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Abstract: Based on the theory of “three regions” , a combined differential equation is established
to solve the problems of hydro-thermal coupling in cold regions considering water transfer and
water ice phase transition. The numerical simulation of temperature field coupled with water field
was carried out by COMSOL multi-physics software, and the numerical simulation results were
compared with the results of soil column freezing experiment to verify the effectiveness of the
hydrothermal coupled numerical simulation model. By considering the theory of frost heave, the
stress field governing equation of the tunnel in the cold regions is deduced, and the thermo-hydro-
mechanical coupled model of the tunnel in the cold regions is established by using the relationship
between pore ice and frost heave rate. Finally, the temperature field, humidity field and stress
field were simulated by taking the Musui tunnel between Mudanjiang and Suifenhe as a case
study. The results show that the change in external temperature has a great impact on the tunnel
after excavation. The thickness of the freezing ring of the tunnel hole gradually increased with
time and reached a maximum depth of about 2 meters in January.

Key words: cold region tunnel; hydro-thermal coupling; thermo-hydro-mechanical coupling;
frost heave; COMSOL

FeEA—F L LR E LR THREX, mERH W JEX R E S R Y R 0T LA
IO AEARILRNTG SR X BT LK S gy T R A S 2 B AK 0 S ) AR AE T R
DR W2 BRI S A R EBRAE SLFLBRR SR 1 m AR A A 23 7R 23 h T IR AR T

Wi EHE: 2018 —-07 30

HEEWE: BEXEARBFRELS KT E (51474050, U1602232) ; Hi K E A SH R A B B X H A 2w £ d
(SKLGP2014KO011) 5 1L 74 i 24 L 35 A A SR 30 H (LN2014006) .

TEERN: HREF(1993 - ), L D TEM A RACKRSFAE LV 5T A, IR0 (1969 - ), B VL2 M A, R K082, i+
S1ifi.



% 8 H M RIE ., ER A B 2 RKK NS SAL T 1179
VK SRR SR, T i R A g PR R B, 7 BR/AL

ﬁﬂ@gﬁ@tfﬂ@ﬂm ﬁ/l\m;%i/wgzm € A V8] —pev V. (1)
KBTI R A VB, K AR, A /25 5 SR K A ot

BRIV 4 K RISV X B A X 5T 28 X % TEVRIX .

BRI R 552 3 Konrad F1 Nakano 25173 43 31|
NS5 RS Ty TR SEAE A R R = X 2 [A)AF
TE— NV 46 S al F 761X 1815 8 46 1°) X Nakano
PR« = X HS HEAT TR AL AR B BUE
G307, F8 AT B 25 S AR T K S B R
J£ 37 (4 52 ) N KO 2R U 7K 19 BELASAE . Neaupane
1 Gatmiri 557 % @7 T ARG ARG A 7R THM HS
G O R, I g A R TR P SR T A
53T,

ASCHE FeR T = XS, X A B R T
eI T AR A A AR K PG A [n) 8, 2%
K iR X FE X R S 2, JF 51 A BB &R
UL SRV AR VRK I BEASVE . {4 F cOMSOL
B AT RO & IR 5 S0k [ 10 ] 4 R 5
HEATRT FEIS I, TE B AR SCRT #2371 K R 5 40
RV IR PE. SR 5 55 TR IK RIS | 6 JE 0 € X ik
T RN Ty S i R AT T, ST JE X R T UK
P =GR A TR W XTIR B K53 LA
KeAi B A T LA 43 A, o J X B A PR 2 1 A
FEARBAETNE 3 REGH T S5 UR M5 HT
TS 8 SR e A T S b i WS IX R T R I R R
R, A —E NS HMmA.

1 FEXERIE KRS

LIERA BOFAOE 47 R B Harlar #5589 S JLRl 45
B A PR RSE RE RET S IXEE, BE
TRUKAHAE FK A1 RS B 52, 42 0 T = X345 Hr
BEAY EN T EAF G ICPR A T Y FE DX R K AR
FRA AR,
1.1 EXREE

1) A0 B Y B 1n] [l FL IR A B, ol AR R
KK AR SR SR, RS R PR B A
I

2) A R VR G5 R Ak L FR v 220 KR
AL RS | g 23 XK ST I Tk

3) ZWE KA Bl AR 0 X AL SR K A 7%
K, R 2% R UKAHAE i AR AL S 7.
1.2 BEGEHFE

S Ao B A I e P A, A AR R
PRIX R DRI AR Sl 37 2% e AR S R i 3
BRI o4 1 7 .

