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Numerical simulation on the effect of joint orientation on rock
fragmentation by TBM disc cutters

KONG Xiao=xuan' LIU Quan-sheng' > ZHAO YiHan' PAN Yu-cong’ LIU Jian-ping’

(1. Key Laboratory of Rock Mechanics in Hydraulic Structural Engineering of Ministry of Education Wuhan University Wuhan 430072 China; 2. State Key
Laboratory of Geomechanics and Geotechnical Engineering Institute of Rock and Soil Mechanics Chinese Academy of Sciences Wuhan 430071 China)

Abstract: In order to study the effect of joint characteristic on rock fragmentation mode the jointed rock indentation
process by TBM disc cutters was simulated by using the particle discrete element method and specific energies and
crack numbers at different orientations were collected to analyze the rock fragmentation process. The main results are
as follows: ( 1) The joint orientation can significantly influence the crack initiation and propagation as well as the frag—
mentation mode. The crack initiation and propagation is no longer symmetric and joints will change the initial direction
of crack propagation especially at vertical direction. The impediment to crack initiation and propagation is more obvi—
ous with the increase of joint inclination angle while joints with small inclination angle facilitate the cracks to extend
along the joints and rock debris to chip off. (2) Joint orientation mainly affects tensile cracks and crack number increa—
ses initially with the joint inclination angle and then decreases after the peak value. There is an optimal joint inclina—

tion angle in jointed rock masses and when joint inclination angle o =30° specific energy is the smallest and the rock
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fragmentation efficiency of disc cutters can reach the highest. Based on particle discrete element method PFC2D can
well reproduce the fragmentation process and numerical simulation can be used to study the microscopic properties of
jointed rock which cannot be involved in laboratory experiments.

Key words: TBM disc cutter; joint orientation; fragmentation mode; specific energy; crack number
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Table 1 Micro-parameters for rock material
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