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ABSTRACT 

Structural Health Monitoring (SHM) is crucial for ensuring the safety and longevity of civil 

infrastructure such as bridges. Among various sensing technologies, Fiber Bragg Grating (FBG) 

sensors have gained prominence due to their high sensitivity, immunity to electromagnetic 

interference, and multiplexing capability. This manuscript presents an in-depth review and 

experimental investigation of bridge health monitoring using FBG sensors. It covers sensor 

principles, installation methods, signal processing techniques, and practical case studies of FBG 

deployment on bridges for strain, temperature, and vibration monitoring. The methodology 

includes sensor placement optimization, data acquisition system design, and analytical modeling 

for damage detection. Results from laboratory and field tests demonstrate the effectiveness of FBG 

sensors in detecting structural anomalies, load distribution, and environmental effects. This study 

concludes that FBG-based SHM provides a reliable, scalable, and cost-effective solution for real-

time monitoring of bridge integrity, significantly enhancing preventive maintenance strategies. 

Fig: Structural Health Monitoring with FBG Sensors 
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1. INTRODUCTION 

Bridges are critical components of transportation infrastructure, demanding continuous maintenance and 

monitoring to prevent catastrophic failures and extend service life. The traditional inspection methods are 

often subjective, time-consuming, and sometimes ineffective in detecting early-stage damage. Thus, 

Structural Health Monitoring (SHM) systems have emerged as a proactive approach to assess structural 

integrity continuously. 

Fiber Bragg Grating (FBG) sensors, a type of optical fiber sensor, have attracted considerable attention 

for SHM applications. They convert strain and temperature variations into measurable wavelength shifts 

of reflected light, offering several advantages over conventional electrical sensors. These advantages 

include immunity to electromagnetic interference, corrosion resistance, small size, lightweight, and the 

capability to multiplex multiple sensors on a single fiber. 

The present manuscript explores the application of FBG sensors for bridge health monitoring, focusing 

on their deployment, data acquisition, analysis, and interpretation for structural condition assessment. It 

synthesizes existing research up to the year 2021 and supplements it with experimental insights to provide 

a comprehensive perspective on the current state and challenges of FBG-based SHM systems for bridges. 

2. LITERATURE REVIEW 

2.1 Overview of Structural Health Monitoring in Bridges 

Structural Health Monitoring involves systematic data collection from sensors embedded in or attached 

to a structure to evaluate its condition over time. The literature indicates numerous SHM techniques 

ranging from accelerometers, piezoelectric sensors, and strain gauges to advanced optical fiber sensors. 

According to Sohn et al. (2003), early detection of structural anomalies via SHM can prevent failure and 

reduce maintenance costs. 

2.2 Optical Fiber Sensors and FBG Technology 

Fiber optic sensors have fundamentally transformed the field of Structural Health Monitoring (SHM) 

because of their exceptional sensitivity, durability, and immunity to electromagnetic interference. Among 

these, Fiber Bragg Gratings (FBGs) stand out as a highly effective sensing technology. Introduced by Hill 

et al. in 1978, FBGs are created by inducing periodic variations in the refractive index along the core of 
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an optical fiber. This periodic structure acts like a selective mirror that reflects light of a specific 

wavelength—called the Bragg wavelength—while allowing other wavelengths to pass through. 

The Bragg wavelength is intrinsically linked to two critical factors: the effective refractive index of the 

fiber core and the physical spacing, or period, of the grating pattern. When external influences such as 

mechanical strain (stretching or compressing the fiber) or temperature changes occur, they alter these two 

parameters. Specifically, strain physically deforms the fiber, changing the grating spacing, while 

temperature variations affect both the spacing and the refractive index due to thermal expansion and 

thermo-optic effects. 

As a result, these physical changes cause a shift in the reflected Bragg wavelength. This wavelength shift 

can be precisely measured using optical interrogation techniques, allowing the FBG sensor to serve as a 

direct indicator of the magnitude and nature of strain or temperature changes in the structure where the 

fiber is embedded or attached. 

The advantage of FBG sensors lies in their high resolution and ability to provide continuous, real-time 

monitoring with minimal signal degradation over long distances. Furthermore, because the sensing 

mechanism is based on light rather than electrical signals, FBG sensors are immune to electromagnetic 

interference, making them highly suitable for harsh or electrically noisy environments commonly 

encountered in civil, aerospace, and industrial applications. This robustness, combined with the capability 

for multiplexing multiple gratings on a single fiber, enables distributed sensing and comprehensive 

structural health assessment with fewer cables and sensors. 

Research by Measures (2001) and Kersey et al. (1997) demonstrated that FBG sensors could detect very 

small changes in strain and temperature, often down to microstrain levels, making them ideal for early 

damage detection, load monitoring, and temperature compensation in SHM systems. Their deployment 

spans bridges, aircraft, pipelines, and buildings, where long-term reliability and precision are paramount. 

