$44% BT " L T #M ¥ Vol.44 No.7
2022 4F 7H Chinese Journal of Geotechnical Engineering July 2022

DOI: 10.11779/CJGE202207006 “+=1" ERELSHEITRIINE

TR XA EIK - 3 - TRBS RAKIEE

2Rk, B OEU, K O#, B ®'
(1. FRRVETMLRS:, BORVL FR/RVE 150090: 2. HHEBFG R, Jba 1001905 3. H [EZGEREAT 7t b 4 HIA PR 2 7] mil Sk g o HoR
E 5 & st e, dbat 100081)

8 . PEFNR LXK E KIRRERE K L, ARG R0 <
Mkl 7 R R G 2 TR . BRI X AR AT K - 1% Bk AR T AL
R, DARE R AR OB o 5, TF R T AR LK AR RIS 7T, 1ERA T AR L
m%%ﬁﬁﬁﬁﬁ%ﬁﬁﬁi%%m PR T 2 AR AR B ) X A AR A K R
—IRAEAEENN] . TR L2 E S NTTE. Samsh 1R, @ T A
%iﬂ—ﬂ—ﬁ%%ﬁ%%ﬁ@Fmg)mw,%%u%moﬁﬁi%%&@ﬁﬁﬁ
FUZAK LR A AR b R K AR TE 7 B RUAK AR TR v . b4, MR BIRHFTE, @ITE
RN = T AR 7 2 SR MR S5 VE R R I IR AR T, IR AR e VRIR DL R IX
A AR A2 2
KR FNRLX: ARRAIEIK L ARG TR - IRGENLE: 2R G VRIREEEY
FESES: TUL4S XHRFRIRAS: A XEHS: 1000 - 4548(2022)07 - 1255 - 11
EBEN: BREKW1963— ), 5, 14, M/RIETIRZHR., MELATIM, B~ TERERW LN, BRI
FEXPIE TR O FAT, HHETRSEER. WEASIH, 58Ik TR R HE m TR R
BARM BRI T L5, P BRRIEREAMERE . WNERmSA TR, A B TR, XKt S5E TR,
B GHR R ER . A TR MR RGO, TERE T X PUESS BB FES) )% PRI B R AR W
AR TT o R S A AR K E KRG I E B K A AR S H NI L N R E
TFERG 2 75 AR R RS MO T H S5 A . AR AR 9 38, R 273 K, G KWL H) 83 T, i1
15 TS E BRI LR 4 T, FgmBARPRME S & GERR 1B, 7590 43 « RIFEFBAR K 55 1 0, BEHF
Fbb 2 S T, SR “BRPL P AR NRILRIE RO 70 4" A&, 40 RAE TAR 3R 1348 22 B 9 L st
M4k, E-mail: xianzhang ling@263.net.

Coupled hydro-thermo-deformation frost heave model for unsaturated
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Abstract: A large area of deep residual deluvial expansive soils is distributed in seasonally frozen soil regions in China. Its
unique ‘frost heave-thaw settlement’ and ‘expansion-shrinkage’ characteristics induce many engineering diseases. Aiming at
the problem of frost heave mechanism of unsaturated expansive soils in seasonally frozen soil regions, taking Yanji expansive
soil as the object, the experimental studies on the frost heave characteristics of expansive soils are carried out, and it is proved
that the expansion characteristics of the expansive soils due to water absorption have a significant influence on its frost heave
characteristics. Then the freezing-swelling/shrinkage mechanism of unsaturated expansive soils considering the phase change

kinetic area is put forward. Based on the multi-field coupling
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is established and verified. The proposed model can inverse the frost-heave deformation component and the expansion

deformation component in the frost heave process of unsaturated expansive soils. In addition, according to the above

researches, it is suggested that attention should be paid to the high freezing-induced expansion deformation in the initial

freezing period in the expansive soil engineering site, and the deformation in the area below the stable freezing depth should

not be ignored.

Key words: seasonally frozen soil region; unsaturated expansive soil; frost heave test; freezing-induced swelling and shrinkage

mechanism; multi-physical field coupling; frost heave model
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Table 1 Physical properties of test soils
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Fig. 2 Frost-heave test system of expansive soils
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Table 2 One-dimensional frost-heave test conditions of soils
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Fig. 3 Time histories of frost heave amount of expansive clay and

silty clay samples
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samples with different initial mass water contents
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clay (right) (Luo et al., 2018)[¢
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Table 4 Physical parameters of frost heave of expansive clay

ps pw pi ]8 A }.i

cv cvv Cv L

/(g-em ®)/(g-em 3)/(g-em 3)/(cal-em-h-°C ") /(cal-cm-h-°C ') /(cal-cm-h-°C ") /(cal-em-h-°C !)/(cal-cm®-°C ") /(cal-cm®-°C ") /(cal- g ') ¢
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3.016 0.2542 0.247 0.495 0.3 0.495 -0.8 1.21012 59.0 3.0 9.8
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