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Assessment of Cutting Performance of a TBM Disc Cutter for
Anisotropic Rock by Linear Cutting Test

Ho-Young Jeong, Seokwon Jeon, Jung-Woo Cho, Soo-Ho Chang, Gyu-Jin Bae

Abstract The linear cutting test is the most reliable and accurate approach to measuring cutting forces and cutting
efficiency using full-size disc cutter in various rock types. The result of linear cutting tests can be used to obtain
the key parameters of cutter-head design (i.e. optimum cutter spacing, cutter forces). In Korea, LCM (Linear Cutting
Machine) tests have been performed for typical Korean rock types, but these studies focused on the isotropic rock
types. For prediction of TBM (Tunnel Boring Machine) performances in complex geological conditions including
a bedded and schistose rockmass, it is important to consider the effects of anisotropy of rockmass on cutting
performances and cutting efficiency. This study discusses a series of LCM tests that were performed for Asan Gneiss
having two types of anisotropy angles to assess the effect of the anisotropy angle on rock-cutting performances
of TBM. The result shows that the rock-cutting performances and optimum cutting conditions are affected by
anisotropy angle and the effect of anisotropy on rock strength should be considered in a prediction of the cutting
performances and efficiency of TBM.
Key words Linear cutting test, Anisotropy rock, Cutting performance, Disc cutter, TBM
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Fig. 1. Linear cutting machine system used in this study
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Table 1. Experimental design for linear cutting tests in this study

. Penetration s/p
View

(p, mm) 5 7.5 10 125 15 20 25 30
4 P1 P2 P3 P4 P5 P6
6 P7 P8 P9 P10 P11 P12
8 P13 P14 P15 P16 P17
4 N1 N2 N3 N4 N5 N6
6 N7 N8 N9 NO NI11 Ni12

*s/p ratio=cutter spacing/penetration depth

**The “P” code indicate a parallel condition(a=not defined, 3=0°) and the “N” code indicate normal condition(a=0°, [3=90°).
***The “P” and “N”codes identify the test number, and are also appeared in Table.5

Table 2. Strength and elastic modulus of Asan Gneiss

No. . L Uniaxal Compressive Brazilian Tensile Strength, Young’s Modulus
case | Testing direction | g oth, UCS (MPa) BTS (MPa) (GPa) EVE2
1 é 241.00 13.4 52.82
1.23
2 fﬂ 186.00 10.7 42.62
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(a) photographs before and after cutting

2

0 80

(b) 3D images before and after cutting

Fig. 4. (a) Typical photographs and (b) 3D images in photogrammetric process in cutting test of Asan Gneiss (a=not defined,

3=0°, p=6 mm, s=120 mm)
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Table 3. Results of linear cutting test (e=not defined, [5=0°)

p s Cutter forces (kN) cC SE
(mm) (mm) s Mean Normal, MNF | Mean Rolling, MRF (%) Veu (MJ/ma)
20 5 74.8 5.4 7.2 138.8 56.8
30 7.5 88.4 6.7 7.6 127.4 50.1
4 40 10 102.6 7.1 6.9 129.9 45.8
60 15 103 7.2 7.0 88 422
80 20 110 7 6.4 46.5 63.4
120 30 1115 7.3 6.6 27.5 74.2
30 5 100.4 7.7 7.7 124.2 48.1
45 7.5 115.4 8.7 7.5 126.8 434
60 10 127.1 9.4 7.4 101.9 38.7
6 90 15 134 9.6 7.2 86 39.0
120 20 134.5 9.8 7.3 36.7 56.4
180 30 140.5 10.4 7.4 38 57.4
40 5 126.8 13.7 10.8 2347 45.1
80 10 165.4 17.8 10.8 220.9 33.8
8 100 12.5 165.2 17.3 10.5 107.9 44.8
160 20 170.1 17.9 10.5 61.7 61.1
200 25 171.2 17.2 10.0 33 72.7

*p=penetration depth, s=cutter spacing, CC=MRF/MNF=cutting coefficient, SE=specific energy of cutting
**cutting length, / is 700 mm

Table 4. Result of linear cutting test (a=0°, [3=90°)

P s Cutter forces (kN) cc SE
(mm) (mm) sp Mean Normal, MNF | Mean Rolling, MRF (%) Ve (MJ/ms)
20 5 45.0 23 5.1 50.1 34.7
30 7.5 61.5 2.6 42 58.8 25.7
40 10 65.5 35 53 46.8 30.3
N 60 15 85 3.9 4.6 333 36.9
80 20 89.1 4.1 4.6 24.8 375
120 30 93.6 4.1 4.4 15.2 48.7
30 5 64.8 44 6.8 61.1 32.1
45 7.5 84.8 52 6.1 41.4 28.5
6 60 10 89.4 5.8 6.5 51.2 30.3
90 15 105.6 6.2 5.9 20.3 414
120 20 104.5 6.3 6.0 19.1 445

*p=penetration depth, s=cutter spacing, CC=MRF/MNF=cutting coefficient, SE=specific energy of cutting
**cutting length, / is 450 mm
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Normal force

Side force

Fig. 5. Three directional cutting forces acting on a disc cutter
(Cho, 2010)
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Table 5. Results of the cutter forces.

(b) Rolling force ratio

Fig. 8. Variation of cutter forces ratio

Cutter forces P s/p "P” code "N code Force ratio
(mm) (a=not defined, [=0°) (a=0°, [=90°)

5 74.8 45.0 1.66

7.5 88.4 61.5 1.44

10 102.6 65.5 1.56

! 15 103 85 1.21

20 110 89.1 1.23

MNF 30 111.5 93.6 1.19
5 100.4 64.8 1.55

7.5 115.4 84.8 1.36

6 10 127.1 89.4 1.42

15 134 105.6 1.27

20 134.5 104.5 1.28

5 5.4 23 2.34

7.5 6.7 2.6 2.57

10 7.1 3.5 2.02

! 15 7.2 3.9 1.84

20 7 4.1 1.70

MRF 30 7.3 4.1 1.78
5 7.7 4.4 1.75

7.5 8.7 5.2 1.67

6 10 9.4 5.8 1.62

15 9.6 6.2 1.54

20 9.8 6.3 1.55

*Force ratios are defined by ratio of cutter forces in case of (@=not defined, 5=0°) to (a=0°, (5=90°).
**MNF is mean normal force and MRF is mean rolling force.
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