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Evaluation of disc cutter penetration depth of shield TBM in practice
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ABSTRACT: This paper describes the evaluation of shield TBM disc cutter penetration depth in practice. In this study, the
disc cutter penetration depth used to design the excavation speed of tunnel, is reviewed. The characteristics of ground
encountered in the investigation site are analysed and evaluated. The shield TBM used in the field is reviewed to verify
the applicability of machine in the site. The thrust and torque capacities of each TBM disc cutter are also evaluated. Based
on the field data, the excavation volume and speed are re-analysed to evaluate the disc cutter penetration depth used in the
design stage. It is clearly found that the design value of disc cutter penetration depth need to modify when estimation of
the TBM capacities in very hard rock formation (.5,>150 MPa).
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Table 1. General values of shield TBM disc cutter penetration depth () in Korea (KEPCO)

. P, (cm)
Rock Unconfined Compressive Strength, .S, (MPa) -
Range Values
Hard 130~150 0.27~0.32 0.30
Medium 100~130 0.32~0.38 0.35
Soft 70~100 0.38~0.42 0.40
Weathered 50~70 0.24~0.47 0.45

Table 2. Rock strength and type at each section

Station Length Design stage During excavation
No.55+3.6~No.84+10 581 m Hard rock, 95~122 MPa Very hard rock, 183~188 MPa
No.84+10~No.89+05 95 m Soft rock Hard rock
No0.89+05~N0.103+00 275 m Weathered rock Hard rock, 141 MPa
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Fig. 1. Comparison of rock strength between design and construction stage

Table 3. Atomic% of Si

Specimen Si Average
1 37.92%
33.62%
2 29.32%
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Fig. 2. Inspection of Single Shield TBM

Table 4. Single Shield TBM Cutter Head

Items Single Shield TBM
Outer Dia. ®3,535 mm
Overall Length 7,340 mm
Thrust Jack
85 ton x 1680 stroke x 13 EA
Shield Jack

Main Gripper Jack

Front Gripper Jack

Single EPB TBM

Cutting Torque

Normal 51 t-m (8.4 rpm)
Max. 125 t-m (3.3 rpm)

Cutter Disc Revolution 0-8.4 rpm
Table 5. Cutter diameters and load rating (Roby et al., 2008)
Diameter (inch) Load (kN) Year Introduced
11 85 1961
12 125 1969
13 145 1980
14 165 1976
155 200 1973
16.25 200 1987
17 215 1983
19 312 1989
20 312 2006
= U e, TBM 2185 TBM & SUS74=0] 79 oA AARE AW =A
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Table 6. Vertical load of Disc cutter ()

n

Disc Cutter Penetration Depth, 7,

Cutter Vertical Load 7, (kN)

3 mm/rev 156
2 mm/rev 127
Table 7. Thrust Capacity of Single Shield TBM
TBM Thrust capacity No of cutter, N P, (mm) 7, (kN) Check
3 4,212 OK
Single Shield 11,050 kN 27
2 3,429 0K
Table 8. Disc cutter penetration depth vs. Disc cutter torque capacity
Disc cutter penetration depth, P, Disc cutter torque capacity, £ (kN)
3 mm/rev 14 kN
2 mm/rev 9 kN
Table 9. Torque capacity of Disc cutter
TBM D (m) No of cutter, N Torque capacity F, (kN) P, (mm) 7, (KN-m) Check
Single 510 kN-m 14 3 407 0K
shield 3588 27 (51 t-m) 9 2 262 0K
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Table 10. Excavation volume and speed

Design Field Rate
Q (m’hr) 5.087 2.118 24
V. (m/hr) 0.514 0.214
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