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Fig. 2 Particle size distribution curve of sandy soil
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Fig. 3 Flow chart for testing thermal conductivity of fine sandy soil
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Table 1 Thermal conductivity testing scheme of fine sandy soil
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Table 2  Fitting relationship between unfrozen water content and temperature of each sample

=R p/(grem™) wl% a b R MR YRR EE/C
IFE 1 1.65 10 3.91 -0.52 0.97 -0. 36 -3.12
IR 2 1.70 10 4.10 -0. 47 0.96 -0. 35 -3.19
3 1.75 10 3.86 —0. 46 0.97 -0.33 -3.17
IHE 4 1. 80 10 3.89 -0.53 0.98 -0. 36 -3.13
FES 1.85 10 4.13 -0. 46 0.92 -0. 35 -3.19
KFE6 1.75 6 2.42 -0.48 0.98 -0.21 -3.18
HE7 1.75 8 3.00 -0. 46 0.99 -0. 25 -3.22
IFE 8 1.75 10 3.86 -0. 46 0.97 -0.33 -3.17
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iRFE 10 1.75 14 5.33 —0. 46 0.99 -0. 45 -3.19
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Fig. 7 Thermal conductivity curves of samples with different dry densities and water content with temperature
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Table 3 Partial correlation analysis between thermal conductivity and influencing factors of

fine sandy soil in near phase transition zone
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FaRE AR X Al SRR R
PAH 0. 002 — <0. 001
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Table 4 Relevant parameters for fitting thermal conductivity

in the negative temperature testing range

ey,
i PESE

a b c d

FaEMAE X (-13.7~-3.2°C) —0.590 -0.040 0.729 0.605
PEAIAEIX (-3.2~—0.5C)  —0.231 0.013 0.703 0.592
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Fig. 8 Prediction results of thermal conductivity of fine

sandy soil in the negative temperature testing range
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Table 5 Prediction results of thermal conductivity prediction model in the negative temperature testing range

X[ SRR R 2 ITPNL T £15%IRENGL  £10% RN L £5% RN itk R
FUEMAEIX 3.10% 10. 19% 88.9% 45.5% 0. 892
IEAHAR X 5.45% 12.39% 99.3% 83.3% 0. 883
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Fig. 9 Prediction results of thermal conductivity of
different models
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Study on thermal conductivity testing and prediction model of
fine sandy soil in near phase transition zone

LIU Zhiyun', ZHANG Yaxing', CUI Fuqing'?, YUAN Kun’’, HUANG Chuan'*

(1. College of Geology Engineering and Geomatics, Chang’ an University, Xi’an 710054, China; 2. State Key Laboratory of Road
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Madoi 813500, Qinghai, China; 4. Chongging Branch of Sichuan Zhide Geotechnical
Engineering Co., Ltd., Chongqing 400025, China)

Abstract: Thermal conductivity of frozen soil near transition point is a key physical parameter which affects the
thermal stability of geotechnical engineering in cold regions. To accurately measure the thermal conductivity of
frozen soil in this temperature range, a testing method for obtaining thermal conductivity by steady-state heat
flux method and approximating the qualitative temperature by quantum particle swarm optimization algorithm
was proposed in present work. Nuclear magnetic resonance (NMR) technology was used to determine unfrozen
water content of fine sandy soil near transition point and its relationship with thermal conductivity was analyzed.
Based on the testing results, distribution characteristics and parameter influence laws of thermal conductivity of
fine sandy soil in the negative temperature zone were investigated, and corresponding thermal conductivity pre-
diction models of different temperature zones were also established. The results show that: Variation curve of
unfrozen water content and thermal conductivity of fine sandy soil in the negative temperature region exhibits a
similar pattern, and temperature-thermal conductivity curve can be divided into near phase transition zone and
stable phase transition zone with the limit of —3. 2 C. The increase of thermal conductivity mainly occurs in near
phase transition zone, and the increment accounts for about 50% of total thermal conductivity increase in the en-
tire negative temperature zone. Meanwhile, the increment of thermal conductivity decreases gradually with tem-
perature decrease. The average error and relative error within +10% of predict results are 4. 14% and 94. 7%,
and coefficients of determination (R*) in stable and near phase transition zone are 0. 892 and 0. 883 respectively,
which proves the reliability of proposed model. The research results can provide basic physical properties for
temperature field calculation and analysis of engineering in cold regions, and also offer data support for major in-
frastructure refined design and frozen soil risks prevention and control.

Key words: fine sandy soil; near phase transition zone; coefficient of thermal conductivity; steady state heat

flow meter method; prediction model
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