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INTRODUCTION Section ) CONCLUSIONS

n this study, a corrosion threshold-controllable sensing system of
ong period fiber gratings (LPFG) is developed and validated for
ife-cycle monitoring of steel bars in corrosive environments.

In this study, an integrated sensing system of three steel tubes
extracted from rebar, three Fe-C coated LPFG sensors in LP06
mode, and two LPFG sensors in LP06 and LPO7 modes is

Three Fe-C coated LPFG sensors with two bare LPFG sensors in Fia.2 Cross section and image of three steel tubes designed and characterized for life-cycle monitoring of the rebar
LPO6 and LPO7 modes for strain and temperature compensation J- J with strain and temperature compensation. Based on the test
were multiplexed and deployed Inside three miniature, coaxial RESU LTS data and ana|ysis, several conclusions can be drawn:
steel tubes to measure three critical mass losses through the
penetration of tube walls and their corresponding corrosion rates Simultaneous measurement of strain and temperature with LP06 « Two LPFG sensors in LP06 and LPO7 modes can be used
in the life span of steel bars. Thermal/mechanical loading and and LP07 mode LPFG. together for simultaneous measurement of strain and
accelerated corrosion tests were conducted to validate the 2007 Moasired Data - Dl temperature with high accuracy since they have dissimilar
functionality, sensitivity, accuracy, and robustness of the — =S| SALond Profil Mf—-’” . sensitivity coefficients. The maximum measurement error is
proposed sensing system. Since both the steel tube and Fe-C %_, > 4.0% in temperature and 8.2% in strain.
layer represents the material composition of steel bars in the 2 100 f//" |
context of corrosion, the mass loss correlation among any two of | - % ” el |  Under a constant current density, the mass loss rate of the
the steel tube, Fe-C layer and steel bar is independent of the test Micrometer for strain appheation ///. RZ = 0.97,RZ = 0.90 rebar can also be derived accurately from the mass loss rate of
conditions such as the current density and sample length, and Furnace for temperature application % 1000 2000 3000 4000 the steel tube using the regression equation with less than 8.7%
thus applicable to engineering practices. The outer tube can B Intcgrated fiber optic sensor i (1) error. Under a time-varying current density, the mass loss rate of
notably delay and decelerate the corrosion process of its inner Fig.3 Test setup and comparison of the sensor data under the the rebar may not be obtainable from the equation since the
steel tube due to the reduced current effect. thermal and loading profile penetration time of each tube differs from the penetration time

e taken during the correlation tests. In this case, the Fe-C coated

——— \ ~\\ Corrosion induced mass loss monitoring LPFG sensor can provide the changing condition in corrosion

— )1 5 | current density through the measurement of Fe-C mass loss

AN/, rate.
] Steel tube extracted_ ﬁ'o_m steel members to be monitored for LPFG
protection and monitoring of average corrosion
| gy "1 Fe-C coated LPFG sensors for the measurement of corrosion REFERENCE
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Integrated Sensor System e o views, opinions, findings and conclusions reflected in this
To protect fragile LPFG sensors and extend their service life for c 042 ode s 132 bs s publication are solely those of the authors and do not represent
long-term corrosion monitoring, an integrated sensing system is Estimated and measured mass losses of the rebar under a the official policy or position of the USDOT/OST-R, or any State
proposed and designed. As shown in Fig. 1, three steel tubes, A, tmpffég“Etgmbt}yALM</> — or other entity.
B and C, with different diameters are designed and arranged in a A 0 53 o

B 6.3 6.8 7.4%

coaxial pattern. C 1.9 1.2 6.3%
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