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Abstract: Aiming at the efficient rock breaking technology and theoretical challenges faced by the full section tunnel boring
machine (TBM) under complex conditions of deep underground high confining pressure, systematically explorations of the
energy evolution and dissipation characteristics of TBM dual disc cutters for rock breaking in deep ground were obtained. Based
on Abaqus nonlinear finite element software, a numerical model of dual disc cutters for intrusion rock breaking was constructed
to analyze the damage and energy evolution characteristics of rock mass under variable confining pressure conditions. The
effects of confining pressure, uniaxial compressive strength of rock, disc cutter blade width, and disc cutter spacing on energy
dissipation of rock mass were studied. The research results indicate that confining pressure significantly changes the damage and
failure mode of rock mass. When the confining pressure is low, longitudinal damage development is dominant in the rock mass,
and increasing confining pressure promotes lateral damage development, resulting in tensile shear composite fracture. When the
confining pressure is 25 MPa, the energy sudden change dissipation rate reaches its peak and enters the energy stable
dissipation stage at the earliest. The compressive strength of rocks is nonlinearly correlated with energy dissipation. When the
penetration is greater than 1 mm and the compressive strength of rocks is 105 MPa, the energy dissipation rate is the lowest.
Under this condition, rocks are prone to breakage. Under high penetration conditions, increasing the disc cutter blade width and

disc cutter spacing can promote energy release within the rock mass and improve TBM excavation efficiency. The research
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results can provide theoretical basis for energy-saving and efficiency improvement of TBM excavation in deep engineering.

Key words: Deep excavation, Energy dissipation, Confining pressure, Rock breaking, Parameter of disc cutter
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Table 1 Mechanical properties of rock mass
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A6 146 9.75 58.10 2 640 0.20
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Table 2 Parameters of TBM disc cutter model
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Fig.1 Penetration rock-breaking model of

TBM dual disc cutters
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Fig.2 Damage process of rock mass under dual disc cutter penetration with different confining pressures in deep underground
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Fig.3 Energy evolution of rock mass under dual disc

cutter penetration with different confining pressures
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Fig.4 Variation relationship between rock mass

energy dissipation and confining pressure
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Fig.5 Variation relationship between rock mass energy

dissipation and rock uniaxial compressive strength

5 RIHHMEMRGEERKNY W

TBM ¥& J] 2 $U2 52 Wi i 8 0% 1 2 S8
R TE ve B A5 R U1 91 5 B 55 U0 8] G MR e
FEHL I RZ MR, LAFSIHE R 25 MPa g 1], SR JH 45 il 78
5 WA A VS BE L AR HICRE | RE AR BICR BE V) 7]
YL B\ 7T 18] B ) AR AR AR
5.1 JTNINEEMNESEEERBNIT

P 6 SRR TIAE T & U S0 A2 BE L FE TBCRE L AE
AERCR RG] 7] 58 R AR et 2. i 6 nl R, B

HITTIGEE ISR, BEAEAR R T 0.75 mm I, &
AL 78 BE T Bl B 2R PR O FE I RE B LA 1 35 L B
AEHCR DL AR BN IE B BTAE N 1 mm 1,
VAR R DR A 2 1k 4 O, R TAE M RE B FE IR
DU S 384 K WA /DN BE 3 R, T 1 SEBE R 15 mm
IR AR BRI K LA E R T T 1.25 mm Y,
A RN AR BE L FE RE Jo Y RS BEAR, T T1 58
30 mm GV S BE | FE BILAE 3k B o5 K(E L B B i 4
BCR BRI BEAR /. R, T O 5 R kAR
Fe 7€ WA IS 18 de A 0 70 98 BE D 15 mm, fE B B
AN BEZRAETR B IN T1 71 5 B AT LLAR HE A R A R RE A
R S T 24 B A B 10 22 55 1R 0B R4 R P 1)L 15 ] 7]
B AT AP A P 7S 6 et R T ) AR DT L
% —— B AJE 0.25 mm
30 | —— ®AHE 050 mm
—— F{AE 0.75 mm
25+ —— H{AE 100 mm
<) —— B 1.25 mm
= —+— R AE 150 mm

I 201 —— X\ 200 mm
‘l\ﬁ 5+ —— R 3.00 mm

é 1‘0 1‘5 Zb 2‘5 3IO 35
71 71 %% & /mm
(a) BMAEE

30 F —=— FAJM 0.25 mm
—e— FAJE 0.50 mm
25 —— HAJE 0.75 mm
—v— HAJE 1.00 mm
20} —— BAE 1.25 mm

I —— B AJE 1.50 mm
3 15 —— BAE200mm
E —e— FAJE 3.00 mi
W10}
5
0 —
5 10 15 20 2 30 35
71 71 %% & /mm
(b) #EHLARE
100
80 | T —— A 025 mm
N \ —e—F A 0.50 mm
S \\ —— A 0.75 mm
¥ g0l \ ——F A 1.00 mm
= e ——FAJE 1.25 mm
o S, % B 150 mm
ug 40 | —— B AE 2.00 mm
&= == 3.00 mm
20 +
0

5 10 15 20 25 30 35 40 45 50
71 71 %% & /mm
(c) REEFEHIE

Blo EHERBSTINEENTLXR
Fig.6 Variation relationship between rock mass
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Fig.7 Variation relationship between rock mass

energy dissipation and disc cutter spacing
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