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Abrasivity Disc cutter wear is a major factor affecting the efficiency and operational
Disc cutter costs of hard rock tunnel boring machines (TBMs). This study presents
Operating parameters empirical models for predicting cutter wear rate using field data obtained
Tunnel boring machine (TBM) from approximately 18 km of excavation in the Qomroud Water

Conveyance Tunnel. Geomechanical and operational parameters,
including uniaxial compressive strength (UCS), normal cutter force (Fn),
cutterhead rotational speed (RPM), and cutter position, were analyzed.
Separate models were developed for central-intermediate and peripheral
cutters to account for differences in loading conditions across the
cutterhead. The proposed models achieved coefficients of determination of
approximately 0.88, indicating good predictive capability. Independent
validation using Full-Scale Disc Abrasion Tests (FDAT) showed
prediction errors of less than 20%. Comparison with the classical Gehring model demonstrated better agreement of the
developed models with field observations. The proposed approach provides a practical tool for optimizing TBM
operation, predicting cutter consumption, and supporting maintenance planning in hard rock tunneling projects.
Summary
This study develops a zone-based multivariate empirical model for predicting TBM disc cutter wear using 18 km of field
data, integrating operational parameters with rock mass properties. The proposed framework achieved R? = 0.88 and
demonstrated less than 20% deviation in large-scale validation tests, outperforming conventional rock-index-based
models.
Introduction
Disc cutter wear significantly influences TBM performance, operational efficiency, and maintenance planning in hard
rock tunneling. Conventional prediction models are largely based on rock abrasivity indices and often overlook the direct
contribution of operational parameters and cutterhead loading conditions, resulting in limited predictive capability under
variable field environments. Given the complex interaction between rock mass properties, machine-induced forces, and
cutterhead geometry, this study aims to develop an integrated empirical framework that incorporates both geomechanical
and operational parameters while distinguishing between different cutterhead zones. The objective is to improve
prediction reliability and provide a practical foundation for operational optimization and predictive maintenance in hard
rock TBM projects.
Methodology and Approaches
Field data from 18 km of TBM excavation, including operational parameters and geomechanical properties, were
compiled and categorized based on cutterhead zones (center—face and gauge). Multivariate regression analysis was
applied using Minitab to develop wear prediction models and evaluate their statistical performance (R?). Independent
large-scale FDAT experiments under controlled loading and rotational conditions were conducted to validate the
predictive capability and robustness of the proposed models.
Results and Conclusions
The developed multivariate models demonstrated strong predictive capability, achieving coefficients of determination of
approximately 0.88 for both center—face and gauge cutter zones. Results indicate that normal force and UCS are the
dominant parameters controlling wear rate, while cutterhead rotation speed and radial position significantly influence
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wear intensity, particularly in the gauge zone. Large-scale FDAT validation tests showed less than 20% deviation between
predicted and measured values, confirming the robustness of the proposed framework. Comparative analysis revealed a
clear improvement over conventional rock-index-based models in terms of predictive accuracy and realistic wear
estimation. The study concludes that integrating operational parameters with zone-based modeling substantially enhances
wear prediction reliability and provides a practical basis for operational optimization and predictive maintenance in hard
rock TBM projects.
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