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Table 2 Table of mechanical parameters of frozen soil materials

B T/C 0 1 2 3 5
ik 11x07  19x107  26x107  33x10"  4.6x10

it E/Pa
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Table 3 Table of mechanical parameters of other materials
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k4 REMKERAKRE

Table 4 Frost heaving rate of soil on shady slope of channel

FRIR I B/m 0.6 1.1 15 2.1 26 31 3.7 42 4.8
i PR EL BRMBREL  EREL RRAREL BRREL PREUEL BRRAEL ERREL ERREL
TR T KEI% 35.1 28.4 275 26.6 11.2 8.3 7.8 21 16.2
TAREIKE 1% 441 3.94 3.86 3.79 0 0 0 3.28 0
% 5 R fak EARAKE
Table 5 Frost heaving rate of soil on sunny slope of channel
HESyies | 14 2.1 2.3 3 32 36 41
+J AL R POk 3 - L HAMEL ERADEL BMEREL
TR TIKEI% 222 38.1 226 274 185 12.3 9.3
TARRIKEE ni% 3.40 4.60 3.44 3.86 3.02 0 0

% 6 RIRMEARAIKE

Table 6 Frost heaving rate of channel floor soil
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production in eastern Henan province. In this paper we analyze the migration of salt in the plough layer and its
relationship with geochemistry of both surface water and groundwater at different seasons. [ Method] The
experiment was conducted in areas adjacent to the National Agro-ecological System Observation and Research
Station of Shanggiu. We measured salt content, depth of groundwater table, as well as surface water runoff from
2010 to 2020. The relationship between salt content and these environmental factors was calculated using the
descriptive statistics and Piper figure analysis method. [ Result] The increased salt content in the top 0~20 cm soil
layer was mainly induced by the increased precipitation. The maximum electric conductivity of the topsoil layer
occurred between October and November, but it is linearly correlated to precipitation in August (y=0.794 3x+126.65,
R?=0.631 3, P<0.05). The content of Ca**, Mg?, Na*, HCO3, SO.%, CI" and electric conductivity of water in the topsoil
layer and the 0~100 cm soil layer, as well as depth of the shallow groundwater table in 2020 was significantly higher than
those in 2015 (P<0.05). We also found that the leachate from the topsoil was geochemically similar to that of the shallow
groundwater and the surface runoff in 2020, indicating that the soluble salt in the topsoil was related to both surface
water and subsurface water. [ Conclusion] The electric conductivity of water in the topsoil layer and the 0~100 cm-depth
soil layer in October was both positively correlated to precipitation and the depth of the groundwater table, suggesting
that salt in the topsoil was hydraulically connected to soluble salt in the surface water and the subsurface water.

Key words: salt migration; soil soluble salt; soil conductivity; topsoil; water environment
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Simulation Frost Heaving of Trapezoidal Channel and Optimization of Lining

Seam Design with Solar Radiation in Considerations
WANG Jianyou', LIANG Taili!, LU Linfang?, WANG Juan®, SHI Pengchao®
(1. School of Water Conservancy and Transportation, Zhengzhou University, Zhengzhou 450001, China;

2. Zhaokou Yellow Diversion Irrigation District Phase Il Project Construction Administration, Kaifeng 475008, China)

Abstract: [Objective] Frost and heaving are natural hazards faced by water channels in temperate and boreal
regions. In this paper we proposed a model to simulate frost and heaving of trapezoid channels by considering the
effect of solar radiation. The simulated results were used to optimize the lining seam. [ Method] The simulation was
based on the software ABAQUS. We first calculated the influence of angle and efficiency of solar radiation on the
temperature of the two slopes of the channel, and then used this to estimate the temperature change in the concrete
lining surface. This, combined with the lowest daily temperature, was used as a boundary condition of the
trapezoidal channel in numerical simulation. The model was applied to the trapezoidal channel in the Zhaokou
Yellow Diversion Irrigation district. The temperature, stress and deformation field simulated by the model were used
to optimize two kinds of lining joints, one was at the toe of the shadow slope and the other one was at a position 1/3
(of the slope length) from the toe.[ Result]1The simulated freezing depth and cracking position are in good agreement
with the measured data. The channel linings for mitigating frost swelling was more effective when the seam was 1/3
away from the slope foot.l Conclusion JUsing the temperature boundary condition calculated by the proposed method,
the model can accurately simulate the destruction of trapezoidal channels by frost heave. The simulation results are
in good agreement with empirical data, which can help channel design to mitigate the adverse effect of frost and
heave on trapezoidal channels in temperate and boreal regions.

Key words: trapezoidal channel; channel frost heaving; solar radiation; lining design
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