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Calculation of frozen soil thermal parameters considering
unfrozen water content

CHEN Zhi-xiang"?, LI Shun-qun"?* ~XIA Jin-hong’, ZHANG Xun-cheng’, GUI Chao’
(1. State Key Laboratory of Geomechanics and Geotechnical Engineering, Indtitute Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan, Hubei,
430071, China; 2. Tianjin Key Laboratory of Soft Soil Characteristics and Engineering Environment, Tianjin 300384, China;
3. School of Civil Engineering and Architecture, Xinxiang University, Xinxiang, Henan 453003, China)

Abstract: In order to improve the prediction accuracy of frozen soil temperature field and reduce the testing work load of thermal
parameter, the inversion formula of unfrozen water content is deduced based on the thermal conductivity and the three-phase
composition of soil, water and ice in saturated frozen soil. According to the two-phase structure of dry soil or saturated soil, a formula
for predicting thermal conductivity of soil minerals is derived. The specific heat and thermal conductivity of silty clay are measured at
different negative temperatures; and the unfrozen water contents of silty clay under different negative temperatures are calculated
respectively through the recurrence method for unfrozen water content by specific heat and the inversion formula for unfrozen water
content by thermal conductivity established in this paper. The thermal conductivity, specific heat and latent heat of frozen soil at
different negative temperatures are determined based on the measured and inversed values of unfrozen water content. The thermal
parameters calculated by the unfrozen water content are entered into ABAQUS; and the calculated values of frozen soil temperature
field with different thermal parameters are obtained. The calculated values of each temperature field are compared with the measured
values of the model test. The results show that the reducing testing work load of thermal parameters is feasible from the viewpoint of
the unfrozen water content of frozen soil; and the thermal parameters obtained from the inversion of unfrozen water content based on
the Johansen method can better predict the frozen soil temperature field.
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Table 2 Unfrozen water contents calculated by frozen
heat inversion
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0 34.68 8.80 1212
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Fig.6 Measured values and calculated values of unfrozen
water at different negative temperatures

4

ABAQUS
4.1

2.0 mx1.0 mx1.2 m

2
1.8
g/em’
K
7 1
2 3
)
W) 1 3
IT 2
\/ . ©ve! °
2.0 0 10 10,
- 10
(a) ( m) (b) ( cm)
7
Fig.7 Freezing test equipment and arrangement of
measuring points

4.2

ABAQUS

-25 °C

4 cm



72

2017
6.7 °C 60 h
10 W/(m?-°C) 5
0 -1.5°C 5 30 h
Johansen
3 5
1 0.75 °C
2 4 Wienery,
Johansen Wiener Wiener 7
0.83 °C
3
Table 3 Calculation methods of thermal parameters
1 w, 2 C
2 Wy Johansen A C
3 |/ Wiener ax A C
4 /8 Wienermin A C
5 A Johansen w, C
6 A Wiener ax w, C
7 A Wiener pin w, C
8 C Johansen W, A (a) 1
9 C Wiener ax W, A
10 C Wienernin Wy A
w, i C
5 7
Johansen Wiener
Wiener
8 10 (b) 2
Johansen Wiener
Wiener
(©) 3
8 1
8
4 8 4 2 Fig.8 Measured values and calculated values of frozen soil
1 temperature field
1
4
Table 4 Temperature field errors of each measuring point
within different duration
h /°C
1 30 h ® )
30 60 90 /°C
30 h 1 2.98 0.11 0.23 1.25
1 2 1.38 1.11 0.37 0.93

3 1.23 0.38 0.18 0.63




73

5

Table 5 Calculation errors of temperature field within
different duration

(h) /°C (2]
30 60 90 /1°C
1 1.87 0.53 0.26 0.94
2 2.23 0.57 0.27 1.09
3 224 0.56 0.27 1.10
4 2.20 0.58 0.27 1.09
5 1.47 0.27 0.30 0.75
6 2.17 0.78 0.43 1.17
7 1.13 0.59 0.66 0.83
8 2.10 0.45 0.23 1.00
9 2.11 0.45 0.23 1.00
10 2.07 0.47 0.24 1.00
(3]
1 °C 5
1
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