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A simplified method to estimate soil-water characteristic curve for sandy soil

ZHOU Bing-hong
(The General Engineering Survey Institute of Railways of Gansu Co., Ltd., Lanzhou, Gansu 730000, China)

Abstract: Soil-water characteristic curves (SWCCs) are one of the basic parameters in unsaturated soil mechanics, which is usually
used to estimate the properties of unsaturated soils. However, the measurement of SWCC is time-consuming and laborious. In order
to solve this problem, we used the one-point SWCC measurement and parameters of particle size distribution to estimate the three
parameters of Van Genuchten equation for sandy soils. Parameters of the Van Genuchten model were correlated with the basic
properties of 43 (No.1—43) types of sandy soils. Then we obtained two equations to estimate the three parameters. The values of the
three parameters were calculated by the two equations and one-point SWCC measurement. The results show that the parameter avcan
be expressed as an exponential function of the combined parameter (P1000/Ps00), and mycan be expressed as an exponential function
of 1/ny. Sensitivity analysis shows that the one-point SWCC measurement locating in the range of 1 kPa and 10 kPa gave the most
reliable estimated results. The proposed method was evaluated using a total of 4 (No.44—47) types of sandy soils. It shows that the
proposed method has a good performance in estimating SWCC.

Keywords: soil-water characteristic curves; Van Genuchten model; sandy soil; sensitivity analysis
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Table 1 Fitting parameters and basic physical properties

% WESH ANTFREREHRTE SR pomaps
¥ oa my ne  Pi% Pso/% Pso/% Pyooy/% /(& * cm™)
1 0970 0.147 4217 32 78 572 965 1.60
2 1429 0137 4199 82 129 510 950 1.59
31429 0021 32188 65 9.1 449 912 1.55
4 0803 0.120 5652 20 70 725 972 1.55
5 0907 0.163 4762 40 90 706 962 1.59
6 1214 0012 45578 70 120 679 951 1.56
7 0983 0.188 4479 4.0 70 647 913 1.55
8 1307 0013 44767 2.2 72 599 882 1.46
9 2429 0.006 56446 60 110 280 908 1.58
10 2420 0061 6923 43 107 237 862 1.60
11 2549 0.009 55314 2.0 60 216 771 1.67
12 2346 0072 6.889 2.0 50 277 820 1.68
13 1112 0.095 5927 47 82 530 840 1.62
14 1348 0.015 40918 53 75 485 713 1.60

15 1264 0.017 50738 3.0 36 380 703 1.59
16 1357 0334 2796 2.5 27 371 723 1.55
17 1791 0244 2544 53 59 421 844 1.57
18 0826 0.008 49228 53 112 750 985 1.74
19 0652 0.156 2431 1.1 1.6 878  99.0 1.69
20 0483 0.083 9.149 2.0 8.0 858 98.0 1.56
21 0.440 0.084 6756 2.0 10.0 864 979 1.70
22 0410 0.069 5626 3.0 13.0 864 977 1.80
23 0.678 0.020 39.514 2.0 28 564 967 1.78
24 0818 0.157 4181 1.0 95 6l6 787 1.78
25 0.881 0243 2182 44 99 978 999 1.51
26 0389 0087 7458 3.0 119 963 999 1.49
27 0414 0171 3705 4.6 94 986 997 1.53
28 0268 0.564 0992 49 85 988 999 1.55
29 0456 0.013 142540 0.2 30 959 998 1.54
30 0305 0098 8379 64 110 968 997 1.72
31 0906 0410 0654 1.7 6.0 709 997 1.69
32 0447 0.018 31433 1S5 78 991 999 1.46
33 0417 0014 39417 13 41 994 999 1.62
34 0400 0226 2851 25 126 993 999 1.44
35 0374 0.017 59.880 2.8 92 993 999 1.44
36 0.192 0527 1422 2.0 105 988 999 1.60
37 0.084 0418 1013 33 121 992 999 1.49
38 0.387 0.010 57.898 3.5 45 997 100.0 1.68
39 0.076 0571 1236 43 61 976 995 1.61
40 0.148 0288 4164 68 106 971 995 1.71
41 0436 0010 30450 3.5 124 983 998 1.36
42 0569 0.150 2554 33 82 985 997 1.39
43 0381 0014 55142 1.8 42 955 990 1.63

