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Relationship Between Net Penetration Rate and Thrust of Shielded
TBM in Hard Rock

Chulwhan Park, Chan Park, Yang-Soo Jeon and Yeon-Jun Park

Abstract. Four tunnels have been planned to operate a large diameter shielded TBM in Gwangju urban subway
construction site. No. 1 tunnel has completely been excavated for 13 months operating. Net penetration rate and
its relations with thrust force of the shielded TBM are analyzed in this report. This shallow depth tunnel of 536
m length is located in soil layers at launching and in hard rocks at ending with 84 m length. The weekly net
penetration rates have dropped down as low as 20~110 mm/hr in rock while 400~800 mmv/hr in soil. The actual
penetration rates are proved to be high as the theoretical penetration rate which is analyzed in consideration of
conditions of machine and rock. And net penetration rate is investigated to increase linearly with thrust force.
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Fig. 1. Daily net penetration rate for shield TBM operation.
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Table 1. Test results of rock properties.
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Fig. 2. Weekly net penetration rate in rock.
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Rocks Amphibolite (black) Amphibolite (gray) Granitic Gneiss
Specific Gravity (g/cr) 2.85 2.75 2.70
P-wave Velocity (km/sec) 6.08 5.46 5.17
S-wave Velocity (km/sec) 3.06 2.83 2.67
U.C.S. (MPa) 234 197 166
Tensile Strength (MPa) 18.0 13.7 10.7
Young's Modulus (GPa) 57.6 49.9 489
Poisson’ s Ratio 0.224 0.236 0.234
Shore Hardness 76~84 82~84 91-98
Quartz Contents (%) 6.8 10.7 25.7
Cerchar Abrasiveness Index 2.47 2.77 3.32
Drilling Rate Index 41 45~61
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Fig. 3. Cerchar abrasiveness test and measuring device.
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Table 2. Main specification of a large diameter shiclded TBM.

General specification
model type EPB type shielded
cut diameter for soil |7,420 mm
bore diameter for rock|7,398 mm
shield diameter 7,380 mm

transformer capacity |4 X 500 kVA = 2,000 kW

Disk cutter for rock
number and diameter ‘41 ea and 355 mm (14")
iNo. 32221 (C90 = 68.8 kN)

bearing

Chisel bit for soil
number
width

j247 ea
170 mm and 90 mm

Cutting head operationj
cutting head power
rotational speed
maximum thrust
maximum torque

11 eax< 132 kW (1,452 kW)
2.5 RPM max.

13030 ton (49 MN)

'1,010 t -+ m (9,898 kN - m)
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Fig. 4. Photos for the brittleness test and the Sievers’drill test.
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Fig. 5. Relations between thrust force and net penetration
rate in rock.
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