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ABSTRACT 
This research presents the impact of effective refractive index on Fibre 
Bragg Grating (FBG) sensor sensitivity for Structural Health Monitoring 
(SHM). SHM has been largely used in telecommunication, civil 
infrastructures, sports equipment, automotive, aerospace, oil and gas, 
and medical facilities due to their unique capability to monitor 
structures in a hazardous environment. In this research, the FBG 
sensitivity to induced strain on the composite structure was obtained 
at different effective refractive index values. The shifts in Bragg 
wavelength was plotted against the induced strain on the composite 
structure at effective refractive index values of neff1 = 1, neff2 = 1.44, neff3 

= 1.5 and neff4 = 2 at Poisson’s ratios (𝑣) of 0.3 and 0.19525. The 
simulation was carried out in MATLAB R2018a version which shows 
the FBG with the lowest effective refractive index result in the highest 
sensitivity. The result of the FBG with neff2 was compared with that of 
neff3. The result shows that a 1.49% increment in sensitivity was 
obtained at Poisson’s ratio (𝑣) of 0.3 and a 2.0% increment 
insensitivity was also achieved by the sensor when Poisson’s ratio (𝑣) 
is 0.19525. The increment in the sensor’s sensitivity enabled the FBG 
sensor to be suitable for monitoring structures in harsh environment. 
 
INTRODUCTION 

Structural Health Monitoring (SHM) is a 
technology that aims at detecting, locating, and 
quantifying damage in structures at an early 
stage to prevent sudden failure [2]. Normally, 
deviations should be determined at an early 
stage of damage initiation and corrected by 
conducting suitable maintenance procedures, 
thereby improving structural integrity, reliability, 
availability and the overall life cycle of the 
structure [3]. This damage happens through a 
series of events such as extreme loading 
conditions and low-velocity impacts [15]. Which 
may compromise the integrity of the structure and 
raise safety issue [15]. Hence, the need to use 
SHM to detect damage at its early stage in 
composite materials is of high importance.  
 
LITERATURE REVIEW 

[1] proposed a multiple ultrasonic 
waves-based Pause Array Monitoring for 
Enhanced Life Assessment (PAMELA) technique 
for structural health monitoring. The technique 
was intended to deliver various sorts of ultrasonic 
signals and direct them to the piezoelectric 

transducers. Utilizing the PAMELA based 
configuration software, the ultrasonic waves to be 
transmitted to the hardware is chosen. Different 
damage detection values were obtained which 
described the advantages and peculiarities of 
metallic and composite materials.  

[7] Proposed an efficient fast detection 
technique for multimode FBG sensor. The 
algorithm is based on a threshold detection 
window and a compensation centre of gravity for 
SHM. The Dynamic Gate Algorithm exhibited 
high vigour with a profoundly improved 
wavelength fit resolution compared with the 
traditional techniques and the computational 
speed was better than the Gaussian Fitting 
Algorithm for precise peak identification.  

[10] Presented a distributed strain 
sensing using optical fibre sensing technology. 
Dynamic and distributed strains during the fatigue 
loading were quantified using the Brillouin Optical 
Correlation Domain Analysis (BOCDA) 
technique. The evaluated measurement of 
BOCDA, measured strain values were compared 
with that of FBG sensors. The dynamic strain 
measurement positions of BOCDA was 
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determined by the mean of measuring the length 
between the centre of the article and the FBG 
sensors using a tape measure. However, this 
work investigated the impact of the effective 
refractive index of FBG sensitivity to induced 
strain and how they can be quantified. 
 
FBG OPERATIONAL PRINCIPLE 

FBG sensor is a periodic modulation of 
the refractive index of the core of an optical fibre 
as shown in Figure 1 [20]. The FBG reflects a 
specific wavelength that is, the Bragg wavelength 
which depends on the period of the grating (Ʌ) 
and the effective refractive index (Neff) of the 
propagating mode back along with the optical 
fibre [11]. The uniform fibre Bragg grating sensor 
consists of an effective refractive index, a grading 
period and a Bragg wavelength respectively. 

