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Validation of new structural members for both buildings and infrastructures as FRP 
reinforced concrete columns have to go through ultimate capacity compressive tests. 
These structural elements experience large deformation before failure. Conventional 
strain gages reading is limited to about 15,000 -strain which is clearly not enough to 
study overall behaviour and failure mechanism of these members.  Only indirect 
measurement using LVDTs could be used but will only give information about the 
strain on the outside portion of the sample.  Embeddable Fiber Bragg Grating (FBG) 
strain sensor provides a good alternative to electrical strain gages, but maximum 
dynamic range needs to be determined. 

To investigate compressive strain measurement limit for FBG sensors, we have to test 
structural concrete members that are able to reach large shortening. FRP confined 
concrete columns ultimate compressive strain can be higher than 30,000 -strain and 
thus, offers a good test for FBG sensors limit. This paper presents the result of strain 
measurement of a packaged FBG strain sensors embedded in Concrete Filled FRP Tube 
column, and compared with external LVDTs readings. Results show good agreements 
of recorded compressive strain between FBG sensors and LVDTs until 22,000 -strain. 
After result analysis, indications that embeddable FBG strain sensors reading can reach 
strain as high as 50,000 -strain if FBG centre wavelength is chosen adequately and 
small packaging improvement is adopted. 
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ABSTRACT: Validation of new structural members for both buildings and 
infrastructures as FRP reinforced concrete columns have to go through ultimate capacity 
compressive tests. These structural elements experience large deformation before 
failure. Conventional strain gages reading is limited to about 15,000 -strain which is 
clearly not enough to study overall behaviour and failure mechanism of these members.  
Only indirect measurement using LVDTs could be used but will only give information 
about the strain on the outside portion of the sample.  Embeddable Fiber Bragg Grating 
(FBG) strain sensor provides a good alternative to electrical strain gages, but maximum 
dynamic range needs to be determined.  To investigate compressive strain measurement 
limit for FBG sensors, we have to test structural concrete members that are able to reach 
large shortening. FRP confined concrete columns ultimate compressive strain can be 
higher than 30,000 -strain and thus, offers a good test for FBG sensors limit. This 
paper presents the result of strain measurement of a packaged FBG strain sensors 
embedded in Concrete Filled FRP Tube column, and compared with external LVDTs 
readings. Results show good agreements of recorded compressive strain between FBG 
sensors and LVDTs until 22,000 -strain. After result analysis, indications that 
embeddable FBG strain sensors reading can reach strain as high as 50,000 -strain if 
FBG centre wavelength is chosen adequately and small packaging improvement is 
adopted. 

1 INTRODUCTION 

As new structural members for buildings and infrastructures are developed, it is 
important to determine their ultimate capacity parameters such as ultimate compressive 
strain.  It is not possible to make direct measurement for deformation values exceeding 
15,000 µε due to embedded sensors limitation.  Therefore, engineer relies on external 
measurement using LVDTs.  This provides good information on the outside part of the 
sample only.  However, failure of tested members can damage LVDTs. 

It has been shown that embeddable fiber optic strain sensor described in this paper 
provides comparable performances to Vibrating Wire Strain Gauge (VWSG) (Tremblay 
et al., 2009).  The design of the sensor provides perfect integration into concrete 
structures since it is using the same proven material used for innovative FRP 
reinforcement for concrete infrastructure (El-Sayed et al., 2006; Steiner, et al., 2008; 
Benmokrane, et al., 2007).  The FRP bars are used in concrete structures as an 
alternative to steel rebars and thus, provide an excellent adhesion to the concrete.  The 
FBG is packaged in the FRP rebar to optimize the transfer of the strain from the rebar to 
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the sensor.  This configuration assures to transmit strain efficiently from the concrete 
structure to the FBG sensor and provide a robust solution for strain measurement inside 
concrete structure. 

Fiber optic is very strong in compression and can measure deformation as high as 
100,000 µε (Mokhtar, et al., 2003).  Integrating FBG sensor into proper packaging could 
lead to high deformation measurement into concrete.  Standard embeddable strain 
sensor was used to monitor high compressive strength column to investigate the 
measurement limit of the sensor. 

