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In safety assessment of a aged bridge, dynamic characteristics and displacement are directly related to the rigidity of the structural
system, especially displacement is the most important factor as the physical quantity that the bridge user can directly detect.
However, in order to measure the displacement of the bridge, it is difficult to install displacement sensors at the bottom of the bridge
and conduct traffic blocking and loading tests, resulting in increased costs or impossible measurements depending on the bridge's
environment. In this study, a method of measuring the displacement of a bridge using only accelerometers without installing
displacement sensors and ambient vibration without a loading test was proposed. For the analysis of bridge dynamic characteristics
and displacement using ambient vibration, the mode shape and natural frequency of the bridge were extracted using a TDD technique
known to enable quick analysis with simple calculations, and the unit load displacement of the bridge was analyzed through flexibility
analysis to calculate static displacement. To verify this proposed technology, an on-site test was conducted on C Bridge, and the
results were compared with the measured values of the loading test and the structural analysis data. As a result, it was confirmed that
the mode shape and natural frequency were 0.42 to 1.13 % error ratio, and the maximum displacement at the main span was 3.58 %
error ratio. Therefore, the proposed technology can be used as a basis data for indirectly determine the safety of the bridge by
comparing the amount of displacement compared to the design and analysis values by estimating the displacement of the bridge that
could not be measured due to the difficulty of installing displacement sensors.

IHE : YA NS, S84, ME, A& 8o Al
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Fig. 3 Installation location of wireless accelerometers for ambient vibration measurement
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Table 1. Method of measuring ambient vibration of bridge

Category Details
Section Main span (327.0 m)
Points 14 points
Vibration Ambient (cars, wind etc.)
Time 90 minutes
Sampling 128 Hz
Axial direction z (vertical direction)

Table 2. Specification of wireless accelerometer

Category Specification
Model G-Link-200
Type Triaxial MEMS Acc., 3channels
Range +2G +4G +8G
Resolution 20 bit
Sampling rates 1 sample/hour to 4096 Hz
Synchronization + 50 usec
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Table 3. Comparison of identified natural frequency

Mode Model Load-test Proposed Mark
1 0.4450 0.45 0.4469 bending
2 0.5730 - 0.5785 bending
3 0.7110 - 0.7185 torsion
4 0.8350 - 0.8256 bending

Table 4. Estimated modal mass for each mode

Mode 1
1.48 x 106

Mode 2
0.76 x 106

Mode 4

Modal mass (kg) 153 % 106
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Fig. 10. Unit load displacement for loaded 1 N at 221.0 m

Table 5. Comparison of displacement when loaded 270 kN

Proposed
Unit-load Static Disp.
-1.09 x 10-4 -29.49

Category Laser Model

Disp. (mm) | -2847 | -30.21
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