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Fundamental Experiment to Verify the Resolution of Hetero-core
Fiber Optic Sensor for the Prestress Measurement
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Abstract

This is the study for developing the hetero—core optical fiber sensors which are purpose to measure the prestress of PSC bridges
during the life cycle period. The goal of this study is to improve the resolution of hetero—core sensors. As a result of the test, it is
possible to measure the displacement in 2um increments. In other words, if the length of the sensor module is 30cm, it is possible to
measure the prestress variations in 0.2MPa increments at specified compressive strength of concrete(fck) of 40MPa by Hook's Law.

So it can be useful for development of a sensor module measuring internal prestress measurement.

Keywords - hetero—core, optical fiber sensor, opm(optical power meter), prestress
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Fig. 1 Hetero-core sensor
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Fig. 2 Experiment result(loss to displacement)
(Kim et al., 2007)
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Fig. 4 Schematic diagram of hetero-core point sensor
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Table 1 Compressive strength and tensile strength of
normal concrete

fe
(MPa) 18 | 21 | 24 | 27 | 30 | 35 | 40 | 50 | 60
fem
(MPa) 22 1 25|28 |31 | 34|39 |44 | 56 | 66

Table 2 Stress measurement accuracy according to
displacement measurement accuracy
(measurement length of sensor module L=30cm)

Specified compressive | Relationship between displacement

strength of concrete and strength (MPa)

(fo) 1um 5um 10um | 100um
40 MPa
(E = 30.000 MPa) 0.10 0.50 1.00 10.00

60MPa

(E = 35.000 MPa) 0.12 0.58 1.17 11.67
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Fig. 7 Experimental equipment setting
(volt-displacement)

Table 3 Equipment specifications for experiment of
volt-displacement relationship

Item Specifications

Hetero—core

_ _ 0}
optical fiber Oum-bpm-Ium, SME

Core diameter

LED 1 Channel
PD 1 Channel

Optical output

Optical input

Controllar

(LED?. PD?) Operating

temperature

-10~+50T

Data output Analogue voltage

0.1mV at 400mV range

Resolution® 0.001V at 4V range
Voltage meter 0.01V at 40V range
Accuracym 3.0% + 3 at 400mV range

1.0% + 3 at 4V range

1) SMF': Single Mode Fiber

2) LED: Light Emitting Diode

3) PD: Photo Diode

4) At operating temperatures of 18C to 28T, relative
humidity at 0% to 75%

)

5) £ % of Reading + Number of Least Significant Digits
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Table 4 Equipment specifications for experiment of
dBm-displacement relationship

Ttem Specifications
Optical power range 100pW to 200W
Optical energy range 3ud to 15J
Power i
» Available sensor 185nm to 25um
analyzer wavelength range
(PM200) +0.2% fi
Photojj;clifa:ensors O'(BfAj;];ZC)ale
v +0.5% full scale (50nA)
Long lifetime tungsten
Source
halogen
Light Wavelength range 360~2400nm
soure Stability of optical Y
(HI~2000 output 0.15% peak to peak
-LL) o _ar
Operating temperature o 35_C’
and humidit 5~95% without
v condensation at 40T
Wavelength range 800~1700nm
Power Detector type InGaAs Photodiode
sensor Power range 1InW to 20mW (-60dBm
(3155C) v & to +13dBm)
Linearity +0.5%

sens

module
micrometer

Fig. 12 Experimental equipment setting
(power-displacement)
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Fig. 13 tension-compression displacement curve by
3times repeated measurement
(displacement derivation 100um)
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Table 5 result of dBm-displacement measurement

Derivation Regression Eg R-squre | Error(%)
100pm y=1.35822-33.887 0.9945 0.13
10um y=1.37322-33.899 0.9994 0.03

5um y=1.39362-33.894 0.9988 0.06
2um y=1.35812-33.910 0.9994 0.04
lum - - -
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