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Abstract

A displacement detection method based on distributed optical fiber strain sensing is proposed for
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the monitoring of dome settlement during tunnel construction. The measurement fiber is dep-
loyed in a three-point broken line method, and the study shows that the relative displacement
change of the midpoint and the average strain present a quadratic curve relationship. The curve
relationship between displacement and strain is verified through experiments. Comparative ex-
periments show that the displacement detection accuracy reaches 0.31 mm. The method proposed
in this paper can be used for long-term, continuous and real-time detection of tunnel vault settle-
ment, benefiting from the advantages of distributed sensing, it can realize the simultaneous detec-
tion of multiple locations in the tunnel in one step.
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Figure 1. Schematic diagram of fiber deployment
for displacement inversion
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Figure 2. Displacement adjustment and fixation of
bare fiber
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Figure 3. Fiber strain corresponding to different fiber elongation
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Figure 4. Curve fitting of fiber stretching experiment
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Figure 5. Schematic diagram of the experimental device for the in-
version of the tensile displacement of the optical fiber broken line
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Table 1. Displacement and strain distribution of optical fiber broken line, unit pe

=1L ORANEMBRES, B e

Bt R fiz 5 mm

) m 5 10 15 20 25 26 27 28 29 30

1 2041.60 2343.0 25338 2781.3 30919 3646.0 3759.7 3887.8 40029 41616 42785
2 2041.65 2340.8 25334 27779 30934 3643.8 3756.6 3881.3 40024 41534 4277.1
3 2041.70 2336.1 25320 27721 3093.1 36415 37559 3877.2 3998.7 41499 42753
4 2041.75 2332.8 25275 27675 30953 3641.1 3760.3 38757 40014 4146.0 42754
5 2041.80 23256 25212 2763.3 3099.5 36454 3763.3 3869.5 40043 4145.0 42785
6 2041.85 2319.0 25153 27614 3106.3 3646.2 3766.1 3870.6 4008.4 41420 4277.1
7 2041.90 23140 2507.8 27581 31134 3648.2 37699 38714 4011.8 41432 42833
8 2041.95 2311.7 25025 27618 31205 36483 37712 3873.0 40125 41449 42813
9 2042.00 2309.5 2500.0 2761.8 3129.4 36511 37747 3876.7 40117 41449 42805
10  2042.05 2306.8 2499.6 2760.7 3136.6 3653.3 3773.4 38769 4010.3 41451 4276.8
11 2042.10 2305.2 2501.7 2764.2 3143.8 36553 3772.6 38758 40059 41415 4275.6
12 2042.15 23054 25034 27695 31446 3656.5 3768.3 38742 4003.1 41395 4264.9

13 2042.20 23055 2507.0 27739 31471 3656.2 3763.6 3868.4 3998.8 4136.8 4264.2
AR E{E 2319.6 2514.2 2767.2 31165 3648.7 37658 38753 40056 41457 4276.0

Table 2. Displacement and strain distribution of optical fiber broken line, unit pe

T2 ORAREMBNES, B

B rhE & /mm

5 /m 31 32 33 34 35 36 37 38 39 40

1 2041.60 43947 4553.6 4677.2 4837.3 49452 5102.2 5214.3 5356.0 54854 5707.0
2 2041.65 4399.7 4548.1 4675.7 4833.8 49442 5101.1 5222.3 5356.4 54904 5705.1
3 2041.70 4391.1 45478 4675.6 4834.1 49428 51019 5223.1 5358.1 5491.2 57055
4 2041.75 4388.5 45448 4676.9 4833.2 49427 5101.6 5225.0 5355.1 5492.8 5703.2
5 2041.80 43921 45426 4678.5 4829.1 4940.1 5099.3 52249 5353.2 5491.7 5698.1
6 2041.85 4392.3 45416 4677.7 4828.0 4939.6 5096.8 5222.2 5352.0 5492.0 5695.1
7 2041.90 4392.9 45405 4676.6 4826.2 4937.0 5094.0 5218.7 5349.7 5488.7 5691.4
8 2041.95 43925 4537.7 4673.2 4822.8 4935.2 5089.5 5215.0 53449 5490.0 5689.6
9 2042.00 4391.4 4535.7 4669.7 4819.3 4933.2 5085.3 5213.3 5343.8 5489.4 5680.4
10 2042.05 4388.2 4531.0 46659 48154 4931.8 5082.6 5212.8 5344.8 5492.3 5680.9
11 2042.10 43859 4528.3 46629 48109 4930.1 50814 5214.8 5350.4 5494.7 5680.7
12 2042.15 43835 4525.3 4659.3 4807.7 4929.7 5079.6 5217.2 5356.3 5498.0 5682.1

13 2042.20 4383.1 45222 4656.2 4804.6 4929.2 5078.7 5220.0 53615 55044 5682.8
AR {E 4390.5 45384 4671.2 48233 4937.0 5091.8 5218.7 53525 54924 5692.5
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Figure 6. Curve fitting results of inversion of stretching displacement of optical fiber
broken line
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Table 3. Comparison of displacement inversion data
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