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Abstract

Corrosion is a major pathology for Civil Engineering structures, affecting long-term
reliability. Huge direct costs (maintenance, rehabilitation) and indirect costs (lost
productivity, litigation, outages, delays, downtimes) justify strategies to minimize the
impact of corrosion. Regarding civil engineering (CE) infrastructures constructed of
reinforced concrete, steel reinforcing bars (rebars) are naturally corrosion-protected
when embedded into concrete (pH~13). Concrete carbonation (“generalized”
corrosion) and chloride ion penetration (“pitting” corrosion) both accelerate their
corrosion rate. Corrosion products grow in volume and the increase in pressure at the
steel-concrete interface leads to cracks of the concrete layer and acceleration of
degradation. They may escape as well through cracks, thus leading to a reduction in
rebar diameter and global structure weakening.

Until now, inspections are carried out periodically and involve indirect measurement
techniques (e.g. chemical-, impedance-, potential-based) that are time-consuming,
costly and probabilistic in nature. Imaging techniques (e.g. ultrasonics) provide
information about internal damage or voids within concrete but are of limited range of
investigation (limited to accessible surfaces). Since it is impossible to predict where
corrosion would start in large infrastructures, distributed monitoring techniques are
desirable in order to early detect its onset, particularly in hidden or inaccessible areas.
We investigated the OFDR technique in the perspective of a Condition-Based
Maintenance (CBM), identified as a future challenge in order to provide safe operating
conditions and cost savings. The use of telecom-grade fibers as sensors is motivated by
their cost-effectiveness, electrochemical passivity, electromagnetic immunity and
networking/multiplexing capability.

We report on an original fiber-based corrosion sensor design employing usual steel
rebars in order to avoid galvanic corrosion to occur. Since the sensor is a rebar, it also
behaves as an extensometer and a dedicated design is proposed to discriminate between
global thermomechanical loadings and local corrosion mechanical effects. Changes in
OFDR signals with respect to reference signals provide localization, identification and
direct measurement of corrosion. The sensing device was successfully tested under
accelerated pitting corrosion as a proof-of-concept.

1. Introduction

According to the World Corrosion Organization (WCO), the direct cost of corrosion
amounts to approximately $USD 1.8 trillion, i.e. 3-4 % of GDP (Gross Domestic
Product) of all industrialized countries (1). The last study about corrosion cost was
published in 2001 by the US Federal Highway Administration (FHWA) with support
from NACE International (National Association of Corrosion Engineers) (2). This study
estimated that the annual direct cost due to corrosion (from all industry sectors) amounts
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to $USD 276 billion. Indirect costs (lost productivity, litigation, outages, delays,
downtimes) were estimated to be equal to direct cost, so that the global cost of corrosion
was actually estimated to be twice the value reported in (2). The direct corrosion cost
for infrastructures (highway bridges, transmission pipelines, waterways & ports,
HAZMAT storage, airports, railroads) was estimated to be $USD 22.6 billion.

The cost of corrosion of Civil Engineering (CE) infrastructures constructed of
reinforced concrete was not given in details in the study. However, 83 % of the US
bridges are made of concrete and 15 % were considered as structurally deficient at the
time of the study (1999-2001) (1). Besides, indirect costs were estimated to be ten times
higher than direct costs for highway bridges.

In France, the annual cost for monitoring, maintenance and rehabilitation exceeded
0.5 billion Euros in 1999 (3).

Concrete is a low-cost material heavily used for construction but of poor mechanical
resistance compared to other construction materials (e.g. metals, carbon/glass fiber-
reinforced plastics). Steel reinforcing bars (rebars) are used to improve the tensile
strength of concrete. The highly alkaline pH of concrete (~ 13) leads to the passivation
of the steel interface that protects the material against corrosion (4).

Atmospheric carbon dioxide contributes to decrease the pH value (corrosion starts at
pH ~11.5) leading to concrete carbonation (“generalized” corrosion). The other
dominant corrosion mechanism is “pitting” corrosion of rebars by chlorides, that
concerns structures located in marine environments or exposed to deicing salts.

Both mechanisms dramatically accelerate the corrosion rate. Corrosion products
eventually grow in volume and the increase in pressure at the steel-concrete interface
leads to cracks of the concrete layer and acceleration of degradation. Corrosion products
may escape as well through cracks, thus leading to a reduction in rebar diameter and
global structure weakening.

Solutions for preventing corrosion failures, such as using corrosion-resistant alloys, or
mitigating the corrosion impact (protective paints, application of cathodic protection),
are costly and usually restricted to prestige monuments (e.g. Eiffel Tower in Paris,
France). According to the code for design for durability (5), monitoring becomes a part
of the design and construction process. Scheduled-driven inspections are carried out
during the life of the structure in order to detect major degradations impairing its
integrity and endangering safety. Most NDT (Non-Destructing Testing) techniques used
for concrete CE works detect a corrosion risk rather than the corrosion impact itself or
by-products of the corrosion reaction. These monitoring techniques consist in measuring
the environmental species or conditions that are precursors of the corrosion process.
They involve chemical analysis (e.g. pH, chloride concentration, etc.) (6), or resistivity,
impedance- or half-cell potential-based detection (7).

