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Abstract

As a special geological material, collapsible loess is widely distributed in the northwest of China. Its characteristic of softening
and collapsing when encountering water poses a severe challenge to transportation infrastructure construction. The unique elevated
pore structure and cementitious distribution within this soil cause irreversible compression deformation when the moisture content
changes, seriously threatening the long-term stability of subgrade structures. In current engineering practices, single improvement
techniques often fail to effectively address collapsibility issues due to neglecting the coupling mechanism of soil-water-hydrology,
and lack a comprehensive prevention and control system throughout the entire lifecycle. This paper, based on an interdisciplinary
perspective of geotechnical mechanics and materials science, systematically analyzes the microstructural evolution patterns
and macro-mechanical response characteristics of collapsible loess. It innovatively integrates physical improvement, chemical
stabilization, and hydrological control technologies to develop a comprehensive prevention and control strategy covering design,
construction, and operation phases. The aim is to provide theoretical support and technical solutions for subgrade engineering under
complex geological conditions.
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