4534 % 4521 KBRS K TR R Vol. 34 No.2
20234 44 Journal of Water Resources & Water Engineering Apr. ,2023

DOI:10. 11705/j. issn. 1672 — 643X. 2023. 02. 26

Wik EIR B IE R AR Lk ABEEE

BIEAL, K&, HAEW
(AEH TP I Sl 5 TR A K BOR # H R SE 80 %, b st 100124)

OB TR R DX M TR S R b DR R TS R 47K 2 T 23 A DDA O, S O 2 K IR 1 1
ISR EA MR LK AR G RSB A 2 SC TR VR K & B B2 K 8l 5 | R XK 7 3 B el i, T ke == 5L B8 6 B2 9K 2l
ROV o BT ML G O7 R AR AN 1 A8 i S, 25 JE R PR K 5 A6 B AR A6 B2 ) S R A, S T
KRR BE R A5 SRS AR AR AR K IR S o R FH A a0 e X A 28 A Bk ) B, 5331
X =5, —10 Fl - 15 C 3 FREREE A PF T AR IR Hme R TT Jg T RO, 25 R R W - IR P AR R 4 i
XK I3 A% 0 SR B HIAS RT 22005 5 VR A5G A vh T DROK AR 728 R TS A R 0 3 35 i 0 1 5 b PR o SRR 1Y
P ERE T UREERIIIE st R G e T b , HLAN SRR AR, P9 A 22O, ) MK 53 2 2R SR A B0 0 B RS, K o3 3
Fo AR, URES S R b H AR T BETREE 52 S U345 -5 — 10 Hl - 15 CERBE IR E T 5 /K A M B2 50 (2 T
0.30.0.55 F110.70 m FREEAL,, S K BHF 3510 3.5% 4. 6% F15.5%

KR Ur; KBRS UREIEON 5 SRR s AR URK S AR

HE5SES P642.1; TV213.4 XERFRIRAG: A NEHFS: 1672-643X(2023)02-0202- 06

Hydro - thermo coupled model driven by double gradients
for unsaturated frozen soil

LU Qingshuo, ZHANG Zhihong, DAI Fuchu
(Key Laboratory of Urban Security and Disaster Engineering, Ministry of Education, Beijing University of Technology, Beijing 100124, China)

Abstract ; The geological disasters in the permafrost regions of Tibet Plateau are closely related to the wa-
ter redistribution caused by the freezing and thawing of frozen soils, which is the result of complex
hydro — thermo coupled process intrinsically. The current hydro — thermo coupled models of frozen soil are
mainly designed to describe the water migration process driven by the gradient of unfrozen moisture con-
tent, yet the effect of temperature gradient on the coupling process is rarely considered. Based on the
classical heat transfer equation and seepage theory of unsaturated soil, a hydro — thermo coupled model
driven by double gradients for unsaturated frozen soil was established, in which the combined influence of
unfrozen water content gradient and temperature gradient was considered. Then, the proposed model was
verified by experimental results, after which a series of numerical simulations were carried out on the
hydro — thermo response of the soil under three environmental temperatures, -5, —10 and - 15 °C.
The results show that the driving effect of temperature gradient on water migration in the freezing process
cannot be ignored. During the freezing process, the freezing rate gradually slows down due to the latent
heat released by the phase change of ice — water. The location of water accumulation is at the frozen front
formed at the beginning of freezing process. Furthermore, the lower the outside temperature, the greater
the internal and external temperature difference, the deeper the location where water accumulates, and
the greater the amount of water migration. In addition, the moisture content presents an S-shaped distri-
bution with the depth during the freezing process. Specifically, extreme values of moisture content at
-5, =10 and - 15°C are at the depth of 0.30, 0.55 and 0.70 m, and the corresponding increment of
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moisture content is 3.5% , 4.6% and 5.5% , respectively.

Key words: frozen soil; hydro — thermo coupled model ; freeze — thaw effect; temperature gradient; un-

frozen water content gradient
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