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Fig. 1 Chart of one-dimensional cloud model
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Fig.2  Chart of two-dimensional cloud model

1.2 REERH

BRI IT N IE ) B KR fR R ] = R A A
B = KAEMER A 3 R AERC T I AF O HIR A=
TSIt B 1) 2T 300 ) 2 R A U A
1.2.1 —#EnKkHE4

A —4E = A E S R F

1) i A E A AFAE , RUIDTEE Ex B En A
He M= THAELN,

2) i LA En DB He Sy bR i 22 1Y IE AR AL
Koy, BLLEx I8 Ly, bRt 22 ) IE RS BEHLEL «, o

3) MR (2) TR E
1.2.2 kA

U n KA A IR

D Ao Z4E 5 BB AE (Ex,, Ex,, -,
Ex, ;En, ,En, -+ En, ;He, He,, -, He,) Z'E = 0H
AN

2) o PAEMIR(EN En(En,  En,, -+, En,) |
PRifEZEH He (He, , He,, -, He,) [{] n 4EIEZSFEALEL
En' (En,’, En,’, -, En/); 7= 4 — D B {H N
Ex(Ex, ,Ex, -+ ,Ex,) WpifE2ZEHN En' (En,'  En,’, -+,
En,") ) n 4EIEZSBEHLEC « (%, 4%, ,0,%,)

3)MRIEA(3) IR HE

)% (2 %050 %5 ) H— DB, BRI S
FONME FEARGE B — W ARSI E, Hrp,
(3%, 5000, %, ) A PEABE A 18 8l rp 3K — O 3 11
U e (22,00, 0,) JB T IXANE S (H AL A B
38
1.3 HBRZEW

TE 7 BUFFFAE R, B T 308 =i R i
P ARG, 20 S I IE S S A YRR R
I, i R A B B R, KA SR

TEZ ARG R R, TR = S L2 4R = 7%
TR G — TR EE . A2 LR R AL 2 T DORE & 500
SRR R AT AT AL AT . AR AR
PR BB )N | 25 AR 22 [ 18 o S )

2 —#H(REBRTNEEINA

2.1 FFMERIEE

R E S R R A A A L R
FE T S AR AL S ), e SRR A, e &
PEBCE AN R o/ o, (FHZI Z I KV ) 540
FESREE L) ANtk R o /o (BUER B Shihn
SREELUE) 55A A bk N AR REdR 5k W, /R A HEhn. AR
5 F I O BT R, £ 18 BRI ) IX
[ AR 1 Frs .

1 BHERETEMIERERXE

Table 1 ~ Grade ranges of rockburst evaluation indicators
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Table 2 Normalized grade ranges of rockburst evaluation indicators
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Table 3  Statistics of weighting of rockburst evaluation indicators

s SR VT bR ikl T
HRRSE 74/0. o/, W, e v/, W, 52 1K 15
I 0~0.30 0~0.20 0~0.20 W, 0. 400 0. 300 0.300 ik (7]
I 0.30 ~0.50 0.20 ~0.47 0.20 ~0.50 W, 0.365 0.313 0.322 SCHRL8]
I 0.50 ~0.70 0.47 ~0.71 0.50 ~0.75 Ws 0. 361 0.325 0.314 SCHRL9]
v 0.70 ~1.00 0.71 ~1.00 0.75 ~1.00 W 0.427 0.302 0.271 k[ 10]
Ws 0.428 0.229 0.343 SCHERL11]
Wy 0.250 0.250 0. 500 k[ 12]
EZ IR A I AR 3 S S FR AR g —F2 ¥, 0.235 0.295 0.470 SCHR(13]
FE WIEBR = S5 S o 8 AR & SRS TR S
B, 12 I T A5 AN R o/o. 5 AN RE g L " W
o /o GHE AR REAR W, R bR R AL 2 e
ﬁ’%i+é§%ﬁn%% 3 F)?zT_\‘o T 1 n
[} NS oY= > — En = /772 |WL—EX| (5)
HA Y He < En/3 I, A REARIEAE BUALE = A8 2 nH
S RIS @ (5) X 3 SR AR ACE [
o . . . . B _ _ 2 2
TR A3 AT 5 3 5 (W3R 4 FTR) 544515 He = / —1 2 (Wi~ Ex)” ~En

