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Reinforced soil structures are characterized by superior performance,
cost-effectiveness, and environmentally friendly, low-carbon properties, making them
widely applicable in infrastructure construction to effectively address the challenges
of increasingly scarce land resources, global warming, and extreme weather
conditions. Most of the currently completed geosynthetic-reinforced soil retaining
walls and slope projects use granular materials with good permeability as fill. To
ensure the rational use of land resources, this study proposes a new type of
geogrid-reinforced vertical retaining wall structure based on poor-quality fill materials,
such as soft rock residual soil. A custom experimental setup was developed to
comparatively analyze the drainage capacity of the structure under different rainfall
conditions and various drainage design schemes. Based on this, a three-dimensional
numerical model of the structure was established to simulate its safety characteristics
under different rainfall conditions and with various fill schemes. The results indicate
that the gravel-improved soft rock residual soil has a low permeability coefficient,
leading to poor drainage when used directly as fill material. With a constant total
rainfall and intensities of 20 mm/h, 30 mm/h, and 40 mm/h, the installation of a
graded gravel drainage layer or the use of drainage geogrids can effectively enhance
the drainage capacity of the structure and extend the drainage duration. On this basis,
a three-dimensional numerical model of the structure was developed to simulate its
safety characteristics under different rainfall conditions and various backfill schemes.
The study found that using cement-improved soil as backfill within a 1-meter range
behind the wall, compared to gravel-improved soil, significantly enhances the overall
safety and stability of the structure, reducing maximum settlement and horizontal
displacement. Under rainfall conditions, with the same total rainfall amount,
prolonged low-intensity rainfall has a more pronounced effect on structural
deformation and stability. However, incorporating a graded gravel drainage layer
within the cement-reinforced soil retaining wall significantly reduces the impact of
rainfall on the structure's deformation and stability.



