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A Study on the Development of FBG-Based Load Measurement
System for Structural Health Monitoring of Highway Bridge

ABSTRACT

A long-term bridge monitoring system has been introduced and is under operation for long-term safety management of the structure.
However, it is difficult to assess the condition of the quantitative structural system as it only measures responses and does not measure
input loads. To overcome these shortcomings, FBG (Fiber Bragg Grating)-based input load measurement sensors were developed in
this paper for measuring highway bridge input loads and their validity was verified through laboratory tests.
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(a) Bending Plate Type

(b) Simple Beam Type

(c) Multi-Sensor Type

Fig. 1. Load Measurement System
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Fig. 2. Linear Test of Sensor Element
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Fig. 3. Linear Test Result of Sensor Element (Primary Ring Loadcell Result)
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Fig. 4. FEM Analysis Result of Sensor Interval
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Table 1. FEM Analysis Error Rate Result by Sensor Interval

= 9I3t FBG 70t 5k5 SPAILE] Aol wet A

Case Sensor interval (mm) Strain Sum (z¢) Maximum error rate by | Total m{ml.Jer of sensors Minimurfl numbe.r of
load position (%) (Within 1.5 m) sensors in load size
1 60 2,500 0.10 25 9
2 80 2,560 0.16 19 7
3 100 2,600 0.27 15 5
4 120 2,590 0.34 13 4
5 140 2,625 0.33 11 4
6 160 2,654 1.04 10 3
7 180 2,715 0.96 9 3
8 200 2,752 0.61 2
9 240 2,781 2.35 7 2
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Fig. 5. Verification Test of Multi-Sensor Type

Table 2. Test Results of Multi-Sensor Type

Load Sensor strain (€ ) error
position| S1| S2 | S3 | S4 | S5 | S6 | S7 | total |rate (%)

P1 -1]-36 | 139 (1,913| 169 | -29 | -2 |2.154| 0.00

P2 1)1 =51 172 11,925 145 | -39 |2.151| -0.10

P3 0 1 2 | -53 | 163 |1,885| 137 |2.136| -0.81

P4 -1 -1 1 -2 | -42 | 101 |2,093|2.150 | -0.18
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Fig. 6. Installation of Multi-Sensor Type Load Measurement System
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Fig. 7. Calibration Results (3rd Ring Loadcell Result)
Table 3. Calibration Factor of Each Sensor Elements
Division S01 S02 S03 S04 S05 S06 S07 S08 S09 S10 S11
Calibration
1.00 1.02 1.04 1.00 1.01 1.03 0.98 0.95 0.99 0.98 1.01
factor
R? 0.9998 0.9994 0.9990 0.9995 0.9985 0.9995 0.9993 0.9996 0.9993 0.9991 0.9985
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Fig. 8. Test Set-Up
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Fig. 10. Test Results (100 kN)
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