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Table 1 Values of parameters related to tunnel structure for each soil layer

- PAPERLR, JARM L AR AAUEE RERE LB EWE/ FHAREY Rz %%
MPa Ji/kPa f/(°) KFE/% W (kgrmT) (W-m'-K') (J-kg'-K™")
1-1 23+ 5.0 0.35 8.0 18 3252 0.98 1830 1.50 1 650
1-2 i+ 5.0 0.35 10.0 8 33.54  1.00 1820 1.55 1 600
3-1%+ 5.5 0.33 19.0 11 35.67  0.99 1860 1.62 1 470
3-5HmHZ 7.0 0.33 15.3 28 35.26 1.02 1830 1.55 1 650
4 -2 Byemmb 18.0 0.28 0 33 20.55  0.83 1930 1.45 1 450
4-2-18#EF  23.0 0.28 0 35 30.21  0.83 1940 1.35 1 350
15a 1 KA 43.0 0.27 10.0 38 28.52  0.56 2250 1.20 800
wmb s
TREEE 206 000.0  0.30 7 800 48. 00 430
HhH 34500.0  0.22 2 550 1.91 1 050
GIES) 25000.0 0.20 2 500 1.28 970
o) 33500.0  0.20 2 500 1.28 970
F2 AFEEESEEXEZR
Table 2 Relationship between refrigerant temperature and time
KE/d [0, 3) [3,5) [5,8) (8, 11) [11,17) [17, 28) [28, 50]
PR UHREE/C -2 -10 -18 -22 -24 -26 -28
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and depth under different freezing times
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Table 3 Frost heave coefficient of interbedded silt and saturated sand layers

RE/C -0.2 -0.5 -1

-2 -3 -5 -10

a(t,) /€ 0 -0.0256  -0.007 7

-0.003 8 -0.003 8 -0.0010 -0.000 4
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Fig.11 Relationship between frozen excavation

displacement and depth
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Table 4 Melting coefficient of interbedded silt and sand
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Analysis of temperature and displacement field evolution during the freezing
method construction for interbedded silty sand cross passages

ZHU Min', LIU Lii*, WU Weixing', YUAN Gang’*, HUANG Chaoqun®,
OUYANG Yuanping' , ZHAO Wenbo’*, CHENG Hongzhang’**

(1 Yangtze River Survey, Planning and Design Research Co. , Lid. , Wuhan 430014, China;
2 Wuhan Municipal Construction Group Co. , Ltd. , Wuhan 430020, China;
3 College of Civil Engineering, Hunan University, Changsha 410082, China;
4 Hunan Engineering Research Central for Advanced Technology and Intelligent
Equipment for Underground Space Development, Changsha 410082, China)

Abstract: This paper focuses on the freezing construction project of the cross passage in the Jinhou section of the Wuhan Metro Line 12
connection line. Using ABAQUS software, a three-dimensional numerical model for the freezing construction method of the cross passage
was developed. Numerical simulations were conducted to investigate the evolution of temperature fields and displacement fields during
the active freezing stage, frozen excavation stage, and natural thawing stage of the construction process. Additionally, a parameter
sensitivity analysis was performed. By monitoring temperature changes at weak points of the frozen curtain, it was observed that during
the active freezing stage, the average temperature of the 2 m frozen curtain reached — 10 °C after 30.5 days. The rate of temperature
decrease in the frozen curtain gradually diminished as freezing time increased. Analysis of displacement along different paths indicated
that, during the active freezing stage, the maximum upward frost heave displacement at the arch crown was 39. 9 mm, while the
maximum downward frost heave displacement at the invert reached —24.1 mm. Moreover, ground surface uplift exhibited an inverted
U-shaped distribution, with a maximum uplift of 14. 1 mm at the center. During the frozen excavation stage, the maximum settlement
displacement at the crown was —20.4 mm, the maximum uplift displacement at the invert reached 55.3 mm, and the maximum surface
settlement was — 3. 6 mm. During the natural thawing stage, surface thawing settlement displayed a U-shaped distribution, with a
maximum settlement of —9.5 mm at the center. The parameter sensitivity analysis further indicated that, as the refrigerant temperature
decreased and thermal conductivity increased, the time required for the average temperature of the frozen curtain to reach — 10 °C
decreased. An optimal refrigerant temperature range of —30 C to —25 °C was identified. Furthermore, as the frost heave rate and
thaw settlement rate increased, both the frost heave displacement and thaw settlement displacement at the ground surface significantly
increased.

Key words: safety engineering; interbedded silty sand; cross passages; freezing method construction; numerical simulation;

thermal coupling
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