Direct monitoring techniques are able to detect either by-products of the corrosion
reaction of its mechanical impact over the structure. Among these methods, imaging
techniques such as ultrasonic pulse velocity (8) and more recently backscattered
computed radiation tomography (9), are used. These techniques require scanning huge
amounts of surface (hundreds of m? and more) by an operator equipped with either a
hand-held or motorized monitoring device. The process is tedious, time-consuming and
costly. Moreover, structure downtime (e.g. traffic interruption) is often imposed for
safety reasons during periods of inspection. Finally, these techniques are often of
limited range of investigation (restricted to accessible surfaces) and hidden or
inaccessible parts fall out of sight so that the global damage is often underestimated.



2. Optical Fiber Sensor for in situ corrosion detection within concrete

Several Optical Fiber Sensors (OFS) were investigated as means for in situ direct
corrosion detection within concrete structures.

2.1 Color sensor

P.L. Fuhr and D. R. Huston (10) investigated a fiber sensor based on color change. The
authors recorded spectra of the light reflected back by the rebar surface for both states
(metallic and rusted) and provided data analysis to retrieve the corrosion state. The
sensor is simple and low cost but distributed measurements seem difficult to achieve
(the detection is localized at the extremity of the fiber).

2.2 Sacrificial thin film

Other others investigated sacrificial thin films assumed as representative of a rebar. For
instance, C.K.Y. Leung et al. (11) investigated a fiber reflector with a sputtered iron
film deposited on fiber end face. Several limitations are associated with this concept: (i)
the sensor is not amenable to multiplexing on a single fiber, (ii) the absence of intensity
reference leads to the impossibility to discriminate between corrosion effect and
transmission loss (e.g. due to connector aging), and (iii) the electrochemical potential of
the sputtered film is not equivalent to that of the rebar steel.

Martins-Filho et al. (12) proposed a quasi-distributed version of this concept with
multiple fiber-ends, connected to a lead fiber with optical couplers, and interrogated
with an OTDR (optical time-domain reflectometer) device. The OTDR device also
provides a reference baseline from Rayleigh scattering, enabling self-intensity
referencing.

A galvanic corrosion between the sensor and rebars may occur within the structure on
account of the different electrochemical potentials of rebars and sensor. Therefore, if the
sensor corrodes faster than the rebars, it leads to a false alarm. Inversely, if the sensor
does not experience corrosion or much later than the rebar does, the sensor is inoperant.

2.3 Fiber Bragg Gratings (FBGSs)

Fiber Bragg Gratings (FBGs) were investigated as well for corrosion detection by
several authors. For instance, N. Zhang et al. (13) proposed a FBG photowritten within
a taper coated with a sputtered iron film. Variations in spectral shape are related to
corrosion-induced refractive index changes.

J-R. Lee et al. (14), S.K.T. Grattan et al. (15), Z. Zheng et al. (16) and S. Ali Alvarez et
al. (17) evaluated FBG corrosion sensors relying on corrosion-induced strain variations,
either a strain release induced by pitting corrosion or strain increase due to expansion of
corrosion products.

J-R. Lee et al. (14) used a FBG prestrained on a sacrificial metal sample. The observed
Bragg shift was due to the corrosion-driven reduction in rigidity (loss of mass and
section) of the sample. The sensor prototype was a laboratory specimen, not properly
packaged for embedment within concrete.



Z. Zheng et al. (16) and S.K.T. Grattan et al. (15) both developed a FBG corrosion
sensor directly bonded onto the rebar material. Bragg shifts were observed because of
strain induced by expansion of corrosion products.

Z. Zheng et al. (16) mechanically polished the surface of a 20-mm long part of a rebar
and bonded an FBG along an orthoradial orientation (i.e. within a section of the rebar).
The FBG was then protected by a Fiber-Reinforced plastics (FRP) foil. The corrosion
sensor prototype was embedded in a concrete cube (edge = 150 mm) and submitted to a
generalized corrosion after a 7-day cure (immersion into soda and salter water,
current = 0.2 A). Since corrosion products could not escape, they accumulated at the
concrete-rebar interface and increased in volume. The resulting increase in pressure and
strain eventually led to concrete break. No indication of corrosion was observed during
the first 15 days. During the last three days, the Bragg shift increased rapidly up to 3 nm
before concrete broke (relative increase of rebar diameter of 0.25 %).

This experiment provides a proof-of-concept for the Bragg detection of generalized
corrosion of a rebar but the winding procedure may prove difficult on small-diameter
rebar (e.g. 5 to 6 mm) due to bending-induced loss and mechanical fatigue. Moreover,
the large FRP protection prevents the corrosive species to attack the surface nearby the
FBG thus causing a time delay between the onset of corrosion and its detection.

