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Safety Monitoring of Railway Tunnel Structure During Operation Period
Based on Fiber Grating Sensing and Video Displacement Meter Technology

Li Jun', Zhang Dingbo, Zhang Xinwei, Zhang Jiarui, Yao Ruixu, Fan Binbin
College of Safety Science and Engineering, Xi’an University of Science and Technology,
Xi’an 710054, Shaanxi, China

Abstract Railways have become the main transportation artery in our country, and many railway tunnels are distributed
because of the diversity of geographical conditions. There are many structural safety monitoring methods for railway
tunnels. However, traditional monitoring methods have certain limitations. Based on the current research which focuses
on optical sensing, the optical video replacement technology with excellent accuracy and high economic feasibility is
organically combined with fiber grating sensing technology, and the optical sensing is applied to the safety monitoring of
railway tunnels during operation. Through the analysis of monitoring data in static and traffic conditions, combined with
the simulation model, the application of optical sensing in railway tunnel monitoring during operation is preliminarily
discussed to provide a reference for related engineering technologies.
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Fig. 1 Schematic diagram of tunnel safety monitoring system

2312006-2



144k % B T AV T A ) R R AR b . R N
TURE BN K 22 I A8 A TR A G o ek B B iR 25
VBIr T 7 W R R — RS WS . X RS
T8 I B I A A AR R AN S A K /B e AR
T4 fif P b AR 5 43 7)1, () Bsf S 22 40001457 B8 1 19 A 1
I AR A, AT LA Az 8 I R 22 00 R I 1Y
o oK B A% e 60 A T BT B S A 15 M B P K A R Y
[, ek, W R Se i [ sh ks 17 nl SE B A ME
ST B B T 45 48 W, 4 a2 A BT TR
2.2 FBGERFRE

FEA 1 6 A5 N L BEIE N DR B R
g AN ARSI = § NI B ) e W kvt R B ok
BE ARAL SRR B A SRR AR A AR 4 i ) 3 R AT
il 2% HAH D G LR AR IR AR L SR AR IR R ) — K55 S
M /EFBG 1L 8, 15 2 0 FBG 4544 R B A .

optical fiber coating layer grid fiber core
(r NNNE NNNN m—]|
— > ‘\I>
incident light transmitted light reflected light

K2 FBG 2 S A
Fig. 2 Schematic diagram of FBG structure

i E R OGS 2R FBG M A Z 52, H
R U A G AE AT LA S b B B 5 23 F5AR ] 3] Jg ok
(7 1) o AR AR & Hae

Ay = 2nA, (1)

K2, 8 FBG W b P K s A S GHH JE I 5 n 2R ot
LRSI A AT R . (D) PR S R s K
A 5 G E A A RER S AT R A G, Y B = B
i 5 2 S B) B BT S 6 R AR AR AR RO B S Y
LR B S kAL, WL, # R E FBG
B K A A R T R AR R T T S i Y ]
rh R AR 0 A B ATk e ). TR A ST SR A
W HAE D R - G Z B 2SR
M, 5 BB W DRSS B O R 32 i R 4G A W )R
S E A =R A RO AE AR R H B iR kb S A LA
R 56 38 1) 4 % T2 A S i — 20 38 I i W IODRS B 1Y
K
2.3 HEWMIRABFEE

27 PRI B B2 AR 2 ) 4 e B Sk A S AR 0 1
0 49 R 20 4 1 BRI TR] B 1) FH 80 B A 1 B A5 3
B B R AT AT X B AT — R A FliE A AR
K S B BJE 15 20 g 0 AR 0 KN 547 B AR
A6, 2 [ A FH 4 6 24 08 A7 RS 1T B AT 3A F mm
K.

$6055F 238/2023 £ 12 B/BAEREFEHRE
27 AR A A 1) B A Dt 32 PRI AR Af DL i
AR E 3R RGP AR PAT R S AR AR . B R
“hy iz PSS M D J50 580 12 0 B AL o B2 21 1) 45 44 % 3 1) R
HRHEAT AL 3, 2 ek e A B B AR AR &R R LS o
X — T fig 9 52 B0 32 28 5L T P R S i Y AR Ak B R

H— (LB FEAR R AR

photo/video taken

— = sub-pixel
normalization| —— i ——— technlzlogy

algothm

pordinate change

Idjsplaceml;nt analysml

13 Sl IS 7 2 A Ji 2 ]
Fig. 3 Schematic diagram of the optical video replacement

technology

O, SR AR B R SR 3 DT — &R A
R E V8, K 5 7 TR v e B 28 W 00 1% 4 DX,
LB E A AR, 38 o A DT E 5 A Xk 5 — ot P& 5 el i
SE P 15 v T2 ) DX PR AR T 8 o, A5 B AR R AR
T RS 2k, M) % AL TN 7 K LG A o oy 2 A
N NTTE G R RA s Aih i = b e w e NI TR L
DX 3 AT A R o] A 5 G0 PR B v R A A Y T S IX I
(ROD™. [ 4 BRI AT IR

region of interest
template

frame 1 ROI frame n ROI
cutting
— | B ot
template
matching f
ixel coordin ixel coordinate
@5 @l

Monitor the displac X — Ecson the amount of displacement
of the structure }m’ within the pixel coordinates
X, N=Kx(,1) p Ut =0, )=, 1)

