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Numerical Analysis on Fragmentation Mechanism by Indentation of Disc Cutter
in a Rock Specimen with a Single Joint

Seung-Joong Lee, Sung O. Choi

Abstract LCM test is one of the most powerful and reliable methods of experiment for the cutter head design and
the performance prediction of TBM. In many cases, however, the predicted design model can be directly applied
to the field design, because this test may have an uppermost limit in preparation and/or transportation of the large
size rock samples and the test for the jointed rock mass is not easy. When the proper and reasonable numerical
modeling is considered to overcome this limit, the most adequate cutter head design for TBM could be presented
without any complicate preconsideration in the field. In this study, the crack propagation patterns dependent on
the contact point of disc cutter and the angle of rock joint are analyzed for the rock specimen with a single joint
using the UDEC. The authors could derive the appropriate contact points of disc cutters and their space with respect
to the joint angle in rock mass thru the numerical analysis.
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Table 1. Properties of intact granite (Zhao, 1996)

Property Value

Bulk density (kg/m’) 2600
Bulk modulus (GPa) 55
Shear modulus ((Pa) 32
Cohesion (MPa) 66
Friction angle (°) 31
Tensile strength (MPa) 11.3
Dilation angle (°) 10

Table 2. Properties of joints (Sharma et al., 1999)

Property Value
Normal stiffness (GPa/m) 10
Shear stiffness (GPa/m) 5
Cohesion (MPa) 1.5
Friction angle (°) 25
Tensile strength (MPa) 0.04
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Fig. 2. An example of crack propagation patterns for no
joint model and joint model (O : tensile failure, X : com-
pressive failure)
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Fig. 3. Crack propagation developed with the change of joint angle and disc cutter position

O :

tensile failure, x :

Fig. 39] 257} s|A{melo] AujollA] Rol|i i)
WAZES HHon B glste] 7} slaa
ol WAE o) HES 25U 5 9

2 Fysgon]

E2zZ2H

o] gt=ol ek sl7EAE St 2

FHO® YR PHATE BHSISIckTie

Ae|AAZbo] 152, 30°, 45°, 60°, 75° <

2, 719}

Coordinates in Y-axis (m)

Y=-21975X + 1.4715
R-squared =

0.916654

Distance from disc cutter to joir

nl—Gch
§n

0.40 0.42

L, /4\ Joint angle - 45°
0.42 ‘

I T I I
044 046 048
Coordinates in X-axis (m)

0.50 052

Fig. 4. Chipping angle (joint angle-45°, distance from disc

cutter to joint-6 cm)

compressive failure)

A5de) Wale] whe et PESYAEE 42 790, T1°,
66°, 60°, 51° 2 Uehton), Anxoz Hele) At
Zto] 245 #AY AntE A3 Fue FHING
£ A g Aoz EAFItkFig. ).
w3 o] At 71k o] Hstel] we w4y
A9E vlusly] Sl wdniet dejd, el gk

G—e\e\e\o
A/_—A\A\—A——/’A
0—po—0o—0c—9

Chipping angle(*)
|

i —>3&—¢ Joint angle - 15°
H—<6—< Joint angle - 300
O—B8—£] Joint angle - 45
— A—A A Joint angle - 60°

C—O—€) Joint angle - 75°

° | \ T \
4 6 8 10 12 14 16
Distance from disc cutter to joint(cm)
Fig. 5. Chipping angle developed with change of joint angle
and distance from disc cutter to joint



444 TS AT O AFHElA taa
Hog AR Azky Fgeo WAL 7
F8l3itk Fig. 604 B ule} o], Hst @_,_aﬁ/\}
Zyol disf SFRksERe] yYehts dejel tiaa Ao
7IAAIA Arele] 7HAo] SV Rt ST
She ACZ yephgon, dejo] G IS
SRR E STk As o o vk AAke] Bk
71stere 0 & gt Aot FARe] Aitet A vl
wel = uf A2 Gapzte] 2 e Hi mge S

AZ171 Aelixs 7t Ao 77k iAo v

120

— M—3¢—X Joint angle - 150
&—&6—< Joint angle - 300
100 —| @—HB—HE] Jointangle - 450
A—A—— A Joint angle - 60°

- O—E6—) Jointangle - 759

80 —

Chipping area(cm?)

8 12
Distance from disc cufter to joint(cm)

Fig. 6. Chipping area developed with change of joint angle
and distance from disc cutter to joint

(e+008)
0.40 history plot
-2.35E+08<hist 2> 0.00E+00
Vs,
0.00E+00<time> 1.29E-04

Stress(MPa)

0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40
(e-004)

Calculation time(sec)

Fig. 7. Induced stress by chipping (joint angle: 75°, distance
from disc cutter to joint: 14 cm)
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Table 3. Analysis results of single cutter
Joint angle(°) C, (cm) v, (cm) c, ©) c, (cr) C, (M) c,/C,
6 1.55 78.69 422 11.05 0.38
8 2.07 79.38 8.77 19.02 0.46
15 10 2.59 79.99 13.46 22.00 0.61
12 3.11 79.99 19.26 28.00 0.69
14 3.62 79.38 26.12 34.00 0.77
6 3.00 72.47 9.84 35.10 0.28
8 4.00 72.47 14.14 42.60 0.33
30 10 5.00 71.57 23.41 46.60 0.50
12 6.00 70.35 33.65 56.00 0.60
14 7.00 69.68 45.39 65.00 0.70
4.24 65.53 12.02 46.20 0.26
8 5.66 68.63 18.23 63.80 0.29
45 10 7.07 66.57 33.27 73.10 0.46
12 8.49 65.38 49.65 90.00 0.55
14 9.90 65.85 67.06 100.00 0.67
6 5.20 60.52 15.39 81.90 0.19
8 6.93 61.39 19.67 92.90 0.21
60 10 8.66 59.66 45.27 111.00 0.41
12 10.39 58.52 62.03 130.00 0.48
14 12.12 59.90 82.26 149.00 0.55
6 5.80 52.00 15.98 125.00 0.13
8 7.73 50.91 20.31 142.00 0.14
75 10 9.66 51.01 54.35 165.00 0.33
12 11.59 51.45 78.18 185.00 0.42
14 13.52 52.22 104.49 207.00 0.51

* (¢, : Distance from disc cutter to joint
V, : Normal distance to joint surface

: Chipping angle
: Chipping area
* @ Induced stress by chipping
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Fig. 8. C./C; developed with change of joint angle and
distance from disc cutter to joint
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Table 4. Induced stress of cutter developed with the change of cutter spacing to each model

Cutter No joint model Joint model (joint angle: 75°)
spacing Induced stress of Induced stress of Induced stress of
(cm) double cutter (MPa) left cutter (MPa) right cutter (MPa)
6 100 56 113
8 110 71 200
10 142 82 224
12 180 104 256
14 240 114 294
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Fig. 12. Induced stress of each cutter to joint model (joint
angle: 75°, cutter spacing : 8 cm)
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Fig. 13. Induced stress of double cutter developed with the
change of cutter spacing
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