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Mechanism and recognition of TBM roof fall in main inclined

shaft of Kekegai mine
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Abstract; To explore the approach for dealing with roof fall by the open TBM in coal mine excavation,
the mechanism and pattern recognition of roof fall were investigated considering the unfavorable geological
conditions such as abundant water, faults, joints and sandstone with fractured structure. Firstly, the roof
fall mechanism was analyzed by utilizing the modified excavation compensation theory and the minimum

support stress of surrounding rock which fully considered the intermediate principal stress. Based on the
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successful case of the main inclined shaft of Kekegai mine and TBM site construction data, the
characteristics of roof fall were deeply analyzed. Then, in accordance with the collected on-site feedback
monitoring information, the variations of excavation parameters before and after the roof fall were
systematically examined, and the machine learning models of random forest ( RF), back propagation
(BP) neural network, and Library for support vector machines (LIBSVM) were constructed to effectively
identify the roof fall. The results demonstrate that the internal cause of roof fall is the deterioration of
sandstone mechanical properties resulting from water-rock interlace in the cataclastic structure, the external
cause is the energy release by mechanic-rock action, and the controlling cause is the excavation stress
compensation and the timely application of steel anchor (cable) shotcrete + steel arch (steel plate belt) .
The sharp increase of penetration, and thrust of the hob, the torque of the cutter head and sharp decline of
the cutter head speed are the characteristics of roof fall driving parameters. The RF model has the highest

prediction accuracy for the classification of roof fall of surrounding rock, and its accuracy rate of identifying

1208 #%75. tbd

roof fall risk is 1. 78% and 11. 84% higher than that of BP and LIBSVM, respectively.

Keywords: main inclined shaft;

intermediate principal stress;

0 31 &

B%E 8 AL ( Tunnel Boring Machine , TBM )[R H:
R DR RSB (T MR AR ST A2
Bz G, 75 3 22 38 R B (0B R IS iR
T ) K K HL BRI B LR I S5 el 1 o A
FH. SR, TBM 7E I 7K 57K RS LA S K 25
Tty S5 52 2l B A PR, i ) i R A AR R R
— HALBAS 0] g R BUH A KA, e g & R L
SRS VG S M DX R S 3 W A A
RORRHRIE T AR 2 R AR D 2 85 A b i
I 14 2275 B K DR 2 Bty B B T L, J Ay 435k
TR PR MY DR, X TSI B B TR
Jit R A R

WO TBM YRS 505, B 4 & A4 T
VRN AR R e R DX 38 2 DX 3 T i T 5 K AR T
SRR X R JR A A RDERS % I [n) fE, AT A2
AT TIRABRGE . T 7510 4 R SCHRA B | 52 491
geitordr e BUETHE S ISR S S
)78 B T IR TR LS AR TR AL Jf ik T
28 TR FH 56 R A8 3% 1 8 R AR A7 280 4 -5
Tk 2R AR A O R T W Al FL B A5 T T
TERE T Ve e TR R 1 Bl 70T 42 n R B AL R i
B AL AT ST, 25 R LI K RS T A )~ 1 o
e AT Al T ) 1 RE RIS i BE R AT, U T S 3P 2k
R DY = Wi 1Y 22 s = NUTE 31 PIREY [ o
KRBT EORTH S BUE RS & 8071,

tunnel boring machine (TBM) ;

driving parameters ;

roof falling mechanism

risk of roof fall

ST T HHAZEfT R SN 45 1 T R A 8 LA R AR AT
532 JIWER IR A5 R W TR Bl ) 2 25 5 B
F A S R far 2R S VR TR B 28I SR IX AT
TGN ™ 0 3 2828 2 0 x nl nT 25 B O A
B HOTRRIF BT, 0B T AR S 30 2540 T 1
AL, A3 TBM $i 45 18 Bl R 28 ok i 55 )
SR 3 AR | A S R )« RS EE
PEMEIR , 75 BB S il 2 A AR T IR | FRAIRIR
FREA B TR A TP T R 3
R R R R 0 5 58, X b TR
BRI A8 S 5 X i S 4P ) I ke A SR FH i TR Mg
Y5 SRR A R X BERE BT T AR AN HE ALY
ST AR R I R 4 2R RO X
WS T BA AT ATE S 2 v A
et ELXRS: 7T 45 5 185 B 7 21 454 Drucker-Prager
J IR HAEDN , 25 JE A B e 2 PR R I 25 A AT L
VRN 22000 B 52 e 4 O T T 45 5%
T B IR BT B i 5 1 DX ) Ao % T8 4 1X 2
TR AT 200 Sl e K R 2 IR
S AT A S A AR T B B ST T PR AT IX 55
S5 b2 TRR RS R A T A DG N 2%, BT 55 IS 46
by TE AR B S LSS S N [ 6 3R, A4 BT %
LeWe AREZS WY, DL L E AR B M X
(A S 5 R P S S AP O TS T A AR (EAR
/¥ Je TBM JiE S50 H 5 B TR 50 W, 6 AN
[F]Hb 5T 55 1 T 4 S 8 A AL 4 A, B = X 4 i 2
BB A BT X R ShASSR, TTikig R Rk



24120000079008 1208 1% . tbd

hoE % e B % %R $34%:

- 110 - China  Safety  Science  Journal 20244
TRt TR XU 4 1.2 £ TBM #Ei# Gk

T, SCFREE T R E B ORI TBM T
P 'E DAL B AR B, iz FE IE 2 /MR i 5 2%
[F1) 5 17 3 9 R B /N S N 0 B BT B TN AR
B, FEAE 7R SR 1 BB A B 2 ) B B AR
BE BRI K T AT S5 8T 32 R A 5 2401 5 T4
P, A B TR BEHL AR AR ( Random Forest, RF) |
S 454% ( Back Propagation, BP ) #1258 [ 2% 37+ [n)
i Ml J# ( Library for Support Vector Machines,
LIBSVM) HLat2 ST LAY, I 368 Ho 7 A7 AN ) 452 50 1
B U 2R TINRS B2, AR T 74 B AH A 3t 57 2% 14
THY TBM B A b AR,

1 AAETERAIESS

1.1 TIiER

AL A] 5E REALT R P A M AR TP L2y 32 km
b R E R TR R 58 1 I ™ 9 1] f) i s 30
Y MR i 5 Bk, 2 R I )
B 7, 32 66 2R T o0 S B 25 /) | e e 285
¥ RGN HCR Z5 48 4 KA R S5y Horfr,
P R IK T2 M2 TR 153, 15~221. 40 m, HHIR 2 b,
T 230 m'® | BA PEERMR R FE S J2 A5 K2 R
fEL IR A IR LT A RIRL L1 (6, ORI A
W Ve BURIES LSS 4l , K B 2 B RBLR S 2B,
HAA GRS, WARAE R 20 S BUA AR i, H =
A SR A 1, HLZE -0 W o & kv, ASE B
A HRA RS A EEZ Y, R RIGE e AR
o ELA AN B ARG, e L BAT ok bR 4
¥ MR A 5 2 A, FLBR VR B 4, 3% A 0
R AT, 53 B2 20 0] 2 IR 2544

340 m
0 1000 MmE00.m900 m 1680m
I _1XJ2 [X73 1 XJ5 _Ix16
- - o Ry .
B A A ;
SRl P
u Z,
= =t

850 m

: (D). X% R
5 f@ﬁiﬁ%ﬁ%‘bo FEE 1:500

B1 ERHFMEEE
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Fig. 11 Cutter speed and penetration distribution of different caving grades
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