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A frost heave model based on space-time distribution of
temperature field in cold region tunnels
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Abstract: Frost heaven force, related with tunnel axial length and time, has three dimensional space-time characteristics in cold
region tunnels. In order to establish a frost heave model for studying the change rule of frost heaven force, three dimensional
temperature field model of cold region tunnels was firstly established based on the field test results, and the changing law of
surrounding rock frozen depth was obtained by Stephen formula. On this basis, a new temperature-frost heave model was established
in combination with freeze-thaw circle theory and weathering layer theory. The results show that the frozen depth of surrounding rock
influenced by environment temperature has a trend of decrease with the increase of tunnel axial length and changes periodically with
time. According to this new model, when the frozen depth is smaller than the weathering layer depth, the frost heaven force is only
induced by the weathering layer; when the frozen depth is bigger than the weathering layer depth, the frost heaven force in induced
by both the weathering layer and freeze-thaw circle. The change rule of frost heaven force is similar with the change rule of
surrounding rock frozen depth.
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Fig.2 Environmental temperature change with time
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Fig.3 Environmental temperature change with
tunnel axial length
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Table 1 Correlation of amplitude and average
temperature with tunnel axial length
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Fig.4 Fitting curves of average temperature
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Fig.5 Temperature change of lining surface
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Fig.6 Calculation model of frost heaven force
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Table 2 Correlation between influencing factors
and frost heaving force
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Fig.7 Contrast analysis of environmental temperature
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Table 3 Calculation parameters of model
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Table 4 Correlation of frozen depth with time
and axial distance

HRERIEZ m

i [A]

A Wit 1 Wi 2 Wi 3 W7 THT 4 Wi 5

(20 m) (40 m) (70 m) (120m) (220 m)
1 1.83 1.78 1.72 1.64 1.48
2 158 1.54 1.49 1.42 1.29
3 0.91 0.89 0.86 0.82 0.74
4 0.00 0.00 0.00 0.00 0.00
5 0.00 0.00 0.00 0.00 0.00
6 0.00 0.00 0.00 0.00 0.00
7 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.00 0.00
9 0.00 0.00 0.00 0.00 0.00
10 0.00 0.00 0.00 0.00 0.00
11 0.91 0.89 0.86 0.82 0.74
12 1.58 1.54 1.49 1.42 1.29
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Table 5 Correlation of frost force with time
and axial distance

- VRIK 711 MPa
/A Wi 1 Wi 2 Wi 3 Wi 4 Wi 5
(20 m) (40 m) (70 m) (120m) (220 m)
1 2.94 2.87 2.78 2.66 2.43
2 2.57 2.53 244 2.34 2.15
3 1.62 1.59 1.54 1.49 1.38
4 0.00 0.00 0.00 0.00 0.00
5 0.00 0.00 0.00 0.00 0.00
6 0.00 0.00 0.00 0.00 0.00
7 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.00 0.00
9 0.00 0.00 0.00 0.00 0.00
10 0.00 0.00 0.00 0.00 0.00
11 1.62 1.59 154 1.49 1.38
12 257 2.53 244 2.34 2.15
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Fig.8 Curves of frost force with time



%5

SRS BRI I 25 0 AR Ak (0 9 DX B3 7 A 7

1631

8
7
6 —o— RS RL T SAH
& —&— SCHR[16]7H 5AE
2 5
S 4
A
% 3 F Mﬁe\o
P E\B—E\E\n
1 F
0 1 1 1 1 J
0 50 100 150 200 250
R 3 R m

B9 Uik AIBEREERR R
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