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Abstract

Over-excavation and under-excavation of tunnel surrounding rock are critical issues affecting both
construction quality and long-term stability. This study integrates 3D laser scanning technology and
numerical simulation methods to investigate the identification of surrounding rock over-excava-
tion and the prediction of its mechanical response. Through the acquisition and processing of point
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cloud data from an actual tunnel project, high-precision identification and quantitative analysis of
over-excavation and under-excavation areas are achieved. A numerical model is established using
ABAQUS to analyze the influence of different over-excavation depths and ranges on the vertical dis-
placement of the tunnel vault. Finally, a prediction framework based on a machine learning model
is constructed to forecast vault displacement. The research results provide technical support for
quality control and risk identification in tunnel construction, demonstrating significant practical
application value and theoretical importance.
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Figure 1. 3D Reconstruction of in-Situ tunnel surrounding rock and establishment of design surrounding rock
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Figure 2. Cross-section classification of surrounding rock and construction
quality comparison diagram
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Figure 3. Overbreak and underbreak comparison diagram of surrounding rock (partial)
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Figure 4. Detailed comparison diagram of surrounding rock overbreak and underbreak
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Table 1. Factor level table of influencing factors for tunnel crown overbreak
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Figure 5. Diagram of crown overbreak profile and mesh division for tunnel surrounding rock
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Table 2. Basic parameters of tunnel surrounding rock
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Table 3. Table of simulation on cases
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Figure 6. Contour plots of displacement and stress for case 1
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Table 4. Summary table of simulation results for all cases
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DOI: 10.12677/hjce.2025.1410266 2476 TARTH


https://doi.org/10.12677/hjce.2025.1410266

VI

pAEER |

[ mrmmnsmeone |

RILEEEL

Figure 7. Framework for predicting mechanical responses to overbreak
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Figure 8. Flowchart for predicting mechanical responses to overbreak
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Figure 9. Comparison of SVR model prediction results
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Figure 10. Analysis of prediction errors for the SVR model
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