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Abstract : Scientific and reasonable pipeline safety monitoring technology is of great significance to pipeline engineering operation. This
paper carries out the experiment study on pipeline bending deformation monitoring based on distributed optical fiber sensing technology.
Aiming at the deficiency of existing distributed fiber deformation calculation method, a calculation method of pipeline bending
deformation monitoring using distributed optical fiber sensor is proposed, and the calculation program of pipeline bending deformation
using distributed optical fiber sensor based on MATLAB is written. The study results show that the proposed pipeline bending deformation
monitoring method based on distributed optical fiber sensing technology has high overall measurement accuracy. Within the bending
deformation range of 180 mm, the absolute error is less than 4 mm and the average relative error is within 2% . When the bending
deformation is getting larger, the absolute error increases, however the average relative error is below 3. 2% . The pipeline force analysis
based on distributed optical fiber sensing technology was carried out preliminarily. The results show that the simulated pipeline shear
force pattern is in good agreement with the theoretical pattern and the actual situation. The proposed pipeline bending deformation
monitoring method based on distributed optical fiber sensing technology possesses high measurement accuracy and small error, which can
meet the requirements of pipeline bending deformation monitoring and has good application prospect. The method is an ideal deformation
monitoring technology and can also be extended to the application of other safety analysis such as pipeline force analysis and ete.
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Table 1 Test setting scheme of pipeline model deformation
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Fig.2 The optical fiber measurement system
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Fig.5 The comparison between the calculated deformation

and measured deformation along the 48 m pipeline (2)
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Table 2 The calculation result analysis table of the 48 m pipeline model deformation (1)
551 AR AE o5 2 HAPIEAH
PLE/m ) TR/ fxfpRzE/ MR, FEHXS S/ TR/ xR/ XD/ SRXIAEXT
mm mm mm % R2/% mm mm mm % R/ %
12 2.9 2.9 0.0 0. 00 24.0 24.2 0.2 0.83
24 5.0 5.1 0.1 2.00 0. 67 40.0 38.6 1.4 3.50
36 2.4 2.4 0.0 0. 00 14. 4 14.2 0.2 1.38 1.90
x3 BmBFEEUNTHITHEERSHR(2)
Table 3 The calculation result analysis table of the 48 m pipeline model deformation (2)
o5 3 HARIEAH o5 4 HARIEAH 955 5 HAPBAH
(A4 7%t AHXF A 2%t AHXF A Aoyt AAXF PIGAE
AUV o VA - - s R, - - IV S = VA - -
W/ RES XRE/ W/ RES XRES W/ RE WiRE/
mm mm mm mm mm mm
mm % % mm % % mm % %
12 115.2 112.9 2.3 2.00 345.9  338.8 7.1 2.05 500.1 484.5 15.6 3.12
24 180. 0 176.2 3.8 2.11 1.91 540.0  526.9 13.1 2.43 2.05 800.0 782.9 17.1 2. 14 2.37
36 86. 4 85.0 1.4 1.62 276. 1 271.5 4.6 1.67 441.2 433.0 8.2 1. 86
x4 96 mBFERBETHHELERSHR(1)
Table 4 The calculation result analysis table of the 96 m pipeline model deformation (1)
95 1 HAPRAR o5 2 HAPEAE
B/ /m gl - fexfiizs  MXRZE, X S/ R/ xRz AHXDRE PR
mm mm mm % TRZE/ % mm mm mm % 22/ %
12 1.6 1.6 0.0 0. 00 13.9 13.3 0.6 4.32
24 4.7 4.7 0.0 0. 00 37.5 36.7 0.8 2.13
36 8.0 8.0 0.0 0. 00 62.9 62.2 0.7 1. 11
48 10.0 10.0 0.0 0.00 0. 86 80.0 80.3 0.3 0.38 1. 69
60 9.6 9.5 0.1 1. 04 79.5 79.0 0.5 0.63
72 6.6 6.5 0.1 1.51 55.1 56.0 0.9 1.63
84 2.9 2.8 0.1 3.45 24.9 25.3 0.4 1.61
x5 9o m EEEBTHITHEHERSHR(2)
Table 5 The calculation result analysis table of the 96 m pipeline model deformation (2)
% 3 ABIE(E %4 ABIUME 5% 5 AAIEME
fir 8/ 2%} AHXF A 2%} AHXS A gaxf  AEXF TIAH
SV 1 VA - - s, GRS - - VAN 2 VA - -
m R%E/ RES XRZE/ R%E/ RES XMRZE/ R%E/ R/ RIRE/
mm mm mm mm mm mm
mm % % mm % % mm % %
12 24.2 24.3 0.1 0.41 59.0 57.5 1.5 2.54 183.2 177.6 5.6 3.06
24 61.2 59.1 2.1 3.43 166. 6 163.2 3.4 2.04 433.6 425.1 8.5 1.96
36 95.0 93.5 1.5 1.58 280.6  276.1 4.5 1. 60 666.3 658.8 7.5 1.13
48 120.0 118.7 1.3 1. 08 1.99 360.0 348.0 12 3.33 3.17 800.0 780.9 19.1 2.39  2.97
60 109.9 110.9 1 0.91 337.1 332.9 4.2 1.25 730.6 712.3 18.3  2.50
72 80. 1 81.7 1.6 2.00 240.6  236.9 3.7 1.54 500.5 491.4 9.1 1.82
84 39.0 38.8 0.2 0.51 110. 2 106. 3 3.9 3.54 225.6 221.1 4.5 1.99
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value and theoretical pattern of the 48 m pipeline shear force
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