future development[J]. Chinese Journal of Rock
Mechanics and Engineering, 2004, 23(7): 1 198 - 1 202.(in Chinese))
FH &, BREE, ATR, 5. WHBHEBAZEEERY XF
XERE B EARPIFIR]. K¥: FRIASE, 2005.(L1 Xibing, ZHAO
Guoyan, ZHOU Zilong, et al. Research of integrated controlling
technology of underground mined-out areas in Sandaozhuang mine of
China Molybdenum Co., Ltd.[R]. Changsha: Central South University,
2005.(in Chinese))

KA, ERE, MW, & REXIBEB YRR RN
EEIPAD]. HERSHIE, 2005, 33(4): 99 - 103.(ZHANG
Changmin, DONG Xianzhe, QI Lihua, et al. Two-stage fuzzy
comprehensive evaluation on the risk degree of ground collapse in
Mencheng town[J]. Earth and Environment, 2005, 33(Supp.): 99 -
103.(in Chinese))

BIR, FHE, HI0E, B ETREERBEOFZR LK
MEREESN. TWRIE, 2002, 22(4): 15 - 17.0IANG
Weidong, LI Xibing, HU Liuging, et al. Stability analysis of ground
above excavated area based on grey fixed weight cluster[J]. Mining
and Metallurgical Engineering, 2002, 22(4): 15 - 17.(in Chinese))
EFR, THER B B REXBMITERTRERERE
BHRKRAD]. P ERZEERESAR, 2006, 24): 35 -
39.(WANG Xinmin, DING Degiang, DUAN Yu. Applications of the
grey relation analysis to the evaluation of the risk degree of the
underground mined-out stopes{J]. Journal of Safety Science and
Technology, 2006, 2(4): 35 - 39.(in Chinese))

57, Wdth, BiEF. ETWHEMENRTRAIN0I. FH
WS8R, 2001, 29(3): 42 - 43.(SHEN Naigi, YANG Jianwei,
ZHENG Xiping. Prediction of mining collapse based on neural
network(J]. Coal Geology and Exploration, 2001, 29(3): 42 - 43.(in
Chinese))

Fm. WA B R RBE LB RREER TSR

[13}

{14]

[15]

[16]

17

[18]

W, 1990, 23(4): 52 - 58.(WANG Guangyuan. Uncertainty
information ax{d its mathematical treatment[J]. Journal of Harbin
Architecture and Engineering Institute, 1990, 23(4): 52 - 58.(in Chinese))
XITE, RANE, BEE, & FEE BB &N AM].
JE3: B HERFt, 1999.(LIU Kaidi, WU Hegin, PANG Yanjun,
et al. Mathematics treatment and application of uncertainty
information{M]. Beijing: Science Press, 1999.(in Chinese))
RIS, BEE, IBE, & IR R AR H MM
RELREL SR, 1999, 19(12): 52 - 58.(LIU Kaidi, PANG
Yanjun, SUN Guangyong, et al. The uncertainty measurement
evaluation on a city’s environmental quality[J]. Systems Engineering
Theory and Practice, 1999, 19(12): 52 - 58.(in Chinese))
XL, RME, L&MW, % RsEFEM. RY: BT
K2 HARAE, 1997.(LIU Kaidi, WU Heqin, WANG Nianpeng, et al.
Uncertainty mathematics[M]. Wuhan : Huazhong University of
Science and Technology Press, 1997.(in Chinese))
RN, O 8, FEE BT REBRNERRNOT ERZE
] e A RS 224R, 2006, 28(2): 101 - 103.(LI Shugang,
MA Chao, WANG Guogi. Colliery ventilation safety evaluation on
the basis of uncertainty measurement[J]. Journal of University of
Science and Technology Beijing, 2006, 28(2): 101 - 103.(in Chinese))
BRE, XIFR, R RS ERMAEIRE R T ED. T
TR ARG, 2000, 17(3): 40 - 42.(CAO Qingkui, LIU
Kaizhan, ZHANG Bowen. Calculation method of objective index‘
weight by entropy[J]. Journal of Hebei Institute of Architectural
Science and Technology, 2000, 17(3): 40 - 42.(in Chinese))
KmeRBRRABRAT. KEUH T2 REGE PFEHTR
HIR] K PEREREE 2 TR¥MR, 2005.(Science and
Technology Developmental Limited Company of Changsha Tuojin.
Study on current safety synthetic evaluation situation of underground
in Dabaoshan mine[R]. Changsha: School of Resources and Safety

Engineering, Central South University, 2005.(in Chinese))