 
Figure 1: FBG Sensor (Chen & Ping, 2008). 
 
Photo Elastic Coefficient of FBG Sensor 

Photo-elasticity describes the changes 
in the optical properties of an optical fibre material 
under mechanical deformation [6]. When 
mechanical strain is applied on the FBG sensor, 
the Bragg wavelength changes in both the 
effective refractive index and the periodicity of the 
grating [19]. The effective strain optic coefficient 
(𝑝௘) of an FBG sensor is obtained by the 
following: the effective refractive index (𝑛௘௙௙), 
the Poisson’s ratio (𝑣)  and Pockel’s coefficient 
(𝑝ଵଵ, 𝑝ଵଶ) of the fibre optics sensor [5]. The 
change in the Bragg wavelength (∆𝜆஻) is 
inversely proportional to the effective strain optics 
coefficient (𝑝௘) of the fibre optic sensor. In 
addition, Pockel’s coefficient produces 
birefringence of the optical fibre sensor induced 
by an electric field and it is represented by 𝑝ଵଵ   
and 𝑝ଵଶ [18]. 
 

FBG BASED SENSING MODEL 
FBG sensing technology possesses a 

good multiplexing capability which enables it to 

accommodate many grading and different 
sensing like; strain, temperature, water level, 
force, pressure, vibration, displacement, 
deformation just to mention a few in a single fibre 
optic cable [14]. FBG is a type of reflector etched 
in the core of an optical fibre that reflects 
particular wavelengths of light and transmits 
others, enabling its use as an optical sensor [12]. 
The centre of the fibre is surrounded by a silica 
cladding with a slightly lower index of refraction 
than the core which is between 4µm and 9µm 
diameter to enable the formation of a wavelength 
inside the fibre [12]. Each FBG is defined with a 
unique wavelength that changes with induced 
physical parameters. The refractive planes in the 
FBG are called Bragg planes, which are 
produced when two opposing light sources 
interfere constructively. Stretching a fibre Bragg 
grating causes a shift in the sensor’s index of 
refraction [12] as shown below in Figure 2.  
 

 
Figure 2: Fibre Bragg Grating Working Principle 
[8] 
 

The grating wavelength is expressed in 
equation (1) [12]: 
     λB = 2neff Λ                                             (1)                                                                                      
where neff is the effective refractive index of the 
core mode at the Bragg wavelength, Λ is the 
grading period and λB is the Bragg wavelength. 
Equation (2) and (3) are the 
 expression for the FBG sensitivity and the 
effective strain optics coefficient as shown below: 

∆𝜆஻ =  𝜆஻ [1 − 𝑃௘]  (2)                                                                                                                      

 𝑃௘ =
௡೐೑೑

మ

ଶ
{𝑝ଵଶ − 𝑣[(𝑝ଵଵ + 𝑝ଵଶ)]}                           

(3)                                                                         
where   𝑃௘ ,  ∆𝜆஻, 𝑣, neff , 𝑝ଵଵ𝑎𝑛𝑑𝑝ଵଶ  are the 
effective strain optic coefficient, FBG sensitivity, 
Poisson’s ratio, effective refractive index and 
Pockel’s coefficient.  
 

Effective Refractive Index (𝒏𝒆𝒇𝒇): 𝑛௘௙௙  is a 
measure of the overall delay of the propagating 
light beam in the optical fibre (Harpreet, 2011). 
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Guided modes through the fibre core are defined 
by 𝑛𝑒𝑓𝑓 and v-parameter values (Rizwana et al 
2018). The n1 is the core refractive index and n2 
is the cladding refractive index modes 
propagation through waveguide must follow the 
condition specified by equation (4) and (5) 
(Rizwana et al 2018).  
    𝑛2 ≤ 𝑛𝑒𝑓𝑓 ≤ 𝑛1                                         (4)
  
    𝑛𝑒𝑓𝑓 = 𝑛𝑙 + 𝑛𝑛                                       (5)
  

In equation (5) the first term denotes 
the linear refractive index and the second term is 
the refractive index variations due to non-
linearities. The sum of both terms results in the 
effective refractive index of the FBG sensor as 
shown in equation (5) [16]. The flow chart of the 
proposed work is shown in Figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
Figure 3: Flow Chart of the Impact of Effective 
Refractive Index on FBG Sensor Sensitivity 
 
RESULTS 

The results obtained from the 
simulation result are discussed in this section. 
The following results are based on the shift in 
Bragg wavelength of the FBG due to induced 
strain at the different effective refractive 
difference. 