R Y UN e N
Fig. 4 Schematic diagram of template matching technology

3 T H Z B

W8 (L 5) A T oAb 34 Fvn 2 7 bl X 1R
2T AR B S A B, B B Ok BE IR, A X 2
400 m . e KPR O 346 mo 37 B O K366+
584~K3714597 . 4K 4933. 346 m. % i HLfill i 2R

2312006-3



5 BEEHE THA

Fig. 5 Tunnel site working condition

Bike MB R ERAWZ, 20 VYRS, fEE
B 76,900 BEIE 52 R b e M BT RS BN ) #
PN | P = Tk O B Y oA D D Sl FR 1 S|

YBZ-3

i .
- ' YBZ-5 D
(fill light 1) 1
3 YBZ-2 i D
Etunnel YBZ-6 ©

(fill light 2)

ycentral
| i YBZ-7 @
wY E
]

1}
downstream side |, upstream side
1

EE" FBG strain sensor 4 video displacement meter

%6055 23H81/2023 £ 12 A/ 5B FEHE
Filiz B 245 CHATH, HarBRES R o B i =
S T TR T T AL BRI ) BR B 0 Hb B AE AE
Ao OV V8 Bk AR T B KA B4

Shy AR BB IR T ) 45 A8 22 A L A A SE BRI L R DG
T B R Ry i b B 4 — R B A W R B
T W R 7 1A 2 R TR AR A A R A o % W
RGLHR 7TH FBG N AR R i |1 AL 7 #5514 R, an
&6 JT 7 o — A Wa % T S 3 7 A I, e FBG B
A5 AL R A B A 15 T R I T A R 2SR R KA X B
T Aol B0 1 AR HEAT e GO WD, b2 107 5 0 B
FEA 2 mis 265 00 a5 B Ml = BE S 4 miy 3.5 5 0 A5 B HE
1 N 6 mg 4S50 A b Ol 8 mo K R A 3T
BEE AR S 20 m PR L@ BE S 1 m 47 & iR E
AR, ARG AT T30 G Tl A HNEAT 230 %%
PR A5 B, 43 56 B FBG I A8 % 8% 4% 3.2 5 45, %)
W% T8 VT R A A% 1A T I mom 2 50 14 W

mearsuring point A

mearsuring point B

?

6 fRIRE RS R a A

Fig. 6 Comprehensive drawing of sensor installation information
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Fig. 7 Topological diagram of tunnel structure safety monitoring system
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Table 1 Data fluction before and after the train passes

Mearsuring point A

Mearsuring point B

Information of

. . Horizontal
mearsuring points

displacement /mm

Vertical

displacement /mm

Horizontal Vertical

displacement /mm displacement /mm

Before the traffic —0.10
The first train a 0.00
The second train b —8. 10
The third train ¢ —4.30
After the traffic —0.10

—12.90
—17.90

0.00 —0.40 0. 10
—0.50 1. 50 2.20
—0.60 —0.60

—2.80 —0.50

0.00 —0.50 0. 20
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Table 2 Long-term data of tunnel measuring points

Mearsuring point A

Mearsuring point B

Information of mearsuring -
Horizontal

Vertical

displacement /mm

Horizontal Vertical

displacement /mm displacement /mm

pomnts displacement /mm
Initial displacement —0.10
Displacement of 30 d —0.20
Displacement of 60 d —0.20
Displacement of 90 d —0.40
Displacement of 120 d —0.70

0.00 —0.20 0.10
—0.10 —0.40 0. 30
—0.20 —0.10 0.00
—0.30 0.20 —0.30
—1.40 0.30 —2.90

5 % e

3T FBG 15 622 UL B 31 H R W iz 7
I B% 30 25 0 2 4 LA R R X, o2 U A A2
T W 57 % U0 R 2 B B AR AR % 0 m R R . AR IR
WF 52 R FBG 1 A3 1 A% A% 8% 45 Xof % 3 UE 47 e 200 W
T 38 A7 51 25 v ok T AR T 0 AR A B b R R A AN Y or
BOR FEAR YRR 5 e LN, [8] s ] — 00 5 7 38 1f) 7
AREEYN ) AR K 1~2 peo AR TR H o6 2 LA
DB B A7 A% W INORS 12 ] 3k 1) W mm 2 51, @ A7
1) 2 v (1 B T AR TR A B U 2 R AR S ) B M

JE f5e v L B A2 B RS 5 W i K, 2 Bk as AT o

0% B 57 8% fie RS AL AE 17. 90 mm LA P, Bl 1] 457 7% A 75
f£8. 10 mm. 34~ J1 B Hc e 3= W14k i Bk 1 iz 7 R
L BRIE P A RS IR 2 Bt B, RO 2R AR
TR FE AR AT R A2 R W BR GE e e Wi . TR B R
FBG &85 WA B iH B R W o i B Pl 2 8 B
Bl Ak W AT LA Ay B G A 45 R T Al 4 RS0 AR £
i, X T A O R 8 A LS R (R B W 5 4k A =
T EMEERNE L 55O RS e O AL AR B
S5 R R A s E— 20 2 R e i o] SR
L4 T B8 T B 10 2 4 A 000 1) P e R A o
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