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Abstract With the in-depth promotion of various complex key projects in China, engineering safety has attracted more
and more attention. However, deformation monitoring of rock and soil mass is one of the essential means to ensure
engineering safety. Compared with traditional rock and soil deformation monitoring technologies such as electromagnetic
method, acoustic emission, theodolite, level gauge, displacement gauge, and strain gauge, distributed fiber optic sensing
technology has the advantages of real-time, high precision, full distribution, long-distance, and anti-interference. It has
become the focus of the research and application field of rock and soil deformation monitoring. This paper summarizes the
application status of fiber optic sensing technology in rock and soil deformation monitoring, the principles and application
scenes of several typical distributed fiber optic sensing technologies are introduced, the critical problems of fiber optic
sensing technology in rock and soil deformation monitoring are discussed, and the application achievements and challenges
of fiber optic sensing technology in slope, water conservancy, tunnel, pipeline, railway, land subsidence, and collapse
monitoring are analyzed. Finally, the problems and solutions of fiber optic sensing technology in rock and soil deformation
monitoring have been prospected.

Key words fiber optics; rock and soil deformation monitoring; distributed fiber optic sensing technology; critical

problems; research review

YR EH. 2021-09-13; fEEBH. 2021-09-30; FABH. 2021-10-11

ELWB.: BERELAITR(2018YFC1505104) | 1 e 5| 4t 77 BHE & i 95 435 H (226Z5404G) Tk 48 Pk I W 9 4 AR A1) 3
WU (21567693H) A0 48 5 25 22 e R 22 5 R B9850 H (22017043 ,72019044) | Hf e 5 4 FEA R AL 45 2% % 35 (0132, 3142021009) . Fk
MR R H (SYG202034)

BIS1E#& . “chenggang@ncist. edu. cn

1900004-1


https://dx.doi.org/10.3788/LOP202259.1900004
mailto:E-mail:chenggang@ncist.edu.cn
mailto:E-mail:chenggang@ncist.edu.cn

1 5 5

Bt 5 T 20 % ) i T A L KO R AR K S T
WAL T 23 B KR R T S BRI L AR A 2R L
B E TR E R HH R L, SFE, &5+ %
U M A Ok B, e R B AR s R T
AN e (1B = U Lk roF i1 B B B L Rl (U=
R AR T RS E In) L, 5 A8 SR Y AR T RN AN ¥ 5100
R ] AL, 7K ) A Hp ) RO L T R 30 0 e e M i,
LI FF R 51 11 b T 359 B S R A R e e S .
WRE — BE A R AN 2 ™ T 28 B 48 R it
BIFE SR . BRI, 8 TR IE TR A & 4 it i S i,
Xof HEE AT S A I IR A R L R S R B IR A
AT R i o B T B, oM 2 (3l o) T 7 4038
V-a YRRV B S

TR Y B b TR W B 5T e B A R AR T W)
HA WM 28 5 K TR — B ™ EZH T8
Yyits T8 S5 o M R R IR W o R
A R | e BH AR 5% Y 1 AR 3, DA B T
QAT AN A8 AR DG B A, 33X S AR SR B B R 2
SIEMAHRZ N SR 2 AL B M 0 S R B
R €N R L T AT NG ES ISR S YL
T RAR T T 25 RGBS v LS sk R e Ak )
R R N A R B B 1= = e & N B | A ARULN D
TR B, A ERBMIF A B R SRR M kA K
7T W I B T AR, 3R T M B RORG B AR AR A, A A
O LR AR B Bk RS A

