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A Study on the Ubiquitous Wireless Tilt Sensors’s Application for Measuring
Vertical Deflection of Bridge
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Abstract

In this study, a new method to estimate the bridge deflection is developed by using Wireless Tilt Sensor. Most of
evaluations of structural integrity, it 1S very important to measure the geometric profile, which is a major factor
representing the global behavior of civil structure, especially bridges. In the past, Because of the lack of appropriate
methods to measure the deflection curve of bridges on site, the measurement of deflection had been done restrictly
within just a few discrete points along the bridge. Also the measurement point could be limited to locations installed with
displacement transducers. So, in this study, the deflection of the structure was measured by wireless tilt sensor instead
of LVDT (Linear Variable Differential Transformer). Angle change of tilt sensor shows structural behavior by the change
of the resistor values which is presented to voltage. Moreover, the maximum deflection was calculated by changing the
deflection angle which was calculated as V(measured voltage) XF(factor) to deflection. The experimental tests were
carried out to verify the developed deflection estimation techniques. Because the base of tilt measuring is the gravity,
uniform measurement is possible independent of a measuring point. Also, measuring values were showed very high

accuracy.
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Table 1 Tiltmeter sensor specifications

item specification
Rated capacity = 5 deg
Rated output 1.000~5.000 V
Calibration coefficient 0.0025 deg/*0.001V
Safe excitation 17~24 VDC
Safe temperature range -20C~60C
Cable length 5m
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loding spot Degree
0 —0.03050
L/8 —0.02550
10kg 2L/8 —0.01925
3L/8 —0.01050
Center 0.00150
0 —0.05975
L/8 —0.05425
20kg 21/8 —0.03875
3L/8 —0.01900
Center 0.00375
0 —0.09050
L/8 —0.07800
30kg 2L/8 —0.06100
3L/8 —0.02400
Center 0.00300
0 —0.12225
L/8 —0.10300
40kg 2L/8 —0.08275
3L/8 —0.03200
Center 0.00500
0 —0.15350
L/8 —0.13325
50kg 2L/8 —0.09725
3L/8 —0.04200
Center 0.00675

Table 3 Comparison of end point’s degree by loding steps

. Degree
loading spot - -
Midas Wireless Tiltmeter

10kg 0 -0.031116 —0.03050
20kg 0 —0.062233 —0.05975
30kg 0 —0.093349 —0.09050
40kg 0 —0.124466 —0.12225
50kg 0 —0.155582 —0.15350
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Table 4 Comparison of

Midas,

LVDT, Wireless tiltmeter
measurement by loading steps

(mm)
loading ste spot i
g step D! Midas LVDT ’V‘\.Weless
Tiltmeter
L/8 0.533 0.530 0.532
2L/8 0.998 0.980 0.977
10kg
3L/8 1.327 1.290 1.313
Center 1.453 1.470 1.497
L/8 1.066 1.045 1.043
21/8 1.996 1.985 1.990
20kg
3L/8 2.654 2.650 2.666
Center 2.905 2.920 2.998
L/8 1.599 1.590 1.580
21/8 2.993 2.955 2.941
30kg
3L/8 3.981 3.970 4.006
Center 4.358 4.340 4.424
L/8 2.131 2.125 2.134
21/8 3.991 3.980 3.931
40kg
3L/8 5.308 5.300 5.376
Center 5.810 5.780 5.934
L/8 2.664 2.660 2.679
2L/8 4.989 4.980 5.005
50kg
3L/8 6.635 6.630 6.702
Center 7.263 7.230 7.435
5.3.1 AF H|wEA
Table 5, Fig. 13 &%
5.3.2 ¥447
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Wireless Tiltmeter?] 3574 7ko] o9 Ax|8kS Hof
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Fig. 11 Deflection measurement result by LVDT
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Table 5 Comparison of Midas, LVDT, Wireless tiltmeter
measurement error by loading steps

deflection LVDT Wireless Tiltmeter
(mm) | Midas

loadi (n) |deflection| error O deflection | error | <O

& ® |Bn|T o |c-a|e

(kg) @ e

L/8 | 0.533 0.530] —0.003| 0.563 0.532] —0.001|0.188

2L/8 | 0.998 0.980| —0.018| 1.804 0.977] —0.021| 2.104

10kg
3L/8 | 1.327 1.290| —0.037| 2.788 1.313] —0.014| 1.055

Center | 1.453 1.470| 0.017|1.170 1.497| 0.044|3.028

L/8 | 1.066 1.045| —0.021| 1.970 1.043| —0.023] 2.158

2L/8 | 1.996 1.985| —=0.011|0.551 1.990| —0.0061 0.301

20kg
3L/8 | 2.654 2.650] —0.004| 0.151 2.666| 0.012]0.452

Center | 2.905 2.920] 0.015]|0.516 2.998| 0.093] 3.201

L/8 1.599 1.590| —0.009| 0.563 1.580| —0.019 1.188

2L/8 | 2.993 2.955] —0.038| 1.270 2.941| —0.052| 1.737

30kg
3L/8 | 3.981 3.970] -0.011] 0.276 4.006| 0.025|0.628

Center | 4.358 4.340| —0.018] 0.413 4.424| 0.066|1.514

L/8 | 2131 2.125] —0.006| 0.282 2.134| 0.003]0.141

2L/8 | 3.991 3.980] —0.011] 0.276 3.931| —0.060] 1.503

40kg
3L/8 | 5.308 5.300] —0.008| 0.151 5.376| 0.068|1.281

Center | 5.810 5.780] —0.030| 0.516 5.934| 0.124|2.134

L/8 | 2.664 2.660] —0.004| 0.150 2.679| 0.015]0.563

S0k 2L/8 | 4.989 4.980] —0.009| 0.180 5.005| 0.016]0.321
g

3L/8 | 6.635 6.630| —0.005| 0.075 6.702| 0.067|1.010

Center | 7.263 7.230] —0.033] 0.454 7.435| 0.172]2.368
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