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Application and research progress of TBM tunneling in coal mine roadway
LIU Quansheng"?, HUANG Xing’, PAN Yucong'?, LIU Bin’, DENG Penghai'*

(1.School of Civil Engineering, Wuhan University, Wuhan 430072, China; 2. Key Laboratory of Geotechnical and Structural Engineering Safety of Hubei
Province, Wuhan University, Wuhan 430072, China; 3. State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil
Mechanics, Chinese Academy of Sciences, Wuhan 430071, China)

Abstract: TBM (Full Face Tunnel Boring Machine) tunneling method has significant economic and technical advantages and is becoming
an innovative method for deep roadway speedy construction. However, due to the special complex geological conditions and construction
environment of coal mines, the technical challenges faced by TBM tunneling in deep roadways and the key scientific problems are ana-
lyzed: (D adaptive design of TBM equipment and the mine system under special tunneling environment in coal mine is difficult to fulfill;

@ the rock fragmentation mechanism in soft and hard mixed strata is unclear, and the efficient rock cutting is difficult to realize; 3 The
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risk of soft rock squeezing deformation and TBM jamming, and the difficulty for accurate prediction and safety control is large; @ Due to
the narrow tunneling space and the serious interference of dust and water fog, it is difficult to monitor the tunneling process and make de-
cision control and disaster warning according to the monitoring information. In this regard, systematic research on adaptive equipment
design, efficient rock cutting in mixed-ground, squeezing deformation and TBM jamming disaster prediction and control method, and in-
telligent assisted tunneling method in deep composite stratum tunneling has been carried out. Research results on the TBM safe and effi-
cient tunneling technology are achieved: (D the present situation of TBM adaptive design technology for special construction environment
of coal mine is illustrated. @ full-size disc cutter penetration and linear cutting tests for hard and soft rock under high confining pressure
are performed. Accordingly, the influence of complex geo-stress, rock strength and lithology change, tunneling control mode,cutter install-
ation radius on the TBM cutting efficiency and rock fragmentation mechanism are revealed. The evaluation and prediction method of TBM
tunneling performance and the corresponding rock mass classification method in deep mixed ground is put forward. 3 The mechanism of
large deformation and TBM jamming disaster during TBM tunneling in deep coal measure soft strata is revealed. The FDEM (combined
FEM and DEM) numerical simulation method of large deformation and TBM jamming disaster evolution and corresponding control meas-
ures for TBM tunneling in soft rock is developed. The monitoring and warning method of squeezing deformation and TBM jamming dis-
aster is put forward. A comprehensive prevention and control technology system of ‘large diameter over excavation, excavation parameter
optimization and step by step combined supporting’ is proposed for large squeezing deformation and TBM jamming hazard. @ The real-
time sensing technology of rock-TBM interaction information (cutter head - roadway face interaction, surrounding rock-shield interaction)
in TBM tunneling process is proposed, and the adaptive intelligent decision-making method for advance parameters is initially developed.
The research progresses will promote the application of TBM tunneling in coal mine roadway construction and safe and efficient tunneling
technology.

Key words: TBM tunneling; coal mine roadway; adaptive design; efficient rock cutting; large squeezing deformation and TBM jam-

ming disaster; step-by-step combined supporting method; intelligent decision-making and control method for TBM advance parameters

& TBM I T35 bk R itk T2 Bl YE TR

0 sl = S5 23 4 TBM BRI 2L A BRRETF T 423

it 5 5 e 9 U 5 SR R SR Bk B8 1 S T 34 I,
SRl Z2 BB UEARIEFE R B B 3R A
P K, RS TE A 1 L DR R IR 4R v . SR,
SRR RIS LS 0 AE B BE 5 )5 A7 A A A
57, EEXMERSFEOTZ TRFHRMK RS,
T CR YRS Bk . TRRICEMA, Xof 45 1 PR 4 12
HEAREERIERE T — R0 Rk . a0 i
Y SCHP A, it T T2 ASIE WD IR C £ i AN fE
Tt FE A B iR ZU AT R SR . A Ak R A -
AR, SRR AL Bk, X A58 i U s
B EERE . I, 8 V)7 2R R —Fh i e
T2 WA TR I 2 R L R s T SR i T
Jiidie

