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Abstract: Addressing the technical challenge of synergistically enhancing the mechanical and impermeability
properties of core wall materials for earth-rock dams, hydrophobic clay was prepared by modifying clay with
octadecylamine (ODA). This modified hydrophobic clay was mixed with standard sand according to specified
soil-to-rock ratios and initial water contents to form a hydrophobic core material. Unconsolidated undrained
(UU) shear tests were conducted to determine the shear strength parameters, while the water drop penetration
time (WDPT) method was employed to measure the WDPT, systematically investigating the influence of water
content and soil-to-rock ratio on the mechanical and impermeability properties of the hydrophobic core material.
The results indicated that an increase in the soil-to-rock ratio promoted the formation of preferential seepage
channels at the sand-clay interface, significantly weakening the hydrophobic characteristics. The effect of water
content on the hydrophobicity grade exhibited a unimodal response pattern: the WDPT initially increased and
then decreased with rising water content, revealing an optimal critical threshold for impermeability. Both
increasing the soil-to-rock ratio and water content enhanced the peak shear stress, consistent with the Mohr-
Coulomb strength criterion. Cohesion was significantly influenced by the combined effect of hydrophobic clay
content and water content; an increase in coarse-grained material weakened the interparticle bonding, but
cohesion was more sensitive to changes in water content. The internal friction angle stabilized when the soil-to-
rock ratio exceeded 5% and was largely unaffected by water content.

Keywords: hydrophobic core wall materials; octadecylamine; hydrophobicity; shear strength; anti-seepage
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Table 2 Orthogonal experimental design of various water

contents and soil-to-rock ratios
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Fig.9 Relationship between peak shear stress and normal pressure under various soil-to-rock ratios and water contents
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