2 THEORY 

Sensor property that can be obtained from FBG has been proven over the years (Ruffin, 
et al., 2008; Rao, 1997; Morey, et al., 1989).  Has a reminder, the following equation 
represents the response behaviour of FBG upon change in strain and temperature. 
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Where  is the wavelength reflected by the FBG; Δ is the variation of the wavelength 
observed upon physical property; εz is the longitudinal strain applied to the optical fiber; 
ΔT is the variation of temperature; neff is the effective index of refraction of the fiber; 
P12, P11 and f are the opto-mechanical constants of the optical fiber and f and  are the 
thermo-optical constants of the optical fiber.  For FBG centered at 1550 nm, the 
equation ¡Error! No se encuentra el origen de la referencia.) can be transformed into 
more convenient form where a good approximation is valid over the S, C and L optical 
wavelength band; and around room temperature. 

T
C
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 6.1027.1 
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These equations are valid for the unpackaged optical fiber.  The calibration of the sensor 
is therefore required and the gauge factor for the strain measurement corresponds on 
average to 90% of the theoretical value, for the embeddable strain sensor used in this 
experiment.  The real strain measurement would therefore be represented by the 
following equation. 

 
pm

GFz 786.0  (3) 

Where GF is the calibrated Gauge Factor. 

 
3 EXPERIMENT 
The experimental sample consists in a Concrete Filled FRP Tube column (CFFT) tested 
under uniaxial compressive load. Fiber Reinforced Polymer (FRP) tube dimensions are 
152× 900 mm, and the tube is made of 14 layers of glass fibers with 6.4 mm total 
thickness. FRP confined concrete columns can reach very high ultimate compressive 
strain (Teng, et al., 2002; Shahawy, et al., 2000; Nanni & Bradford, 1995; Mohamed & 
Masmoudi, 2010) and thus are suitable for this investigation.  Before concrete tube 
filling, FBG sensors are fixed parallel, along the tube axis with two threaded rods as 
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shown in Figure 1. The threaded rods extra length is used for the fixture of external 
LVDTs. 

 

 

Figure 1: FBG sensors installation. 

Tube was filled with 35 MPa concrete, cured one week and tested after 28 days. Test 
setup is shown in Figure 2. 

 
Figure 2: description for high compressive deformation experiment. 

 
4 RESULT 

Figure 3 shows a good agreement between the measurement from the LVDT and the 
embeddable fiber optic strain sensors.  The small difference between LVDT2 and Strain 
FBG A can be attributed to error reading from LVDT which can be seen at around 2000 
kN load level.  The difference between LVDT1/Strain FBG B and LVDT2/Strain FBG 
A can be attributed to column rotation. Compressive test was not stopped at column 
failure but after losing FBG B and A signal. The starting wavelength for Strain FBG B 
and A were 1529.4 nm and 1547.3 nm respectively.  Also the interrogator lower limit is 
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around 1520 nm, this partly explains the signal lost from Strain FBG B and FBG A.  It 
is worth to mention that FBG readings were recovered during column unloading at the 
same maximum recorded strain, i.e. 16,000 and 22,000 micro strain for FBG B and A 
respectively.  Thus, FBG sensors were not damaged and, after analysis, signal lost was 
also attributed to FBG packaging in the rebar. The design of the sensor will be reviewed 
for future work as well as starting wavelength to address larger deformation 
measurement. 

Even though there is a good agreement with the internal strain measurement made by 
the fiber optics embeddable strain sensor and the external LVDTs, cross section optical 
microscopy was conducted and revealed normal behaviour from a 35 MPa concrete 
structure confined to 126 MPa and over 2% deformation without rupture.  In such a high 
confinement, the concrete matrix will experience micro-cracks but, as shown in Figure 
4, the intimate interface between sensor bar and concrete matrix is preserved. 

 
Figure 3: Load vs deformation diagram. 

 
Figure 4: 8 X and 32 X cross section optical microscopy. 
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5 CONCLUSION AND FUTURE WORK 

It was demonstrated that fiber optic embeddable strain sensor was reliable and in good 
agreement with conventional sensor.  The package design is fully adapted for 
conventional Structural Health Monitoring where maximum deformations rarely extend 
beyond 2000 µε in compression and extension.  This solution is also well adapted for 
deformation distribution within a larger sample which will provide internal structural 
information.  When larger deformation is required, a package re design will be 
integrated and further test will be conducted.  As well, similar test in tension will be 
conducted on the rebar itself to determine the mechanical limit of the package for 
positive deformation. 
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