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Abstract – The use of optical fiber in the tele-

communication industry is well known. Initially optical fiber 

sensors are used as real time detection tool in advance 

aircraft and space vehicles. In the recent years growing 

interest is emerged in area of fiber optics base sensors for 

Civil Engineering structures. These sensors offers many 

advantages over conventional sensors when applied to civil 

structures as the overall size of most civil structures poses 

many problems which may possibly be overcome by using 

fiber optic sensors. The most important feature of fiber optic 

sensors is that it serves both as sensing element and signal 

transmission medium. This paper gives an overview in the 

development of fiber optic sensors for smart structures. In 

this research, fiber optic sensors are embedded in concrete 

cubes to measure linear strain and it has been observed that 

embedded fiber optic sensors responded very well under the 

applied loads. 

 

Keywords - Fiber Optic Sensors, Monitoring, Optical Fiber, 

Smart Structures.  

 

I. INTRODUCTION 
 

Monitoring and control of important civil engineering 

structures is required for better performance under applied 

loads, so that the efficiency and reliability of structures 

can be improved. Generally, it is required to investigate 

cracking and damage due to applied loads, corrosion of 

steel, failure of bonds, development of strain in concrete 

and steel, creep and shrinkage, deflections at critical 

sections etc. Fiber optic sensors can be used efficiently to 

monitor the above said parameters. Structures fully 

integrated with fiber optic sensors are termed as smart 

structures. These sensors are light weight, non-hindering, 

flexible, immune to electric and electromagnetic 

interferences and can be configured to arbitrary shapes. 

1.1 Optical Fiber 
Optical fibers are transparent fibers, usually made of 

glass or plastic, for transmitting light. They are flexible 

strands roughly the diameter of a human hair. Initially, 

optical fibers are used to broadcast light signals and audio 

signals, producing distortion-free sound. Though fiber 

optics was first invented in the1930s, the use of this 

technology started in the late 1960s. 

Nowadays, all transmission systems and networks are 

using fiber cables. A single optical fiber consists of core 

(the central part where the light travels), cladding (special 

additives surrounding the core), and buffer coating (plastic 

coating that guards the fiber from break and moisture). 

The cladding has a high index of refraction so that the 

light is internally reflected through the fiber instead of 

leaking out.  

 
 

Snell’s Law and the concept of total internal reflection 

can explain the transmission of light through optical fiber. 

Snell’s Law relates index of refraction and incoming and 

outgoing angles for light passing from one material to 

another by the equation:  

N1Sin θ1 = N2 Sin θ2.  

In the recent years growing interest is emerged in area 

of fiber optics base sensors for Civil Engineering 

Structures. These sensors offers many advantages over 

conventional sensors as the overall size of most civil 

structures poses many problems which may possibly be 

overcome by using fiber optic sensors. The most important 

feature of fiber optic sensors is that it serves both as 

sensing element and signal transmission medium. A 

structure fully integrated with optical fiber sensors is 

called Smart Structures. 
1.2 Basic concepts of fiber optic sensors 
Fiber optic sensors are often grouped in two basic classes: 

1. Extrinsic or hybrid fiber sensors. 

2. Intrinsic or all fiber sensors. 

Extrinsic or hybrid optic sensors have an optical fiber to 

carry a light beam to and from a “black box” that in 

response to an environment effect modulates the light 

beam. The intrinsic or all fiber optic sensors that measure 

the modulation of light by an environmental effect within 

the fiber.  

1.3 Applications of Fiber Optic Sensors 
The application of Fiber optic sensors in Civil 

Engineering may be as follows: 

a) Physical Properties such as measurement of strain, 

displacement, temperature, wind pressure and velocity 

in structures of any shape or size.  

b) As real time detection tool to monitor the health of 

structure. 

c) Monitoring of Concrete in bridges for cracks, long term 

deformations viz. creep and shrinkage, corrosion of steel, 

evaluation of seismic damages etc.  
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d) In dams fiber optic sensors can be used to monitor 

expansion of joints, leakage, temperature etc. 

e) In Heritage structures to examine the crack openings, 

Displacement monitoring, post seismic damages etc.  

1.4 Recent Studies of Fiber Optic Sensors 
The use of fiber optic technology in the 

telecommunication industry has started as early as in the 

mid 1960’s. Since then the success of fiber optic 

technology in the field of communication engineering as 

well as various other fields has recently lead to research 

and development activities of this technology in Civil 

Engineering also. Mathews and Sirkis [1] used embedded 

optical fiber sensor as a single phase component to 

observe strain concentration in homogenous and isotropic 

host. Narendran, Shukla and Letcher [2] attached optical 

fibers sensors to a cantilever beam for strain measurement. 

J.K. Chhabra et al. [3] embedded optical fiber sensors in 

concrete beam to monitor the overall health of structures.  

Rossi and Lee Maon [4] embedded optical fibers sensors 

in reinforced concrete beams to detect cracks under the 

action of applied loads. Wolff and Meisseler [5] developed 

fiber optic sensor for monitoring of pre-stressing force and 

crack formation in Schiessbergstrasse Bridge in Germany. 

Xianglim Gu, et al. [6] developed embedded optical fiber 

sensors for crack detection in reinforce concrete structure. 

