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Abstract; Freeze-thaw disasters in water diversion tunnels in cold regions seriously threaten engineering safety and water
conveyance efficiency. It is of great significance to clarify the disaster-causing mechanism and propose targeted prevention
and control measures. Based on a water diversion tunnel in Gansu Province, this paper adopts the numerical simulation
method to study the temperature fields and deformation characteristics of three types of tunnels, namely dry, pressure and
free-flow tunnels, the freeze-thaw disaster-causing mechanism is revealed and corresponding prevention measures are pro-
posed. The results show that the maximum deformation of all three types of tunnels occurs in December, with differences in
location and magnitude. The freeze-thaw depth of the dry tunnel is approximately 141 ¢m, and that of the pressure tunnel is
about 96 cm. For the free-flow tunnel, the freeze-thaw depth above the water level is close to that of the dry tunnel, while
it is equivalent to that of the pressure tunnel below the water level. The degree of frost damage is the highest in the dry tun-
nel, followed by the free-flow tunnel, and the lowest in the pressure tunnel. For prevention and control, insulation layers can
be set on the dry tunnel walls of dry and free-flow tunnels. Pressure tunnels do not need to be equipped with insulation lay-
ers, but the lining and surrounding rock need to be reinforced to withstand high water pressure.
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1.0000E-03
8.0000E-04
6.0000E-04
4.0000E-04
2.0000E-04
0.0000E+00
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(c) BRI EAL R = K

HIREAE S R0 , B 13 5353 o BE T AE A o pR il =
RN Y

30 cmAd )

5 em i 2

12 BEFREBEHIZREE

ZLone Gridpoint Temperature
-1.6897E+00
-20000E+00
-3.0000E+00
-4,0000E+00
-5.0000E+00
-6.0000E+00
-1.0000E+00
-8.0000E+00
-9.0000E+00
-1.0000E+01
-1.1000E+01
-1.1883E+01

(b) A PR iR )2 R =

Zone Displacement Magnitude T T
2431E-03 e T [
2.4000E-03 | L L 17
2.2000E-03
2.0000E-03
1.8000E-03
1.6000E-03
1.4000E-03
1.2000E-03
1.0000E-03
8.0000E-04
6.0000E-04
4,0000E-04
2.0000E-04
0.0000E+00

1 W 0 O O
ST |
(d) BB EME =

a2

13 A/EREERERREMLEZE

i P13 Al 0, BRI S R B TR
-11.80CTHEHZE -8. 16°C , iR E W A 141. 75
em JB/NR 71,53 em, 45/NT 2 50% , 1EREIH R TE
T3 T, Toie e A Al B IR = ds RS TR IX 0 ) BT
BERAL S EICORIRZ N HE S EE S 1.39 mm,
T B ORI 2 5 HE A2 TE BB AL 0. 69 mm, I /)
2950% . AT UL, B B R IRZ IS BRI A2 8 B 28
BARTEE B o o WO T IR X K BRI R
il [ 0, ] s e A R ORI I A
BT R BT S R 75 2 DRl A ) 38 LA
i T J7 {55 10 A [ 26 B 7y B ) 7] R JBOAS [ 1)
B s 75 %8 : DTG /K BE I A B I 150 ORI 2 , % T8 T8

BRI L B AT 3 24 5 PR )2 5 ) JE s g i 7T
FEAR A KA AL BB AR i, S TU0 E AL ] 3d 5
55 A7 s B R DRI IR] 1A FE 3 K, 52 0 ST M
/0N BB TR AZTE (4 T 2 SR R R T AN BE DR
JZ BT ABR AL AT RFIR AL BE (U3 2 i
TS RE SSOMORICA , A B il HEA T 12 I A ) o
6 & ®

ARSCUAH N A5 K BE IR KT, SR FEUE AU
WFFEFEXA s o TGk B0 B B 70 A 55 7%

TEAREPE , 675 R il LRI B2 1 B R it , 2245
W
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(1) AFFEARSFA T B U il B 5 A8 T8 (8 22
S TOK AT R BRI R Al EE 4y ) R 141,75
96.43 cm, Jo R Bl KA LA AL 3555 U S
S35 IEK A BRI AR 5 = 2B e AR T 34
MAE 12 H ARfLE SR EAR, JoK ok A R
TR RAETEAMRIK Hy 2. 43 mm (HER) (1. 67 mm (4t
i) \2.96 mm (LK) .

(2) TR P AT BEL B ¥4 25 A<, /0N 5 Rl 2 Tl 9
B, VR R S BTC /K B3R > TC R BRI > A He b A
MR

(3) FETARVFHIE I 22 AU VR 7 58 - JO/K B%
I 4 DB T A T PR IR, SRR A Y 5 5 T He g T
FEKAL A L5 BRI 2 ST 2= 5 A He g v]
ANBARIR)Z  H T KARTE AL TR R AL

(4) BN T SEU RS SCHTHA I 7 I K BT
RAMBETRL G5 1k 5 S 40 e SR B T L [ 2R SR
U O AR B IR YR HE 22 (H T 4 5T R TR AN
Mo BFEASEERUER K E 1551 A E
S T AR PRRE A, I, A I3 W B T AL BRI
LT TS

SE 3Lk
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