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Grading Prediction of rockburst intensity based on entropy
and normal cloud model
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Abstract: Rockburst is one of the main engineering geological hazards occurring in the deep underground engineering construction.
The classification of rockburst is an important issue which must be resolved in many underground engineering. Four quantitative
indices including the ratio of rock’s compressive-tensile strength o./o;, the stress coefficient of rock oy/0., the elastic energy index of
rock W, and integrality coefficient K, are chosen as the predictor variables of rockburst, according to the unascertained factors of
classification prediction of rockburst. The entropy method is adopted to determine the weighting coefficient for each evaluation index.
Based on entropy method and the unascertained measurement theory, with 12 groups of typical engineering examples, rockbursts at
home and abroad, an entropy and the normal cloud model to predict the possibility and classification of rockburst is established. Then
the proposed model is validated with twelve typical rock projects and compared with the results of the technique for order preference
by similarity to ideal solution method, the radial basis function-auto-regression method and the actual records. And then the model
has applied to rockburst predicting calculation of Zhongnanshan tunnel ventilation shaft to study the effectiveness and feasibility of
the model. The obtained results show a good agreement with practical rockburst classification. The results show the normal cloud
model effective and available, and can be applied to the prediction for the possibility and classification of rockburst intensity in deep
underground engineering.
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1 8] = AR, AR AT N i T A AT RRT
PR S DR ES N DT A, S UG
AT R TR T Z ST R BRI o A7 0 A5 Rl S SRR AT = AR PR L R G

Weka HIW: 2015-11-09

HEH . K HARRNAHESE (No. 51274253, No.51474252); “+ =117 EZEFHESCE T (No. 2013BAB02B05); 11 73 38 i WU 435 A Y s ik
H1(20144E).

This work was supported by the National Natural Science Foundation of China (51274253, 51474252), the National Key Technology R&D Program during the
12th Five-year Plan Period of China (2013BAB02B05) and the Demonstration Base for Comprehensive Utilization of Gold Resource in Shandong(2014).
BAEET S ARRE, 5, 1964 4R, fL, #oR, WS, FENGLEAEENECE 5P LAE. E-mail: kpzhou@vip.163.com
WIEE: e, 55, 1975 44, Wi, RIEER, WHRZ XY SR S £ TREE S HTFSL. E-mail: hujh21 @csu.edu.cn



HH

JARPYAE . B TR 1E & 2 B IR 1 R R 7 R e o 597

FIEG . S R PP SRR G —Fh Bl ) R A
I HEN R R A TR UMM L N B RN BE 45 )
LA, W TR, EREAEA TR, B
DRI BN ) AP 8y, FREHL T TR A
SRR,

ENAINESK. 28 B AR R A 3 R
AENUEIEAT T ESAETT, FEERH T AHR A e ZL
TRITTE o FL A B B — DRI 38 H R A T2 R 1)
TRIEFFE, FEamBE. WIS, Bem. SRS T7 T
THISHISY, JFHRH Russenes HFEP. el H
L B A RPER, BERTIIIEA, BTN RS
AR AR ARENES) IR, 2 MR
ISLREF, R AR R A e 7 VA LR A TR 5T
HEREMZ R ARPFECRI GIS 128 [ EE 2y
FTHEARFIBR B 412 g, @ THT GIS #
P Nipas e R o vl S EE R P RS iy B S 1)
BRSO S S B VPR v, SR U R 1)
— 6 WP LTI A R 1 AR 575 S B IRR
/o BB TN BERLAR AR 53 2K 7 R N T MR
G I T T A RN (R BEA AR ARSI
BEAT T TRRSZOIIN o 7y Ao A I 2 ) 53
M3, 7 T A A AR E 43 2 PN g i )
) AT RISt S e R AR RN B B o BT T Y0 . X
P O Ny SR LA R R, OF
HROBIEAT T A B TR . FRPEEN s R
PR FIIE T FEARARHE P, IO TR AR, &
ST E RPN RS-TOPSIS AR 33047 T T RESKE
BIF, B T AR . gkt T o0 Al
BRI, LT AR SO T e AR, I
BEAT T TRESEI N 50 75250 a AR il g
PR LT R B T A e A, B
137 RAF B B CR . DL IR g ) B
J7 535 AN A1 £ BE T A R g AT T, A T
B AR, T R AR B a2 R
LML) ) IS, TEZ R ITESS ARSI BAN
A REIR B AL T A R ZLRE T H ), S INHTIR
RE T VR JR B R B B B 43 e iR B AT+
I,

A ST N T e R B A AR
BEl, ¥ = HAR S F B R R AR AN R Ay T
KRR 5 S Fe bR BR80T T A HE
IRIRE- RS B8, £ B T AR DG STk v i)
I 37 SI DN GERLRI 5 A5 A ) 285 A A0 AT () W] AT P
FRNE, R IES S BAA ST 08, A
T () SRR I T — 4T SR

2 WR-IES S
2.1 ERER

2o IR S 2 g A O L K RN H 2
(R RE A E B PR A AN i P R M R 4 1Y
iy, CORis BB Yokt
BRALER . 55 ROP O A5 U

(D =EX

WX R MHRHEER RN ERES, X =
(X}, BB, 4 2 X Bietiis GBS,
W TAERITER x AR R i ) (B LK
p()el0, 17, A x X 4 e, Mg X b
oA = s A ST, x5
WG A R 5 TR PR B S — X 2 IR e dfe, AN
TEAE SRR 5 I8 bR Bh 1 — 3 — s 56 =1

