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TBM advance rate—the linear progress per unit time (e.g., m/day)—is a critical KPI in mechanized

tunneling, directly impacting project schedule, cost, and risk management. Prediction curves synthesize

decades of field data, laboratory testing, and numerical modeling to capture nonlinear relationships

between advance rate and variables such as uniaxial compressive strength (UCS), rock mass rating

(RMR), penetration rate (PR), thrust force, torque, and cutterhead power utilization. These curves are

often normalized using dimensionless groups (e.g., specific energy, normalized thrust) to enable cross-

project scalability and reduce site-specific calibration effort. Modern libraries integrate machine

learning–enhanced curve families that account for temporal degradation (e.g., cutter wear), geological

heterogeneity (e.g., fault zones), and operational constraints (e.g., grouting time, segment erection

cycles). Practitioners use the library not only for deterministic forecasting but also for probabilistic

scenario analysis—overlaying uncertainty bands derived from Bayesian updating or Monte Carlo

simulation—to support robust decision-making under geological ambiguity.

Key Components

# Component

1 Normalized Advance Rate Curves

2 Geomechanical Input Parameter Mapping (e.g., Q-system, RMR, UCS)

3 TBM Type-Specific Performance Templates

Applications

# Application

1 Pre-bid feasibility and duration estimation for tunnel contracts

2 Real-time performance benchmarking and anomaly detection during excavation

3 Cutter change planning and maintenance scheduling optimization
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# Concept

1 Rock Mass Classification Systems

2 TBM Performance Monitoring (TPM)

3 Specific Energy in Rock Excavation
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