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Study on rock breakage model of TBM disc cutter based on cavity

expansion theory
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Abstract: The determination of rock mechanics response zones in the rock hob breaking process with tunnel
boring machine(TBM) disc cutter is not only the research foundation for the interaction mechanism analysis
between disc cutter and rock, but also the key to predict cutting forces of the disc cutter. Based on cavity
expansion theory, the rock mechanical response processes and zonings under TBM disc cutter indentation
process were analyzed, and the cavity expansion model for rock breakage under disc cutter was established. The
formation mechanism and size characteristics of each response zone were obtained through theoretical analysis,
and the influences of different cutting conditions on rock response zones were analyzed. The results show that
the rock can be generally divided into five zones during the disc cutter indentationprocess the dense core zone
under hydrostatic pressure, the crushed zone under compression-shear failure, the radial fractured zone under
tensile failure, the elastic zone, and the undisturbed zone. Rock strength and confining stress are two key factors
affecting the rock breakage efficiency. When rock uniaxial compressive strength(UCS) increases, the sizes of
radial crack zone and elastic zone almost increase linearly, and the size of crushed zone remains nearly
unchanged. When confining stress increases, the sizes of radial crack zone and elastic zone decrease rapidly,
while the crushed zone is hardly influenced.
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Fig. 1 Distribution of cracks in marble sample under

CCS disc cutter (confining stress: 15 MPa)
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