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Abstract: [ Objective | Medium-low-compressibility soil foundations are widely distributed along
high-speed railway lines in China and exhibit strong structural characteristics, low compressibility, and
rapid settlement convergence. However, this type of soil exhibits weak pore water pressure responses and
insignificant drainage deformation during loading, making it difficult for traditional drainage consolidation
theory to effectively explain its deformation mechanism. This study aims to reveal the microstructural

evolution mechanism of medium-low-compressibility clay during consolidation loading, and clarify the

influence  of  microstructural  changes  on
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2025 - 08 - 07 A macroscopic settlement characteristics.
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providing a theoretical basis for settlement control and stability analysis in similar foundation engineering.
Environmental scanning electron microscopy ( ESEM) and mercury intrusion porosimetry ( MIP) were
used to analyze the microstructural evolution characteristics of undisturbed clay samples collected at
different depths (4.4~5.0m and 7.6~8.2 m) in the Hefei area under different axial consolidation
stresses. | Results | The test results showed that the pore size distribution of undisturbed soil exhibited
bimodal characteristics, reflecting the coexistence of framework pores and cementation pores. As the axial
consolidation stress increased, the pore structure evolved from a bimodal distribution to a unimodal
distribution, and the maximum dominant peak frequency reached 21. 3%. ESEM images showed that, as
the axial stress increased, bonded soil particles fragmented into smaller particles, particle rearrangement
intensified, pore closure intensified, and structural compactness increased significantly. Pore
compression and particle structure evolution occurred simultaneously, jointly constituting the microscopic
mechanism of rapid consolidation of medium-low-compressibility clay. Microstructural reorganization
supported the macroscopic characteristics of small deformation and rapid convergence exhibited by the
soil. [ Conclusion | The findings provide theoretical support for deformation and stability analysis of
similar soil foundations.
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