TBM (4= W7 1d1 % 18 $& 7 ML, Full Face Rock Tun-
nel Boring Machine) j& H Fij t ¢ b 4 AR &5 S8 ik i Bk
YRR, TBM S ik HEd . S
BET—5, 2 TR UM RIME L, e 1 fos . 5
EIR YRR, TBM HEE T3k B %4 Bk, &5
N R S e A1 Rl Ao e k] 7 - AR P o
TBM 7E4i/K I | sCil pE i 452 177z m . Bl
n, R PEZE ISR IR ] T 2 & 10.2 m 1Y Rob-
bins i T TBM, B&iE K ik 28.24 km; [H 7™ 5 & i

FULANN TR 9 & K B2 TBM, % T
TBM 7EiX $R%3E TR T &A% H A 38 it T3,
TERER VP L RS A ARSI, PR oE | PRISER:
SR R JTAEk, RS 2 T I
He TBM 5 ARG HAS DL, 0 Qi Z- 00 DX A A A
BRI LR AS | ILASHT B et —
IKAPAC IR | BRPEFE A7 il m] ol S0 RO T
M E A R I —8 U S oI A
TBM 17 Pl §if ik, BUTS T R4 i TR RO,
TBM K 7R 3 it 1 A 81 MR b 22 114 18 P A
s

B 1 HIF X TBM £
Fig.1 Structure diagram of gripper TBM

N 4 2% #% HANDEWITH!'”, STACK!!,
ROBBINS!'Y | CIGLA %3, HOME #1 ASKILSRUD
243



2023 455 1 14

#EHFHAK

%51 %

011", BROX! # ZHENG % P ig 8 T TBM
ZE 0N R R S UL TR o N =i A I =57
Xt TBM 7EA5E ik P 4 4 0. B AR e v
H¥hlb T T RAIIT. SR, 1 AR 2 M A
It TP AH L R AS 38 % T RN | K Rk TRl B Ry i 2,
T TBM X 1l 5 2% 14 (0 305 107 4 4 B ARl 3ok i s o7 22
BIPRAR, HE AN Rk T 3R TBM ik R 4e B
Mz, A% R RS MR, IR R A
b JZ RO, AR T 2 T R B S e B R R
KLU E, B )2 TBM i i 2 5ok 3 s 1l 45,
H TR %A X TBM FE B 4538 P (14 g FH A T 42 1
ARG, T LI R e E R RN & o KL, &
Xt TBM TEMBEH 538 i A 7 FHEUIR . BRI T T
LY, 1R T AE X LE 75 TR S AT .

1 TBM &R SEEH PN AIRERR
PRk

TBM 5k 5 8 T8 ER ek i 1 114) — ol 7 vk,
ELFEE N 20 ARG b AT TR0 >, sk
SRR A TE BRI | BK i WK T8 T 28 77 114 b J5T ) 35 1 5
TORRIEN . S B LABERS, HAT R 1t TR A
ZHb ST S5 A, BRIETZ MR | B K LB A e 12
Hh, FEERIM P LU 58 HFFIE:

D) IR e TEREE . 5k I Bk 8 s 7k Bk
TASTR], JEA T TBM Ab T 485K 0t T 3555 DI
R E A FL AR it T, f KA [R)7E TR &5 Ak
T FOT A s BT A ZERE I N R Rk & 3y
7 3 B AT e A AR TS AR 2R . QO BRI
o TBM — R RETEIR a2 | B iR, HA L8
Y BRAEZS (8] ORI 2R ST -4, X Ar I
4518 TBM i, TBM H gz 2 - T R

