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Fractal characteristics and fitting analysis of soil-water characteristic curves
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Abstract: In order to establish a fitting approach for soil-water characteristic curves (SWCC) with clear physical meanings, a method
is presented to directly calculate the fractal dimensions through the SWCC data based on the fractal theory, and a fractal model of
SWCC is proposed. To verify the proposed fitting method, seven clay samples with different dry densities are prepared using hydraulic
jacks, and the soil-water characteristic curves are measured by using the pressure plate apparatus. Based on the experimental results
of SWCC, the fractal dimensions are calculated. On this basis, fitting analysis of the SWCC data is performed by using the presented
method. The results show that, all the correlation coefficients of the seven samples range from 0.97 to 0.99, which indicates good
fractal characteristics of SWCC as well as good fitting performance of the proposed method. In addition, it is found that the fractal
dimensions and the air entry values increase almost linearly with the dry density. On this basis, a prediction method of SWCC at
different compaction degrees is also proposed and tested. The prediction results are in good agreement with the measured values.
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Fig.1 High resolution digital photos of clay samples

with different dry densities

Fig.3 SWCC experimental results of clay samples with
different dry densities
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Fig.4 Relationships of mass water content and matric
suction of clay samples with different dry densities
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Table 1 Values of some parameters
/ (glcm?) R D v,/ kPa

1.30 1115  y=0.051x-0.270 099 2949  0.75
1.35 1.037  y=0.047x-0.297 0.99 2.953  0.96
1.40 0.964  y=0.054x-0.246 0.99 2946  4.67
1.45 0.897 y=0.052x-0.262 0.98 2948  7.72
1.50 0.833  y=0.049x-0.284 0.99 2951 11.14
1.60 0.719  »=0.037x-0.353 0.99 2963  20.60
1.71 0.613  y=0.022x-0.449 0.97 2978 38.40
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Fig.5 Relation between fractal dimension and dry density
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Fig.6 Fractal fitting of SWCC of clay samples with
different dry densities
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Fig.7 Relation between air entry value and dry density
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