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Research on experimental tests and prediction models of thermal
conductivity of freezing-thawing soil in the Kunlun Mountains

LIU Zhiyun', ZHANG Wei', WANG Wei' , CUI Fuqing'’
(1. College of Geological Engineering and Geomatics, Chang’an University, Xi’an, Shaanxi 710054, China;
2. State Key Laboratory of Road Engineering Safety and Health in Cold and High-Altitude Regions,
CCCC First Highway Consultants Co. Ltd., Xi’an, Shaanxi 710065, China)

Abstract: In order to explore the basic laws of freezing and thawing soil in the Qinghai-Tibet Engineering
Corridor in the Kunlun Mountains area, the coefficient of thermal conductivity of 349 groups of drilling frozen soil
samples and 245 groups of thawing soil samples is tested by the transient plane heat source method. The
characteristics of five kinds of soil thermal conductivity distribution and natural moisture content, dry density and
the partial correlation coefficient of thermal conductivity are analyzed, and the experience for both variables in
fitting formula, support vector regression (SVR) and radial basis (RBF) neural network prediction model of
thermal conductivity are established. The results show that the thermal conductivity of freezing-thawing soil is

larger than that of fine-grained soil, and the thermal conductivity of freezing-thawing soil varies with the
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distribution of soil properties. Natural moisture content and dry density are positively correlated with thermal
conductivity, and the partial correlation results of different soil types are significantly different. The binary
empirical regression equation of typical soil thermal conductivity is shown as a nonlinear fitting result. The results
of thermal conductivity prediction of the typical soil and freezing-thawing soil under three prediction models show
that the prediction effect of fully weathered phyllite, breccia and gravel sand is better, and the prediction accuracy
of SVR and RBF neural network of silty soil is also better. On the whole, the prediction effect of thermal
conductivity on thawed soil is slightly better than that of frozen soil, and the prediction accuracy of thermal
conductivity of breccias, silty soil and fully weathered meltwater is higher under the SVR and RBF neural network
models. The prediction results and error analysis of the three thermal conductivity models show that the prediction
results of the SVR and RBF neural network models are significantly better than that of the empirical fitting
equation method. The prediction effect of SVR and RBF neural network prediction models varies with different

soil thermal conductivities, and the overall prediction effect is similar, with higher prediction accuracy and wider

range of soil application.
Keywords: Kunlun Mountains area;

network; frozen soil
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Fig. 2 Soil sample classification statistics
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Table 1 Basic physical parameters of the soil samples
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Fig. 4 Flow chart showing the thermal conductivity test
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Table 3 Partial correlation analysis of thermal conductivity with moisture content and dry density
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Table 4 Binary empirical regression fitting results
for all kinds of soil
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Table S Binary empirical regression formula parameters for all kinds of soil
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Table 6 SVR optimal parameters obtained from grid search of the prediction model
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Table 7 Forecast results of the empirical formula and regression model of machine learning

" Rih FAR BE it R TR
e At L At Wt At Wt R il 1 Wt
K 0.59 0.60 0.68 0.21 0.12 0.59 0.34 0.75 0.83
i MSE 0.05 0.08 0.03 0.03 0.09 0.01 0.07 0.02 0.04
aRA MAPE/% 10.50 11.54 7.78 11.28 9.41 12.19 6.32 10.78 7.14 8.92
AHXTR 22109 50.00 52.78 70.97 52.00 59.10 47.73 77.78 60.00 75.00 63.64
R 0.79 0.85 0.86 0.51 0.25 0.91 0.85 0.87 0.88
MSE 0.04 0.04 0.01 0.02 0.07 0.00 0.02 0.01 0.03
SVR MAPE/% 7.55 5.05 452 6.58 10.40 2.42 3.55 4.07 6.03
AR R 2 10% P9 70.00 83.33 87.10 66.00 75.76 56.82 89.66 85.71 83.33 69.70
R 0.72 0.77 0.98 0.50 0.43 0.93 0.72 0.92 0.91
MSE 0.03 0.06 0.00 0.02 0.06 0.00 0.03 0.01 0.02
RBF MAPE/% 7.99 6.65 1.24 7.51 10.00 2.49 6.35 3.70 5.60
AN R 2E10%4 65.00 72.22 96.77 68.00 71.21 56.82 96.55 74.29 93.33 78.79
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