el a0,
C, 5:V[)\z Vo] +Ip, o7 TPwCwY Ve . (2)

ARUEIX
C W =VIA VO] ~pye VO (3)
SRS KA
ew:0u+£—v‘v0i. (4)
B () RAK(2) , AT AR
(C, +1p, %)g—f:vuz Vol +Ip, %—

p.c,v Vo . (5)

K (5) I KR 1R 4 7 .
K. C (i =1,2,3) WIERBHAERE (K/(m’
-C)) e, MK E(1/(kg-TC)) ;v HBIR
W (m/d); 0 S HIRBES IR (C) ;5 R EtE
(s);A,(i=1,2,3) ' FHRRE(W/m-C) ;p, M
pi A3 NRIK 0 5% BE FK G 2% B (kg/m® ) 50, AR
HOK S 0, NS Uk L o vKOK AR 3k BU(E
335 kI/kg ; VA IS 5 5 1.

R T R 0 = X s s i O R — T AR
— A RRRAIE R, 8 1 P B EOR R B =X
B2 (R4

C, %f =V[A VO] +1p, %—pwcwv Vo . (6)
K €, WERIRAS =

MR £ B KA A RS 1 A R K R
SERUK 53 3 8% VR 4. 4 vKOK AH A8 500 TR EE
6.,

c,, 0<6, —Ab;
C +C 20
C, =41 = — —AO<6O< ;
a ) + v 30 0, —AO<6<0_ +A0b;
c,, 0>6, +A6.
(7)
A, 0<6,, —A6;
/\3_A1
A= A W[Gm «6-A0)] ,0, —AI<O<6_ +Ab;
Ay, 0>0,, +A6.
(8)

1.3 KoripIEH AR
TETE X g 18 TR Y33 —E 25 I8 K T
P BIA , LLS Khy F A8 8 (K o S il O e



1180 ARRXFFR(BAFFIR) % 40 %
a0, p, 96, 2.0357", 6=0,;
Sy 1:V[DVHH—K]. (9) D= ’ m? 10
o DK S R R tﬁ”m”’0<%’ o
Kb D, K AP AR 5 8 RSO Sk R H o os
0. 005 398~ 0=6_.
SRR AL 0, HRE % B =T o)
e b AUBKIOTE B 38 T % (b 3 O
B 0 1 SR L 1, T R

I BAL BN A5 RERS SR A9 FL B D | S oKoE
IE B 58 T R IR K IR Sy RIS R
T T AR AN LK o B B X, 5 T Bl T AL
BRUKAREBTAE T, SIABEBT R EC 1,1 =10"" BRar
(6) M (9) 153525 [k 731 # 1 X B 3H
KRG DT .

2 BEAVEGIE

R T R B AR ) T i AT AT ¢
SCHRL 10 ] rp il A7 S 8 56 0. 3050 hy 5 1 &R
G5 N —4Eak B ARG R, E 1R, RN
skdgE A+, AR A 4L, SR A B E R sk
I EH AR RS HOh S 13,68 cm, T
I 1500 kg/m’, ¥ 46 F K & 0.220 8, FL
It 0. 444.

ke

(=

] TR |-

BRI
P A

PR BIIE R

5%

B

e R

SRR |
%bﬂﬁ%ﬁ

HHE
E1 tHAREERSE
Fig. 1 Diagram of soil column test device
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Table 1 Experimental initial temperature

W/ cm 0.00 1.52 3.04 4.56 6.08
W/ C 11.42 15.48 16.36 16.75 16.84

WREE/cm 7.60 9.12 10.64 12.16 13.68
/T 16.89 16.84 16.90 16.79 16.41
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Fig. 2 Temperature variation of the upper and lower
boundary of the soil column
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Fig. 3 Contrast diagram of temperature field change
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Fig. 4 Contrast diagram of frozen depth change
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Fig. 7 Temperature chart of one year in Mudanjiang
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Fig. 9 Diagram of tunnel portal model
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Table 2 Model calculation physical parameters
240 E/MPa v p/(kgem™@) n 6/C

il 7 0.3 1 800 0.7 -0.5
1) 3x10*  0.25 2500
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Table 3 Model thermal parameters

i FHREH RTAEE
e W-m™ . MJ-m-C~!
11.83 1.67 2.74
1. 66 1.76 2.82
-0.87 1.78 2.84
-3.76 2.53 2.47
-5.69 2.69 1.99
-9.96 2.74 1.86
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Fig. 10 Frozen circles from November to February next year
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Fig. 11 Analysis of thermo-hydro-mechanical coupling model from November to February next year
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