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Abstract

Soft soil foundations are prevalent in port engineering, where their high compressibility, low strength, and poor permeability
significantly constrain structural stability and construction safety. Addressing the practical challenges of complex mechanical
properties and variable environmental conditions in port soft soils, this study systematically analyzes deformation mechanisms and
instability modes of soft foundations. It evaluates the applicability and effectiveness of various reinforcement techniques, including
vacuum preloading, pile loading, CFG pile composite foundations, cement mixing piles, and high-pressure jet grouting. Through case
studies, the research compares the engineering performance and cost-effectiveness of different technologies in enhancing bearing
capacity, controlling settlement, and improving consolidation and drainage conditions. The application value of information-based
monitoring in reinforcement processes is also assessed. Findings demonstrate that multi-technology composite reinforcement systems
significantly improve the overall bearing capacity and deformation coordination of soft soil foundations, ensuring long-term structural
stability and construction safety in port projects. This study provides scientific basis and engineering references for selecting and
optimizing foundation reinforcement technologies in soft soil regions.
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