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Fractal model for bimodal soil-water characteristic curve and its application
in pore classification
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Abstract: Most existing bimodal soil-water characteristic curve (SWCC) models are derived from the empirical models for
unimodal SWCC, in which the parameters have no clear physical meanings or value ranges generally. When the parameters are
determined by these models, there are always multiple solutions, thus the theoretical researches on the bimodal SWCC are
restricted to a large extent. According to the capillary theory, the bimodal SWCC is usually associated with the bimodal pore
size distribution (PSD). On account of this, a fractal description method for the bimodal PSD is presented by using Menger
sponge model, and a physical model for the bimodal SWCC is established. The established model is employed to fit twenty sets
of published data of bimodal SWCC, and compared with the models proposed by other scholars. The results show that the
proposed model has a good fitting performance. Furthermore, a method for pore classification is proposed from the established
bimodal SWCC model. It is proved that the results obtained by this method are relatively accurate, with the advantages of
simple application and clear theoretical basis.
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Fig. 1 PSD of single-porosity structural soil
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Fig. 2 Fitting results of proposed unimodal SWCC model
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Fig. 3 Microstructure of soil with bimodal pore structure
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Table 1 Codes, sources and properties of soil data used in this study
G o MO ORTIR PTBANTEL R Ml
11491 2 2.65 6.12/28.99/48.89/15.48 1.89 0.89
11538 g+ 2.62 4.70/26.83/44.68/23.5 1.71 1.23 Soil?]
SB3 AU B B — — — 0.85
S3 b 2.65 0/69.7/25.6/4.70 2.13 0.41 Sat Ate13]
s4 Wit 2.65 0/59.8/33.9/6.30 2.13 039  Cavamaganr
W\
2601 ML 2.53 0/32.7/41.1/26.2 1.08 0.57
2602 i+ 2.63 0/33.9/41.8/24.3 1.21 0.54
2530 2 2.64 — 1.36 0.48
2590 2 2.59 0/50.3/32.6/18.7 1.22 0.53
2591 %+ 2.65 0/49.1/29.1/21.8 1.51 0.43
2592 ML 2.78 0/4.30/70.9/ 24.8 1.69 0.39
2731 ML 2.61 0/24.8/58.2/17.0 1.38 0.47 UNSODA7
2750 2 2.59 0/51.7/29.8/18.5 1.01 0.61
2751 i+ 2.65 0/55.4/26.0/18.6 1.28 0.52
2752 %+ 2.67 0/50.0/31.0/19.0 1.45 0.46
2753 i+ 2.69 0/54.4/28.3/17.3 1.42 0.47
2760 bt 2.58 0/39.4/55.0/5.60 1.13 0.56
2761 ML 2.65 0/40.7/54.2/5.10 1.28 0.52
R 2 BERAER
Table 2 Fitting results of models used in this study
yiRit} e 11491 11538 2530 2753 2760 S3 S4 JF3 JF13 SB3
D 2.559 2.039 2.812 2.722 2.308 2.525 2.203 2.538 2.403 2.593
Ds 2.02 2.517 2.396 2.751 2.553 2.079 2.1 2.075 2.111 2.308
Wsa 1.665 1.3 31.49 3.27 7.336 3.317 4.606 20.53 25.28 0.9512
AL Wna 41.53 80 1800 1089 1522 49.56 62.76 315 3874 18.77
LAY Wins 0.2571  0.2761  0.2241  0.3362 03727 0.2727  0.2546  0.1961  0.2007  0.2433
Winr 0.01664 0.1845 0.001621 2.75x10° 0.02613 0.0003045 0.02727 0.04201  0.127  0.02796
R 0.9987  0.9955 0.98383  0.9978 0.999 0.9957  0.9944 09643  0.9912  0.9991
RMSE 0.002889 0.003976 0.007784 0.004863 0.002448 0.006224 0.006831 0.004169 0.001971 0.002456
Va 2.13 2.256 52.9 5.572 12.25 17.24 19.05 30.4 33.26 1.655
Va2 72.5 99.9 2037 1848 3000 32.34 34.3 569.2 1204 16
Ve 617.5 4757  1.04x10° 2.744x10* 2.07x10°  354.8 272 1110 7290 336.7
Li ki Wi 2.498 951 91.72 13.9 21.43 29.01 31.53 41.79 45.83 2.039
Wr 0.09464 0.1188 0.09787 0.1372  0.1485  0.1409  0.1404 0.06739 0.07216  0.1062
Ws 04159  0.5317 0.5269 0.6141  0.6544 0.487 0.4553 03052  0.3294  0.4493
R 0.9889  0.9849  0.9987  0.9881  0.9899 0.9954 09871 0.9976  0.9652  0.9873
RMSE  0.009009 0.008714 0.003372 0.01163 0.008378 0.006455 0.01036 0.001139 0.004412 0.0103
A 0.9299  0.4875  0.6039  0.2489  0.4466  0.5556 1.831 0.9253  0.9244 0.711
A 0.4509 09887  0.1903 0.2782  0.1753 0.6089  0.7974  0.5079  0.5963  0.4214
Va 1.5 1.287 31.49 3.27 7.342 3.769 491 20.51 25.28 0.9454
BS Al Ve 41.45 30 1800 1089 1507 61.7 59.95 315 3874 18.67
wo 0.2577  0.2766  0.2241 03362  0.3728  0.2502  0.2631  0.1961  0.2007  0.2446
Wr 0.01982  0.1856 0.003904 4.73x107 3.94x107 0.02982 0.02732 0.05552  0.127  0.03137
R4 09982  0.9938 09917 09989  0.9996  0.9954  0.9947 0.973 0.9902  0.9991
RMSE  0.003368 0.004636 0.006541 0.003439 0.001599 0.006444 0.006628 0.003625 0.002074 0.002447
Y ZH 2590 2591 2592 2601 2602 2731 2750 2751 2752 2761
D 2.531 2.582 2.751 2.654 2.772 2.313 2.763 2.792 2.75 2.605
Ds 2.637 2.71 2.72 2.666 2.602 2.774 2.665 2.686 2.84 2.673
Wsa 5.117 3.853 7.268 11.2 14.75 7.044 6.43 6.559 2.252 6.997
AL Wina 1541 1989 1996 4999 2000 5000 2000 1914 1981 1117
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