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Figure 1 Numerical test model
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Table 1 Basic physics-mechanical parameters of granite and bluish sandstone

MRZER %EE/ (goem™) BEPEBIR/GPa ML ZEE H1/MPa NEEEM/(°) HEHPURIRET/MPa [0 655 2458 iF / MPa
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Ak 2.64
HA 2.31
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36 60.7 1.81
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Table 2 Mesoscopic parameters of composite rock mass

EYiES E2IER S HE  HOAE
Wik 5 A2 T BR/mm 1 2
750 53 Wik 542 EBR/mm 1 2
Z4 R E / (kg » m ™) 2 640 2310
FHJE & %1 0.7 0.7
S P il R/ GPa 25 8.5
o JEE 4 R A 0.2 0.5
NIl BE L 1.25 1.5
A/ GPa 25 8.5
47 I i LIX]IJTE“H: 1.25 1.5
2 Brhiow E/ MPa 138 50
FEHES/(°) 25 30
2R J1/MPa 138 50
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Figure 3 Process of the linear rock-breaking test
when the penetration is 1. )mm in PFC*"
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Figure 4 Normal and rolling forces of disc

cutter in PFC™
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Figure 5 Test equipment, specimens and cutting tool
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Figure 6 The linear rock-breaking test of the composite
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rock mass by disc cutter at 1. ) mm penetration
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Figure 7 Normal and rolling forces of disc cutter at

1. 0 mm penetration
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Figure 8 Comparative analysis of normal and rolling

forces of disc cutter
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Figure 9 Influence of penetration depth on rock-breaking

efficiency of disc cutter
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Figure 10 Crack propagation status on composite rock mass surface under different penetration depths
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Figure 11 Influence of penetration on the depth of

crack propagation
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Figure 12 Statistics of internal microcracks in PFC™
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Effect of Penetration Rate on Linear Cutting of Composite Rock Masses by
TBM Disc Cutters

ZHAI Shufang' , TIAN Boning', CHANG Lianyuan®’, TIAN Hao'

(1. College of Civil Engineering, Henan University of Technology, Zhengzhou 450001, China; 2. Zhejiang Engineering Survey and De-
sign Institute Group Co. , Ltd. , Ningbo 315012, China)

Abstract; Composite strata are a type of adverse geological structure, and Tunnel Boring Machines often face sig-
nificant cutterhead vibrations and tool wear during excavation in such strata. In order to increase the TBM tunneling
rate in composite strata, it is necessary to study the influence of the TBM cutter penetration depth in the rock break-
ing process. This study investigated the effect of roller cutter penetration on the rock-breaking force, rock-breaking
efficiency, crack propagation depth, and failure modes of cutters in composite rock masses through discrete element
numerical simulations. Moreover, the linear cutting experiment of the roller was conducted for verification and anal-
ysis. The main conclusions drawn from the study are as follows: (D At a penetration depth of 2. 0 mm , the specific
energy of the composite rock mass is minimal, and the roller cutter’'s rock-breaking efficiency is the highest. @
With the increase in penetration, the crack propagation depth increases in both granite and bluish sandstone. When
the penetration is greater than 1.0 mm, the crack depth in sandstone is greater than that in granite. @At different
penetration depths, the crack failure mode in granite is predominantly tensile failure, while in sandstone, shear
failure predominates at low penetration depths. However, as the penetration increases, tensile failure becomes the
dominant mode. The numerical simulation results extend the qualitative analysis of crack propagation depth and fail-
ure modes from the laboratory experiments to quantitative calculations, which is of significant importance for the set-
ting of TBM roller cutter operating parameters in composite strata.
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