BE IS IR 1 (AN 3 R ) o

HIE 4 M 3 ] fF 8 AR 2 B A 5 A ok
e e, AR AR = 5 A AR, N AT o 5
AN FER o/ o A IERE o /0 SE AT
PAZREFREL W, 3 DEARIACE N 173514 0.352 3,
0.287 7 50.360 0,

x4 NEZHFHE

Table 4  Cloud-based numerical characteristics of weighting
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Fig.3  Cloud chart of fusion weights of various indicators
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Table 5 Cloud-based numerical characteristics
of various grades of rockburst evaluation indicators
AR /0,
&% Ex FEn  He Ex En  He FEx En  He

o/o, W

e

I 0.15 0.050 0.01 0.100 0.033 0.01 0.100 0.033 0.01
I 0.40 0.033 0.01 0.335 0.045 0.01 0.350 0.050 0.01
I 0.60 0.033 0.01 0.585 0.038 0.01 0.625 0.042 0.01
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Fig.4 Cloud chart of comprehensive evaluation

of rockburst proneness
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Table 6 Cloud-based numerical characteristics of

comprehensive evaluation of rockburst proneness
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Table 7 Basic physical and mechanical parameters

u(x,) = exp( -

= C/MPa ¢/(°) E/GPa v o./MPa ¢, /MPa

oA [l 5.75 43 76.37 0.14 65.4 5.12
[N 4.40 37 8.90 0.25 30.21 3.28
JEAR A 6.02 40 34.18 0.19 47.6 4.16
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Fig.5 Cloud chart of vertical and horizontal

principal stresses in roadway
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Table 8 Parameters for rockburst evaluation indicators
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Table 9  Subordination degrees of rockburst levels under

one-dimensional cloud model

FIEE st
T Lpey iber WA &Y

WRE B

BZIHPOE S B W%H/m o400, oJ/0, W,
50 m 1 050 0.330
0 m 1100 0.348
-50 m 1150 0.373
—100 m 1200 0.392
- 150 m 1250 0.422
oA = -200 m 1 300 0.439 0.745 0.028
-250 m 1350 0.467
-300 m 1400 0.486
350 m 1450 0.511
-400 m 1 500 0.531
-450 m 1550 0.543
50 m 1 050 0.747
0m 1100 0.788
-50 m 1150 0.843
-100 m 1200 0.888
-150 m 1250 0.956
N -200 m 1300 0.993 0.815 0.051

-250 m 1350 1.057
-300 m 1 400 1.101
-350 m 1 450 1.156

50m  3.49x1077 0.832  1.03x10°"" 9.46x10°%8
Om  1.43x1077 0.946  3.29%x10°" 4.17x10°7
-50m  4.01x10°8 0.9812  1.56x107'° 3.12x10°%
-100m 1.40x1073 0.994  5.22x107'° 1.53x10°%
-150m 2.66x107°  0.9780 3.07x107%  1.63x10
Wit -200m 1.02x107°  0.9415 7.97x107°  5.96x10 >
-250m 1.96x10°10  0.8471 3.75x107%  5.08x10 %
-300m 5.80x10~'"  0.7612
=350m 1.27x10°1T 0.6453
-400m 3.49x10712  0.5463
-450m 1.56x10°12  0.4870

=

1.08x10°7  2.27x10~%
3.73x1077 1.35x10 "2
1.00x107%  5.80x10 !
1.81x107%  1.40x10°%°

