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Numerical study on rock fragmentation by TBM disc cutter

Jung-Woo Cho, Sang-Hwa Yu, Seokwon Jeon, Soo-Ho Chang

Abstract A series of numerical experiments were carried out to simulate the rock cutting behavior by TBM disc cutter
in a given rock condition. AUTODYN-3D, a commercial program capable of simulating three-dimensional dynamic
failure, was utilized to carry out the numerical tests over four different disc cutter spacing conditions. After modelling
three-dimensional geometries of disc cutter and rock specimen, the linear cutting tests by a disc cutter were simulated
for eight different types of rocks. The numerical result, that is the optimum cutter spacing for isotropic rocks had the
good agreements with those from linear cutting test. However, for relatively anisotropic or jointed rocks, the specific
energy obtained from the numerical tests was almost two-times bigger than the real linear cutting results. Therefore,
to simulate cutting procedures for anisotropic rocks realistically, further studies would be necessary.

Keywords: TBM, disc cutter, AUTODYN-3D, optimum cutter spacing, anisotropic rock
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Rocks Compressive strength Tensile strength Compressive/ Young’s modulus Poison’s
(MPa) (MPa) Tensile (GPa) ratio
Hwangdeung Granite 183 9.8 18.69 42.27 0.18
Machon Granite 108 10.4 10.40 71.00 0.17
Hudong Granite 91 12.3 7.42 47.30 0.26
Sungnam Gneiss 92 15.2 6.03 75.33 0.15
Paldang Gneiss 124 13.8 8.97 44.43 0.21
Yeongwol Limestone 64 8.9 7.18 77.25 0.28
Busan Granite 36 4.7 7.71 14.63 0.18
Busan Tuff 115 25.2 4.58 43.90 0.18
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F 2. Steel-43409] BAA]

Specific weight (p, g/cm’) | 7.83 B (MPa) - 510
Young’s Modulus (E, GPa) 200 n | 0.26
Poisson’s tatio (V) 0.29 C 0.014

A (MPa) 792 m 1.03
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}‘]'OP" A2 H-2 7] wj&of ZalE3(Johnson &
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o
e*= ¢/ WBE()S BT HEA) BAALA
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E3F A9 A, B, n, C, m steel-43402] 1.8 B4AF
FEoln o] ApEe 2 EF(Johnson & Cook, 1985)
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H 3. AUTODYN-3DAA A2 HAH3 949 4

Part Outer Center Total Rock Sum
No. Disc Cutter Disc Cutter Disc Cutter Specimen
Node 9,312 605 9,917 13,266 23,183
Element 5,760 400 6,160 11,220 17,380

Aagare] 319l SA=E AS3ieh E3 ohae] A
AR = AAE GAARRE AR o] Akl

3. oM dit

3.1 |23 FEQ] o WE FE

AE9] XL of v 3l sjMEEr F715H]
o AEAQ) hAYS st =xEel ek A
o] HAELE Fgstala) ofgick Ayt ks
off FR3F GRS v|AK] Y= B2 T 7oA HE
Bie} Zro] AUTODYN pr|REloME FUsHA 3zt
EQlch SRR AUR] A WE £ HARS 285H
EH o2 A9 ofQlof ot AatR ks SEUA]
of oJgt a7t == sk "ot a8ns x7)2A
o2 AR AT 2.0 mist Yol It ehAle] F
A HAUSS o R TS slog wuEch
3k 712 ATH(L8AI3L 2007)2] 0.3 m/sec ZAHTH HAF
S5 A AAske] AR e AIE TSl A

6 i 1 H t
E
h 5 e p—
c
»)
st
o)
[ =]
At
- 4 - ° "
o
bl ™
a’ ‘MM“‘M.
o T
LLE T I — B
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1]
Q
2]
2 i T 1 1
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Cutting Speed (m/s)

29 7. S A4 A TA3 AR S50 B2 u]o
o] W

3.2 C|A3 7{E{Q] 7t mWE ZAx}

2 @tolAe 7] #3E LCMAIZAN AT 5,
2007)2} =|eljd AE v|aLstr] {sijA], A4 TBM
=2 FALBHA o] Aol ol 4k ik
OHHTHS WA QI3 13} HAKfirst cutting) S AL
gt & A3 AR RIS F3lA AETHE(cutter
spacing)& ZAJ5|1l, 2} A (secondary cutting)= %
st cHad 8). 71 =3H LCMAIET} Y34 #
B 9] QF}lZlo](penetration depth)E YHZOZ 4 mm
= AR, AEHEL 28~72 mm7HA] HIIAF
Tha] % 53)9] SANBL SParech okl 4y
& Aelsie 29 99} 2k ofiw} Zo] Syl a4
T 5 49} ron, o2 Iefma Uehiw 1 107}

