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Viscous Properties of Undisturbed Q;-loess Under the Coupling

Action of Moisture, Pressure and Vibration

WANG Qiang'?, ZHANG Zhe', WANG Enbo'

(1. Xianyang Engineering Technology Research Center for Loess Mechanics and Disaster Prevention,
Shaanxi Polytechnic University, Xianyang, Shaanxi 712000, China;
2. School of Civil Engineering, Shaanxi Polytechnic University, Xianyang, Shaanxi 712000, China)

Abstract: The viscous behavior of loess plays a critical role in its engineering performance under coupled moisture-
pressure-vibration conditions. To systematically reveal the viscous response mechanism of loess under combined effects
of water content, consolidation pressure and dynamic loading, a series of dynamic simple shear tests were conducted on
undisturbed Q;-loess. Tests covered four initial water contents (5% , 10% , 15% , 20% ) , four consolidation pressures
(50, 100, 150, 200 kPa) , and six dynamic shear strain amplitudes (0.15% ,0.5% ,1.0% ,2.2% ,3.3% ,4.5% ).
The evolution of hysteresis loop shape, dynamic shear modulus, energy dissipation capacity and ratcheting effect with
loading cycles was analyzed. The results indicate that as cyclic loading progresses, the hysteresis loops transform from
a flat, spindle-like shape with poor symmetry and multiple sliding platforms in the first two cycles to a steep, Z-shaped
curve with strong symmetry and a single sliding platform after the third cycle. Under low water content and high consol-
idation pressure conditions, the hysteresis loops were spindle-shaped with larger area and higher energy dissipation ca-

pacity. Conversely, under high water content and low consolidation pressure conditions, the hysteresis loops tended to
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be zigzag-shaped with smaller area and weakened energy dissipation capacity. This work systematically reveals for the

first time the coupled influence mechanism of water, pressure and vibration on the viscous properties of undisturbed Q;-

loess. The ratcheting effect of loess was pronounced during the initial stages of cyclic loading but gradually weakened

during subsequent multi-cycle loading. The viscous properties of loess are significantly influenced by water content,

soil structure, and consolidation pressure. It is demonstrated that appropriately regulating the water content and com-

paction conditions of loess can effectively enhance its structural strength and energy dissipation capacity, which is cru-

cial for improving the stability and longevity of loess engineering structures.

Keywords: loess; viscous property; cyclic simple shear test; coupled action; hysteresis loop
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