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Abstract: In order to distinguish the sensitivity factors affecting rockburst and construct a rockburst prediction method under
the condition of incomplete data cases, a large sample database is established on the basis of collecting 429 groups of
rockburst cases at home and abroad, and the distribution characteristics and regulation of rockburst disaster-inducing factors
were summarized. Six evaluation indexes, including buried depth, uniaxial compressive strength of rock, uniaxial tensile
strength of rock, maximum tangential stress of surrounding rock, rock elastic energy index and integrity coefficient of rock
mass, are selected to establish a rockburst probability prediction model based on large and incomplete data set by using

Bayesian network, and the sensitivity analysis and engineering application are carried out. Through analysis, it is found that
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the maximum tangential stress of surrounding rock and the integrity coefficient of rock mass have a great influence on

rockburst. The model has a prediction coincidence rate of 83.3% for rockburst cases with information loss rate of 20%, and

the prediction effect is better than the commonly used empirical criterion of rockburst. The results show that the prediction

indexes selected in this paper can comprehensively consider the influencing factors of rockburst, and the established model has

applicability and reliability for the prediction of deep rockburst disasters.
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Fig.1 Source distribution of rockburst cases collected
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Table 1 The information of part cases from the constructed rockburst database
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Fig.2 Index distribution histograms of rockburst cases collected
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Fig.3 Elimination spectrum of data set corresponding to uniaxial compressive strength in terms of none rockburst
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Table 3 Analysis on the bivariate correlation of rockburst evaluation indexes
H o, s, % w., K, AR
H 1 0.204" -0.089 0.463" -0.065 0.132 0.324"
o, 0.204" 1 0.420" 0.355" 0.347" 0.155 0.232"
o, -0.089 0.402" 1 0.243" 0.282" 0.406" 0.241"
g, 0.463" 0.355™ 0.243" 1 0.239" 0.481" 0.593"
w, -0.065 0.347" 0.282" 0.239" 1 0.256" 0.458"
K, 0.132 0.155 0.406" 0.481" 0.256" 1 0.751"
bay 3 0.324" 0.232" 0.241" 0.593" 0.458" 0.751" 1
1::0.6~0.8 g 3 AH A, 0.4~0.6 g P A5 AR AR G, 0.2~0.4 5 55 IS, 0.0~0.2 Ay 4 55 A AR sl 0 AR Sk, AR SR E 0.01 K- (UL
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Table 4 Division of discrete classification intervals for each index of rockburst samples
. S RAE LX)
=R N - -
AR fiRk-F AR K e kP
H(m) <370 (370, 600] (600, 775] (775, 1 000] =>1000
iRk 4K =K e w3 7K
s (MPa) <94 (94,124] (124,156.73] >156.73
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x5 BIARHB4FAESE
P AR ik B L
,%%( 2/7_4'EIL = Table 5 Four criterion methods proposed by predecessors
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LW (6,/0.) <0.3 [0.3,0.7) =0.7
4 plx,250)
100.0,)=">> p(zlr,.0,)log ™" (3.6)
i=1 =z P(Zi‘riyﬁj)
Fig.7 Probabilistic prediction model of rockburst after 0., = argmax/(0, g;). (3.7)

parameter learning

LA S N7 35 S R 0 R TR g v S TR ) RS R L X T
AN e B R R ) B e R AR S0k (EMUBY i) 2R AT 4
7L, Z R B 3.6 R EL (ML) I
S HT S B0 19K R RO B2 il X 3.7 BT R 1Y
M 2538 E 2 AR AT 0 0L 2R bR B R R A R &5 R ik
N — B Py S Ak ARCE B, RE B 5K A
B B BN O, R %07 6 AT 80 ) 1 R
TP 7 BT 7R 10 R T BN A o % AR 3 00 A A

24 FHBRBLEBN A BN E BRI

BT BN (1 55 8 E 5 100 00 A 80 4 A 50 ),
X S 3 A P R R0 T A A AT R, DA DR IR AR A
T SR I A AT LAGE S [ D R 58 B IR 52 K,

FIFH € 28 5 37 I 19 25 93 MU 6 T A5E 7R %k 2% )
FEARIEAT BB, IF 5 2 5 B/ B9 AT 4R H B 4 Fl s
T 75 1 (R RUBR 25, 2010) #E4T X 1L , 4% 75 15 T
I AE R SR L I R 8 BT . BT AR W AR SC AT ST Y
BN 28 ] ) o B 2% SR GA 3] 82.3% , ¥y TH AR



1762 HiEkF#  htp://www.earth-science.net 9 48 5
: 90 ——1 80
CO exn O Han s o 1430 [ engin [ stfbA#E  —e— 265
Lok —m— s —o— HhIH J sir
1425 70 F o I REE
S & B —
< 4420 ¥ * !
c ® £ oor Ek =
# H 415 2 ﬁ 10 . 70&;
-4 ﬂ@ gg i o
el {410 & 30t \'/ ! =
i 465
1 405 20
10
400 . 6
Kidybinsky Russense DU 87 I 2 T — - dvbinski
L I 1 2 K FRW BN i 1 2 5 BNIMEJ@;;;] :ﬁNE;dybmSkl BN Russense
E R FI 9 AR

