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Research on optical fiber sensor network monitoring system for

building structural health

Xiao Ju', Duan Pengfei®

(1. College of Equipment Engineering, Shanxi Vocational University of Engineering, Science and Technology, Jinzhong 030619, China;

2. College of Civil Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: The analysis of the overall stress field distribution and state parameters of the main structure in
building health monitoring is a bottleneck problem in the online state assessment technology. In order to
comprehensively and consistently reflect the overall state information of the building, an optical fiber sensor
network system was designed for the main structure of the building. A mapping algorithm was proposed, which
established the relationship between the stress field information in the main structure and the position offset data
of the overall structure. According to the theory of material mechanics and deflection, the deflection matrix was

used for the conversion of stress field and displacement field. The simulation analyzed the distribution law of the
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stress field of the horizontal beam and the vertical beam in the main structure when the external load was applied,

so as to provide a quantitative basis for the laying of the sensing unit. In the experiment, square steel and I-shaped

steel were used to simulate the main structure. The load external stress range was 200-1000 N, fiber grating strain

sensors were selected as sensing unit, and the same type of temperature sensors were used to compensate for

temperature drift. The test results show that the intersection of the horizontal beam and the vertical beam is the

most sensitive. The wavelength shift can well reflect the stress field distribution. The total amount of wavelength

shift at this position is about 25 nm. At a gradient distance of 0.5 m, the total wavelength shift is 16 nm. The

average error of the position offset of the main structure calculated is 7.46% and 6.34% based on the wavelength

offset data. The average ratios of the corresponding stress to position offset for square steel and I-shaped steel are

1.99x107 m and 2.79x107" m, respectively. It can be seen that the system can test and calculate the overall health

of the structure.

Key words: optical fiber sensing;
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Fig.1 Schematic diagram of the overall structure of the system
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Fig.2 Simulation diagram of stress distribution of supporting structure
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Tab.1 Comparison of square steel test data

Position deviation/mm

Stress value/N Error
ANSYS ODISI System

200 0.0425 0.034 0.037 8.8%

400 0.0854 0.081 0.090 11.1%

600 0.1256 0.120 0.115 4.2%

800 0.1637 0.169 0.154 8.3%

1000 0.2024 0.212 0.202 4.9%
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Tab.2 Comparison of I-shaped steel test data

Position deviation/mm

Stress value/N Error
ANSYS ODISI System

200 0.0624 0.063 0.059 6.3%

400 0.1151 0.121 0.111 9.9%

600 0.1658 0.172 0.164 4.7%

800 0.2139 0.208 0.217 4.3%

1000 0.2627 0.269 0.287 6.5%

SO B X A AR 46 R R A N S AR A R A
ARAS A3 AT 4 ) R, 5T 17 35 1 250 B 4 I 6 5 10 1y A
Y- B AR TSGR SE i LT 4G T AR
g A0 T B S R A R 0 I ) 3 53 0], AR L4y
A 5 58 BT AR 5 7 A A . SR E T S
ODISI6100 Jt£F w474 L &2 B, % R 42 FBG

F18y o7 2 -3 A g o7 o LA ARG A e MR AR, 3 A B
RERS 5 AT PR AS AR AP I DE I, 437 5 i 25 00 3t 28 iR 22
PIEEEALE 10% AN . 28 1R, R G T
SO F AR ZE R (g e il , B — 2 1 R FH RT3

S 3k :

[1] Mark Girolami. Mecer kernel based clustering in feature spa-

ce [J]. IEEE Trans on Neural Networks, 2002, 13(3): 780-784.

20210263-6


https://doi.org/10.1109/TNN.2002.1000150
https://doi.org/10.1109/TNN.2002.1000150

s Gk A2

29 www.irla.cn

(2]

Zhang Li, Zhou Weida, Jiao Licheng. Kernel clustering
algorithm [J]. Chinese Journal of Computers, 2002, 25(6): 587-
590. (in Chinese)

Barot D, Wang G, Duan L. High-resolution dynamic strain
sensor using a polarization-maintaining fiber bragg grating [J].
IEEE Photonics Technology Letters, 2019, 31(9): 709-712.

Fan Zhichun, Diao Xingzhong, Liu Malin, et al. On-line
monitoring of sealing glass in electrical penetration assembly
based on femto-laser inscribed fiber Bragg grating sensors [J].
Optics Express, 2019, 27(2): 608-615.

Yue Jianping, Fang Lu, Li Ni. Research advances of theory and
technology in deformation monitoring [J]. Bulletin of Surveying
and Mapping, 2007, 1(7): 1-4. (in Chinese)

Fonollosa J R, Nikias C L. Wigner higher order moment spectra:
definition, properties, computation and application to transient
signal analysis [J]. IEEE Trans, 1993, 41(1): 245-249.

Masoudi A, Pilgrim J A, Newson T P, et al. Subsea cable
condition monitoring with distributed optical fiber vibration
sensor [J]. Journal of Lightwave Technology, 2019, 37(4):
1352-1358.

Tejedor J, Macias-Guarasa J, Martins H F, et al. Machine
learning methods for pipeline surveillance systems based on
distributed acoustic sensing [J]. Appl Sci, 2017, 7(3): 1-26.

Papp A, Wiesmeyr C, Litzenberger M, et al. A real-time
algorithm for train position monitoring using optical time-

domain reflectometry[C]//IEEE International Conference on

(1]

[12]

[13]

[14]

[15]

20210263-7

Intelligent Rail Transportation (ICIRT), 2016, 3: 89-93.

