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Abstract: In view of the problems existing in the research on rock fragmentation by TBM (tunnel
boring machine) disc cutters that the rock failure mechanism under pre-cut groove condition has
not been investigated in depth, and the influence of the pre-cut groove structure on rock
fragmentation performance has not been clearly revealed, a discrete element model of equivalent
crystalline rock material based on Thiessen polygon algorithm was built, and the processes of
dense core evolution, crack propagation and rock fragmentation during cutter penetration assisted
by different pre-cut grooves were analyzed and the numerical model was verified by small scaled
rock penetration tests. Numerical simulations were carried out to study the influence of pre-cut
groove structural parameters such as notch angle, location and spacing, on the crack distribution,
rock breaking load and penetration specific energy. The simulation results show that the rock

breaking efficiency can be greatly improved using the staggered groove assisted approach whose
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critical techniques are rock weakening by pre-cut grooves and load transfer by dense cores. The

optimal layout mode of the pre-cut grooves is summarized as “narrow straight, staggered

distributed, and middle placed”. It means that the notch angle of the grooves is suggested to be

0°, the cutter penetration points and the pre-cut grooves are arranged in a staggered layout and

the cutter penetration point is located at the center of two adjacent pre-cut grooves, and the

optimal groove spacing is suggested to be 80 mm. This study suggests an effective approach for

the study of rock breaking mechanism of TBM disc cutters, and provides a theoretical basis for

exploring the reasonable structure of pre-cut grooves.

Keywords: tunnel boring machine; disc cutter; pre-cut groove; particle-based discrete element

method
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Fig. 1 Modeling of the cluster-based rock material using an

optimized Tyson polygon algorithm
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Table 1 Mesoscopic mechanical properties of rock
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Table 2 Macroscopic mechanical properties of rock
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Fig. 2 Simulation and experimental results of uniaxial

compression and Brazilian splitting
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Fig. 3 Numerical model for rock indentation assisted with

pre-cut grooves
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Fig. 6 Influence of the angle of pre-cut grooves on rock

fragmentation
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without the assistance of pre-cut grooves
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Fig. 9 Influence of pre-cut groove position on the rock fragmentation
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Fig. 10 Influence of pre-cut groove spacing on the rock fragmentation
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