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Abstract: Rockbursts occur frequently in deep-buried tunnels excavated by tunnel boring machines (TBMs) , posing
a significant threat to construction safety. To address the issues such as scattered rockburst cases in deep-buried TBM
tunnels, fixed early-warning models and insufficient early-warning timeliness, multiple rockburst cases from TBM
tunnel projects, machine learning and intelligent algorithms are integrated to develop a deep-buried TBM tunnel
rockburst intelligent dynamic early-warning system. This system establishes a specialized rockburst database, which
includes the basic information, geological characteristics and microseismic monitoring indexes for TBM tunnel rock-

bursts. It features multiple functions such as project and work area management, rockburst cases and model manage-
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ment, and early-warning result management, enabling block storage, unified management, and dynamic integra-
tion and updates of multi-source data for different TBM engineering rockburst cases. An intelligent early-warning
model for TBM tunnel rockbursts is constructed using extreme gradient boosting (XGBoost) , Bayesian optimiza-
tion(BO) , and Hyperband (Hb) optimization. The accuracy rate is improved from 78.2% for the basic XGBoost
model to 83.4% for the BO-XGBoost optimized model and 84.0% for the Hb-XGBoost optimized model, achieving a
significant improvement in early-warning accuracy. Additionally, the system implements a dynamic update mecha-
nism for the early-warning model through the invocation of rockburst cases from the database and incremental model
updates. The system’s response time is controlled within 30—60 min, and the update process does not affect the sys-
tem usage. This endows the model with the capability of continual learning, enabling its early-warning performance
to improve progressively with the accumulation of cases. The application of this system in a deep-buried TBM tunnel
in western China demonstrates that, compared with the traditional early-warning methods, the system significantly
improves both the accuracy rate and timeliness, showing remarkable practical value and early-warning effectiveness.
The research findings in this paper can provide a basis for rockburst prevention and control in deep-buried TBM tun-
nels, aiming to promote the automation and intelligence of rockburst early-warning systems.

Keywords: deep-buried tunnel; tunnel boring machine (TBM) ; rockburst database; rockburst early-warning;
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Fig.1 Main parts of rockburst database of deep-buried TBM tunnel

ST T B PR AL RER oy, B T e
SEOIREREH, A1 I H B T LA R A
PUEA RV P | PUE L R PR 2= [ 25 4%

(1) TUH L T 4R BERTRE PRI 2 13 | STl
Lo X B SR e it TR s AR LA AR U | 24
AR T IX; S H & TIX A B

(2) AR P TR I | X AR
BralgiE, vl LT sh s A st i S A e s S
P rh I AT S R nT A I 22 | R

(3) TUEAMLRLE HL . n] LUGE P % v R ek 56

19153 2 BB | R A ] i AR 4 |
IRFIA] | Ecd 6 S DU BB AR5 B

(4) TUELSRAE T T BB T X h
HTAS IR o F M KAl , ] S g T 5 TR U4
RE TR PR e kg A A G DU HR , il A Tk
PR AR A B AR

(5) Bedla = [F) 45 - A S 5 SAF AR AE = I 55 s
Hh, AT RUANBR DI 1] S I 54 , S B L o
FIPRAE T, [R]I CRAE R 22 42

B SEGIAT 3 WOCHHEOR : B ek mtk



276 KHAR AR (A AR5 TR

5o H3M

AEBHEE A, i1t SQL Server WAEALILZETHER 70
e, R AL PR AR IS AN S DR AR L, B B A
IRFEHITE 5 ms LAY ; HUOH R et ol , s i s
GRS (B-Tree BHEZ 515 R-Tree Z[A1EKS]), FF
RANSYAE B sh it s gt , i
ZRA Y A ShIFAT AR 3 5 B 2 A I T S R
B, #8E Always On A] FPELLSEPE A sl EfE 5% (P
S BAR/NT 30s) , EE AL E RSy 22T
FTH B 3 AR, SR DB R 3 F 55
WGP R .
1.2 REEERA

HTF Java IEF L TGS TBM BRIE AR BE
SIARTE RS, RE M FEAA G EIEE OV H)Z
e o N G P DR U P e € o el G I € TN
F, R R  AREIAE, $R4E T HdRE a1 | SRR
TR S A B PR 5 2 F S A T
R SR S B T, DA T R 2 1 o b A
N 5 242 22 I 248 )2 42 T T B8 e U T A SR AN e 4%
Wi , AR TR TRAREEE L 4 TP 2 T
B 7 2R n B, LS EDU b AR B A s e 1
R AIEUEG O, HA o s gCR K 2 pos. 5T
RSB E BIRE A S RS A, DR S
LT RRARAT B AR AR

I TBM BRIE AR e s B E R F 24
TUH AL US| BB SRR 3 )
AHGHEER), W 3 Frs. K3 i 3 48P a] 510
H BT | S5 A ] 3R . X B BT N AR g
Y E S LA 4 (a) 5 25 DR R EAART H R 53
R TIX FRBEFIRR I , SEE0A SR A 1 53 X A7 A
G —EPRABNAEH, WE 4(b) F1(c) . TR

> ERRH

FEARE TR ERE

s L L s
|

SREUEAR2.9%
hERR

0,
12.3% .
e 47.8%
37.0%

(a) HERE AT

=y ik
2024-03-16H B TEHELR

(b) FEUCHHTER O

E2 REERFEG
Fig.2 Example of system graphical interface
LR TR U H CGETT e R SR Sy B
BB, JF IR AR EAE B PUEHCR , X —
ARSI TR S, ORI IUH | X bR BOH
o I F BT 00 BB A A AR 051 T S A 3 T R
PSS HUL T M IR R A E R A, HE
S ST BRI R R S e R T, R4 SR
FEIC, 3 1 N TR LS AN B T IX | b BERTES
I8 BRI T, T S8 U A R GE R S 0 3 2
BB

f ¥ ¥
Y/;,‘\é 1
s | M HEFARFATBMIH . TKAl
..................... .y BB 2 R R
B
), - ‘ﬁ -
R bRECRBEI 1A BURBNAS I | R A gm s s |
17
LBl ;é'; LT AMTBMBIA . T, | | pre————— | f@zg%mﬂj&, EZART
2 RIS 1 R IS eARe X LY 5 A A S 75 A
W | &
..................... = "
@ e 5 I
e | &
..................... 7 ~
Eakcenid T BT U 45 S

3 RIE TBMRE S B ERENEME RFEERLEH

Fig.3 Basic structure of intelligent dynamic early-warning system for rockbursts in deep-buried TBM tunnels
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Tab.3 Model tuning results based on BO algorithm and
Hb optimization algorithm

SRR | BO SR B AL(E | Hb DL bR 1 fe U fE
eta 0.000 518 0.046 700
nrounds 218 256
subsample 0.675 0.697
colsample bytree 0.503 0.423
max_depth 13 15
alpha 0.015 00 0.002 78
lambda 0.024 8 0.075 2
gamma 0.4380 0.0412
min_child weight 0.145 00 0.002 39
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Fig.9 Repeated four-fold cross validation
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Fig.10 Prediction results of confusion matrix of original
and optimization models
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Fig.13 One moderate rockburst occurred at the site of a
deep-buried TBM tunnel project in western China
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Tab.4 Three cases of rockburst monitored on site
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Tab.5 Rockburst early-warning results based on Model A and Model B
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Fig.14 Rockburst early-warning results from 2024-07-07
to 2024-08-07
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