P8 i BINRZY ] o ffy 22 55 G Al Jy v X LL 4%
Fig.8 Comparison of return discriminant accuracy of rock-

burst BN model with other methods

RO Ty vk AE — e R U] T IR R Y h
PR R OLR 5 e U Y B A R e T
% R, M 8T L, A Ltk T Russense H 4 Al
Kidybinski ] 4 , 1245 81065 T 58 5 4 04 150000 46 1 3
B LAWK, 2 M AFAE T 7 T R — 5 T, X g
I T 1k X T 4 4 B AR B ik 2 S 400 AT B0 56 91
IR SR FH ) 5 e 4 5 ) K AN 4, 34970 T BN B AL
S0, 52 AE AR XS AR Rt i 2B s T
[F] 2 191175 50 T BN #5244 55 4 435 5000 1) 56 5 MR W) &
FO AR, W B 9 B, AT LAAR B, BN S A AE Fit il
58 7 MR 7 1T 9 7 1 % 5 Russense F 4 1 Kidybinski
FIYE AT (M 2ZE AN B LLN). 5 —J7 i,
Russense H 45 Ml Kidybinski J] 35 8 i £ 9 38 75 5 %
) 15 0 Sy v e A L B 10 28 T A R IR TR
F 1 R H R L A5 SR, T L BN RS AL Y 158 ) R d
fi% , i Russense 3 4 £ Kidybinski J] §& 1% 1% $1 % it
B T BN AL (2 5 i 25%~31%) , 5 ¥ H A AR 55
G 2 ) 158 H) Sy i AU Xl R S BT 8 X
VA 28 ) 8 % 07 A 5 S R N W) G SRR e Y T
3 R0 & I AR T B T, 5 B I R
W3k TR L5 LORE TR H Y 8 T BN A
BB UE W) A AR R B B A R AR, BaE T
L5 BN S8 091 B0, R BT A ST B Y
& PR B, URAN T OZET 4 5 A 0 AN 2

A& CHAE Ty A 3R, S 1R 7 Bk Sy A A AE X
Bk, BEHLTE AR A rh il B> T 1/3 09 B A o ik
FEAS AR BRAE VIR FEAS 5 56 2 R0 J5 vk K31 22
B AIE , BE ALK A 1 0 S KA (K — i BUE
5~10) , 43 58 B — /NAAE R IEHEA , KR K—1
AR A INRAEAS ST 5 K YR ) 56 TE o i 34 A 07 5

Pl O A ] 58 2 1k 28 19 K0 BN R 15 H iy 32 v A 236 0
Fig.9 Accuracy comparison between BN model and other
methods under the same number of strong rockburst

cases

o
(=]

2
(=]
T

(=)
(=]
T

W
(=]
T

AR (%)
g &

[35]
(=]
T

—_
(=]
T

0

P74 ool Russense 8 fEfifi 1 &R 4 Kidybinski
= ST IDIRrS
P10 BN B H A Jr vk X 58 o 1k 1 15 ) 6 X L 25 2R
Fig.10 Comparison of misjudgement rate of BN model with

other methods for strong rockburst cases

R TR (1 1 BB 4 A 5 55 3R vk O B — I, R LA
NAKEA 53 0 A REARAE TR A Ry N—
TABEARAE N YN REA 15 5] N A B B N A
TR (10 6 ) 25 ISP 35 (B4 A 9 A AR 1 1 RE 48 A . 5
1 J7 0 A TR %) 9 8 23 AT AR R A AR M A5 3] 1 A5
T BE 6 AR U IR 0 AN 2 5 55 3R 7 ik R Ab T ] B AT
S E 7 A8 AR Ak R B i L (R S B e K
W, 2 R ISR K 338 URAIE , I Bt K=10,
BRIV Bl AL B J2E 4 R 10 4, Wi L4l 60 3 43 4 Hdis
55 10 2 AL A2 A Hds 2 I 1 4 58000 1 Sk 96 IE R
A AR OHME = I AR A 10K, L KB IR
EVE B 0T T3 08, 45 R A 11 s, IR
AT LA B 10 W4 TE HE AR R AE 7300 DL b, HoER
FOVBIE R 76 0, 3R WY A B AR 1) R 1 NV



&5 1 ) L A A B O AR AN S AT 114 5 DR AR AT i T ) A 7 1763
80 ®6 BNEREPEBREZTAGEAESWER
] Table 6 Sensitivity results of rockburst grade nodes in BN
78 F S 1 i model
75.98%
< — _ o LS RG-S [Ep:a4
s | S | N e e e _________JL___ R 1.325 51 100
- B2 ) 1 0.201 95 25
& — — ] RS R 0.100 99 6.03
¥ ] A AR R 0.015 31 1.35
_ R 0.011 22 0.583
721 HAT BT R 0.006 21 0.334
S 107 A% R i 8 B 0.001 50 0.14
70 1 1 1 1 I I 1 1 I I
1 2 3 4 5 6 1 8 9 10
45 ok TR kR —e— BAE A RAE
PELTL i b AR 5 T IO A 7Y 47 38 S0 iE 45
Fig.11 Tenfold cross validation results of probabilistic pre- — ok
diction model of rockburst ;;
ﬁ 60 |-
MU, e A AT R R A BV TR 5
e BRI B B, R R 3 R R T
R R R U R I R A AT Bt S Wl
e A, 2 e 8 M 38 000 AR L £ 5 0K
0 -
'J_'A GY, b A =)
3 e IR URE AR A Y il ' ' ' '
fIC Rz 75 &5 R 5 2 1) e i 75
Il 5 5 K D 1) L 77

