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Estimation of the optimum TBM disc cutter spacing by the
dynamic fracture modeling

Sang-Hwa You, Soo-Ho Chang, Jung-Woo Che, Seckwon Jeon

Abstract 1t is of great importance to determine the optimum cutter spacing in TBM. In order to determine the

optimum cutter spacing,

a series of cutting tests by linear cutting machine (LCM) are performed with changing cutter

space. This study showed that a numerical method for estimating the optimum cutter spacing could be developed by
AUTODYN-3D in order to overcome the limitation of LCM test. By using this method, the optimum cutter spacing

of Hwangdeung granite was estimated.
Keywords: LCM, optimum cutter spacing, Autodyn-3D
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Fig. 1. The crushed zone under disc cutter (Rostami & Ozdemir,
1993)
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(a) Ridge due to insufficient pressure and short length of crack
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Fig. 2. Chip formation under different conditions
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Table 1. Physical properties of Hwangdueng granite for numerical

analysis
Property Value
Specific weight (p) 2.72 glem’
Uniaxial compressive strength (o) 183 MPa
Young’s Modulus (E) 4227 GPa
Poison’s ratio (v) 0.18
Porosity 0.85 %
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Table 2. Input parameters of Autodyn-3D

Equation of state Strength model Failure model
Equation Linear Name of model Mohr-Coulomb Name of model [Principle stress/strain
Principle tensile
Bulk modulus 22.01 GPa Shear modulus 17.91 GPa R P 9.81 MPa
failure stress
Pressure hardening type Stassi Fracture energy 23.55 J/im’
Fixing center of the cutter g : o
N e Fixing the cutter in right : H £
in every direct 2 H
v qection and left side direction 2 & g
3 i
“““““““““““ ¥ 5 3 3
; 2 3 8
1 ®
it ] H
Diameter - | 30cm ; d
: Divided Divided by 40 meshes
by 12 meshes Upside View
,,,,,,,,,,,,, x Divided by 40 meshes

Fixing bottom of the rock
in up and down side direction

Fig. 3. Concept of initial and boundary conditions in the numerical
model
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Fig. 4. The mesh formation in the numerical model
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Fig. S. Tensile stress distribution at the rock edge during the initial procedure of the numerical rock cutting test
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AUTODYN-30 8.0 from Century Dynarics

AUTODYN-3D.46.0 from Cerdury Dynamics

(a) After 0.16 cm of moving (b) After 0.64 cm of moving

AUTODY N-3D.46.0 fram Century Dynamics AUTODYN-30 6.0 from Century Dynamics

(c) After 1.26 cm of moving (d) After 2.56 cm of moving

AUTODYN-3D v6.0 from Century Dynamics AUTODYN-3D +6.0 from Century Dynamics

(e) After 3.20 cm of moving (f) After 4.48 cm of moving

Fig. 6. Tensile stress distribution at the inner part of rock during the main procedure of the numerical rock cutting test
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Fig. 7. Comparison LCM test with numerical model
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Table 3. Tensile crack length from Autodyn-3D

Length of left crack from| Length of right crack

Line the center of rock from the center of rock
(cm) (cm)
(a) 1.95 1.50
(b) 221 2.47
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(d) 222 248
(e) 2.20 2.40
® 1.49 221
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