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Abstract In order to obtain the prediction model of compressive strength of ultra-low temperature frozen soil and
explore the changes of physical and mechanical properties of frozen soil under ultra-low temperature, the uniaxial

compressive strength test of =180 °C ~ —10 °C was carried out on the low liquid limit clay soil samples with water
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content of 19%, 22%, 25% and 28%, and the unfrozen water content of —80 °C ~ —10 °C soil samples was measured.
Using the above data, a prediction model based on WOA-BP neural network and BP neural network was established to
explore the relationship between moisture content, temperature, unfrozen water content and compressive strength of
ultra-low temperature frozen soil. The prediction results show that there is a complex nonlinear relationship between
moisture content, temperature, unfrozen water content and the compressive strength of ultra-low temperature frozen soil,
especially in the range of —180 °C ~ —80 °C, the existing linear fitting formula can not accurately predict the compressive
strength of frozen soil in this range. The overall prediction effect of the prediction model based on WOA-BP neural
network is good. The average absolute error is 1.167 MPa and the average relative error is 7.62%. The average absolute
error of BP neural network prediction model is 8.462 MPa and the average relative error is 47.99%. The prediction error
of BP neural network prediction model based on whale optimization algorithm is significantly less than that of BP neural
network prediction model and linear fitting value, and is closer to the measured value. The prediction model has high
accuracy and can effectively solve the complex nonlinear relationship between the compressive strength of ultra-low
temperature frozen soil and its influencing factors. It can provide a reference for the application of artificial freezing

technology in stratum emergency engineering.

Key words frozen soil, compressive strength, liquid nitrogen, ultra low temperature, whale optimization algorithm, BP
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Table 1 Particle composition and related physical parameters of CL low liquid limit clay

Different particle compositions of CL low liquid limit clay/%

1~2 mm 0.5~1.0mm  0.25~0.5 mm

Initial moisture content/%  Liquid limit/%  Plastic limit/%

0.075~0.25 mm  <<0.075 mm

9.70 13.60 18.70 9.00 39.90

8.10 5.40 41.91 18.82

(o7l ot
Fig. 1  Soil samples prepared for the test
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Table 2 Mean square error of neural network training set with different number of hidden layer neurons

Number of hidden layer neurons 3 4 5 6 7
mean square error 0.0025989 0.0032673 0.0025744 0.002102 1 0.0027242

Number of hidden layer neurons 8 9 10 11 12
mean square error 0.0016245 0.003969 3 0.028 34 0.0028185 0.022 094
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