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Elastic foundation beam model of frost heave damage of trapezoidal

canal considering interaction between frozen soil and lining stucture

XIAO Min"?, WANG Zhengzhong" **, LIU Quanhong" ?,

WANG Yi"?, GE Jianrui"’, WANG Xingwei]’ z
(1. College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling 712100, China;
2. Cold and Arid Regions Water Engineering Safety Research Center, Northwest A&F University, Yangling 712100, China;
3. State Key Laboratory of Frozen Soils Engineering, Cold and Arid Region Environmental and

Engineering Research Institute, CAS, Lanzhou 730000, China)

Abstract: The article proposes a method to calculate frost heave force on lining plates for trapezoidal lin-
ing canal in open system by treating frozen soil as Winkler elastic foundation. Through introducing addition-
al term proportional to deformation to reflect reduction of frost heave force caused by frost heaving deforma-
tion, differential equations of deflection of the beam on frozen soil are derived. The models of canal bottom
and slope plates are established respectively, then analytic formula of deflection, moment and shearing
force of both bottom and slope plates are proposed by solving aforementioned equations. By taking a trape-
zoid canal in Tarim irrigation area as prototype, frost heave displacements of lining plates are calculated.
The comparative analysis between the results calculated by the article method, material mechanical and ob-
served value is carried out. The comparative results show that the results calculated by the article method
are in accordance with observed value better, and are less than results calculated by material mechanical
because of considering reduction of frost heave force caused by frost heaving deformation. The research will
be useful for anti-frost design of trapezoidal channel.

Keywords: frozen soil engineering; irrigation canal; frost heave; elastic foundation beam; differential equa-

tion of deflection curve
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Unsteady rainfall infiltration model for swelling soil

GAN Yongde, JIA Yangwen, LIU Huan, NIU Cunwen, QIU Yaqin

(National Key Laboratory of Basin Water Cycle Simulation and Control, China Institute

of Water Resources & Hydropower Research, Beijing 100038, China)

Abstract: The soil swelling and deformation will happen when swelling soils absorb water. Soil swelling
and deformation has great influence on soil water infiltration process. Based on Green—Ampt, an algorithm
considered soil swelling and deformation was proposed for simulating infiltration into swelling soil under un-
steady rainfall (GJGAM). The soil saturated hydraulic conductivity and soil saturated water content consid-
ered soil swelling were introduced to account for the effect of soil swelling on soil rainfall-infiltration, and
could be approximately determined by soil physical properties. Meanwhile, the model (GJGAM) and the tra-
ditional Green—Ampt model without considering soil swelling (TGAM) were applied to simulate runoff rate
and cumulative infiltration, and compared with the observed data in the experiments. The results indicate
that the calculated runoff rate and cumulative infiltration by the GJGAM model were all in good agreement
with the observed values. However, when using the TGAM model, the calculated runoff rate was less than
the observed value, and the calculated cumulative infiltration were larger than the observed value.

Keywords: soil swelling; Loess soil; Green—Ampt model; soil infiltration—runoff
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