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Experimental Study on Rill Development Driven by Moisture Swelling
Characteristics of Red Soil in Tongcheng Granite Benggang Area

ZHU Wenjing, ZHANG Hao, CHEN Jiazhou
(College of Resources and Environment, Huazhong Agricultural University, Wuhan 430070, China)
Abstract: [ Objective] To investigate the differences in moisture swelling characteristics between residual soil and
colluvial soil in the granite red soil Benggang area and to clarify their driving mechanisms for rill development.
[ Methods ] Using soil ring samples and undisturbed whole-section soil box samples, the swelling displacement and
swelling force of four types of soil-residual red soil, residual sandy soil, colluvial red soil, and colluvial sandy soil-
were dynamically monitored during water absorption. Four degrees of dry-wet variation, ranging from saturated to
air-dried, were established. The disintegration rate was quantified using a static water disintegration test, and rill
development morphology and soil loss characteristics were tracked through runoff scouring tests. [ Results] 1) The
moisture swelling stress of the residual soil (residual red soil and residual sandy soil) was higher, reaching 5.9, and
4.6 kPa, respectively, with stable swelling displacements of 1.0, and 0.3 mm. The swelling stress of colluvial soil
(colluvial red soil and colluvial sandy soil) was only 2.5, and 0.1 kPa, with stable swelling displacements of 0.5,
and 0.2 mm. 2) The residual soil did not completely disintegrate, but its disintegration rate significantly increased

with an increasing degree of initial dry-wet variation. In contrast, the colluvial soil was not affected by dry-wet
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variation and completely disintegrated within a short period. 3) Rill development in the residual soil was strongly
dependent on dry-wet variation. There was almost no rill development without dry-wet variation, and the rill size
increased with an increasing degree of dry-wet variation. Under an extremely high degree of dry-wet variation, the
rill depths for the residual red soil and residual sandy soil were 2.2, and 5.3 cm, respectively. Rill development in
the colluvial red soil and colluvial sandy soil was not affected by the degree of dry-wet variation, with maximum rill
depths exceeding 6, and 8 cm, respectively. 4) The rill in the residual soil underwent only one minor development
during the initial scouring stage and then stopped expanding. In contrast, the rills in the colluvial soil exhibited
continuous and fluctuating development with increasing scour time. [ Conclusion] The original mosaic structure of
granite residual soil has strong resistance to scouring, but the moisture swelling damages its thin surface layer,
serving as the trigger for minor rill development. Colluvial soil, due to its inherent characteristics, is more prone to
disintegration and continuous rill development. The findings of this study provide a theoretical basis for the
prevention and control of erosion in granite red soil.

Keywords: granite residual soil; granite colluvial soil; moisture swelling characteristics; laboratory scouring

experiment; rill erosion
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Fig.3 Disintegration rates of four soil types in static water under different degrees of dry—wet variation
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Fig.4 Variations in rill depth along slope length for four soil types after runoff scouring
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Fig. 6 Soil surface roughness of four soil types after runoff
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Fig.7 Variation of slope surface soil loss with time for four soil types under runoff scouring
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