£2 FOoMAESH
Table 2 The combined parameters of particle size
distribution
Proo/Py Psoo/Pso P1ooo/Pso Pi1ooo/Psoo

95 Pso/Py  Psoo/Ps

1 2.438 17.875 30.156 7.333 12.372 1.687
2 1.573 6.220 11.585 3.953 7.364 1.863
3 1.400 6.908 14.031 4.934 10.022 2.031
4 3.500 36.250  48.600 10.357 13.886 1.341
5 2.250 17.650  24.050 7.844 10.689 1.363
6 1.714 9.700 13.586 5.658 7.925 1.401
7 1.750 16.175 22.825 9.243 13.043 1.411
8 3.273 27.227  40.091 8.319 12.250 1.472
9 1.833 4.667 15.133 2.545 8.255 3.243
10 2.488 5512 20.047 2215 8.056 3.637
11 3.000 10.800 38.550 3.600 12.850 3.569
12 2.500 13.850  41.000 5.540 16.400 2.960
13 1.745 11.277 17.872 6.463 10.244 1.585
14 1.415 9.151 14.585 6.467 10.307 1.594
15 1.200 12.667  23.433 10.556 19.528 1.850
16 1.080 14.840  28.920 13.741 26.778 1.949
17 1.113 7.943 15.925 7.136 14.305 2.005
18 2.113 14.151 18.585 6.696 8.795 1.313
19 10.545 79.818 90.000 7.569 8.534 1.128

20 4.000 42900  49.000  10.725 12.250 1.142
21 5.000 43200  48.950 8.640 9.790 1.133
22 4.333 28.800 32.567 6.646 7.515 1.131
23 1.400 28.200  48.350  20.143 34.536 1.715
24 9.500 61.600 78.700 6.484 8.284 1.278
25 2.250 22227 22705 9.879 10.091 1.021
26 3.967 32.100 33.300 8.092 8.395 1.037
27 2.043 21.435 21.674  10.489 10.606 1.011
28 1.735 20.163 20.388 11.624 11.753 1.011
29  15.000 479.500 499.000  31.967 33.267 1.041
30 1.719 15.125 15.578 8.800 9.064 1.030
31 3.529 41.706 58.647 11.817 16.617 1.406
32 5.200 66.067 66.600 12.705 12.808 1.008
33 3.154 76.462 76.846  24.244 24.366 1.005
34 5.040 39.720 39.960 7.881 7.929 1.006
35 3.286 35.464 35.679 10.793 10.859 1.006
36 5.250 49.400  49.950 9.410 9.514 1.011
37 3.667 30.061 30.273 8.198 8.256 1.007
38 1.286 28.486  28.571 22.156 22.222 1.003
39 1.419 22.698 23.140 16.000 16.311 1.019
40 1.559 14.279 14.632 9.160 9.387 1.025
41 3.543 28.086  28.514 7.927 8.048 1.015
42 2.485 29.848 30.212 12.012 12.159 1.012
43 2.333 53.056 55.000  22.738 23.571 1.037
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Table 3 Coefficients of correlation R between fitted parameters and basic parameters

ZH ay ay' Ina, my my Inm, ny ny! Inn, P, Pso Psoo P1o0o P
ay 1.00 — — — — — — — — — — — — —
' 058 100  — - - - - - - - - - - -
Ina, 0.90 —0.86 1.00 — — — — — — — — — — —
my -0.33 0.61 -0.50 1.00 — — — — — — — — — —
m;l 0.30 —0.25 0.28 —0.62 1.00 — — — — — — — — —
Inm, -0.29 0.41 —0.36 0.86 —0.91 1.00 — — — — — — — —
ny 0.10 -0.19 0.13 -0.57 0.77 -0.79 1.00 — — — — — — —
n;! -0.25 0.47 -0.37 0.88 -0.54 0.75 -0.51 1.00 — — — — — —
Inn, 0.22 —0.37 0.30 —0.84 0.85 —0.97 0.86 —0.81 1.00 — — — — —
P, 0.20 0.03 0.12 0.05 0.04 0.04 -0.19 -0.05 —0.06 1.00 — — — —
Psoy -0.14 0.13 -0.17 0.07 -0.13 0.18 -0.38 0.08 -0.27 0.44 1.00 — — —
Psoo —0.93 0.53 —0.85 0.27 —0.20 0.21 —0.04 0.23 —0.18 —0.18 0.24 1.00 — —
P ooo —0.70 0.40 —0.65 0.18 —0.10 0.15 —0.05 0.23 —0.16 -0.01 0.36 0.82 1.00 —
Po 0.09 —-0.05 0.07 -0.04 —0.02 0.01 —-0.05 -0.01 —0.01 —-0.02 -0.12 -0.23 -0.15 1.00
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Table 4 Coefficients of correlation R between fitted parameters and combined parameters

