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Centrifuge modelling of frost-heave of canals

ZHANG Chen, CAI Zheng-yin, HUANG Ying-hao, XU Guang-ming, REN Guo-feng
(Geotechnical Engineering Department, Nanjing Hydraulic Reserch Institute, Nanjing 210024, China)

Abstract: The frost heave problem is the primary reason for low-utilization rate of canals in cold areas. Relying on the
large-scale geotechnical centrifuge in Nanjing Hydraulic Reserch Institute, a heat exchange test device is designed. It can
realize the coupling interaction between the centrifugal and temperature fields. Subsequently, the modelling tests on the
frost-heave of canals in soils with different moisture contents under 20g and 30g respectively are perfromed. The results
indicate that the distance between model and heat exchanging plate has great influence on heat exchange process. The moisture
content has a significant effect on the frost-heave displacement. In addition, the law of heat migration rate in the soil, which is
N? times that of the prototype, is confirmed by the test results. The designed test device and the corresponding test method

provide a new approach for the reserches on frost-heave damage of canals in the northern areas of Xinjiang Uygur Autonomous

Region.
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Table 1 Prototype versus model
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Table 2 Technical indices of geotechnical centrifuge
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Fig. 1 Centrifuge model for frost-heave of canal
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Fig. 2 Composition and structure of peltier heat exchanger
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Table 3 Basic parameters of model box
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Fig. 3 Sketch of centrifuge setup for frost-heave
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Fig. 4 Photo of water tank and pumps of centrifuge model for

frost-heave
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Table 3 Basic properties of test soils
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Fig. 6 Sketches of modelling tests with different centrifugal

accelerations
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Fig. 7 Reduced-scale model for lining plates
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Fig. 8 Setting of temperature and LVDT sensors
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Fig. 9 Photo of centrifuge model container
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Fig. 10 Temperature curves on slope and bed of canal models
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Fig. 11 Curves of frost-heave displacements and temperatures on

slope and bed of canal models
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Fig. 12 Comparison of frost-heave displacements
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Fig. 13 Temperature curves on top of canal models by heat
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