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Study on the Influence of the Whole Process Development of Freeze—thaw
Temperature Field in Cement Improved Soil Layer

JIN Xiuwei, LU Qingrui” , LI Dongwei, CHEN Shijun, ZHANG Haijun, HONG Jinfeng
(School of Civil & Architectural Engineering, East China University of Technology, Nanchang 330013, China)

Abstract : In order to study the influencing factors of the development of freeze—thaw temperature field in cement improved soil lay-
er, this paper takes the freezing project of a subway tunnel in Guangzhou Metro Line 3 as the background, simulates the freeze—thaw
temperature field of the tunnel through the coupling of water and heat, studies the influence law of the whole process development of the
freeze—thaw temperature field, and proves the accuracy of the model by comparing with the measured data. The influence of thermal
conductivity, volume heat capacity, original ground temperature, cement content and other factors on the freeze—thaw temperature field
is analyzed. The results show that during the whole process of freeze—thaw temperature field development, the soil is greatly cooled
first, and after forming a stable freezing curtain, the cooling rate slows down, and the thickness of the effective freezing wall increases
slowly. After entering the natural thawing stage, the temperature rises rapidly until it reaches the phase transition stage. After a long
period of time in this stage, the soil quickly returns to positive temperature. The influence of different factors on the freezing tempera-
ture field is analyzed. The volume heat capacity of the soil and the original ground temperature are negatively correlated with the freez-
ing effect of the freezing temperature field, and have little effect on the natural thawing temperature field. The decrease of thermal con-
ductivity of soil will inhibit the development of freezing temperature field, but it can shorten the period of natural thawing. When the
cement content is 12 %, the soil freezing effect is the best, and the development rate of the thaw settlement temperature field is the fas-
test, and the natural thawing period is the shortest.
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Tab. 1 Stratification and main characteristics of strata
Ho)Z 2R 5 HoJZ= LA CHTE) JEFE/m PROTIREL
Stratigraphic name Floor number Formation soil property Thickness Standard penetration number
TH R N
i Zedit L6~4. -
Antificial fill 1 AT 26 0.6~4.0 2~11
\‘u 3 =4 /rl = s
”@*ﬁ{m i); . 4-2 IRt 0.4~3.9 1~3
Fluvial lacustrine sedimentary layer
TR - 2
M,\{_A},\i); _ a-1 oy TR 0.4~5.9 4~24
Alluvial alluvial soil layer
MR AR =
N _ N - -
Alluvial alluvial sand layer 372 it 0.5~6.5 11-29
AR L Z 5H-1 AT R L 1.0~19.0 6~13
Granite residual soil layer SH=2 AL A+ 2.2~25.5 14~29
(S8} N x HH it
ki 6H LRALAE R 1.3-19.7 30~39
Rock completelyweathered zone
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Fig. 2 Layout of freezing hole and monitoring hole

at the south end of the switch line tunnel

R W FL AT LA R 4 M P NI 1 R A
TR E5 e e oA SO ) R 25 R JR S 00, 4% 0 it AL Y
3.0 m A E— IR WL R —IK

KB pZ & 3 frs i X $h K R

3071 Y i
Way out
20 s
\ Loo
10F i
© l Temperature difference
S'JE 0 N s e e s i 0
Tz |
. 2 0 {50 100 150 200 250 300
g E-l0r ] /d
= \ Time
20+
. ."’\M“ yRIAKY
30} A A oo )
40 L

3 REEEKEEMLZ

Fig. 3 Temperature curve of frozen brine
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Tab. 2 Thermodynamic parameters of soil layer

FRER/(W-m™ €T HEE/(KT - kg 0T R W
e Thermal conductivity Specific heat capacity (kJ - kg™) FREE RS/ °C (Lk R i)
= — . g m "’
Soil layer R %t fil £ Kkt it Latent heat Freezing Saturation
Unfrozen Frozen Melted Unfrozen Frozen of phase temperature density
soil soil soil soil soil transformation
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