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Wall thickness monitoring and strength evaluation of pressure pipeline
based on distributed optical fiber

WANG Hongke, WU Jianjian, GUAN Yajing, QIU Yunlin, XIE Jiang

(' Material Mechanics Institute, Suzhou Nuclear Power Research Institute, Suzhou 215004, Jiangsu, China )

Abstract: In view of the lack of corrosion monitoring and failure warning of cold source pipelines in nuclear power plants, distributed
optical fiber sensing technology is used to conduct experimental research on pipe wall thickness monitoring. Firstly, the correlation between
the circumferential strain and reciprocal wall thickness is verified by finite element simulation. Then the strain distribution on the pipe
surface is analyzed. Furthermore, the pipeline corrosion monitoring experiment based on distributed optical fiber is carried out to analyze the
strain measurement results of different corrosion areas of the pipeline. Finally, the residual strength of corroded pipes is evaluated based on
ASME B31G code. Results show that the distributed optical fiber sensor is hypersensitive to the circumferential strain caused by pipeline
corrosion thinning, which can locate the thinning area of pipeline. Distributed optical fiber sensing technology has a promising application in
corrosion monitoring and failure warning of pressure pipelines.

Keywords: distributed fiber; corrosion; pressure pipe; wall thickness monitoring; strength evaluation

BT RIRAGR TR EEMAERYE, L EEINRER A IE NN S i 18] 22 52 S 1 BE 00 6, B AT )

R DL a5 v JK AR B A B G e ik BT OK o Oy b £ 74 TR
PR T o, R P A AT B 5 8 e A S5 B S 5 1
BN EE R AR R R | 2 IR AR i e v B
Z 5P ANAR I 75 5 1 R AL B e R AL B AT
oA 5 A K o T A A S o R ko 3 SR BE D
WAL OREBE T T R R A 5 A SRR L
Serh NS BOE BRI o BRI ST R
Ve HKC T , 1 OHL A R D) AR el 4502, 3 AT RE 5| A0 3 A
B 22 A T, U E S WAV YR AR G S K LA B 2 A R
SEIBAT o

FIRI, B0 A7 10 BE JEAS I F) D7 A B Pk (TR Rk
AR AT LR 2 o 7 12 M) PR 7 A St ) e 7P 0 A

78 B #7:2024-05-09 ; 5 A H #9:2024-05-21
HETH x5 8 AsAT 523t %) A X452 A 45 B (BK20170383)

0 B DA G T B8 PR A58 A 45 (I AT, SR T 32 P R 0
BIR ) , 7 3 R A 190 00 M R A, EL R 2 2R A2
L R 30 58 O e R T B T 1 2
S BUAE TERE SRR i, AN ERE 5 R O ELGAE B R DR B
SORBAR (I {75 B RSk AT AR 2 , O HAS A A
{1 ) e JH 54 Sk 1 R 2 A 22 25 e AL 800 Aoty
TRIALIE AT LS BUAE, T R R 2 Ak 00, AG M0 SRR A B
32k BERIE (R A5 5 I AR , AN 3 1A 1 R
JEEREMI L o IR R0 1ot I X R A 45 1 A S 2
AR RSB I BE TS o, HAT I BRS  45 5R LA A
L AH RGBS M LAAE IR KM R . Pk,
T PR R | i 8 1 B B M B AR, A T 2R 2T

TEEBN: 2477 (1989—) , B, ML, TAZIT , AR50 7 &) : 25 M0 e i m) A% B R R 2 %o
SIRAARS: 24037, X416], XMEH,F. AToA XA EATHEEZEMNAREFNI]. BB KRS E A, 2026,45(1):96-101. (WANG
Hongke, WU Jianjian, GUAN Yajing, et al. Wall thickness monitoring and strength evaluation of pressure pipeline based on distributed optical fiber[ J].

