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TAO Gaoliang' 2, PENG Yinjie!, CHEN Yin!, XIAO Henglin', LUO Chenchen', ZHONG Chuheng', LEI Da'

(1. Key Laboratory of Intelligent Health Perception and Ecological Restoration of Rivers and Lakes, Ministry of Education, Hubei
University of Technology, Wuhan 430068, China; 2. School of Intelligent Construction, Wuchang University of Technology, Wuhan
430223, China)

Abstract: The permeability coefficient of unsaturated soils is a particularly important parameter to study the moisture migration
in unsaturated soils. The direct measurement methods have a straightforward principle, but they require larger sample sizes and
longer testing time. The indirect prediction methods based on the soil-water characteristic curve (SWCC) also demand
significant time and effort due to the necessity of acquiring the SWCC data. Thus, this paper combines the nuclear magnetic
resonance (NMR) theory with the seepage theory to establish the relationship between the permeability coefficient and the
relaxation time of pore channels with different pore sizes. Through the accumulation of permeability coefficients of different
pore channels, an NMR-based prediction model and a rapid prediction method for the permeability coefficients of
saturated/unsaturated soils are proposed. To verify the rationality of the model, taking the Hunan clay as the research object, 95
times NMR tests are conducted on desorption, absorption and saturated samples with different initial void ratios to obtain the
corresponding NMR curves. The unsaturated relative permeability of samples with different void ratios is gained by the
instantaneous profile method and compared with the predicted value of the model. The study shows that the NMR curves of
desorption, absorption and saturated samples all possess good prediction effecst, while the saturated state NMR curves have the
best prediction accuracy with the lowest measurement cost and the shortest time consumption. Therefore, it is suggested to use
the NMR curves of saturated samples to predict the unsaturated relative permeability coefficient directly.
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Fig. 1 Schematic diagram of classification of pore channels
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Tablel Saturated permeability coefficients of soil samples with different initial void ratios (20°C)

W FLER L 1.12 1.04

0.97 0.90 0.84

B R B kJ/(em's ") 7.72x107*

4.15x107

2.49x107 1.73x107* 7.63%107°
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Table 2 Moisture contents of samples corresponding to NMR tests of desorption and absorption process

LB i Wi
1.12 1.04 0.97 0.90 0.84 1.12 1.04 0.97 0.90 0.84
53.16 52.35 50.39 49.18 48.36 19.85 20.61 21.38 22.14 22.91
46.49 45.62 43.69 42.62 41.91 22.87 23.45 24.36 24.48 25.62
40.89 40.16 38.44 36.74 36.53 29.17 26.43 27.15 27.49 28.07
K 36.49 35.59 34.38 32.58 32.33 29.77 29.85 30.30 30.01 30.84
P 36.15 35.21 34.08 32.23 31.98 32.75 32.85 33.28 32.70 33.65
H 70ki/ 30.67 29.09 28.10 26.74 26.75 36.50 36.38 36.34 35.44 36.36
% 29.69 28.05 27.13 25.69 25.62 40.57 39.62 39.40 38.21 39.23
25.62 23.92 23.25 22.07 21.90 43.33 42.63 42.30 40.86 41.78
14.35 13.64 14.36 13.17 14.13 46.72 45.56 45.26 43.50 44.52

11.91 11.64 12.22 11.49 12.00
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Fig. 8 Schematic diagram of missing grade of NMR curves
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