50m  8.57x10°%  1.26x107°  0.0611  2.39x10°'2
Om  2.02x107%* 3.55x107*  0.1382  2.09x10~ !
-50m 9.34x107%  5.20x10 3 0.3375  3.57x10°"
-100m 1.06x10°% 9.63x107¢  0.5694 3.05x10~°
vk -150m 8.55x1073 5.77x1077  0.9099 6.41x10 78
-200m 1.38x10°%  1.05x1077  0.99%64 3.13x10°7
-250m 1.04x107% 4.87x107°  0.8820 3.74x107°
-300m 5.13x10°% 4.66x10°10  0.6562 1.91x10 -3
-350m 6.60x10 % 2.26x10~"  0.3633 1.18x10*
-400m 2.19x10~* 1.58x1072  0.1833 4.70x10 74
-450m 6.15x107% 2.90x10~"  0.1106 1.04x10 3

-400 m 1 500 1.201
-450 m 1550 1.229

50 m 1 050 0.474

0 m 1 100 0.500
-50 m 1 150 0.535
-100 m 1200 0.564
-150 m 1250 0. 606

JiE AR —-200 m 1 300 0.630 0.771 0.033

-250 m 1350 0.671
-300 m 1 400 0.699
-350 m 1450 0.734
-400 m 1500 0.762
-450 m 1 550 0.780

4.73x1077 1.91x10 2!
1.66x107% 1.23x10 %
8.52x107¢  1.50x107"

50m  9.41x107'2  0.6219
Om  1.76x107'2  0.4956
-50m 1.60x10°"%  0.3374
-100m 2.18x10™™*  0.2335
-150m 9.35x107'®  0.1205
R EE -200m 1.52x101° 0.0790
-250m 6.42x107'®  0.0357
-300m 6.27x10°"  0.0190

2.92x107°  1.05x107'8
1.66x10™* 1.86x10~"7
4.08x107%  8.83x107"7
L66x107% 1.12x10°1
4.12x107%  6.47x10715