Techniques of Automation and Applications, 2026,45(1) :96-101. )



A zh b 8 R 5 H

2026 4F 4 45 3 551

Techniques of Automation and Applications 97

AT VS MAE, 2R L i BT Z —,

TCETARIERE AR LI CET R A, Gy 204, BB % 2
i o A G, B RO & FE TR JUB g+
YO0 A, 7z N F T B R L e R A5 45 f e W ) 4
BT R I T T AT SR T R T — RO LR
U8 i SRR O Y T4 Ry ¥ ot AW U 3 ok 4 T A [ iy AR
5 e o X S JEE A G AR, SEBAE RE S b L R
FH 4844 43 A KOG T LA ME e X 4 28 7 /87 0 3R 1, 38 o )
AT Y R A R R A A S B T M R AR 2 A
W53 A0 ROCLF AL IRE AR ] T R SR8 18 1 i s A 0 % 22
AT R AR MR G AR A IR 3015 5 S0 L AE T itk
TR s S 5 SR, VA VA S T o i R P4
REW R — DB AR 1 R T A g ik Y DX 302 AN
o b IRBIFFE AT LA S B ASTBE D i K SR 06N  {H Tk S5 B
PR ER A RE  AR MRS AN T 18 2R Sk A T 101

AR SCHE 53 A KOG AL A AR T T R 7 4 T8 8 ol B 5
AV, 368 g A 0 A ) R S R RE R DR, AT
RS T S - S A ISR Y AL b R RS EAN VR ENBS
R o SRIG T RAE T P RE oy 38 0 ok S5 SRE T 43 A =X
JCEF ARG RED A 8RS VT ol I A7 T ) R A o
AT VIR o [RGB L, o A SO R B
D05 2 e SLHERf oA 2O S P i, P S )
TECRE JEE W L b A7 R A TS SRy A RE N o % A A B
BETT R W
| AR R

40 38, 2 5 (optical frequency domain reflectometry ,
OFDR ) J&—Fft & T iy F1 WU 0935 1) L S R, R BKR
() B A B OGS 1) 25 ] 3 o, L T AR R G &1 1 g
R JCIEK H ESO ARG a8 AW, — B8 1E N S %
06, 51— BAERAE S A5 S OCTERT AL RE I AN W7 7= A i
FIBUHE S, BUME 5 2 0 AT, T EY
BRI A I 38 2 T RS i, TS AR R
BAT S LA 0 A [ Ly A8 N

B AE TE N RIS AN B e B S R
QR GEAEAE T ARTAT , 2 8 18 PN BE DR AR s A B )
T AR 2 i 22 HE I, PTG gt 0 e B [ A A DL S B A T RE
JEWEI TR, 455 G (92 [B] 5 57 DI RE AT LAXH4E T8 el vl
IR T L

XK A, B A 0k ) AR ] LA Z AN T AR

u

B 27 i B AT A9 45 18 A 1) I AR (R A 200
& Et

A, RN NAE, POAEIEN L, ¢ AEIHEES , E
MR SRR R, R NI SME . s (L) AT,
BN Hs P EE R, By AR S BE RS . NI, A
SCHE gk 3 A 2N £ W A T B ) 0 A, AT S S04 T RE
JE M

INNN))

\N\ BB, i
\J

R P RO ¥R i1
mzeezr [T mwewd [ way | 7] MK

3
)

BEJEL M e R R Ao

E1 SHtazENERER
Fig. 1 Schematic diagram of distributed fiber pipe wall

thickness measurement
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Fig.2 Pipeline model and circumferential strain cloud diagram
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Tab. 1 Finite element pipe model parameters
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Fig.3 Simulation results of the circumferential strain in the pipeline model
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Fig. 4 Pipe sample and reserved corrosion areas
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Fig. 6 Circumferential strain measurement curve of the pipeline
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Fig. 7 Fitting curve of the maximum circumferential strain

in the corrosion area
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Fig. 8 Safety evaluation process for pipeline corrosion
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