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Temperature Compensation Technique for Steel Sleeve Packaged
FBG Strain Sensor in Structural Monitoring
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ABSTRACT

Due to the fact that bare FBG sensors are very fragile, bare FBG sensor is not properly
applied in practical infrastructures as it is not suitable to the rudeness of construction. Therefore
packaged FBG sensors are developed for construction application. Since FBG senses strain and
temperature simultaneously, temperature compensation for FBG strain sensors is indispensable. In
this paper, temperature compensation techniques for steel sleeve packaged FBG sensors are
brought forward. And its application on monitoring concrete beam was carried to test the
feasibility of the temperature compensation technique. Temperature compensation technique used in
this paper is feasible to be extended to structure health monitoring in civil engineering especially
in large infrastructures etc.

fO

oF
Qf

g Eo] gl FBGAA = UlTAdel sty wiel, A EEFZEINAE A& offrt. watA
packaged FBGAIA = I o] gl FBGAIA Y ©@HS Hsta, AA FxE 280 7}%‘3}‘:3“ s
e Fejolrt. o]¥ packaged FBGAIAE o] &3lo] WHER 25F FAld FAY o, 2&nA
ojdE o B A47F 7)goltl o] =M= steel sleeve packaged FBGAIA ¢ Eizé 7=
Lo, ZAYE BE HE ol g&st AL T 2ERA Vs dFAHL AL AAEAT

| =

w}
ghA] o A AHEE 2EEA Ve AA o EEFZES] RUE Y o AMEE 4 A

Hu FF

« 439, FoFNULEL, EEDFFHY Be
w4309, FoFTNe, ehe vy
sxx GO Behebi, ety A A

shzae=atel 20089 74 sHatiel =

o
s}
(0]
(@)
(6]



1. Introduction

FBG strain sensor has now been widely investigated and applied in infrastructures, since Hill
and Meltz developed the FBG fabrication techniques. However, due to the fact that bare FBG
sensors are very fragile, bare FBG is not properly applied in practical infrastructures directly
because it can not adapt to the rudeness of construction. Therefore packaged FBG sensors are
developed for construction application. Since FBG senses strain and temperature simultaneously,
for accurate measurement of strain, temperature compensation for FBG strain sensor is
indispensable. Many researches have been done on temperature compensation methods of FBG
sensors, which include dual-parameter measurement [1], opposite temperature expansion
materials [2], Chirped Bragg grating [3], etc. Considering the complex fabrication of these
methods, they are not suitable for practical applications. In this paper, the temperature
compensation technique for steel packaged FBG sensors are brought forward. And its application
on monitoring concrete beam was carried to test the feasibility of the temperature compensation
technique.

2. Sensing Mechanism of FBG on Strain and Temperature

When broadband light passes through the FBG, the narrowband spectral component at the
Bragg wavelength is reflected by the FBG. The basic principle of FBG’s is to measure the shift
of reflected Bragg wavelength (Ap), which is related to the effective refraction index (n, ff) and
the periodicity (A) of the index wvariation of the grating area in fiber core. The Bragg
wavelength is given by the expression:

Ag = 2Ngg A 60
The shift of Bragg grating wavelength due to strain can be expressed as
dig =4g(1-P)e=a,e 2)

where «, is strain sensitivity of fiber Bragg gratings. When FBG affected by temperature, the

shift of Bragg grating wavelength due to temperature can be shown below:

dig = ordT (3)
Where «; is temperature sensitivity coefficient of fiber Bragg gratings. If fiber Bragg grating

is subject to strain and temperature simultaneously, the wavelength shift can be express as

dig =a,.e+a7dT (4)

3. Temperature compensation for steel sleeve packaged FBG strain sensors

In the practical application of FBG sensor in civil engineering, protection measures ought to
be done due to the fragility of bare FBG sensor. Generally, bare FBG is encapsulated in steel
sleeve. Once bare FBG sensor is encapsulated by steel sleeve, its thermal performance will
change when subject to stress together with the structures that it measures. Following, the
Bragg wavelength shift of embedded-steel sleeve packaged FBG strain sensor under co-action
of stain and temperature is derived.

