Fast S w L T B ¥ ik Vol4s No.5
2023 £ 5H Chinese Journal of Geotechnical Engineering May 2023

DOI: 10.11779/CJGE20220227

BT R AKIEE NFIRR ALK AN B A RSB 5

FTEAY, F4E!', BHERT? K AL, BGMEL2S
(1. g REELARTRESRE, W K> 4100755 2. midekeg @G A B X TR0, M Kb 410075;
3. BRI R AR EHME TR%, &8 2007)

B B KU ZEG XM E, 2K, BES. NAmNIE AR ST KRS 1
TR LR KIS IV UGBS AR A A, JE BRI K IE R IR AN E BT HEIR, @57 T CARE . SR FLRLEE
AR AR AR I S ORI UK B, S TR R ALK S UK o B TR R R A . BT
Matlab F1 COMSOL Multiphysics [IBEL T &, $EH THREBIGKE ARSI 40 A7 I BUE SR G T35, SCL T ¥ LIREE. /Ko
AT VKBTI AT (AR A BUE SRR . B I % A AR R A0 R AT K455 (Thermal-Hydraulic-Mechanical,
B THM B85 W5 ik B AT B BT, IERH TR E . SRR SIS LT defase . S m @i iR HE L |
PR BE RS EA R SRS R R, IR R R I AR K, BRI SR Ky
FIVRAEBETIIER, (EXRIKREREMGIER, B8 /B AR Y0 R S A2 RSN o VR KBRS R 705 B S

DIARHE T B R .

EHEA: s KRG UKEB KIEENS; YRk EkT

FESES: TUL4S XHRFRIRAS: A XEHS: 1000-4548(2023)05-0997-11

EE™: THHA998— ), &, LA, 3TN R M ILE & 806l o 5005 T 0 78 T4F . E-mail:
wzl1126@csu.edu.cn.

THM coupled model for simulating frost heave based on a new water film
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Abstract: The frost heave and thaw settlement are the main frost damage in cold areas, which are the complex coupling process
of water, temperature and stress fields. In this study, a coupled thermal-hydraulic-mechanical model is developed based on the
water film theory, in which the temperature and void ratio of soils are the input variables. The novelty of this model is that the
frozen water film pressure is used as the criterion for the generation of ice lens. The driving force of water migration is newly
defined, and the frost heave includes the pristine frost heave and the amount of ice segregation. The fully coupled model is
numerically solved based on the Matlab and COMSOL Multiphysics, generating the results of soil temperature, moisture, stress
and the layered ice lens. The simulated results are then compared with those of the laboratory freezing tests, which shows that
they match quite well and verify the validity of the proposed model. The simulation indicates that temperature gradient can
promote the frost heave, and the overburden pressure can attract more water to the freezing front but decrease the amount of the
frost heave. In addition, both the hydraulic conductivity and the compressive modulus have positive effects on the frost heave.
The proposed model provides a new approach to understand the frost heave.
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Fig. 1 Schematic graph of frozen soils with ice lens

I TR I6 TP AR S KR BC ] 5 R e U B KR
TR EER RS KR, € XREE KRN
W:e(l_Si)pw +eSp; .
Ps
A pys o p IRDKIVERE . UKERE. £
RE L

€)

RRZNib FXHAR
K Vi=eS;
7K Ve=e(1-5;) V=l+e

_ Vesl

B 2 {afRLE=4HE
Fig. 2 Three-phase graph of saturated frozen soils
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Table 1 Description of main variables in THM model
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Table 2 Input parameters in THM model
ZH BUE ZH IE ZH BE
B 12 ko /(m's!) 3.0x10'1° B 3: ToC -0.3 A, /(W-(mK) ™ 0.58
R 2: ko /(m's™) 2.5%1071° R 4: ToC -0.3 Cy/(kJ-(m*-K) ) 2160
PR 3: ko /(mes!) 2.5x1010 I 1. p, /(kgrm?) 2720 C/(kJ-(m*K) ") 1874
W 4: ko /(ms™) 2.5x10°10 R 2: p, /[(kg'm?d) 2700 Co/(kI-(m*K) ") 4180
R4 1: E/MPa 2.5 R 3. p, /(kgm?) 2700 L/AkT kg ") 334.56
R4 2: E/MPa 1.2 R 4: p, /(kgm?) 2768 &, 1
W5 3: E/MPa 0.8 p,/(kg'm?) 917 b 3
K5 4: Ey/MPa 12 0., /(kgrm?) 1000 o -5
W8 1: To C 0 A, (W-(mK) ") 1.2 B -8
R 2: ToPC -0.5 A /(W-(m-K) ') 222 Ol /KPa 12
xR 3 TEIREMIMSLREZHESH
Table 3 Soil properties and boundary conditions of different tests
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Fig. 12 Results of water content under different simulation

conditions
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Fig. 13 Results of frost heave and depth under different simulation

conditions
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