WR DAL : x~ME,» E?), Hrp, E ~
ME, HZ), HXF A B0 B 2

_(x-E)

pxy=e % (1)

A pw(x) WBERS; x AZEE;: EAWE; E
. ERERE X L EA S, EEE
WO R AN R0, FATIHENE, HCRIAR
D, KR ) AR T s A 2P0 01 22
LA IE AL E A0 . ASCRIBEAZ
ORI BT 5 A

(2) Z ST

ZIHCFAE I . 5 E, RUERS H,
HAE, W E, FR M s h (s
E,, R Y2 1) P AT B e R 2 1 25 T
(TR R HL 2R E, (00, ST W0 B
FRRE . H S BT, BT PR b 3
SRR S TR R (2) A,

R TN

Ex — cmax + cmin
2

En — cmax — cmin (2)
6

H =K

KA s Coin 2B DI BFAE IR L 2
NI kR RS IR b AT
8, AL HL0.01 o AT A BT AE R, W[ o
o) BR(-o0, Cos IEAKHRAS RO by R A2
BIGAR S, W — S5 PR 0, A4
(~00r Cons A A L T AT LU o 0, FASRE
R AR T SR M



598

i
+

2016 4F

(3) mRAED

= RS BN F B SERR O HE, ALHEIE
) 23 R AE BRI ) 2 R AR o IR I 25 R AR 2 e
PERE R, ARYE 2 BRI (B Eo HY
FEAE O, I )2 R AR B S e 3 e A
AL AR O pl T R TN M T 5 R
WL, ASCRHIE R =R, BRI,

@ RAEFAR > FAETT A E, FUERS H,,
HOEA S A BN E, ~ N(E,, H?)

@ MR i A x FE E RS (D
THEAfE
2.2 EBETNPESHERR R

TR R 2, RANLEIE 2, ASCRYE
TR RS UM, CRE AR A N AR S
RS AR PUR R SPRRE e, /o« VI
NS5 A PR RE N o, / o, « FRTEASERESR
B W U AR SE B 2B K A 2 JR AT e e S0 )
PR bR S E L R R AR RT S R,
LR R RIS TEMARPR I G R, WK 1.

R1 AR B b
Table 1 Rockburst prediction indexes and
classification standard
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o,/o, <030  0.30~0.50 0.50~0.70 >0.70
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Fig.1 Computation process of classifying the rockburst
intensity based on cloud model
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Table 2 Data analyst of rockburst at some underground
engineering sites

FEAR o, /o, oy/o, Wt K,
1 132 0.65 6.7 0.81
2 17.5 0.45 5.1 0.68
3 209 0.39 4.6 0.65
4 132 0.66 6.8 0.82
5 284 0.38 5.3 0.58
6 41.0 0.20 1.7 0.50
7 15.0 0.53 6.5 0.70
8 282 0.14 4.0 0.51
9 21.7 0.42 4.5 0.67
10 21.7 0.39 5.0 0.73
11 294 0.41 7.3 0.64
12 17.5 0.54 6.6 0.61
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Table 3 Entropy of evaluation indices

TN IRRR o./o; A We K,
J{E 0.838 8 0.896 0 0.8747 0.906 6
TR 0.3330 0.2150 0.2590 0.1930
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Table 4 Certainty grade of evaluation indices of sample 12
e i o, /o, cy/0, Wet Ky
QY] 0.000 0 0.000 0 0.000 0 0.001 8
w(In) 0.000 0 0.003 2 0.000 0 0.694 5
(1) 03116 0.200 1 0.000 0 0.0050
w(1v) 0.000 1 0.000 0 0.1132 0.000 0
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Table 5 Results of rockburst intensity prediction
FEA R 59 4 5 RS-TOPSIS b4
u() U(In) U(II) uav)
1 0.000 00 0.000 00 0.069 850 0.11373 -1v v v
2 0.000 00 0.070 02 0.438 010 0.000 20 I II1 II1
3 0.000 15 0.214 97 0.467 730 0.000 00 I I II1
4 0.000 00 0.000 00 0.045 400 0.146 98 v v v
5 0.001 09 0.281 65 0.171 630 0.000 08 II II II
6 0.171 38 0.001 44 0.000 000 0.000 00 I I I
7 0.000 02 0.001 70 0.228 900 0.024 87 I II1 II1
8 0.217 62 0.026 29 0.002 954 0.000 00 I I I
9 0.000 05 0.173 18 0.418 120 0.000 07 I II1 II1
10 0.000 07 0.201 04 0.595 100 0.002 12 II1 11 I
11 0.000 16 0.295 08 0.007 400 0.150 12 II I 11
12 0.000 35 0.13473 0.147 770 0.029 37 II-11T I II1
®o LAELBERFTIRARTNERESHMER
Table 6 Measured data for rockburst and prediction of Zhongnanshan tunnel ventilation shaft
BEFFIREE/m c./o, oylo, Wet Ky AICEER RBF-AR bR
-119 22.7 0.35 3.31 0.63 11 11 S5
-283 13.9 0.72 9.05 0.91 v v ik ey
-316 14.4 0.64 7.74 0.96 v v ik ey
~467 16.5 0.47 5.52 0.84 111 111 AR R
~659 18.6 0.52 4.16 0.87 111 111 AR R
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