As temperature difference dT occurs, the interactive force F will happen between fiber and
steel sleeve due to their different TEC. The strain of steel sleeve can be expressed as:

&g =—F I(AEs) + adT 5)

where A, is the cross-section area of steel sleeve, F, is its elastic modulus, and «, is its



TEC. Correspondingly, the strain of fiber € 7 is:
& :(F/AfEf)+ade (6)
where A 7 is the cross-section area of fiber, Ef is its elastic modulus, and ay is its TEC. As

the deformations of steel sleeve and fiber are compatible, ie., €, = €, combined it with Egs.(5)
and (6), I can be solved as Eq.(7) below:

F :(as—af )dTw
AE, + A E; %)
Substitute Eq.(7) into Eq.(6), then can be obtained as Eq.(8):
E
£y :(oz,s—ozf)dTiASEfr ASfEf +oa;dT ®
As A E, > AfEf, Eq.(8) can be rewritten:
& = adT )

According to Eq. (9), fiber strain due to temperature change is determined by the thermal
performance of the steel sleeve. When FBG is embedded in concrete structure, thermal
deformation of fiber itself due to temperature can be neglected as its thermal expansion
coefficient (TEC) is similar with that of concrete. Therefore, fiber strain due to temperature is
thought as the concrete thermal strain.

The wavelength shift of FBG embedded in the concrete structures is composed of two parts:
(1) due to structural strain , which includes structural strain subject to loading and the
structural strain a.d7’ due to temperature change d7, where «, is the TEC of concrete. (2)
due to temperature varying. As shown below:
dig = ag(go +ach)+a-|-dT (10)

For temperature compensation for FBG strain senor, a FBG temperature sensor is placed in
the vicinity of it, which only responds to the temperature change. Under the co-action of
structural strain and temperature varying, wavelength shift of FBG strain sensor and that of
FBG temperature sensor are shown as below:

dﬂ’Bl = 0!518 + (ZTldT
d]’BZ = aTsz (11)
By solving Eq(11), we can get

&= (dﬂ’Bl - aTld/leJ/agl
04

= (12)
Introducing € = €5+ a,d7 into Eq.(12), then can be got as:
o
&9 =| dAg ——2dA ]/a. —adT
0 [ Bl P B2 |/ ®e1— O (13)

Based on above equation (12) and (13), we can get the accurate strain from the measured
FBG wavelength easily.

4. Application on the early age property monitoring of concrete beam
High-rise apartment construction works are built in Yongin City. And the measured beam is

cast by ready-mixed HPC. Steel-tube packaged Embeddable FBG strain sensor and FBG
temperature sensor is used in this research, and they are embedded in the mid span of the
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beam before concrete pouring. In the early age of concrete pouring, concrete temperature varies
much rapidly as shown in Fig.1(a) from FBG temperature sensor due to the large amount of
hydration heat released by cement hydrating. Fig.1(b) shows the concrete strain varying curves
before and after temperature compensation, which illuminates that temperature compensation for
FBG strain sensor is imperative to get accurate strain data especially when temperature changes
greatly. As there is no loading on the concrete beam at the early age, so the total strain of
concrete includes:

€ = E4hrinkage +acdT (14)
where after initial setting is adopted as 1.3x10-5/TC. In the early age time and within the short
period, drying shrinkage and carbonation shrinkage are considered negligible. Therefore
€shrinkage ONIY includes autogenous shrinkage. According to Eq.(14), concrete autogenous
shrinkage and thermal strain can be got as shown in Fig.l(c), which shows much high
autogenous shrinkage within the early age of HPC.
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Fig.1 (a) Temperature varying curve (b) Concrete beam strains (c) concrete thermal strain and shrinkage
5. Conclusions

Based on the FBG's strain and temperature sensing principles, the temperature compensation
techniques for steel sleeve packaged FBG sensors are put forward. And the application on early
age monitoring of HPC beam by dual FBGs verified the feasibility of the temperature
compensation technique. Meanwhile, the results show that in the early age of concrete pouring,
temperature compensation for FBG strain sensor is urgently imperative to get accurate concrete
strain measure as temperature changes greatly.

6. Acknowledgements
The financial support by Center for Concrete Corea (05-CCT-D11) is gratefully acknowledged.

References
. Xu M.G., Archambault J.L., Reekei L. ,et al. “Discrimination between strain and temperature
effects using dual-wave length fiber grating sensors”, Electronics letters, 1994, 30 (13):
1085-1087
. T.Iwashima , et al. “Temperature compensation technique for fiber Bragg grating using liquid
crystalline polymer tubes”, Electronics letters, 1997, 33 (5): 417-419
. M. G. Xu, et al, “Temperate-independent strain sensor using a chirped Bragg grating in a
tapered optical fiber”, Electronics Letters, 1995, Vol.31: 823-825





