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A numerical analysis of freezing pressure in frozen soils around
a deep shaft based on the modified Nishihara model
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Abstract: Determination of the freezing pressure in deep alluvium is crucial in designing the outer shaft lining. Using the UMAT of
ABAQUS subroutine, the modified Nishihara model for creep of frozen soil is implemented into ABAQUS. With considering the
effect of thermo-mechanical coupling during freezing, the freezing pressure distribution of frozen soil before excavation is obtained.
Based on these results, the variation of freezing pressure on the outer shaft lining is determined by analyzing the process of deep
frozen shaft construction. The results show that the values of freezing pressure are related to the soil depth, soil frost heave ratio and
the temperature of the frozen wall. The freezing pressure increases 21% when the depth increases from 400 m to 500 m, and
decreases 10% when the average temperature of frozen wall decreases from —16 C to —18°C, and increases 3.8% when the frost
heave ratio increases from 2% to 3%. The freezing pressure increases with the increase of depth and frost heave ratio of soil. The
lower temperature of the frozen wall benefits the stabilization of the frozen wall. The error between numerical and measured results is
less than 15%, showing that the proposed method can reasonably predict freezing pressure of deep shaft in practice.
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Table 1 Physical properties of soil sample
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Table 2 Material parameters
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Table 3 Calculation parameters
for modified Nishihara model

WE E E, m M c ]
/°C /MPa /MPa /(MPa - min)/(10° MPa - min?) / MPa / (° )
”f;:lé 28 035 0.14 28
-5 64 028 105 1304 1909 151 10
-10 103 024 212 1860 2676 220 9
-15 214 022 273 2480 3292 419 8
-20 296 0.19 302 2766 3692 509 7
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Table 4 Frost heave ratios and freezing temperatures

BRI Bk HIRE A
R TR L
/m /% /% /C
1 391~402 it 19.65 1.52 -2.0
2 408~416 it 20.05 3.71 29
3 416~441 it 17.63 4.50 -2.1
4 494~503 it 14.21 4.00 2.3
RS5 FLEKRH
Table 5 Frost heave coefficient of clay
B C 20 -15 -10 -5 vkebL R
YRS 0.0023  0.0031 0.0052 0.0148 0




510 4 LA BT o v R B (R R 45 R B e S A 3019

®o BESHHESHER

Table 6 Calculation parameters of temperature field

/(kJ/(m-h-C)) / (kJ/(kg - C)) / (kJ/m’) / (g/em?)
-20C -10 C -5°C VK i B b it K+ it K+
40174 3.9456 3.9112 3.3436 0.960 1.269 338 000 1.900 2.065
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