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Abstract: This research proposes a device that can be used for detecting whether or not the bridge has reached
its resonance frequency. For this, a prototype test bridge had been used and the forced vibration had been
created by using excitation motor. The forced vibration is measured in terms of frequency response using
accelerometer and the data is processed into Arduino UNO microcontroller, which with the help of condition
statement detects the resonance frequency and turns on LED light as an indicator. This device has applications
in smart bridges that are the part of smart cities.
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I.

INTRODUCTION

The bridges are an essential part of transportation therefore long span bridges like Chaotianmen bridge
(China) and Akashi Kaikyo bridge (Japan) are constructed for the ease of transportation [1][2]. While these
bridges that are already in service are prone to collapse due to the lack of structural health monitoring because
over the years these structures had undergone through various weather conditions, natural disasters and
accidents [3][4]. Structural health monitoring in the past of the structures had been done using modal testing
[5][6][7][8][9], finite element analysis [10][11], AI [12], DSP[13], etc. In all these, the most fundamental part of
knowing whether the bridge has reached its resonance frequency or not lies with the frequency analysis.
Accelerometer is used in order to measure frequency response of the structure usually applying forced
vibration because of its robust results and easy usage [14][15]. In order to measure, the frequency response of
the prototype test bridge structure, forced vibrations are produced using excitation motor because the forced
vibration in the recent years had produced successful results in analyzing the structural damage [16][17][18].
The resonance frequency is used in order to analyze whether or not the bridge had reach its maximum
amplitude of excitation frequency before getting destroyed. The excitation frequency in this research is created
using forced vibration and when this excitation frequency reaches the natural frequency of the structure then
resonance frequency is formed. The resonance frequency is sufficient enough for destroying any structure.
Therefore, in order to avoid this, this research proposes a resonance frequency detector so that the resonance
frequency could be avoided.

II.

MATHEMATICAL REPRESENTATION

The mathematical representation in terms of frequency response can be represented in the equation
below:
𝐺𝑦𝑦 𝑗𝑤 = 𝐻 𝑗𝑤 𝐺𝑥𝑥 𝑗𝑤 𝐻(𝑗𝑤)𝑇
(1)
Where, the Power Spectral Density of input and output is [𝐺𝑦𝑦 𝑗𝑤 𝑎𝑛𝑑 𝐺𝑥𝑥 𝑗𝑤 ] in terms of the
frequency response H(jw).

III.

METHODOLOGY

The methodology of the proposed research comprises of the following steps:
A) CONSTRUCTION OF TEST BRIDGE SYSTEM
A prototype test bridge system is created in order to analyze its frequency response when it reaches its
resonance frequency. The test bridge is of 0.8m length, 15cm width, 2mm thickness and is constructed using
stainless steel. In order to simplify our analysis, the test bridge is divided into four equal sections each of 0.2m
in length and are named as Mode 1, Mode 2, Mode 3 and Mode 4. The frequency response of each of the mode
is analyzed by placing an accelerometer ADXL320 at the middle of each and every mode.
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Fig.1. Prototype Test Bridge
B) FORCED VIBRATION
Forced vibration is produced on the test bridge in order to analyze its frequency response. The forced
vibration is produced by attaching an uneven mass of 20g on the rotor of the 5V DC motor.

Fig.2. Excitation Motor
Various speeds of the rotor of the excitation motor were measured using photo-tachometer.

Fig.3. Measuring RPM of Excitation Motor
C) RESONANCE FREQUENCY
In order to analyze the resonance frequency, the forced vibration was applied on the test bridge using
excitation motor under various voltage ratings and the frequency response was measured using accelerometer
(ADXL320) that is attached to each and every mode. Thus the readings calculated were:
Voltage (V)
4
5
6
7

Speed (RPM)
812
1109
1548
1754

Frequency
(Hz)
284
801
796
772

According to the mentioned above table the highest frequency was noted to be 801 Hz, which was
produced by the help of excitation motor rotating at an rpm of 1109.
D) RESONANCE FREQUENCY DETECTOR
This device is built by attaching accelerometers that are embedded on each of the four modes to the
analog pins of the Arduino UNO that are connected to the OR logical operator and then if condition statement is
been used. Such that if any of the Mode surpasses 800 Hz of frequency response then the red LED light attached
to the pin 13 of the Arduino UNO.
The functionality of the OR logical gate included that, if any of the Mode is high (Surpasses 800 Hz) then LED
13 will turn on otherwise it will remain off.
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IV.
RESULTS AND CONCLUSION
The excitation motor was placed on each of the four modes and then was supplied with the power of
5V. Whenever any of the modes reached 800Hz, LED attached to the digital pin 13 turned on. Thus validating,
the application of this device.
Hence, this device can be vital part of the construction of the smart bridges that are the essential part of
the smart cities for the detection of resonance frequency so that any catastrophic event could be avoided.
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