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Rockburst prediction based on evidence theory

JIA Yi-peng, LU Qing, SHANG Yue-quan, ZHI Mo-mo, DU Li-li

(College of Civil Engineering and Architecture, Zhejiang University, Hangzhou 310058, China)
Abstract: Rockburst is a dynamic breakage phenomenon existing in rock excavation in high in-situ stress zone, and its
mechanism is complicated and the occurrence is influenced by many factors. It is almost impossible to make the prediction of
its intensity through any single evaluating factor. Based on the idea of information fusion, a methodology is proposed for
predicting the rockburst using the evidence theory, which can reflect the comprehensive influences of different factors. Three
indices related to the occurrence condition of rockburst are taken into account as evidences in the proposed method, including
the ratio of the maximum tangential stresses on cavern boundaries to the uniaxial compressive strength of rock, the ratio of the
uniaxial compressive strength to the uniaxial tensile strength of rock and the elastic energy index of rock. The basic probability
assignment functions are objectively constructed using the rough set theory. The predicted results of 12 practical cases show
that the evidence theory method has relatively high accuracy. Finally, the model is applied to Cangling tunnel and the
exploratory tunnel of Jinping I Hydropower Station. The results agree well with the field situations, which again illustrates the
practicability of the proposed method.
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Fig. 1 Schematic diagram of rockburst prediction based on evidence theory
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Table 1 Relation between evidence bodies and rockburst

intensities

IR o,/ 0o, o./o, Wet
I <0.3 >40.0 <2.0
I 0.3~0.5 26.7~40.0  2.0~3.5
I 0.5~0.7 14.5~26.7 3.5~5.0
v >(.7 <14.5 >5.0
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Table 2 Data of rockburst samples

G O /Gc o, /61 Wet R
1 I I I I
2 I I I I
3 I I I I
4 I I I I
5 I I v I
6 I I I I
7 I I I I
8 I I I v
9 v il v v
10 I I v I
11 I I v I
12 I I v I
13 I I v I
14 I I v I
15 I I v I
16 I I I I
17 I I v I
18 v I I I
19 I I v I
20 I I v I
21 I I v I
22 I I v I
23 I v v I
24 I v v v
25 I I v I
26 I I v I
27 I I I I
28 I I I I
29 I I I I
30 I v I I
31 I v I I
32 I v I I
33 v v v v
34 I I I v
35 I I i i
36 I I I i
37 I I I I
38 I I I I

T R 136 SHEAS S 53R 580 37, 38 SHEAR
R s 5 5 PR A o0 I DR AR AR TE
& 3 IR EE SR

Table 3 Probability assignment of evidence bodies

R A o,/ o, o./o, W,
S; 0.850 0.500 0.700
mi(5) 0.150 0.500 0.300
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Table 4 Relation between probabilities and rockburst intensities

R XA P X[
I <0.479
1 0.479~0.741
I 0.741~0.905
v >0.905
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Table 5 Analysis data and predicted results of some rockbursts
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Table 6 Evaluation indices of Cangling tunnel

P AR o,/0, c,/o, Wee
K97+702—K98+080 0.21 243 4.6
K98+225—K98+425 0.28 23.6 4.9
K98+637—K99+638 0.32 21.3 53

K99+638—K100+892 0.28 23.8 4.8

LA K97+702—K98+080 i B A S, HILIFM 45
PR (7D, 132 B TN SEAE B e, FLAk
i 2k 7,

RTEFHEKREENE

Table 7 Basic probability assignment of example

SEAAE B ) i o TP AR
my O 0.361 0.489 0.150
my O 0.354 0.146 0.500
my () 0.552 0.148 0.300

‘EE: ‘F*ff\‘l’ 2, 3%%”%7?\‘09/ch 60/61, VVct
I (@) WUAST AT AR, & BT
WA 8.
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Table 8 Process of building probability of example

N A I o R ARHN
mi() 0.467 0.436 0.097
M) 0.654 0.304 0.042

i BN e B A BT S5 R LK 9.
*9 BIRBREEBMMER
Table 9 Predicated results of rockburst of Cangling tunnel

B LR AR TN SEhRRER
K97+702—K98+080 0.654 1 1
K98+225—K98+425 0.713 1 1I
K98+637—K99+638 0.763 I I
K99+638—K100+892  0.707 11 11

7E K97+702—K98+080. K98+225—K98+425.
K99+638—K100+892 — ANk Bt b& i JFZ it #Er, 544
RPN EING, AT BRI RS,
FIE AR Z ROR HOEBOIR, BRI G
12h N, J&TEE .
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RS THIAT PR M v AR S, AT W 381 < — -y
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ARTE TUFEAR, FFEEEmILE 7 d 224, WEs it =)
A RENS, JET hELE,
3.2 B ZRK BN E BTN

Bt UK AL TPY I AR . g, %7
S RLATFAL, Hi Ak v FE P R Y X, LG K
BT 2) 17.23 km, —REHE 1000~2000 m, f K3
IRZ) 2525 m, MUY ) SEM B RAE A 42.11 MPa, 8
KAEA 54 MPa, SE# A AIHURRE ) 85~
120 MPa, H&A RN R TR
PR T A W TP R ORI AR SO VAT IR, &
[ B VE AR WL 10,

F 10 R KBRS RIT N IERER

Table 10 Evaluation indices of exploratory tunnel of Jinping II

Hydropower Station

*E—FJL 0'6/ O¢ O-C/ Ot VVct
1+640 0.436 19.7 23
1+731 0.464 20.4 2.0
3+000 0.846 273 3.1
3+390 0.842 19.7 2.3

s B K R S R 5 BRI T B AR A TR0 4 2R W
£ 11,
F 11 $R R Rk BULIRIAE B FUN S R
Table 11 Predicated results of rockburst of exploratory tunnel of

Jinping II Hydropower Station

BES HHREE T .
1+640 0.672 i i
14731 0.668 1l 1l
3+000 0.889 1 1
3+390 0.882 11 11
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X)) HIAFEA
x=[R] Yo 25 IR A i 4% 7]
[sr sc]=size(x)

XQ)  AIEIMERS R R AR R REA

0ol=[] % AHAEES 1
for i=1:sr
yy=x(i,:)

if (yy(1:3)>yy(@)  %HAF

ool=[oo0l;i]

end
end

gl=001(:)

x(gl,:)=0 % AALHEA %

XQ) RIEEIFEEAEA
of=[] %EHES
for i=1:sr
yy=x(i,)
for j=i+1:sr
co=yy=x(j,2)
if (ce(1:3)=0 & cc(4)==0)
cf=[cfii,j]
end
end
end
g3=cf(:,2)
x(g3,:=0 %ELFEAR A%
X(4) R FIBRAH 25 R A
mda=(] Y AH MR IR A
for i=1:sr
yy=x(i,)
for j=i+1:sr
ce=yyx(j,2)
if (ce(1:3)>=0 & cc(4)<0)
mda=[mda;ij]
end
end
end
x(k,:)=0 Yo AH AR ZEAE A A %
X(5)  RIIDOHIERR AR 1 AR B (A A
x_1=x

mdla=[] Y%XHIFEAR 1AM B A A L &

T 2014 4
for i=1:sr
yy=x_1(,})
for j=i+1:sr
ce=yy-x_1(j,?)
if (cc(2)>=0 & cc(3)>=0 &cc(4)<0)
mdla=[md1la;i,j]
end
end
end

X(6) A E(E
nxn = unique(x, rows')
num1=length(nl)’
numx=length(nxn)-1
disp("Hfi & 15 15
rdl=numl/numx HFHEAR 1 PR E 1S