31 EEEWMNERNEREE

BRI RALE SR INITE -4 o G A = PO |
B 5 I B R, A5 T8 AR Y S e AR BE R TE] L T
0 e A R ORI 2, T R T RORR R A3 B
T, 0 5 RO AT R RO X S R AR X B AR TS
SLET A A R AR SCHE 3 B {7 B (Mutual informa-
tion) (Y 7 1 S I BURME 73 B, A T 45 R WLk 6, B
17 S AN AR B 22 8] 1 OC R IR ES L H 43 R R 55
KR PEATE RN BUE 8K RIR %46 br x5 12
S5 G 5 R R, R O A bR o6 A AR A R
B, v A LU 6T A 5 A5 9052 ) e R Y 2
i RN 7, RO A R o B vk R A
32 BERMERNEENZIE

I BN BRI HE 2 72 2 T 5 S F B 2 A&
S N =1 = 2 S % S o Ve S = M = R S v )
J5 0 ME 3 R HE — 20 a0 B DL A R O P 4
PRXt T B ERR R m B BT .
321 BERXVIBE N o, N ERERH M
0 8 AT AR B B R B B A
255 U R 43 JK 5 R R BN BN &L g,
ORI = W K A VAAR NN R I VAV R /N SN = S VA

12 A de R D) 1] L g %) 25 IR 2 T A B34 14 52 i)
Fig.12 Influence of tangential stress on the occurrence proba-

bility of rockburst grades

—m—EHM e HEM  —A—EuN

80

60

40

R ERE KR (%)

20

e o Py
5 1 s M e R
113 A 8 4 1k 3R O 45 RS R AR AR 11 52 T
Fig.13

Influence of rock mass integrity coefficient on occur-

rence probability of rockburst grades

ARES W R TDRAS R A RS R AR AR 5T 12
IR AT L B 3 PR e e KU 1) B2 7 8 38 ik, G e A



1764 HERBL2E  http://www.earth-science.net

o548 %

F7 IIRNABUNEEG TR

Table 7 Project overview of engineering application prediction cases
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Table 8 Information of rockburst cases for engineering application of BN model

BNALR SCPRd

T TREAFR H(m) s(MPa) 5 (MPa) o, (MPa) W, K, — oy
1 1533 160.00 7.60 128.00 N/A 0.82 A BAEE
2 ! 1872 160.00 7.60 155.20 N/A 0.69 A SE
3 bR 2 080 160.00 7.60 176.00 N/A 0.50 A SRAEE
4 2080 190.00 8.90 74.20 N/A N/A WA TRAE
5 240 141.00 7.22 47.80 4.30 0.71 SAEE aE
6 300 141.00 6.59 48.90 4.30 0.71 BAEE aE
7 2B % 58 680 N/A N/A 41.90 4.00 0.62 AR
8 800 147.00 6.87 58.40 4.60 0.71 SAEE AR
9 1050 N/A N/A 61.10 4.60 0.62 AR FEE
10 N/A 96.41 2.01 18.32 1.87 N/A T TR
11 N/A 107.52 2.98 21.50 2.29 N/A Tk TR
12 N/A 126.88 N/A 40.60 4.15 0.59 SamE R
13 174 114.07 N/A 15.97 2.40 0.61 e T
14 VLK B 275 106.31 N/A 19.14 2.07 0.54 ek TnE
15 186 117.81 N/A 12.96 2.49 0.60 oAk TnE
16 214 138.50 N/A 29.09 2.77 0.69 ek TnE
17 289 106.32 2.92 23.39 1.75 0.46 ek TnE
18 N/A 164.05 N/A 104.99 8.41 0.88 WA TR
19 970 160.83 11.06 30.56 3.63 N/A WA TR
20 B BE 5 N/A 85.00 4.80 91.80 3.20 0.70 BAEE BAE
21 K HL N/A 62.00 3.88 38.44 3.00 0.37 BAEE A
22 N/A 70.00 4.70 21.70 2.50 0.40 TEB EE
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25 XAT. 115 71.96 7.14 44.80 N/A 0.65 A BEE
26 JK H il 400 86.80 8.23 105.25 N/A 0.65 A BHAEE
27 N/A 140.00 8.00 108.00 N/A N/A AR SRAEE
28 TR N/A 225.60 17.20 91.30 N/A N/A SAEm RAEE
29 N/A 78.70 2.65 32.27 3.30 0.64 sAmE nE
30 N/A 167.20 12.67 110.35 6.80 0.82 PRAHE SRR
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Fig.14 Comparison results of prediction accuracy of rock-

burst BN model with other methods
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