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Abstract

To enhance tunnel boring efficiency and reduce construction costs, this study proposes a synergistic
optimization model based on propulsion speed, propulsion force, resource utilization, and construc-
tion cost. The optimization effectiveness is validated through numerical simulations and field moni-
toring. The simulation and empirical results indicate that, after optimization, the propulsion speed
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increased from 2.5 m/h to 3.0 m/h (+20%), the propulsion force stabilized at 720 kN (+20%), re-
source utilization improved from 75% to 90% (+15%), and construction cost decreased from 55,000
yuan/m to 50,000 yuan/m (-9%). The key technologies proposed in this study include real-time pro-
pulsion speed optimization, dynamic feedback control of propulsion force, and resource scheduling
optimization. These techniques significantly enhance construction efficiency, particularly under com-
plex geological conditions, and verify the reliability and applicability of the synergistic optimization
model. This research provides valuable insights for improving tunnel boring efficiency and cost con-
trol, laying a foundation for the advancement of intelligent construction technology.
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Table 1. Comparison of key indicators before and after optimization
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Figure 1. Trend of key indicators before and after optimization
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Table 2. Comparison of site monitoring data before and after optimization
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Figure 2. Trend graph of changes in key indicators of digging before and after optimization
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