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Inversion of permeability coefficient of soft soil in storage yard based on
XGBoost
LIN Yuxiang', LIN Haodong 2, MO Pingiang?, CHU Feng®, ZHUANG Peizhi*

(1. CCCC Third Navigation Engineering Survey and Design Institute Co. Ltd, Shanghai 200032,China; 2. State Key
Laboratory for GeoMechanics and Deep Underground Engineering, School of Mechanics and Civil Engineering, China
University of Mining and Technology, Xuzhou 221116, China; 3. Shandong Hi-Speed Group Co., Ltd., Jinan 250098,
China; 4. School of Qilu Transportation, Shandong University, Jinan 250002,China)

Abstract: The determination of the coefficient of permeability of soft soil has always been its seepage
research hot spot and the difficulty. In view of the present situation of lack of reasonable methods to
determine the permeability coefficient, taking Lianyungang storage yard soft soil exploration project as an
example. Characteristic parameters and label values are selected by pre-processing analysis of data of cone
penetration test, hyperparameters are adjusted according to the difference between horizontal and vertical
permeability coefficients, a permeability coefficient inversion model based on XGBoost machine learning
algorithm is constructed. Finally, the XGB model is compared with the traditional BP neural network model
and the previous empirical formulas by using the engineering measured data. The results show that the XGB

model is more accurate than other methods in predicting the permeability coefficient.

Key words: cone penetration test; permeability coefficient; inversion model; XGBoost; BP neural network
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Tab.2 Permeability coefficient data set of geotechnical test

QT15-14 34.1-343 MR+t 48E-8  1.3E-7
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QT14-01 1.0-1.5 Kb 1.2E-3
QT14-02 1.5-2.0 Kb 9.2E-4
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Tab.3 Results of pre-analysis
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I, -0.159 0.002
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Tab.4 Optimal hyperparameters of k,, prediction model
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Fig.3 Visual comparison of results of k,, prediction model
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Tab.5 Optimal hyperparameters of kj; prediction model
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Tab.6 Comparison of predicted and measured values of each prediction method

SEIIME Robertson Elsworth Chai A BPNN Jill 5 5 XGB Tt 5

k, ky, k kp, ky, kp, k, kp, k, ky,
/cm/s /cm/s /cm/s /cm/s /cm/s /cm/s /cm/s /em/s /em/s /cm/s
1.2E-7 1.7E-7 8.6E-07 1.7E-04 1.7E-06 2.0E-06 1.7E-07 1.4E-07 1.5E-07 1.8E-07
6.7E-8 1.2E-7 1.2E-06 8.4E-05 3.9E-07 4.7E-07 3.3E-07 8.9E-08 1.1E-07 1.5E-07
4.8E-8 7.5E-8 1.3E-06 5.8E-05 2.2E-07 2.6E-07 4.5E-07 8.1E-08 9.0E-08 1.1E-07
1.5E-7 1.6E-7 4.1E-07 2.4E-04 4.0E-06 4.8E-06 2.9E-07 1.3E-07 1.9E-07 1.7E-07
7.0E-8 1.0E-7 6.0E-07 9.9E-05 5.5E-07 6.6E-07 5.3E-07 1.0E-07 1.0E-07 1.3E-07
7.0E-8 1.2E-7 6.8E-07 7.5E-05 3.7E-07 4.4E-07 5.9E-07 9.7E-08 1.0E-07 1.3E-07
4.8E-8 1.3E-7 1.9E-04 3.5E-05 1.0E-07 1.2E-07 2.3E-06 6.2E-10 9.0E-08 1.2E-07
1.2E-3 1.2E-3 6.8E-04 3.1E-02 2.6E-02 3.1E-02 4.4E-03 8.8E-04 1.5E-03 9.5E-04
1.1E-3 8.8E-05 9.4E-03 1.5E-03
1.2E-3 1.6E-03 3.7E-03 1.5E-03
9.2E-4 8.4E-07 4.0E-03 7.4E-04
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Tab.7 Evaluation indexes of distance between calculated and

formula of permeability coefficient of coarse-grained soil
based on gradation equation and its verification[J].

measured values of each prediction method Chinese Journal of Geotechnical Engineering, 2020, 42(8):

URIaRrS R? MSE RMSE MAE MAPE 1572-1576.
XGB (k) 0932 0269 0519 0296 7.165  [21 B, HILE, X4, & SR A RO HIEIE R
XGB (kp) 0.891 0225 0475 0192 5442 F R RGO AT, PR REE R (H AR
BPNN (k) 0.824 0.711  0.843  0.746  15.098 2D, 2020, 51(6): 1615-1626.
BPNN (k) 0.612 0.681 0825 0361 5572 ZHAO Qian, SU Lijun, LIU Hua, et al. Experimental
Chai (k) 0.571 0.754 0.868 0.756 14.268 study on the effect of grain size composition on anisotropy
=R (k) 0.505 0.870  0.933 0.812 15273 of loess permeability coefficient[J]. Journal of Central
Robertson (k,,) 0.327 2714 1.647 1.273  25.609 South University(Science and Technology), 2020, 51(6):
Robertson (k)  -0.028 1.806 1344  1.037 15.582 1615-1626
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