18, FEH N A2%E | Prfife e 2 Tl TR W i 48 2
fifefii %, T 2% TBM A TiE ki ih . @St
FH, HHET TBM M R Z 102 FLHTh R A AR XK
A%, AR AR FCI AR | T S
— B LTI, XS 2R VR A T AR LR
ARFNFFUTIR A B, 4 2 B b TG /DN AR 2 ()
A, 45 TBM ST R IR Pk . @ H FTBR T 5
FHTBEA R FISEAR 9 TBM BRSO R ASN, H
L H T LR A L SR IX AR TE ) TBM BRI,
WE AT 2.5~5 m, WHERT BT EED BL B R A4S WO
A TBM BRI 3.5 m, Z5 3P4k, 38 XUSR A LA i
KPRz i ™ R Pk AR, SE M52 TBM H8 424
R, OURHASE AR E %A, TBM 518 5 0L T 5 N
IR EG A ARERE D, R TR EMENEE ST
KA BRI v, AH S8R 18 B 2 T2 40 8 XA
RN 1 AE B N, X FEL A P S B ™ i
TBM #f dF 3 B, HE 5 K, 75 2 TBM $iif it
LB HEE 250 R 50, 6 WIXELL L TBM P4
HEIEHE . TR ZEH T H IR R AL

2) B RRIR B e b A . DA MR K
GEMIR AR 7E R A AR IR TUURUA HLZ, DLV
W R A b 55 h &, AR o=
S22 M 2 b TG Sl B, b R R AR B, G5
WRZAE . AR IHAZW B2 1w J7 ) |, i 2
PR 2 Fp L AN 2 4 A, Hsk Se 22 i T, )
SRR SCRAIE 25 SR K, 3l F 1 X R i 2P 2 A
HoJZ B s D T AR MR B, SR
AR | BREE | MEMEAR 2R EOR, R R )2 R i
ML A )2, AR 2 TR . QMBI T e TR
ARTE P A PR EE 52 %, —RAE T M 7, i L
Bl s RBGEHE KT 1, E 2 1.6, LIER

u ; /
e |\ b1 J2 [ s
oY S
TR SN/ s
SN N ~ f
RO O 3 g iﬁl' f
LRSS . N N S
= RN O > '
5 — >
[=} LY . -
CQ R ) SN
-
Loy N
o RS
= B

e ——————

7
LEd78 =35,

ot 7/

B2 By @R

i A AR Y

Fig.2 Geological profile of south rail-transport roadway in Gugiao Coal Mine ¥

244



XSRFEAE . TBM MR 18 it - A RIS 2

2023 4F55 1 11

71X 800~1 000 m VB Ay 1], S kb vy 7 25 SR W,
e KK - 3 b B S 3k 20~36 MPa, 3 B MW J) ik
20 MPa; I B U R B LB K /K R SR E I )
Dt 87 e ROKSF- 207 7355 28 MPa, il 77 R 5L
RE 1.60; HABGRFRES A L5 A R0, Fe b )
A5 20 MPa DA BB i AL S T 07 B RS A
SCAPME R BB A SR A3 G I, R TBM T3
FESERT R AR T it T A DL S B A S i
TRIBEIN, 22 “= @ —43h” (R I, Kk Ik
e b IR R B FRAE RS MR, = ) 5 IR B Y
FIGSEW, AHAA IR B Nz . H g
S5 R AR T s LB e = IR AR, TR AR
T PR AT T FE U TR A R R b L
EH.