A3Ai AOGEF B (DFOS) J2 LB i B0 A& b J6ah £
Wit ' SR R AR i AR R R B — RO A SRRk,
LF NS BN AL Sl I A5 (A A8 R R

$£59% F1981/2022 F£ 10 B/ ¥t EXEBETFEHE
N 34 ) A 7S 8] RS ] b i 22 0 B A E B B R

TR R A A QAR EL AT SE B i A Bl fh i
PRSI o S5 A4 Al B b A A SO HR S LI R AIE 3 2
T J 73 A 2 M 0l Sk 1 B DR A A DAL S Lok o3
A3 FOEEF I B AR T 9 1 T 9€ 248 v T4
S5 R IR B A5 R B0 B I A 512 W A D T . O
T ILAR K, Bl 2 D6 27 4 IR 1R BE R A i3t T 20 A0 R R 4
T, &t xb i AR AR 20 A1 3O6 25 I I B TR AT 5 18 AF
1B M e TR g A A I R — 28k K
K MBI AR EBR b, e [ 2 5 TR B e -
26 BN M R 2EA0 5L R 43 4 Soga B4 A BA L in £ K 5L 5
Bl B B - 8 R AR K2 Bao 204 A, 56 [ G R v
Reog Z M AF 34 Ansari Z#% W A2 B AE A HAREIE 73
A 2 B AR T TS T R R TR
ARE MSE B2 0 . (E RN, B AU R D) R R
W5 B DU TR 2 s B ™ - 5 AR R
B DR PR A B (I 7R T K 2 K R B4 AT BA P
B PR 2 S PR A S5 K 2 Al OB 27 1 D 3R e ik
SO T A TR A TR KM A R T AR AR
TR AF R A T AR A e Rz B I e RS T K
£ 0 7 s 0 53k RRIE T BRSO T e £ R
E5. 0 NS E I R o NS AR T U R oy 8 SRS N A T
T oA O LT N B A B S AR M 0% 5 9 i K
Lol TR e A A e e A R

F 21 22 DU, 3 [ 7 o b AR I e I R O T
TFJE 7 s A BB BETE o 45 rb B R CCNKTD s %
PASCHE i) o ARSI I 48 R B B8 SCA 655 ,
1 VOSviewer H {3 H kA7 5 H 5 12 BUR 15 21 = Bk
B P P 1T s (P b 7 AE R 36 W G B 7 1

s

L e AR T M T oo 4015 B 3 1
Fig. 1 High frequency keyword spectrum of rock and soil mass deformation monitoring
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Table 1 Mini FBG sensor performance parameters

Sensor

Monitoring content

Parameter index

FBG (string)

Structural internal force
Structural strain

Temperature measurement

Size: 0. 25 mm X 10 mm
Spacing: 20 mm
Precision: 1 pe,0.1°C

Micro FBG

pressure sensor

Micro FBG

displacement sensor

FBG temperature

Temperature measurement

Sensor

Compression of soil

Structural displacement

Size: 40 mm X 16 mm
Range: 200-3000 kPa
Precision: 0. 1%F. S.
Wavelength: 1528-1568 nm
Reflectivity : =90
Size: 6 mm X170 mm
Range: 10-150 mm
Precision: 0. 1%F.S.
Resolution: 0. 05%F. S.
Wavelength: 1510-1590 nm
Reflectivity : =90

Soil pressure

Soil settlement gage

Range: —40-200 C
Resolution: 0.1°C
Wavelength: 1510-1590 nm
Reflectivity: =90

(note: F.S. means full scale)
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Fy: Brillouin frequency of fiber
F: Brillouin frequency under strain
F;: Brillouin frequency under heat
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Fig. 5 Measurement principle of BOTDR technology™”
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Table 2 Comparison of several typical fiber optic technical parameters and technical indicators of main commercial equipment

Fiber
. Strain Commercialized products
optic Measurement Measurement Space  Measurement
. . measurement . . .
sensing distance precision  resolution time )
range Device Parameters
technology
Wavelength range: 1528-1568 nm
NZS-FBG- Wavelength resolution: 1 pm
, — 3000~ . A03 Repeatability: =2 pm
FBG Series length 1pe/0.1°C - 1-60's :

45000 pe Demodulation speed: =1 Hz

Dynamic range: 45 dB
Working temperature: —5-45 °C
Pulse width: S/A 5ns-10 ps, S/B
FOT-100 520 us, MM-A: S/A 5ns—1 ps

OTDR 256 km — — 0.1m 1-5s ! . .
' Distance resolution: 0. 1 m
Loss resolution: 0. 001 dB

Space resolution: 1 m
AV6419

— 15000~ 5 . Sampling resolution: 0. 05 m
BOTDR 80 km 30 pe/1°C 0.5m 5 min — e
+15000 pe ‘,‘i_’ Frequency scan range: 9. 9-12 GHz
Demodulation repeatability : &= 10 pe
RP 1000 Space resolution: 0. 02 m
— 15000~ . . Frequency scan range: 10-13 GHz
BOTDA 30 km 7pe/0.3°C  0.02m 10 min | . o
415000 pe = Strain testrepeatability: <Z4-4 pe
Sampling resolution: 0.01 m
Space resolution: 0.2 m
— 15000~ 5 . {fTB2505 Frequency scan range: 9. 9-13 GHz
BOFDA 50 km 2 pe/0.1°C 0.2m 3 min . S
415000 pe | Strain testrepeatability : <<=+4 pe
Sampling resolution: 0. 05 m
Sampling resolution: 0.1 m
MS-DAS Frequency scan range: 0-50 kHz
DAS 50 km — — 2-10m — ‘.. Sensitivity: <0.05 ne@5-100 Hz

!E Timing accuracy: 1 ps

Working temperature: 0-40 °C
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