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Experimental Study on Fiber Bragg Grating Monitoring the Crack of
CFRP Concrete Composite Arch
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Abstract To the crack monitoring of the carbon fibre reinforced plastics (CFRP) concrete composite arch, an
experiment is conducted to monitor the appearance of the crack with bare fiber Bragg grating (FBG) strain sensors.
The location of fiber Bragg grating (FBG) is determined via mechanic analysis, two kinds of pasting method is
studied: local and distributed coupling (in the first case the measurement fiber is attached to the host structure at
two points, in the second case the measurement fiber is attached along the whole active region). A comparison
between the data of FBG and strain gauge is conducted to validate the precision and stability of FBG. The test results
show the quantitative rule of crack initiation via K value standard deviation criterion. The initial cracking can be
monitored by arranging the FBG sensors appropriately, good consistency can be achieved between FBG and strain
gauge.

Key words gratings; CFRP concrete composite arch; initial cracking; local and distributed coupling; K value
standard deviation criterion
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Fig.1 Dimension of the arch (mm)
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Table 1 Reinforcing and grouping of CFRP composite arch

Group Type of the arch Pasting way of CFRP Composite reinforcement
Arch 1 CFRP composite arch Two CFRP plates pasted on the arch ring No
Arch 2 CFRP composite arch One CFRP plate pasted on the arch ring Steel plate
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Fig.2 Schematic diagram of the arch
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Fig.3 Arch I loading and unloading curve Fig.4 Arch 2 loading and unloading curve
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Fig.7 Initial cracking of the arch
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Table 2 Arch 1 data analysis table

Time interval /s Average value / pe Standard deviation / pe Outlier

(0,50) 0.52 1.03 No
[50,100) 1.56 1.25 No
[100,150) -0.16 0.73 No
[150,200) -1.09 0 No
[200,250) 0.14 0.67 No
[250,300) 0.82 0.71 No
[300,350) 0.10 0.72 No
[350,400] 13.89 17.19 Yes
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Table 3 Arch 2 data analysis table

Time interval /s Average value / pe Standard deviation / pe Outlier

(0,50) 0.59 1.63 No
[50,100) 1.86 2.00 No
[100,150) -0.96 3.24 No
[150,200) -0.26 1.87 No
[200,250) 4.37 3.98 No
[250,300) 8.32 4.52 No
[300,350) 20.15 19.24 Yes
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Fig.9 Data comparison between FBG and strain gauge
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