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Local fractal and multifractal characteristics of soil number-based
particle size distributions
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Abstract: [Objective] The inner structures of soil particle size distribution (PSD) were judged thor-
oughly by quantitative methods to increase the accuracy of soil hydraulic parameters estimation from soil
PSD functions. [Method] Volume-based PSD data of four loess soils including Hongjiao soil, Lou soil, Hei-
lu soil and Sand loess were measured by laser diffractometry and used to determine soil number-based
PSD. The power law domain of particles size and the corresponding fractal dimensions were defined. Multi-
fractal calculations were conducted within the particle range that followed the power law and the multifrac-
tal parameters were obtained. [Result)] The fractal analysis showed that the lower particle limits of the
power law domain for the four soils were close to 0.5 pm,while the upper limits differed a lot for different
soils. The calculated fractal dimensions ranged from 2. 17 to 3. 43. From the multifractal analysis, the gen-
eralized dimension, D, value of Hongjiao soil had the most obvious variations along regions of ¢ and indica-

ted stronger heterogeneous distribution of number-based PSD. The curves of t(¢)-g for all 4 soils were
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concave downwards and quite different from straight lines,indicating the number-based PSD of all 4 soils

had multifractal distributions. Widths of f(a) spectra for Hongjiao soil, Lou soil, Heilu soil and Sand loess

were 4.30, 1. 96,1. 74 and 1. 25, respectively. The asymmetric coefficients of the spectra were —0. 924,

0.516,0. 141 and 0. 490, respectively,indicating that the multifractal structures of Hongjiao soil were more

complicated than the other soils,its asymmeric extent was also the largest. [Conclusion) Multifractal theo-

ry can depict number-based soil particle size distributions more in detail. Combining fractal with multifrac-

tal theory can understand the inner structures of soil PSD more comprehensively.

Key words: soil number-based particle size distribution;multifractal;loess soil;power law
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Soil Riower Rupper Dy R?
21 % + Hongjiao soil 0.47 282.0 3.43 0.990
#+ Lou soil 0.47 19.1 2.63 0.972
i+ Heilu soil 0.55 26.3 2.87 0.979
P # + Sand loess 0.47 39.3 2.17 0.995
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Table 2 The capacity dimensions,information dimensions and correlation dimensions of PSD for 4 soils

Soil D, D, D, Dy /Dy
21 it + Hongjiao Soil 0.98 0.79 0.61 0.81
+#+ Lou Soil 1. 00 0.76 0.52 0.76
B4 4 Heilu Soil 0.97 0.73 0.49 0.75
P # 1 Sand Loess 1.00 0.78 0.56 0.78
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