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A study on the damage of cutter bit due to the rotation speed of shield TBM cutter

head in mixed ground
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ABSTRACT: This paper presents the cutter bit damage due to the rotation speed of shield TBM cutter head in the mixed
ground. The efficient of cutter bits and disk cutter are very important for tunnelling in mixed ground. In particular, this
research is focused on the performance of cutter bits during excavation in mixed ground which is consist of the weathered
soil and rock formation. In order to carry out this research, the experimental works are prepared performed by using the scaled
shield TBM cutter bits evaluation machine developed. The mixed ground is prepared considering with a scale effect of tunnel
size. Three different rotation speeds of shield TBM cutter head (i.e. 2, 3, 4 rpm) are applied in the experimental work. The
drag forces acting on the cutter bits are measured at each cutter bit during rotation of cutter head. It is also analysed the
variation of drag forces due to the rotation speed of shield TBM cutter head. The results of this research are clearly shown
that the drag forces acting on the cutter bits are jumped up at the boundary between weathered soil and rock. It is also indicated
that the jamping drag forces are increased with increasing the rotation speed of the cutter head. It is found from the research
that the higher rotation speed of shield TBM cutter head will be high risk in the mixed ground. It is, therefore, suggested
that the use of lower rotation speed of shield TBM cutter head is recommended for reducing the cutter bit damage in practice.
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Table 1. Specification of the cutter bit evaluation machine

Maximum Cutter Head T
Excavation Speed Torque RPM e st
3.54 mm/sec 16 kgfem 0 ~ 6 ripm 1.76 kN

WalE E 4 Aws AL IR 5 2019),

4719} Zro] A = TBM AEHIE 4537}
ZgHlo] thet B)A4, B4, RPM, 8 53 Aefs)
™ Table 13} Zch

7
i8]

2.3 4¥ %

0.

2.3.1 7{E[HIE MY

AEH|ES] £, 714, 7} 9] A2 AEH|ES]
e, FHARE 9 2HhAS| 2] §islol| Jgfo] 22
Aog UYehts Z 30 mm, 7H 27.5 mm, ZHE
2008 Agsto] AFS AXSHITHdE 5, 2012).
o] of wet 2 Aol -85 AHEeH|ES] FE, Z,
4, 1= Yehld Fig. 63} Zth

l46mm

30mm

(a) Bit width (b) Bit angle (c) Bit Interval

Fig. 6. Bit Dimensions

406



EA|Hhof A2 = TBM AEFH =S 3jifio] g AHEH|E 4] a3t AdF A+

A e ARAe] FAAS s $iste]
1

Y A7lel WE g5k A westol A
TR

EARES AR Saedt 22 V102 44
U A=E 28k €= TBM 7EHH|E 557}
é__lf:ﬂ% S AT HiolEE & flsiMe AR
H] R o2l SR RNke] 2 w3 vl F8.
SHEE AR AR FARE SARGARES 2]
ofof FITH e, 2014). F3FES}L F310ke] ¢ x]u}
USUS e I AS7=E e, A

oﬂ/q: ]H }o /\4_,—1%1:10_ SkreH| S HEA7|H

= EI'T' = 10

?Jé‘%*ﬁlr UE'E 5 expe suﬂ bPEML A%
o] glomg A x|Hke] 7}A4L YxHEe] 7P HTH
A AL} Aunge ARSI St
Table 21 2AJE 7+ 2]¥ko] A|o] dislo] Liehd
Aotk F2HE AR o viH|E-e ek 80%, A1l
% 5%, F<ru] 15%0]u), Eajer AJRo] wighlge
ek 78%, AL 7%, $HH] 15% 8 sho Zkz)
UZQIZ7}E 312 kPa, 468 kPa2] BFFANLS 2AJ5}

Table 2. Experimental mixed ground

. weathered | weathered
unit R
soil rock
original soil unconfined
. kPa 2,970 4,500
compressive strength
1/10 Coﬂapse unconfined KPa 297 450
compressive strength
tests soil
unconfined kPa 312 468
compressive
strength
z:;um . 1200 | 1,170
0, 0,
of sand (80%) (78%)
Scale | fixing | 1€
model ratio € |amount %) 75 105
experiment of g (5%) (7%)
gypsum
Moisture %) 225 225
content | =° (15%) | (15%)
Compaction Count 1 |
Count
Compaction |, . vem?| 0,05 0.05
energy
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