An optical time domain reflectometer (OTDR) was used 

for the operation of sensors signal. Pandey [7] used fiber 

optic sensors for monitoring of structural defects. 

 

II. EXPERIMENTAL DETAILS 
 

Concrete cubes of section 15cm x 15cm x 15cm were 

casted. Fiber optic sensor was embedded at mid-section of 

the cube during casting to measure linear strain. Linear 

strain was also recorded by UTM. Cubes were casted in   

M 20 mix. The water cement ratio was adopted as 0.6. 

2.1 Material properties  
Following are the properties of material used in 

construction of test beams: 

(a)  Cement – Portland cement (43 grade) has been used in 

the mix. The physical properties were determined in the 

laboratory as per IS: 269-1967 and are given below: 

(i) Consistency = 34%  

(ii) Initial setting time (minutes) = 40  

(iii) Final setting time (minutes) = 600  

(b)  Fine Aggregate – Locally available coarse sand has 

been used as fine aggregate. The fineness modulus was 

found as 2.70. 

(c)  Coarse Aggregate – Locally available crushed stone 

aggregate, 20 mm maximum size has been used.  

(d)   Water – For both mixing and curing of the specimen 

potable water has been used. 

2.2 Circuit Used 
Circuit used in this study basically comprises of 

transmitter unit and receiving unit. The transmitter unit 

consists of a light emitting diode while the receiving unit 

consists of a photo-diode. The various disturbances, which 

may be present in the supply, are suppressed in this circuit. 

The final output voltage is monitored on an oscilloscope. 

2.3 Optical Fiber Used 
In the present experimental study multimode step index 

plastic fiber of 1mm diameter has been used. Although 

glass fibers are more precise than plastic fibers for 

receiving and transmitting light signal, but these are highly 

brittle and cannot be embedded inside the concrete. 

2.4 Sensing Technique Employed  
The sensing technique in this study is simply to cleave 

the end of optical fiber and placing them into a capillary 

tube. A very small air-gap is provided between the two 

cleaved ends of the optical fiber in the capillary tube 

(fig.1). Due to extended disturbance the air-gap in the tube 

is either shortened or widened resulting in corresponding 

gain or loss of light intensity passing through the optical 

fiber. The fiber optic sensing devices comprises of a light 

source for injecting a signal into the sensor fiber, a light 

detector for receiving the signal after the light has been 

modulated by the optical fiber sensor and an electronic 

system for processing the detected light into useful 

electrical quantity.  

2.5 Load arrangements and Instrumentation   
After 28 days of curing, the test cube was put in position 

to test under incrementally applied compressive load. The 

fiber ends coming out of the cube are connected to the 

circuit and connections are checked properly. Compressive 

load is applied to the cube through UTM. Observations 

were recorded for strain on UTM display and intensity 

losses (attenuation) on the oscilloscope. 

 
Fig.1. Flow Chart Depicting Sensing Devices 
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Fig.2. Embedded Optical Fiber Sensor 

 

III. RESULTS AND DISCUSSION 
 

Load vs Strain

Strain (x 0.001) 

0.0 0.5 1.0 1.5 2.0 2.5 3.0

L
o

a
d

 (
k

N
)

0

100

200

300

400

500

Cube 1 

Cube 2

Cube 3

Fig.3: Load vs Strain Curve 
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Fig.4. Load vs Attenuation Curve 
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Fig.5. Strain vs Attenuation Curve 

 
CALIBRATION CURVE
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Fig. 6: Calibration Curve for Concrete 

 

Figure 3 shows Load verses Strain curves for test cubes 

C1, C2 and C3 respectively. The displacements 

observations were recorded by UTM display and deduce 

to strain. Figure 4 shows Load verses Attenuation (i.e. 

change in intensity of light) curves for test cubes C1, C2 

and C3 respectively. Here the attenuations were measured 

on embedded optical fiber sensors in the test cubes at mid-

section. Figure 5 shows Strain verses Attenuation curves 

for test cubes C1, C2 and C3 respectively. The graphs as 

seen in figure 3 the Load vs Strain curve, at a load of 

about 50kN there is no remarkable strain in the cube. Later 

as the load increases, strain also increases. At the strain of 

about 0.002, the strain increases rapidly without taking 

any further load. This is due to the formation of cracks. 

The maximum load was 425kN. The same pattern is 

observed in the Load vs Attenuation curve (Fig. 4). During 

the experiment it is found that at a load of about 150kN 
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cracks appear on the cube surface but before that there is a 

considerable change in the intensity of light, which is due 

to crack formation (invisible) in the cube. This 

characteristic of embedded fiber sensor can be used as a 

crack detection tool. Fig. 6 shows average values of Strain 

vs Attenuation for cubes which can be utilized as a 

Calibration Curve for Concrete to obtain strain for 

different values of Attenuation. 

 

IV. CONCLUSIONS 
 

It can be concluded that embedded fiber optic sensors 

can be successfully used for monitoring of important 

structures throughout its working life. The fiber optic 

sensor when subjected to external perturbations such as 

strain, there is a change in the intensity of light passing 

through it. This effect can be calibrated to provide 

accurate measurement of strain in concrete structures. 
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