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Abstract

Structural planes are widely developed in natural rock masses, and their locations and develop-
ment characteristics directly affect TBM tunneling parameter optimization and construction safety.
Existing studies on cutter force responses near structural planes remain largely qualitative, lacking
cross-scale correlation analysis between microscopic damage evolution and macroscopic cutter
force responses. This study first calibrates Cohesive Zone Model (CZM) parameters for ABAQUS
based on laboratory uniaxial compression tests, and conducts linear cutting numerical simulations
of granite under varying structural plane widths and penetration depths to analyze the evolution-
ary characteristics of cutter forces and cohesive element failure counts along the cutter traversal
path. Cross-correlation analysis between microscopic cohesive element failure counts and macro-
scopic cutter force time-series curves reveals that: cohesive element failure evolution is signifi-
cantly synchronized and highly correlated with normal force fluctuations; as the cutter approaches
the structural plane, decreases in cohesive element failure counts correspond to synchronous drops
in normal force, indicating that normal force can serve as an effective macroscopic indicator for
structural plane identification. This research provides theoretical support for intelligent percep-
tion of fractured rock masses and real-time optimization of TBM tunneling parameters.
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Figure 1. Normal traction-separation relationship curve of the bilinear cohesive zone model
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Figure 2. Geometric configuration of the linear cutting numerical model
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Figure 3. Comparison of stress-stain curves from uniaxial compression between numerical
simulation and literature experimental results
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Table 1. Calibration results of rock macro-mechanical parameters
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LR AE WA 105.6 107.99 MPa 2.26%

Table 2. Material parameters of the linear cutting numerical model
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Figure 4. Evolution curves of numbers of newly failed cohesive elements under different joint widths
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Figure 5. Evolution of cutter normal force under different joint widths
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Figure 6. Effect of sliding average window length on correlation coefficient and optimal lag in cross-correlation analysis
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Figure 7. Design concept of technical framework for TBM cutter force signal processing and identification of structure plane
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