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Prediction model for TBM disc cutter wear based on dense core theory

SHE Lei', ZHANG She-rong', HE Sun-wen?, WANG Chao', LI Lei?, JING Yong?, LIU Yong®
(1. State Key Laboratory of Hydraulic Engineering Simulation and Safety, Tianjin University, Tianjin 300354, China; 2. Power China

Sinohydro Bureau 14th Corporation, Kunming 650051, China; 3. Power China South Construction Investment Co., Ltd., Shenzhen

518025, China)

Abstract: The CCS (constant cross section) type disc cutter wear is an inevitably crucial puzzle that affects the construction
efficiency and cost budgeting of hard rock excavation. In this paper, according to the working characteristics of the CCS type
disc cutter and the theory of rock squeezing and cutting, the complex stress state of rock-breaking by the cutter is analyzed and
the mechanism of disc cutter rock-breaking considering the dense core effect is established. By deducing theoretical analytical
expressions of dense core length, the mathematical relationship between cutter wear amount and normal force based on the
principle of plastic removal abrasiveness is obtained, then the prediction models for wear rate and the cutting life of a disc cutter
are proposed. Based on this context, by analyzing and calculating the measured wear data of the front disc cutter of a total of
757 rings in a section of Metro Line 12 in Shenzhen, China, it is found that the relative difference rate between the predicted
value and the measured value is less than 10%, which validates the reliability and accuracy of the prediction model. In addition,
by comparing with an existing typical prediction model of the CCS type disc wear, the results show that the calculation results
of the prediction model proposed in this paper are more consistent with the field measured values, indicating that the disc cutter
wear rate and cutting life can be regarded as reliable indexes to evaluate the cutter wear characteristics, which provides a more

reasonable and feasible theoretical basis for the design of tool replacement scheme in TBM engineering.
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Fig. 1 Schematic diagram of rock breakage process of disc cutter
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Table 2 Technical parameters of composite EPB shield machine
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