Hi R A5 PF R e sE TBM it T A 75 1 2 114 £ 56 it
P2 % TBM il FL7F 501 5 Y Hh A2 1 2 v
i E, XA KL 2% A58 I AN A R R
ARG LA BT AR | W2 MR SR R AR
KA, Ban, V8 K AN 9K fL
517K % 3R 2% T i, TBM it T, (B PRI %31 90 2 v
Foy R H, U T R, 10 4 N R L
7.5 km; B B NS 5| 7K B R FH SR & TBM g,
A T RE IRV LR 2 A /T2, A 8 IREE KR AL,
15HLLY 1A, SR NSRS TBM SO R T,
2N 17 8 N WAl W VA0 W I & R | = =B /N =
R T, PR ) S5 L T2 5 e R K, 2ROk A
BRI SR S oMK I E, Ja R AR, H R
R g 4R T,

D R TBM i i H A5 AL FERR B EL,
Bz RS TR S BR  FH AR N RV E S, T
SRR R T A RN A 4 1 Ml iR 45 F, TBM
o T 0 0 2R G R R L R R S 2 AL
e R B AR RALICE pi4E | it R
BB S P s ) S 2 AR, BAARIIT

D) ISR T 2R55 N TBM i ik 58 438 i 1
Weit. i TSR T EREE, TBM 33 37 18 I 5 4%
RGP, TE N/ NS (Bl | Uh A 42 Al
RN AR AL BT, Fifi 25 45 30 TR AR 7 J2 2 AR A/
AR RS PR AT, R R SRR i SR 4R
AR ET AR, & FHHEE w140 £ g0 e s
G ARMER: OF R 19 FL T IR BT, 2R 2 2006}
TBM A e A TR AR 1. ST XURET T
AT HIL . BTN 45 3 A TR AT BE v BU
TBM Jii T %452 . @TBM R i

Z | Eig K, Hp TBM i KON AR A4 T 351
FALIRE RGE, NfERG A BRZS R N TBM A
TR AT A AOMERS, X s 0 S
SRR IR T RRR R . TBM & IR,
I AR AT - FC T b BT S5 A o 1 S SR T R By 4
SRR HE; FEARIE T I | 5 1E R TRz firik
R8T, e T 5. FIREh A O AR, i
W R TBM AEH AL T 4 A H B,
TBM 52 B B 2 AR T8 8 0F I, AE 200 = SR A A A
W —RMERSE, T ZERIFTEAH DL () AR i LB R .
G TG R E AR 41, RFREZ, 1
A 5 L A % R T4 DU R T o [ Ak B 152 S,
WEFRAEIED F53E TBM B2/]N25 (8] Y 20 ] A7 15 5k 2152
o @i FARE 2 A B, a0 R sk S FL T
K4 TBM BHARAT 2.5 m F1 3.5 m, {HA4EH" TBM i
PEHEE R, SCEL R A SN R R
o7 8 VA ) R Ak 25 ], A6 QR ek /N2 [
P T, DRI BRI A S R e KR A IR A5 2%,
R R MLA B S S 2 i R G e, LA
KA B iz i R Ge AT A B S ) R, b B L
Bt HHEE 2 5 R 58, A REW & TBM i i 1K
RHEA TR, K TBM P vt . ©8ta-
I LH KA ZTURCAGR R . TR T U R 4
INA AR IS (IR 10, TBM i 3 TR 1 345 25 ) e 42 1)
FARMERT, @ T TBM 418 8 5 AL T2 5 1 8 18
FErR, R Tk D SR B 28 T, SR A A
FHZNT . 337 6 B AP SHO0 B T8 R P
A T [RGB R R P T LA L
A HERE ST KR, L, 75 BRI T4 R S
PEATIE BT

2) TR AR TBM R . R 2
BRI IR, AR ARIZL, S A 2
BE B 3), X TBM 2 5080 5 5 sk 7™ IR ki
f4: TBM 285 FH T P i 2 AR 5 )2, ARABYE T]

@ BREER
B3 WHE&HE TBMEHRTE
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Fig.10 Influence law of confining pressure on rock

cutting efficiency
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Fig.23 Comprehensive prevention and control technology system for squeezing deformable and TBM jamming disaster
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Fig.25 Real-time monitoring method for cutter-head vibration
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