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Law research on the effect of cold media tempreture and seepage velocity
on the frozen tempreture field of the water-rich sand strata

WEN Liangtao
(CCCC Third Highway Engineering Bureau Co., Ltd, Beijing 101300, China)

Abstract: In response to the frozen issues in subway tunnel constuction in Tianjin area where complex hydrogeological
conditions exist such as waterrich sand strata, the laboratory model experiments and numerical simulations was
combined to investigate the effects of cold media tempreture and seepage velocity on the frozen temperature field,
closure time, and growth of frozen walls in sandy soil. The research findings indicate that as the cold media tempreture
decreases, the temperature gradient near the frozen pipe becomes steeper, and the frozen wall becomes thicker. In the
presence of seepage, the seepage water transports cold energy from the upstream to the downstream, which impedes
the development of the frozen wall to the upstream direction while promotes it to some extent to the downstream
direction, which leads to the uneven thickness of the frozen wall. Ultimately, the shape of the frozen wall changes from
circular in still water to heart-shape. In practical engineering, measures such as grouting to reduce the seepage velocity
and lower cold media temperature can be used to cut the clolure time and finally ensure a smooth frozen process.
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Fig.1 Experimental equipment
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Table 1 Parameters of the prototype and model materials
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Fig.3 Sensor arrangement
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Fig.4 The temperature of the measurement points

changes with freezing time in still water
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Fig.5 Temperature variation of measurement points on

the characteristic surface at the interval

of 3h in still water
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Fig.6 The temperature of the measurement points changes

with the freezing time under seepage conditions (v=3 m/d)
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Fig.4 Temperature changes of the measurement points
on the characteristic surface at the interval of 3h

under seepage conditions(v=3 m/d)
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Table 2 Calculated parameter values
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Fig.8 Stable frozen temperature field in still water
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Fig.9 Stable frozen temperature field under
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i []=2000min [} []=2000min

=l

0.5 i/ C

20
0.4 -

10
0.3 5

%
0.2 1o
0.1 -20

0.2 O. .4 0.5 m
(b) i B -25°C

0.10.2 0.3 0.40.50.6m
(a) Wi -20C
B10 BREFET=Tm/d)BEREERES

Fig.10 Stable frozen temperature field under

seepage conditions (v=7m/d)
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Fig.11 Relationship between the cold media temperature,

the seepage velocity and the closure time
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