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Comparative Study of Soil Compaction Curve Parameter Models
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Abstract: In order to verify the applicability of the empirical soil compaction curve parameter model, the application effects of 10
soil compaction curve parameter models were compared and analyzed by using the indoor uniaxial compression test data of
undisturbed soil and disturbed soil of typical black soil in Northeast China. The results showed that the Fredlund-Xing, Logistic,
Kosugi and Gompertz models could fit the load pressure-soil void ratio data well, and their R? were greater than 0.998 and RMSE
were less than 0.004, which could be used to fit the soil compaction curve. Among them, the 5-parameter Fredlund-Xing model
had the best effect, with R?>0.998 and RMSE<0.003. It is recommended for use in practical research. The results of this study can
provide a reference for the quantitative simulation of soil compaction process and compaction risk assessment.

Key words: Soil; Compaction curves; Parametric model; Model evaluation
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Table 1  Ten parameter models of soil compaction curves used in this study

e B4 B i KB
1 Brooks—Corey e=e + (e )(a-h)’b Brooks il Corey [
-rr r
2 Kosugi loa(h/ Kosugi 1!
e=e +(g —er)m[w}
3 van Genuchten (-1&) van Genuchten (8!
e=e +(g —er)(1+(ah)b) b
4 Fredlund-Xing b 1(-0) Fredlund #1 Xing (%!
e=¢ +(g —er)[log[e+(2j ]]
5 Logistic e=a+c/{1+exp[b(lgh—d)]} Richards ); Gregory 4 [
6 Gompertz e=a-+c-exp{-exp[b-(Igh-d)]} Gregory 4 [
7 ZIREIE e:a-(lgh)3+b-(|gh)2+c-|gh+d LS EE
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Fig. 1 Comparison of soil compaction curves measured and fitted of disturbed and undisturbed soils
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Table 2  Error statistics of seven soil compaction curve parameter models of filled soil samples

FEH 2 FR AlC R? RMSE
Fredlund-Xing —-113.0557 £13.704 3 0.998 8 +0.001 2 0.002 8 +£0.001 5
Logistic -112.618 1 +15.021 8 0.998 6 +£0.001 5 0.0031 +0.001 7
Kosugi -111.546 0 +14.9511 0.998 4 +0.001 6 0.0035 +0.001 8
Gompertz -107.177 6 £14.929 9 0.998 0 +0.001 6 0.003 8 +0.001 8
van Genuchten -100.682 5 +£15.719 7 0.996 1 +0.003 6 0.005 0 £0.002 8
Harris -98.3295 +18.773 4 0.994 2 £0.005 5 0.006 3 £0.004 0
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Fig. 2 Comparison of soil compaction curves measured and fitted of 4 disturbed samples
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Fig. 3 Comparison of void ratios measured and fitted by four optimal models (disturbed soils)
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Table 3  Error statistics of seven soil compaction curve parameter models of undisturbed soil samples
REH 2 PR AIC R? RMSE
Fredlund-Xing -138.3141 +£9.010 7 0.999 7 £0.000 2 0.001 0 +£0.000 3
Logistic -137.7833 +£9.918 7 0.999 6 £0.000 2 0.001 1 +0.000 4
Kosugi -131.763 6 +£6.435 0 0.999 4 £0.000 3 0.001 3 +£0.000 3
Gompertz -130.578 0 +£13.790 0 0.999 2 +0.000 5 0.001 5 +0.000 7

van Genuchten -126.5351 +7.756 3
Harris -104.684 9 +10.355 0

Brooks—Corey -91.3447 £2.761 4

0.001 6 +0.000 5
0.004 2 +0.001 6
0.006 1 +0.000 7
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0.994 4 +0.003 1
0.987 9 £0.004 0
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Fig. 5 Comparison of void ratios measured and fitted by four optimal models (undisturbed soils)
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