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Experimental Study on Shear Strength Characteristics of Shore Root-soil
Complex in the Upper Reaches of the Yellow River
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Abstract : To investigate the reinforcement mechanism of root systems of herbaceous plants on the upper Yellow
River riverbanks on shallow soil layers and quantitatively reveal the influence patterns of moisture
content and root content on shear strength of root—soil composite, this study focused on foxtail
millet root systems and sandy silt. Using strain—controlled direct shear tests in laboratory conditions,
four moisture content gradients and five root content gradients were established, with experimental
measurements conducted under four—stage normal stress ranging from 50 to 300 kPa. The study
analyzed stress—displacement characteristics, shear strength evolution patterns, and response
characteristics of shear strength indicators in root—soil composite systems. Results demonstrated that
both native soil and root—soil composite exhibited strain—hardening stress—displacement curves, with
foxtail millet roots significantly enhancing soil deformation resistance. Optimal values were identified
for moisture content (20% vs. 18.3% optimal soil moisture content) and root content (0.75%), where
root reinforcement achieved maximum shear strength increase of 44.17%. Moisture and root content
significantly influenced composite cohesion while causing minimal disturbance to internal friction angles,
with maximum cohesion enhancement reaching 83.39%. Herbaceous root systems primarily stabilized
slopes by increasing soil cohesion. These findings provide experimental evidence for parameter design
and stability assessment in vegetation slope protection engineering.

Keywords : root-soil complex; polygonum aviculare; shear strength; moisture content; root content;
direct shear test; vegetation slope protection
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