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Fig.1 Three kinds of channel insulation lining arrangement form
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Fig.2 Aletai irrigation area of main canal of trapezoidal section
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Table 1 Prototype canal frost condition

AL AL RAHRRE KA ik
Position Soil h/cm Ah/fcm n/%
B34 Shady slope 82 5.8 7.07
o e ¥y g 1
EJ Bottom slope Kt 96 6.7 6.98
Silty clay
BH3% Sunny slope 67 49 7.31
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Table 2 Parameters of Material
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Fig.3 Trapezoidal channel meshing diagram
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Anti-frost heave effect of lining channel with concrete composite insulation
based on TCR principle

1,2

Guo Rui', Wang Zhengzhong'?*, Niu Yonghong?, Liu Quanhong®, Wang Yi*
(1. College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling 712100, China;
2. State Key Laboratory of Frozen Soil Engineering, CAS, Lanzhou 730000, China)

Abstract: In cold regions of northern China, the anti-frost heaving measures of lining channels were widely used. In the
design of anti-frost heaving benzene insulation board, laying thickness was generally determined on the basis of
semi-theoretical and half-experience analyses. However, it did not consider the thermal contact resistance (TCR)
between canal lining and insulation board, as well as the influence of the staggered arrangement on thermal-insulating
performance and anti-frost heave. Therefore, original canal insulation model was too idealistic. Based on the principle of
TCR of solid materials and the stress-related heat transfer constitutive model, the paper presented a new concrete
composite insulation lining. In order to explore the effect of anti-frost heaving capability and the anti-frost heaving
mechanism, taking a trapezoidal channel in Altay irrigation area of northern Xinjiang as the simulation object and
considering the impact of the frost heaving, the prototype channel model was set up. Based on this model, the anti-frost
heaving effect of the EPS (expanded polystyrene) thermal insulation board on the channel was analyzed. The
temperature field, stress and displacement field were calculated and analyzed by the thermo-mechanical coupling field
finite element method. The composite thermal-mechanical simulation was used to compare the new one and the ordinary
benzene insulation board by means of the finite element software ABAQUS. Simulation results showed that for the
temperature field, the zero degree isotherm in the composite insulation lining channel soil was higher than that in the
channel with EPS insulation board, and the maximum difference was nearly 20.3 cm. The concrete composite insulation
lining could not only block the conduction of the negative temperature outside and improve the temperature of the soil,
but also reduce the freezing depth of the soil and improve the anti-frost heaving ability effectively. For the displacement
field, the distribution of the frost heaving amounts in the channel with EPS insulation board was even. Among these
models, the frost heaving amounts of the channel with the composite insulation lining could be reduced by 71%, 46%
and 40% respectively compared to the prototype channel and the other 2 models, which showed that the anti-frost heave
effect was obvious. Similarly, the frost heaving force that functioned on canal lining was analyzed and compared, mainly
including normal frost heaving force and tangential freezing force. In the stress analysis of flexible EPS insulation board
composite insulation lining, the friction between concrete lining plate and foundation soil was reduced as the concrete
lining did not contact with the soil. The EPS board between concrete lining and foundation had certain flexibility, and
when the frost heaving of canal foundation occurred, it would release stress and distribute channel lining stress evenly.
Compared with the prototype channel, the distribution of normal and tangential freezing force of the concrete composite
insulation lining channel tended to be uniform, which improved the stress of the channel lining greatly. However, in
terms of reducing the normal and tangential freezing force, the channel with the composite insulation lining was more
obvious than the other 2 types of insulation linings in shady slope, and the frost heaveing force in this model could be
reduced by 60% or more. Compared with the prototype channel and the other 2 types of channels, the normal frost
heaving force in this model in shady slope was decreased by 91%, 78% and 66% respectively. In the sunny slope, the
normal frost heaving force in the channel with the composite insulation lining was evidently decreased compared with
the other 3 types. For the channel with the composite insulation lining, the tangential freezing force in shady slope about
1.0 meter from the top of the channel was decreased by 91%, 63% and 58% respectively compared with the prototype
channel and the other 2 types of channels. Therefore, the composite insulation lining has stronger heat insulation and
anti-frost heave capability than the ordinary insulation lining in the negative temperature. The research provides the
theoretical reference for the design of the thermal insulation lining channel in cold regions.

Key words: concrete lining; insulation; model; EPS insulation board; TCR; composite insulation; anti-frost
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