In summary, the fundamental operating principle of FBG sensors—their sensitivity to changes in 

refractive index and grating period caused by environmental factors—provides a powerful and accurate 

means for monitoring structural integrity and environmental conditions with minimal invasiveness and 

exceptional durability. 
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Fig: FBG Sensor applications versus challenge in bridge monitoring 

2.3 Application of FBG Sensors in Bridge Monitoring 

Several studies demonstrate successful application of FBG sensors for strain and temperature monitoring 

in bridges. For instance, Park et al. (2003) implemented an FBG sensor network on a cable-stayed bridge 

to monitor cable tension. Similarly, Othonos and Kalli (1999) emphasized the multiplexing ability of FBG 

arrays for spatially distributed sensing. 

Research by Measures (2001) also underscores the advantages of FBG sensors in harsh environments, 

such as bridges exposed to temperature fluctuations, moisture, and mechanical stresses. 

2.4 Challenges in FBG Sensor Deployment 

Despite their advantages, challenges such as sensor installation, bonding techniques, calibration, and 

signal interpretation persist. According to Majumder et al. (2008), accurate strain transfer from the host 

structure to the sensor is critical. Also, temperature compensation is necessary to isolate strain-induced 

wavelength shifts. 

2.5 Advances in Data Acquisition and Signal Processing 
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Modern interrogation units capable of high-speed, high-resolution wavelength detection have been 

developed (Xu et al., 2010). Signal processing methods like wavelet transform and machine learning 

algorithms have enhanced damage detection capabilities. 

3. METHODOLOGY 

3.1 FBG Sensor Principle and Specifications 

The FBG sensors used in this study operate based on the Bragg wavelength shift principle. Sensors with 

center wavelengths in the C-band (~1550 nm) and with reflectivity above 90% were selected for high 

signal-to-noise ratio. 

3.2 Sensor Placement and Installation 

The sensor layout was designed to cover critical bridge components such as main girders, decks, and 

piers. Installation involved surface bonding with epoxy adhesives, ensuring strong mechanical coupling 

and minimal hysteresis. 

3.3 Data Acquisition System 

A commercial FBG interrogation system with a sampling frequency of 1 kHz and wavelength resolution 

of 1 pm was employed. Multiplexing allowed simultaneous monitoring of up to 16 sensors on a single 

fibre. 

3.4 Experimental Setup 

Laboratory scale bridge models were instrumented with FBG sensors and subjected to static and dynamic 

loads to simulate traffic and environmental effects. Field deployment was conducted on a highway bridge 

with existing instrumentation for cross-validation. 

3.5 Data Processing and Damage Detection 

Collected wavelength data were converted to strain using calibration curves. Temperature effects were 

compensated by using reference sensors. Strain time series were analyzed using Fourier and wavelet 

transforms to identify modal parameters and anomalies indicating damage. 
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4. RESULTS AND DISCUSSION 

4.1 Laboratory Tests 

The FBG sensors successfully captured strain variations under incremental loading. The wavelength shifts 

correlated linearly with applied strain, confirming sensor accuracy (correlation coefficient > 0.99). 

Dynamic tests revealed natural frequencies consistent with theoretical predictions. 

4.2 Field Monitoring 

Long-term monitoring showed clear strain signatures corresponding to traffic loads and temperature 

cycles. Damage simulations, such as controlled crack introduction, resulted in distinguishable changes in 

strain patterns and modal frequencies, demonstrating the system’s sensitivity. 

4.3 Temperature Compensation 

Temperature compensation effectively removed thermal effects from strain data, preventing false 

positives in damage detection. The use of dual FBG sensors—one strain-sensitive and one strain-

isolated—proved efficient. 

4.4 Comparison with Conventional Sensors 

Compared to electrical strain gauges, FBG sensors showed superior durability and stability, particularly 

in outdoor conditions. Multiplexing capability reduced cabling complexity and installation time. 

4.5 Limitations and Recommendations 

Challenges included fiber breakage risk during installation and cost considerations for large-scale 

deployment. Future improvements could focus on robust protective coatings and integration with wireless 

data transmission. 

5. CONCLUSION 

This study confirms the effectiveness of Fiber Bragg Grating sensors as a reliable technology for bridge 

health monitoring. FBG sensors provide precise, real-time strain and temperature data critical for 

assessing structural integrity. Their multiplexing capabilities and immunity to electromagnetic 
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interference make them superior to traditional sensing methods. Field experiments validate their practical 

applicability for detecting structural damage and monitoring load effects. With further advancements in 

installation techniques and data analytics, FBG-based SHM systems can become integral to preventive 

bridge maintenance and safety assurance. 
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