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Intelligent monitoring and early warning for freeze-thaw instability

of high-speed railway tunnel portal slopes in cold regions
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(1. School of Transportation Engineering, Dalian Jiaotong University, Dalian 116028, China; 2. Liaoning Province
Engineering Research Center of High—Speed Railway Technology in High Cold Region, Dalian 116028, China)

Abstract: Aiming at the freeze—thaw instability risks of high—-speed railway tunnel portal slopes in cold
regions and the issue of fragmented monitoring data, this paper proposes an intelligent monitoring system
integrating multi-source information (including BeiDou positioning, millimeter-wave radar and InSAR)
based on a "perception—transmission—analysis—warning" framework. The system constructs three categories
of monitoring indicators—structural deformation, environmental disturbance, and abnormal response, and
the "point-line—surface—volume" deployment strategy was adopted to achieve multi-dimensional perception
of slope conditions. Furthermore, an early warning model incorporating displacement triggering, image
verification, and multi-source fusion was developed, alongside a digital platform was developed to achieve
risk hierarchical response. The results of engineering validation show that the system has high adaptability
during freeze—thaw periods and can effectively identify landslides precursors.

Key words: road engineering; cold region slopes; freeze-thaw cycles; multi—source information fusion;

intelligent monitoring and early warning

Y5 B #9 . 2025-06-29.
ELUB . I THAUBT TR H (LIKZ0507, LIKQZ20222462).
YEE B AW (1975-) , 2o, B8 A+ BF9E 7 1] < 28 388 i % 4> E-mail : 1ibo116028@djtu.edu.cn



- 2986 - THXEFF

(T % k)

% 55 %

0o 51 F

FE X e R B A 11 300 % 32 VR A FR AR FH 5 R A
ARG L WU AT 2 A O B iz dE AR
Shy e i 3 0 A R TE DA B N T [ 2 Y A
Sl AR IR 0 R 3 AR e Bk A A R
4 (Global navigation satellite system , GNSS) il 4
Sl AR AT R T A W R R R L H A2 BR T
N TR 245 ) 4 i 9 TR, % 32 3 PR sk A8 T8 1 4
PR 50%0 , B AREA R . Bl , 51 A A
A AE 1 e TDR 45 42 fih AL Jfdts |, S 9 1 4 22
B UL {F 7E 8 DA IR R0 R @l R BT T R AN
LR IR 10%~15%" 0 LR, Ry S
i 30 B BR ) 22 B R (i InSAR GEOGH L E
AHLEESE ) Bl I FH 1 9 BB AR 1850 2 oKk
IR G A A H AR ) ST FE DB TR ) S )
WE ] R AT S R B B AR T ) 2 TR
£ AR B — % SRR 11 JR B

SR, BT e AR AE 5L BR N AT A T 3 Jm)
B GNSS 54l (3R B s a6z 23 B A5 B AR
ST 2 fih AT R AR AR AR IR PR R S b R R R
R TE AL B T T )T H A2 R R ALY
T M S T AR R R A TR AR
g s VB A B ASAUSORAR TR, i 5 3 3UE B
W R T R L 2022 4F B R Ak D1862 1K
G A e 2% W b B e A i i A R TE 1S BB LR
P A R EE T IR A B — % SRR A 1 M AR R A
TEAE XU TR 531 5 S i W e O R R .

22 IR BCHE il B b AT R O RS B
H G M T 5 S AR R AR AE 1 1R 0T A2 A MY il
o T RE L, 2K I R TR 4 A LR
AT S T 7 3, T InSAR 5 8 AL G
RE 4t ORI AR 15 ., 52 385 I ] R 1% 45 4
b o ARTE S BR N Hh AT I 5 2 Pk AR s R
U5 5 o, A 3C 50K BE 22 53 K MG el O ik Ab BRI
M 5 € AR IR AN B 22 R o) 5 B4 IR AR VERE R B
TR T 5 R o it B SR 5 S R S AT SR RO
B ME DL S T S U DRI R A S R
BREAL LAY B AR R

AR SO T AR R AR - o A - TR T T —
P B Z2 I Rl W R G, RIS kG B S 7 2
K B A InSAR A5 AR, JF % 807 AL UE 7
£, S B e KURS: 1 B e R S Bl A T O i
B IE 1B T AR 55 E AT AT M

1 TR MBS R R AR

wmE 1R R, R RS G (K68+4-361. 61~K6
94+210. 57) v F 2B e V148 W JI U T BT 3 X, 3 1
Y BE (5 22 >15 m) o B S KA T 3
KRB EEEMB O R - AR, %R
Bogal . TR IX R JE IR Z KA (1991 — 2020
AEAEI SR N 3.6 °C, T B ARAR IR 35 — 35 °C),
AR 35 R T B 523 mm, 5 KT R A O & X
Sl A T A KT o B B O S O 9 X3 R
BE(BWREPTHEE>1.5m), FEET 3~5
A ORI B 10~11 A VRS, 275 BRI B k38 1
B HICEVLHRI R LA 328885 700 «

(1) TR il — 7K KRS A 2007« Y + 1R b T
—5°C~0" C AR [ X, H & & K FE>25%
B, 5175 & 2 1 A s BT V1A JE |

(2) 75 Bl 01 7K SC 338 0 < il = 8 0 P
ORI, B BT B R T 5] R R A T R
e,

(3) 81 %= By fuf 2 A S R8N < I ) 7 il O - Ak 45
¥ 8 5 LR K R 1k .

CRAORTE WY UCH BB B R A i 5
Wof T ot R I e A S I B

R RREE I RE
WRR L1

K68+361.61 H L Mmz—;wmm

| BERE W3]V

Z
- -

C20¥EHL _— ; E
C203RMEEEE E10 cm P
(b)F ELBETE O T 5

E1 FREBEIEBEXMLE SR
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Table 1 Monitoring index system of the liming tunnel portal slope
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Fig.4 Schematic diagram of monitoring point layout
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Fig.5 Field installation of monitoring devices
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Fig. 6 Flow chart of slope safety condition monitoring

and early warning system
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Table 3 Critical values of elevation displacement and

horizontal displacement of equipment 1—4
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