Second cutting ——» « «—— First cutting

P= pemei%ét?éﬁ“ tfé;:;th
S = disc spacing
cener 1o center

a9 8. A SPulE =&37] % 23 A HEHg
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Specific energy (10° tonf/m®)

Spacing Penetration depth S/P
Rock type . :
(mm) (mm) ratio LCM test Numerical test

28 4 7 3.54 4.07
Hwangdeung 40 4 10 3.22 3.98
Granite 48 4 12 3.42 3.40
60 4 15 3.56 3.48
72 4 18 3.45 3.55
28 4 7 5.12 3.90
40 4 10 3.46 3.02
Macheon 48 4 12 3.92 2.78
Granite 60 4 15 3.60 2.70
72 4 18 - 2.62
84 4 21 - 2.80
28 4 7 4.36 5.12
Hudong 40 4 10 3.79 4.87
Granite 48 4 12 3.2 4.72
60 4 15 3.36 4.82
72 4 18 3.51 4.79
28 4 7 5.89 4.65
40 4 10 4.35 3.92
Sungnam 48 4 12 4,08 3.74
Granite 60 4 15 4.19 3.62
72 4 18 - 3.68
84 4 21 - 3.78
28 4 7 3.93 5.53
40 4 10 2.83 5.11
Paldang 48 4 12 2.41 4.65
Granite 60 4 15 2.28 4.51
72 4 18 2.80 4.54
84 4 21 - 4.56
28 4 7 4.79 4.67
40 4 10 3.83 3.64
Yeongwol 48 4 12 2.29 3.44
Limestone 60 4 15 - 3.59
72 4 18 2.22 3.62
80 4 20 2.38 3.69
28 4 7 - 6.33
40 4 10 - 5.64
Busan 48 4 12 1.54 5.06
Granite 60 4 15 1.50 5.52
72 4 18 1.46 5.71
80 4 20 1.59 6.10
28 4 7 - 7.58
40 4 10 - 7.80
Busan 48 4 12 2.24 6.40
Tuff 60 4 15 1.79 6.22
72 4 18 1.84 6.13
80 4 20 1.97 6.22
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# 5. LOMAIRE S Aoz s =59 A S/py

Rock type LCM test Numerical test
Optimum S/P ratio Specific Energy (tonf/m’) Optimum S/P ratio Specific Energy (tonf/m”)

Hwangdeung Granite 11 3.32 15 3.47
Machon Granite 13 3.50 15 2.57
Hudong Granite 14 3.28 14 4.74
Sungnam Gneiss 13 4.08 16 3.55
Paldang Gneiss 14 2.30 17 4.46
Yeongwol Limestone 17 2.20 15 3.38
Busan Granite 16 1.46 14 5.26
Busan Tuff 17 1.84 19 6.12

2tk LOMAIR $Xsj 02 RE £2% 2 S/Pp
ule & 5o Helshary

4, A1 BM

4A| LOMAI AT T2 SRS 283
AeolE 54 SPRANA vl i A7t Hart w2
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AT} Aolg WYt oledt ;A muel B4 2
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ek

4.1 BAX71e} A&k
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4.2 W SN B

A4 LOMAIEOIA S B4t 3 QPETe e 73
5 AT AR 292 Hskd 290) Bx B} =
SHAIRE SAHOIME T2 ARS FHOR BT

WA e ELo] AL @io] BAHLL oA
& 23] gHmdo] FAT WA AR nEE
7) wjgelt). oIS ol mAat Hejet Halr} ek
Q= MEilolt el Je)3 Faert ulmA Egr
SslRte] 9ol SXme Avpt A% LOMA
Hosu Qdojd ulofu7t B3| Wi 2 o
Cd O

Ho Mkt QHHU4E TBMO| AR
go] Z715Me Aa] 9] ] ol ol R U3
Hloul X7 WA PoiAl Ho& B webd TBM
Aulo] BUNEL BTt 4ot ofEsh] Yelas 3
T 2204 opub} oAl Qe T BAMEY] ]
s 7)Mol ek RekATIL A|4E 0= ool
Aow AR

o
~
|

4.3 NE7| Zael g

tad Aee] SsES Bde i, AUTODYN
Aol AT AE Y SAumsieh SRS AAE
Aozn gets] Jofd 4 Yk AR LOMATRIAE
YAz Qo] QA AHOE Yaz ALE AXBHE
T Q= W, SXEA Al SAEgE TEHE
= AAzAe Aesp HE Belyel Ao Ha
3 ALE AR sE Tt der] Bk 0|2 )
A% ofulX|(strain energy)®] FHO B I3k Tgh
21437} (Hudson 5 1997)7F Abge]] ol =22 24
welo] At FUHA AARRE @A) SA3)A
w3 A&How PHHY,
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