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Double-optimization design of trapezoidal canals considering frost-heave
resistance and hydraulic section
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Abstract: The linings of trapezoidal concrete canals in cold regions are prone to frost-heave damage, and both the frost-heave
resistance and the water transport efficiency should be taken into account in the design of section. The frost-heave failure of a
trapezoidal canal is analyzed by using the coupled analysis model for coupled heat-moisture-stress, and the frost-heave
deformation and stress distribution are summarized. Then, the hydraulic design parameters and the anti-frost-heave design

parameters of the canal are optimized with the two objectives. According to the requirements of the anti-frost-heave design

code of the canal, the double-optimization design section of the water transport canal in the cold regionos is proposed.
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Fig. 1 Sizes of a canal in Northern Xinjiang
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Table 1 Surface temperatures and freezing periods of various parts

of canal
py — L TIRIRCO
12 H 1A 2 A
B3 -1492 -1885  -10.72 11-27—02-27
IR -14.56  -16.22 -9.15 11-27—02-26
BH 3% -12.55  -1475 -10.54 11-27—02-27
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Table 2 Basic information of prototype canal

TR EETE KR HKE GKE

W i JE/grem®) hlem  Ahlem /%
IFH 35 171 5.0 2.92
B R 1.80 159 4.4 2.77
BHH% 146 3.7 2.53
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Fig. 2 Finite element grids of trapezoidal canal section
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Fig. 3 Distribution of temperature field of canal
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Table 3 Thermodynamic parameters of materials
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Fig. 4 Comparison of normal frost-heave quantity
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Fig. 5 Comparison of normal frost-heave quantity under different
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Fig. 6 Comparison of normal frost-heave quantity under different

breadth depth ratios
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