In Figure 4, the shifts in Bragg 
wavelength was plotted against the induced 
strain on the composite structure at different 
effective refractive index values of the fibre (neff1 

= 1, neff2 = 1.44, neff3 = 1.5 and neff4 = 2) when v is 
0.3. The plot was obtained, from the simulation 
values in Table 1. Table 1 was generated using 
equations (2) and (3). From the plot, it is 
observed that the shift in Bragg wavelength is 
due to the different values of the effective 
refractive index (neff) of the FBG sensor. From the 
plot, it is observed that the shift in Bragg 
wavelength is based on the different values of the 
effective refractive index (neff) of the FBG sensor. 
The plot shows that the effective refractive index 
with the smallest value results in higher 
sensitivity. Furthermore, the FBG with neff2 

achieved a 1.49% increment in sensitivity against 
that of neff3 when 𝑣 is 0.3.  
 
Table 2: FBG Sensitivity at Different Effective 
Refractive Index at 𝑣 of 0.3 

Strain 
(µε) 

 neff1 
(pm) 

neff2 (pm) neff3 (pm) neff4 (pm) 

0 0 0 0 0 
50 71.978 66.050 65.076 55.413 

100 143.96 132.10 130.15 110.83 
150 215.93 198.15 195.23 166.24 

200 287.91 264.20 260.30 221.65 

250 359.89 330.25 325.38 277.06 
 

 
Figure 4: Shift in Bragg Wavelength Against 
Induced Strain on the Composite Structure at 
Different neff when 𝑣 is 0.3 
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In Figure 5, the shifts in Bragg 
wavelength was plotted against the induced 
strain on the composite structure at different 
effective refractive index values (neff1 = 1, neff2 = 
1.44, neff3 = 1.5 and neff4 = 2) when v is 0.19525. 
The plot was obtained from the simulation values 
in Table 2. Table 2 was generated using 
equations (2) and (3). From the plot, it is 
observed that the shift in Bragg wavelength is 
due to the different values of the effective 
refractive index (neff) of the FBG sensor. From the 
plot, it is observed that the shift in Bragg 
wavelength is based on the different values of the 
effective refractive index (neff) of the FBG sensor. 
The plot, it shows that the effective refractive 
index with the smallest value results in higher 
sensitivity. Also, the FBG sensor with neff2 

achieved 2.0% increment insensitivity against 
that of neff3 when 𝑣 is 0.19525. 
 
Table 2: FBG Sensitivity at Different Effective 
Refractive Index when 𝑣 is 0.19525 

Strain 
(µε) 

 neff1 
(pm) 

neff2 
(pm) 

neff3 

(pm) 
neff4 
(pm) 

0 0 0 0 0 
50 70.500 62.985 61.750 49.500 

100 141.00 125.97 123.50 99.001 
150 211.50 188.96 185.25 148.50 

200 282.00 251.94 247.00 198.00 

250 352.50 314.93 308.75 247.50 

 
Figure 5: Shift in Bragg Wavelength Against 
Induced Strain on the Composite Structure at 
Different neff   when 𝑣 is 0.19525 
 
 

CONCLUSION 
In this research, the impact of effective 

refractive index (neff,) on FBG sensor sensitivity 
was presented. The FBG model with the lowest 
neff, increases the sensor’s sensitivity. While the 
result of the FBG with neff2 was compared with 
that of neff3 and an improvement of 1.49% was 
obtained at Poisson’s ratio (𝑣) of 0.3 and 2.0% 
increment in sensitivity at Poisson’s ratio (𝑣) of 
0.19525. The increment in the sensor’s sensitivity 
enabled the FBG sensor to be suitable for 
monitoring structures in harsh environment. 
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