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Temperature affected water retention characteristics of GMZ bentonite
during suction cycle
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Abstract; To reveal the periodic changes in the water retention capacity of bentonite caused by the coupling of
hydraulic and temperature during the operation of the multiple barrier system in the nuclear waste deep geological
disposal repository, this work conducted a series of single/multiple suction cycle tests with temperature-controlled
vapor equilibrium method and PEG dialysis method. The effects of the suction cycle and temperature on the water
retention capacity of bentonite under free swelling conditions were investigated. Based on the test data, the Van
Genuchten model for predicting the water retention curve of bentonite was modified and validated. Results show that
in the single suction tests, the water content upon the drying path was always higher than that upon the wetting
path, exhibiting hysteresis. As the temperature rising, the water retention capacity and hysteresis showed a
decreasing trend. As the suction or cycle increasing, the hysteresis and thermal effect on water retention both
decreased. In the multiple suction cycle tests, accumulation of water content was observed in each cycle. However,
the multiple drying-wetting cycle accumulated more water content. As cycle increasing, the accumulation of water
in each cycle decreased. The modified Van Genuchten model takes into account both temperature effects and the
influence of suction paths. The predicted results have an error of less than 5% compared to the test result, which
confirms the reliability of the modified model.

Keywords: bentonite; water retention characteristic curve; Van Genuchten model; suction cycle; temperature
effect
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Tab.1 Suction of salt solution at different temperatures
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Fig.1  Unconfined swelling deformation device
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Fig.3  Soil water retention characteristic curves of unconfined
compacted bentonite under different temperatures
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Fig.7 Hysteresis coefficient affected by temperature
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Fig. 12 The fitting relationship between a and temperature
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Fig. 13 Comparison of measured and predicted water content

during the wetting-drying cycle of the sample
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Tab. 3

Comparison and error between measured and predicted

water content during the dry wet cycle of the sample

e ﬁ‘7f<$i’ azk?mﬁ AR5
WA/ % A/ % /%
38.0 15.859 15.463 2.494
20 4.2 25.465 24.932 2.094
38.0 16.294 16.116 1.087
40.6 15.295 14.810 3.177
40 5.1 23.204 23.003 0.868
40.6 15.703 15.431 1.730
44.2 14.434 14.497 0.438
60 5.5 21.600 21.986 1.787
44.2 14.809 14.889 0.543
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