2 v a,' Ina, my ' Inm, ny n! Inny,  Pso/P,  Psoo/P2 Prooo/P2 Psoo/Pso Piooo/Pso Piooo/ Psoo

ay 1.00 — — — — — — — — — _ _ _ _ _

«' 058 100  — - - - _ _ _ _ _ _ _ _ _
Ina, 090 -0.86 1.00 - — — — — — — — _ _ _ _

my -0.33 0.69 —0.50 1.00 — — — — — — — — — — _

my! 0.30 -0.25 028 —0.62 1.00 — — — — — — — — _ _
Inm, —0.29 0.41 —0.36 0.86 —0.91 1.00 — — — — — — — _ _

ny 0.10 -0.19 0.13  —0.57 0.77  —0.79 1.00 — — — — — — — _

ny! -0.25 047 -0.37 0.88 —0.53 0.75 -0.507 1.00 — — — — — _ _

Inn, 022 -037 030 -0.84 085 —-0.97 0.86 —0.81 1.00 - - - - - -
Pso/P,  —0.24 0.01 -0.16 -0.06 -0.03 -0.02 0.33 0.00 0.06 1.00 - - - - -
Psoo/P,  —0.23 0.03 -0.17 —0.11 0.12  -0.16 0.64 —0.08 0.27 0.81 1.00 - - - -

Pioo/P, —0.16 —0.01 -0.10 —0.13 0.13  -0.17 0.64 —0.09 0.28 0.81 1.00 1.00 - - -
Psop/Psy —0.49 021 -041 -0.02 0.12  -0.16 052 -0.03 0.27 0.31 0.65 0.62 1.00 - -
Pyooo/Psy —0.07 -0.05 —0.01 —0.10 0.17  -0.22 0.50 —0.11 0.33 0.12 0.49 0.51 0.84 1.00 -
Piroo/Psoo 094  —0.41 0.75 -0.25 028 -0.26 0.09 -0.21 019 -024 023 —0.15 —0.45 —0.02 1.00
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Table 5 Basic physical properties
Hi's Py/% Psg/%  Psoo/%  Proo/% AT E/(g « cm™)

44 4.1 7.6 95.1 100.0 1.70
45 35 12.3 94.8 99.0 1.39
46 35 7.0 92.0 97.0 1.62
47 35 6.3 95.4 98.3 1.69

£ 6 ANFEEH AT SWCC i) RMSE
Table 6 RMSE of SWCC estimation at various
one-point measurements

Gy w=0.98 kPa y=9.8kPa w=15533KkPa
44 0.067 4 0.066 3 0.076 7
45 02038 0.0710 03732
46 0.1340 0.0817 0.6078
47 0.084 7 0.054 4 0.1104
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Table 7 Comparison between the fitted parameters
and estimated parameters

, BaBH il 2 5
ETRE
Ay-fit My.fit Ny-fit Ay-est My_est Ny-est
44 0.7405 03140 15460 04261 02156 3.0700
45 02268 02628 1.1319 04145 0.0066 45.6085
46 02536 03173 12586 04305 0.0107 405363
47 02603 02010 26577 03922 0.0084 43.2735
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Table 8 A summary of evaluation indices

- WA 2R O i 2%
i
RMSE R? AD RMSE R? AD
44 0.0189 09968 —0.0045 0.0663 0.960 8 0.024 2
45 0.0524 09684 —0.0007 0.0710 09419 -0.0237
46 0.0570 09716 0.0024 0.0817 09416 —0.0289
47 0.0258 0.9952 0.0046 0.0544 09785 0.040 2
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Fig.8 Comparison between measured and estimated
results
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