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Abstract

Under the strategic background of urban renewal, immersed tunnel rehabilitation projects face
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complex challenges including dynamic aquatic environments, confined space operations, and multi-
objective coordination. Taking the rehabilitation project of Shanghai Outer Ring Tunnel as a case
study, this research develops an integrated solution combining “technological innovation, manage-
ment optimization, and digital empowerment”. Key technologies include automated three-dimen-
sional displacement monitoring of tunnel joints, zero-pollution laser rust removal, precision dem-
olition using ultra-high-pressure water jet technology, and the application of an intelligent con-
struction management platform. These innovations have achieved remarkable results: millimeter-
level structural safety monitoring, 400% improvement in demolition efficiency, and 92% compre-
hensive utilization rate of construction waste. The study provides replicable technical paradigms
and management experience for urban infrastructure renewal, offering significant practical value
for promoting high-quality development in the engineering construction sector.
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Figure 1. Laser rust removal equipment for steel structures
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Figure 2. Laser rust removal effect on steel structures
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Figure 3. Concrete pavement milling equipment
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Figure 4. High-pressure waterjet robot
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Figure 5. Technical architecture of the intelligent construction management platform
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