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Abstract: The hazard of a rockburst event is directly correlated with the scale of rock mass ejection in deep
underground engineering. In order to further enhance the fine characterization and prediction level of rockburst
hazards in deep underground engineering, a study was conducted on the classification and discrimination method

of rockburst pit volume based on microseismic information. Firstly, a statistical analysis of one hundred and eleven
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rockburst cases from the deep tunnels of Jinping II hydropower station project was performed. It was found that six
indicators, namely the cumulative number of microseismic events, cumulative microseismic energy release,
cumulative microseismic volume, microseismic event rate, microseismic energy release rate and microseismic
volume rate, showed a high correlation with the volume of rockburst pit. In other words, there was a significant
hierarchical difference from low to high between the distribution of rockburst volumes and the values of
microseismic parameters. Secondly, a hierarchical clustering analysis was employed to establish a classification
scheme for rockburst volumes, taking into consideration engineering practicality and predictability. Taking the
Jinping tunnel project as an example, the rockburst volume was divided into five levels, and the corresponding
volume thresholds for each level were then determined. Finally, a decision tree based on the improved classification
and regression tree(CART) algorithm was constructed to determine discrimination thresholds for various
microseismic parameters under different rockburst volume levels, and six individual microseismic parameter criteria
for rockburst volume classification were therefore developed. Furthermore, a spider web diagram method based on
multiple microseismic parameters was developed for comprehensive discrimination of rockburst classification, and
corresponding discrimination criteria were determined through case analysis. This method enables people to rapidly
discriminate the potential level of rockburst volume during tunnel excavation. The results from retrospective
verification of the collected rockburst cases showed an overall accuracy rate of 85.2% for rockburst volume
discrimination, demonstrating a high accuracy and applicability of the proposed method. This research provides a
new and effective approach to improve the fine prediction level of rockburst hazards in similar deep underground
engineering projects.

Key words: rock mechanics; rockburst volume; microseismic information; deep tunnel; clustering analysis;

rockburst classification; comprehensive discrimination
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Fig.7 Dendrogram of the cluster analysis results by using rockburst samples
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Box diagram of microseismic parameter distribution for different classes of rockburst volume
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Table 3 Criteria for discriminating the rockburst volume class based on single microseismic parameter
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52 ABRRRFRNZNRESBEZAFIH

HI R S0 S8 R A AR BAT
FEANRBS, BIARMRESES TARSEY S
BRBUBIE S IX P A5 . I, SRR
SHHRGIRETRER A EAHEN, 2T
BIREEEAG, HARARE R Z . a2 MRS
Habe A m TR mea A RUAGIRG I S E 1k

FERH 2 R S M B g a A B R R 5
AFAEARZS ke Forfr, SR ) 7 ik ] RS
FHH I, AR ) 4 R AT T AL s, X

T TR T HAR N G0 S R 7= 5 ik
ISP VERSR, HARAETT (. BAh, R R 4E bl
A AR Bcdf dAc SR 175 0 B S B 75 AT R 1) 1
A e, RIS ik vl 5 HAR R i 45 s
FESE S N4 AN 25 Ff BE I A %, SR PR A 2R
FIERPEAI AT S L, PRI 2 N . KRR 3 i
B MRSECHNRE, MW T AR AR
(K12 R S H A FIIR R, ik 15 s

- ] =]l
- Il -1V

RSN

R
K15 ERRRRSE S0 2 IR 2 HOH) kY
Fig.15 Spiderweb diagram for the comprehensive discrimination
of rockburst volume calss by multiple microseismic

parameters

FESERRN I, AT AR 1 S 1 5 R S A
gk X Pl )9 o o B e R AR R S 2, (LT TR
A S e S ROPUE AR A A DA AE [R5 RSS2
VEIN, BRI, ZASEEA R T R AR
5 ARG LR KSR I R HE N, AT A A
FEAKE RIS E R M dEAT B E - B L, FR19 [
ERERITRREOE , PRI AR A E TERE L T
B%, EREFHR RS R TR B 2, 155 2%
GRIVE S0 AP O EE Y S v BN af <



<694+

A1 TR

2024 4E

(RO B 25 RO PR SR 2 AT 45 R B LI 16), 4
Fa 1 RIS R ROE AR RN 6 AN, BARW) &%
(BRI 55 2 5 S res EE g — B0 Tk 2] 100%, {H
GNP 15 B 28 (R A P2 o i 2 U 280 031) 2 A 1 2 1)
i EACR 33%; 48 A1 [R1 S5 e IR O= A A FE bR 5 A
B, ARIRAFAEM) & R m H A R BRI A8 ¥
v [F) S5 4 5 1B I AUE F AR AR N 4 N2 3 AN,
W& R R BRENI G H L) 88%), BT &RIETHE
K, EF] 92%.

Bl e I wa®
364 5615

100 - 7711 10041 884

80

60

7 bR /%

40 -

20

EADIECE A4
K16 a B IRARSE G Rk ) R A 45 R i

Fig.16 Statistical results of the discrimination on the rockburst

volume class by using spiderweb diagram

WRYE LR EIR, WP A T A R
B —RHEN, W% 4 Pos. S5 W, BEFIR A

[ SR ARAR AR I, 53 ) IE A R 2 R e
=, BEETRZHEHIFFEHVEWENR R, 24
fa 1A FE R R IRPR A DT 3 AN, WA
ZEER B PE BRGNS R, TRt 2 TIEMN
MR T EZUBIZ, SRR3R E A,
TR ATIAELE D50 10 S U 73 A BN B T
FIREW, 2 FBHMGERAAEZ RGN A5
gE N 2 ANECL B (0 4 FRII[A, A, A, B,
B, B], [A, A, B, B, C, CI&/ & FHEHHNHAL),
M TFE R FH i 22 4 B F BE S R, A0 1) T4 280 i o
LRNENFIER, B AL ECE s S A R 4
HH SR

BT B OriE, WSEE R 108 AR EIEAT
[T EeIE, 45 R 5 5L bR b A il 17 Fros o
Gt R, HREHMERROARILET] 85.2%, BF
T RIR AR AR S R R . X T
ELRE T BWMESE AR X, HAHUE
SHIBN BB AT T FHR 4 5 R0 29 5
MITTHE S T2 EHIRIME R SietE. Sk b, Br
2t ) 35 T ek oK) PR ) e R A AR S 2 22 TR S 0K )
JIEAE A K 22 B L B B ) S P A v
R, AT SEIA BRI RS A . Ak, BRI
FAREBE Sy R T i s oL, 13 3k
fili, 3 BIBEARAY), 1% -5 20005 B 2 A O SFA
—ER R

R FETURI 1A R SR AR I HE N Je T AR IR IE S R

Table 4 Microseismic discrimination criterion of rockburst volume class by the spiderweb diagram and engineering verification results
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