
Concrete Fiber Optic Sensing

Article Overview

Fiber optic sensing in concrete enables precise, long-term monitoring of structural health, strain, temperature,

and durability parameters using advanced optical technologies.

Overview of Fiber Optic Sensors in Concrete

Fiber optic sensors (FOS) are increasingly used in concrete structures due to their high sensitivity, immunity

to harsh environments, small size, and ability to provide distributed measurements . They are particularly

valuable for monitoring durability-related parameters such as relative humidity, temperature, chloride

penetration, corrosion, and pH, which are critical for preventing structural deterioration and extending service

life .

Types of Fiber Optic Sensors

o Fiber Bragg Grating (FBG) Sensors FBG sensors are the most widely used in civil engineering. They consist

of a periodic modulation of the refractive index in the fiber core, which reflects specific wavelengths of light.

Changes in strain or temperature shift the reflected wavelength, allowing indirect monitoring of concrete

conditions . FBG sensors are low-cost, compact, and support multiplexing, making them suitable for

embedding in concrete during construction.

o Distributed Fiber Optic Sensors (DFOS) DFOS provide continuous strain and temperature measurements

along the entire length of the fiber, enabling detection of local deficiencies such as cracks or deformations .

They rely on backscattering phenomena (Rayleigh, Brillouin, or Raman scattering) to measure physical

changes. DFOS are ideal for large-scale structures like tunnels, bridges, and beams, offering high-resolution

monitoring over long distances .

o Other Sensor Types Additional FOS technologies include long-period fiber gratings (LPFG), surface

plasmon resonance (SPR), and fluorescence-based sensors, each with specific sensitivities and applications in

concrete durability monitoring .

Applications in Concrete Structures

o Structural Health Monitoring (SHM): FOS can detect strain, micro-cracks, and deformations in real time,

providing early warning of potential failures .

o Durability Assessment: Monitoring temperature and humidity helps prevent thermal cracking and corrosion

of embedded steel reinforcement .

o Shape Sensing: DFOS can track bending and curvature in beams and tunnel linings, supporting predictive

maintenance and safety evaluations .

Advantages of Fiber Optic Sensing
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o Chemical and electromagnetic resistance, suitable for harsh environments.

o Lightweight and small size, allowing embedding without affecting structural integrity.

o Remote and distributed sensing, enabling monitoring of large or inaccessible areas.

o High sensitivity and resolution, capable of detecting micro-strains and subtle temperature changes .

Challenges and Future Directions

While laboratory studies demonstrate the effectiveness of FOS, field applications still face challenges such as

sensor installation, calibration, and long-term durability in concrete. Future research focuses on enhancing

sensor robustness, integrating multiple sensing modalities, and developing smart concrete systems for

real-time, autonomous monitoring . In summary, concrete fiber optic sensing provides a powerful tool for

monitoring structural integrity and durability, combining advanced optical technologies with practical

applications in civil engineering. Proper sensor selection and installation are key to achieving reliable,

long-term performance.

Fiber optic sensing systems have been successfully developed for many engineering applications. The

objective of this

Download Citation | Fiber optic sensors in concrete: The future? | Fiber optic sensing systems have been

successfully

Sensor technologies have experienced notable advances in recent years, such as the incorporation of devices

based

Optical fiber sensing systems have been widely developed for several fields such as biomedical diagnosis,

food

Distributed fiber optic sensing technology gains worldwide an increasing attention in the field of civil

engineering,

Much like the concrete reinforcement sector, the infrastructure monitoring sensors sector has also seen a

dramatic shift towards new

Fiber optic sensors (FOS) are made of high-purity silica, which are immune to chemical

Aiming to confirm the fundamental suitability of fiber optic measurement for the detection of cracks in

concrete

Fiber optic sensor technology, a proximate of optoelectronics and fiber optic communications has profound
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ability to

The article summarises the recent examples in distributed fibre optic sensing (DFOS) as a non-destructive

approach

This paper introduces a comprehensive analysis of distributed fiber optic shape sensing of concrete structures.

The

Maher, M. H. and Nawy, E. G. (1993) Evaluation of fiber optic Bragg grating strain sensor in high strength

concrete beams.

To address these challenges, this work introduces a fluorescent-probe-based fiber optic sensor for monitoring

chloride

In addition, novel distributed fiber optic sensing techniques for concrete structures, such as detection and

monitoring of

Fibre Optic Sensors (FOS) enable continuous and accurate monitoring of various parameters of concrete

structures.

An optical fiber pH sensing system is proposed to implement structural health monitoring of concrete

especially in pH
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