Xu Binhua, He Ning, He Bin, et al. Experiment study on
pipeline bending deformation monitoring based on distributed
optical fiber sensor [J]. Chinese Journal of Scientific
Instrument, 2019, 40(8): 20-30. (in Chinese)

Ding Yong, Wang Ping, He Ning, et al. Application of
intelligent SMW pile based on BOTDA [J]. Chinese Journal of
Geotechnical Engineering, 2011, 33(5): 719-724. (in Chinese)
He Kai, Zeng Jie, Lin Qiuhong, et al. Research on spatial
deployable structure deformation and vibration monitoring with
distributed optical fiber [J]. Chinese Journal of Scientific
Instrument, 2018, 39(2): 56-65. (in Chinese)

Feng Fuzhou, Zhang Chaosheng, Min Qingxu, et al. Heating
characteristics of metal plate crack in sonic IR imaging [J].
Infrared and Laser Engineering, 2015, 44(5): 1456-1461. (in
Chinese)

Zhang Faye, Jiang Mingshun, Sui Qingmei, et al. High
sensitivity and low-frequency FBG acceleration sensors based
on flexure hinge structure [J]. Infrared and Laser Engineering,
2017, 46(3): 0317004. (in Chinese)

Zhang Chengcheng, Shi Bin, Zhu Honghao, et al. Theoretical
analysis of mechanical coupling between soil and fiber optic
strain sensing cable for distributed monitoring of ground
settlement [J]. Chinese Journal of Geotechnical Engineering,

2019, 41(9): 1670-1678. (in Chinese)


https://doi.org/10.3321/j.issn:0254-4164.2002.06.005
https://doi.org/10.1109/LPT.2019.2905951
https://doi.org/10.1364/OE.27.000608
https://doi.org/10.3969/j.issn.0494-0911.2007.07.001
https://doi.org/10.3969/j.issn.0494-0911.2007.07.001
https://doi.org/10.1109/TSP.1993.193143
https://doi.org/10.1109/JLT.2019.2893038
https://doi.org/10.3390/app7080841
https://doi.org/10.19650/j.cnki.cjsi.J1905167
https://doi.org/10.19650/j.cnki.cjsi.J1905167
https://doi.org/10.19650/j.cnki.cjsi.J1702742
https://doi.org/10.19650/j.cnki.cjsi.J1702742
https://doi.org/10.3969/j.issn.1007-2276.2015.05.011
https://doi.org/10.3788/IRLA201746.0317004
https://doi.org/10.11779/CJGE201909011
https://doi.org/10.3321/j.issn:0254-4164.2002.06.005
https://doi.org/10.1109/LPT.2019.2905951
https://doi.org/10.1364/OE.27.000608
https://doi.org/10.3969/j.issn.0494-0911.2007.07.001
https://doi.org/10.3969/j.issn.0494-0911.2007.07.001
https://doi.org/10.1109/TSP.1993.193143
https://doi.org/10.1109/JLT.2019.2893038
https://doi.org/10.3390/app7080841
https://doi.org/10.19650/j.cnki.cjsi.J1905167
https://doi.org/10.19650/j.cnki.cjsi.J1905167
https://doi.org/10.19650/j.cnki.cjsi.J1702742
https://doi.org/10.19650/j.cnki.cjsi.J1702742
https://doi.org/10.3969/j.issn.1007-2276.2015.05.011
https://doi.org/10.3788/IRLA201746.0317004
https://doi.org/10.11779/CJGE201909011
https://doi.org/10.3321/j.issn:0254-4164.2002.06.005
https://doi.org/10.1109/LPT.2019.2905951
https://doi.org/10.1364/OE.27.000608
https://doi.org/10.3969/j.issn.0494-0911.2007.07.001
https://doi.org/10.3969/j.issn.0494-0911.2007.07.001
https://doi.org/10.1109/TSP.1993.193143
https://doi.org/10.1109/JLT.2019.2893038
https://doi.org/10.3390/app7080841
https://doi.org/10.3321/j.issn:0254-4164.2002.06.005
https://doi.org/10.1109/LPT.2019.2905951
https://doi.org/10.1364/OE.27.000608
https://doi.org/10.3969/j.issn.0494-0911.2007.07.001
https://doi.org/10.3969/j.issn.0494-0911.2007.07.001
https://doi.org/10.1109/TSP.1993.193143
https://doi.org/10.1109/JLT.2019.2893038
https://doi.org/10.3390/app7080841
https://doi.org/10.19650/j.cnki.cjsi.J1905167
https://doi.org/10.19650/j.cnki.cjsi.J1905167
https://doi.org/10.19650/j.cnki.cjsi.J1702742
https://doi.org/10.19650/j.cnki.cjsi.J1702742
https://doi.org/10.3969/j.issn.1007-2276.2015.05.011
https://doi.org/10.3788/IRLA201746.0317004
https://doi.org/10.11779/CJGE201909011
https://doi.org/10.19650/j.cnki.cjsi.J1905167
https://doi.org/10.19650/j.cnki.cjsi.J1905167
https://doi.org/10.19650/j.cnki.cjsi.J1702742
https://doi.org/10.19650/j.cnki.cjsi.J1702742
https://doi.org/10.3969/j.issn.1007-2276.2015.05.011
https://doi.org/10.3788/IRLA201746.0317004
https://doi.org/10.11779/CJGE201909011

