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A numerical study on rock cutting by a TBM disc cutter using SPH code
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ABSTRACT: Numerical simulation on rock cutting by a TBM disc cutter was carried out using SPH (Smoothed Particle
Hydrodynamics) code. AUTODYN3D, a commercial software program based on finite element method, was used in this
study. The three-dimensional geometry of a disc cutter and a rock specimen were modeled by Lagrange and SPH code
respectively. The numerical simulation was carried out for Hwangdeung granite for 10 different cutting conditions. The
results of the numerical simulation, i.e. the relation between cutter force and failure behavior, had a good agreement with
those from LCM test. The cutter forces measured in the numerical simulation had 10% deviation from the LCM test
results. Moreover, the optimum cutter spacing was almost identical with the experimental results. These results indicate
that SPH code can be successfully used had applicability for simulation on rock cutting by a TBM disc cutter. However,
further study on Lagrange-SPH coupled modelling would be necessary to reduce the computation time.
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Fig. 1. Three-dimensional numerical model on rock cutting
by a TBM disc cutter (Cho et. al., 2010)
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Fig. 2. The cutter tip dimensions and disc cutter shape used in the numerical simulation (unit: mm)

347



ARE3IIT] Steel 43402 7+=
model & ARSI, Eq, 12}
2
[e]
_%_

o} Ajme] 247} pelw
2ol Hefalo] gk 7)Hz
st

o,(ep€, T) =

[A+B(e)"][1+01n( = (7)"]

T=8k== Johnson Cook o
z {2__ l:ﬂ—?@/ll 2 71—1—-
52 AUTODYN3DS] ép
AE51S S Table 19

M
=
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T : Temperature
A, B, C, n, m: Material constants

: Equivalent plastic strain

: Plastic strain rate

.* . . .
e . Dimensionless strain rate

p

Table 1. Input parameters of Steel-4340

(1) 7" : Homologous temperature

Properties Value

Density (g/cm’) 7.83

Bulk modulus (K, GPa) 159.0
Shear modulus (G, GPa) 818.0
Yield stress (A, MPa) 792
Hardening constant (B, MPa) 510
Strain rate constant(C) 0.014
Hardening exponent (n) 0.26
Thermal softening exponent (m) 1.03

Table 2. Input parameters of rock model

Category Model Parameter Input value
E
Bulk modulus B=
EOS Linear 3(1-2v)
Reference temperature (K) 293
,_ E
Shear modulus S= EIET)
Strength Drucker-Prager Pressure hardening type Stassi
Yield stress in uniaxial tension (MPa) 90% of o,
Yield stress in uniaxial compression (MPa) 90% of o,
Tensile failure stress (MPa) o
Shear failure stress (MPa) %U
Tensile failure strain %
. . e
Failure | Principal stress/strain Shear failure strain By
Crack softening Yes
F Vi’ K
racture energy (J/m”) Gro— %

Flow rule

Bulking (associative)

Stochastic failure

No
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Table 3. Mechanical properties of Hwangdeung granite

Specific gravity Compressive strength (MPa)

Tensile strength (MPa)

Young's modulus (GPa) Poisson's ratio

2.65 209.0

9.2

54.5 0.15
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Fig. 5. Fragmentation pattern of rock model after cutting by disc cutters in different cutting conditions
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Normal force

s: Cutter spacing
p: Penetration depth
I: Cutting length

Fig. 6. Three dimensional force acting on the disc cutter
during rock cutting (Cho, 2010)
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Table 4. Comparison of the results from the numerical simulation and linear cutting machine test

Normal force Rolling force
P S Numerical test LCM test R:lrzrif)i:e Numerical test LCM test R:lrzrif)i:e
(mm) | (mm) (kN) (kN) %) (kN) (kN) %)
Mean Peak Mean Peak Mean Peak Mean Peak
45 1533 489.0 159.1 293.6 3.6 8.3 14.1 10.7 26.6 223
60 160.1 451.5 184.2 346.0 13.1 9.1 13.6 10.1 27.2 10.3
6 75 169.3 496.6 - - - 9.3 18.3 - - -
90 173.9 388.0 172.9 3373 0.6 9.9 17.1 10.6 29.9 5.9
120 182.4 375.3 196.7 362.1 7.3 10.3 16.7 12.9 244 20.2
40 166.7 437.8 167.2 359.8 0.3 14.3 21.9 13.2 332 8.2
60 190.5 659.9 212.5 507.7 10.3 16.2 23.7 17.2 475 5.4
8 80 189.8 5483 219.30 4244 13.5 17.6 26.6 17.3 36.6 1.8
120 194.2 635.0 234.6 507.7 17.2 18.4 229 17.6 475 43
160 199.3 603.9 228.7 424.4 12.9 18.6 27.5 17.2 329 8.2
*p is penetration, s is cutter spacing.
260 T ; ; ; — 25 T T T >
240 4 //// J . -
4 20 R .
220 - e . ..

200 —

180

160

Mean normal force in AUTODYN-3D (kN)

140

=73.106+0.536x

R’=0.832

T T T T T
140 160 180 200 220 240

Mean normal force measured by LCM test (kN)

(a) Normal force

Mean rolling force in AUTODYN-3D (kN)

260

R’=0.910

y=-4.103+1.259%x 7

20 25

Mean rolling force measured by LCM test (kN)

(b) Rolling force

Fig. 7. Comparison of cutter forces obtained in linear cutting test and numerical simulation
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Table 5. Specific energy obtained from LCM test and numerical simulation

Penetration depth, P Cutter spacing, S Specific energy(MJ/m’) Relative error

(mm) (mm) LCM test Numerical test (%)
6 45 453 39.23 13.40
6 60 37.6 33.69 10.40
6 75 53.58
6 90 53.1 58.40 9.98
6 120 553 61.22 10.71
8 40 44.8 63.68 42.14
8 60 35.0 55.31 58.03
8 80 47.9 73.22 52.86
8 120 74.0 79.58 7.54
8 160 70.8 80.05 13.07
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