= — N — A == T T T — T — R — e — R — T — e — N — R — R — N — R I e =

-350m 3.42x10°%  0.0082 0.0113  5.08x10~
-400m 2.84x10 2! 0.0039 0.0243  2.67x107"1
-450m 6.01x1072  0.0024 0.0373  7.21x10° "1
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o . = *11 ZURZRBETEEREZREEILR
o i ?%?ﬁzfﬁﬂ%%%fﬁgﬁﬁ\ﬁ{ﬂ!ﬂ *EATE/‘J%ZE Table 11 ~ Summary of subordination degrees of rockburst
P ’ﬁug@dﬁ%ﬁ\ﬂi{m ﬂgﬁ:mﬁ%ﬁ%j{{glﬁﬁﬁﬂi levels under multi-dimensional cloud model
BOFHRHIE En, JF HAS DN RARE SRR HER A Z SRIRJE B
HRAEIEAS 20973 En U™ A7 R Py iRy LLF?”S‘*% R g?&
En :% ( 13) 50 m 0.061 4 0.187 3 0.066 2 0.002 5 I
3 0m 0.0589 0.1899 0.070 1 0.002 8 I
2 Ex,, A HEFR RS 2% A S5 ZObR 1 2 B8 rp i) B SS0m 00552 0192 0.055  0.082
j(ﬁo -100m  0.0521 0.1930 0.079 6 0.003 6 I
SR 5 B AR A (13) 79 4 w0004 0IRS 0w 0w
S ABOAHRR A MO RHE, IR 10 R S, R I R
R X -250m 0. . ) .
He #R4% En/3 H15, 5 —H{E 0. 09, 00w 00371 00843 0.0962  0.0059 [
R0 SRFMBFRIFZUFHE -350m  0.0334 0.178 9 0.099 2 0.006 5 I
Table 10 Cloud numerical characteristics of various indicators 0m 0.0304 01736 0.101 1 0.007 1 I
under multi-dimensional cloud model 40m 0.0087 0.1700 01021 0.007 4 I
AR o/ 0. o/0 V. SOm  0.0045 0.0670 0.090 1 0.069
FH Ex En He Ex En He Ex En He 0m 0.003 3 0.055 6 0.082 8 0.0176 i
I 0.15 0.283 0.09 0.100 0.285 0.09 0.100 0.291 0.09 =50 m 0.002 1 0.0417 0.0713 0.0180 i
I 0.40 0.283 0.09 0.335 0.285 0.09 0.350 0.291 0.09 ~100m  0.0014 0.0322 0.0615 0.0179 i
M 0.60 0.283 0.09 0.585 0.285 0.09 0.625 0.291 0.09 C0m 0.007  0.007 0068 0068 I
IV 0.85 0.283 0.09 0.855 0.285 0.09 0.875 0.291 0.09 Bk 200m 0.0005 0.015 8 0.039 3 0.0159 I
-250m  0.0002 0.009 7 0.028 1 0.0138 I
T A LSBT T R S DODL 000 0Rrsoen
%géﬁ%ﬂﬁiﬂﬂ@’%?ﬂ,u ) /I\iilz’fﬁ’?%:,ﬁé%%ﬂi -350m  0.000 1 0.004 0 0.0150 0.0100 I
ﬁ%*ﬁﬂ@(ﬁﬂ@s%%)ﬁﬁ?%ﬁ oS Eja-/a- -400m 0 0.002 6 0.010 8 0.008 3 I
= she e He o T -450m 0 0.002 0 0.008 7 0.0074 I
ii]Zﬁ{ng/Z%—F 4 4%&%%2&[&@%%%*&@0 50 m 0.0316 0.165 6 0.0925 0.006 0 I
3.2 TMERRSH Om  0.0283 0.1610  0.0959  0.0068 I
24 AR BCE R RS A (13) , Al 3 sy “50m  0.0241 0.1529 0.099 5 0.0079 I
4 4\%%%%&9@%2&%*;};@@35{2%’#X%QUETE%Q& -100m  0.0209 0.1450 0.1013 0.008 7 I
E‘Jﬁ%ﬁfﬁ,ﬁﬂ%ll FJ'I:ZT_\‘O -150m  0.0166 0.1313 0.102 1 0.010 1 I
e ey KREE -200m  0.0144 0.123 1 0.101'5 0.010 8 I
ﬁiﬁ%ki}%&F}Emuﬁﬁgéﬁz*%ﬂl+%é§ -250m  0.0112 0.108 5 0.0990 0.0119 I
?%:?U [/J_Fé?:':i/t\‘o -300m  0.0093 0.098 1 0.096 0 0.0126 I
1) AR A 7E 50 m ~ — 450 m Hr B B S 9k S30m o 0.0073 00855 00913 0.0834 I
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Comprehensive evaluation of deep mine rockburst proneness based
on a multi-dimensional cloud model

Wang Daolin', Tian Minghua®, Zhu Debin™’, Wen Bin®, Liu Zhongzheng®, Dai Yongli*, Chen Qiusong'

(1. School of Resources and Safety Engineering, Central South University; 2. Guizhou Lufa Industry Co., Ltd. ;
3. Regional Geological Survey Institute, Bureau of Geology and Mineral Exploration and Development Guizhou Province)

Abstract: The rockburst proneness study is of great significance for safe operation in deep mines. Taking a mine
as the research subject, a combination of one-dimensional and multi-dimensional cloud models was used to construct an
index system using the rock stress coefficient, rock brittleness coefficient, and rock elastic strain energy index, for eval-
uating the rock burst proneness of ore rocks with 3 types of lithology in different mining levels. The results showed that
within the designed mining range of the mine (levels from 50 m to —450 m), the roof dolomite exhibited an overall
lesser rockburst proneness, the ore body showed a moderate rockburst proneness, and the surrounding rock of the floor
exhibited an overall lesser rockburst proneness.

Keywords: rockburst proneness; cloud model; deep mining; stress coefficient; brittleness coefficient; elastic strain

energy