S.K.T. Grattan et al. (15) performed two types of corrosion testing on a steel rebar
(length = 750 mm, diameter = 12 mm) with bonded FBGs (along rebar axis) and
electrical resistance strain gauges (ERSGs). The first test was performed in a salt spray
chamber projecting a solution of salted water (0.05 %wt, T = 35°C, RH = 85 %). FBGs
experienced small strains (~ 500 microstrain) after delay times varying from 37 days up
to 76 days. The second test consisted in embedding the sensor into a concrete block and
to accelerate corrosion by the appliance of a current. The rebars protuded from the block
and rust seeping was observed along the rebar. A first FBG experienced positive strains
(1700 microstrain) while another experienced negative strains (-1200 microstrain). This
test was partly conclusive probably on account of the fact that corrosion products could
escape the concrete block along the rebar.

S. Ali-Alvarez et al. (17) performed similar experiments to those of Zheng et al. (16)
and Grattan et al. (15) in both pitting and generalized corrosion schemes. The rebar
material was a E-500 type steel and the fiber was bonded inside a groove with an epoxy
of high curing temperature (Tc ~ 80°C). Once the bonding was effective on the rebar
surface, the fiber was strained during cooling down at room temperature since the
coefficient of thermal expansion (CTE) of iron (1.2 10° K1) is higher than that of silica
(5.1077 K'). The Bragg shift is given by the relation:

AL
—=(§+ (1 ~p,) CTE)-AT (L)
where ¢ is the thermo-optic coefficient of silica and pe~0.21 is the photo-elastic
constant of the FBG (under axial strain).

For all corrosion experiments, electrochemical potentials were measured with a
VoltaLabPGZ-100 device and a Burleigh/EXFO WA-7600 wavemeter was used for
recording the Bragg spectra (spectral resolution ~ 15 pm). For a temperature shift of
70°C, a Bragg shift of -1.44 nm (@1530 nm) was experimentally observed between step
#1 (before bonding : @1530.086 nm, 25 °C) and step #3 (after bonding : 1528.650 nm,
25°C) which corresponds to a compressive strain of about -1200 pstrain.



A pitting corrosion was performed in salted water (35 g/l) under an applied current
density of 70 mA.cm?. Rust breaks off and loses its mechanical integrity. As the
corrosion advances, the remaining part of uncorroded metal surface diminishes
progressively with time and so does the epoxy-metal bonding joint that is under stress
(pullback force by the silica fiber). The bonding joint experiences an increase in strain
due to the reduction in bonded surface and eventually releases the stress (bond break).
The Bragg wavelength therefore increased until it finally went back to its initial value
(unbonded). Is it important to notice that the strain release did not follow an “all or
nothing” behavior but rather evolved continuously with time, yielding potential
indication about the progression of the corrosion reaction.

Another corrosion sensor of same kind was then embedded into a mortar solid cube
(Portland, 6 x 6 x 7 cm®) and submitted to an accelerated generalized corrosion. After a
7-day cure, the concrete sample was then immersed in a salted water solution with soda
and a current density of 100 mA.cm? was applied to the mortar. In this second
configuration the internal pressure at rebar-concrete interface was expected to increase
on account of the expansion of corrosion products at the rebar surface. During the first
3 days of experiment, the Bragg wavelength remained stable and began to drop since
the fourth day. The mortar sample got fractured on the sixth day. The maximum
recorded Bragg shift was about -220 pm £ 50 pm which translates into an internal
pressure of about 50 MPa + 11 MPa (-4.4 pm/MPa @1530 nm). This value is higher
than the standard tensile strength of concrete (~ 3 to 5 MPa). A physical explanation
might be a partial strain transfer along the grating length that would account for a Bragg
shift larger than expected.

The detection of the corrosion-induced strain as demonstrated in (14-17) stems as a
pertinent approach for direct corrosion detection in a future Condition-Based
Maintenance (CBM) strategy. However, the number of FBGs that would be needed to
cover a CE structure is huge (several thousands). Both sensor and deployment costs are
thus likely to exceed the maintenance budget allocated for by the owner of the CE
structure which hinders the spread of this technique.

2.4 BOTDA (Brillouin Optical Time Domain Analysis)

Since it is impossible to predict where corrosion would start in large infrastructures,
distributed monitoring techniques are desirable in order to early detect its onset,
particularly in hidden areas, while keeping cost at a reasonable value.

With this aim in view, the BOTDA technique has been investigated as a distributed
corrosion monitoring, relying on the strain induced by expansion of corrosion products
(18-19). The accuracy in strain measurement is approximately 20 microstrains (to be
compared to that of FBG measurements that is currently about 1 microstrain or less).
The spatial resolution of BOTDA measurements is about 1 meter. Therefore, the fiber
was wound around the steel rebar in order to provide a local corrosion measurement
(several centimeters) which complicates the deployment and increases the sensor cost.
This concept cannot be applied on small-diameter rebars (less than 10 mm) on account
of large bending-induced light loss and mechanical fatigue. The authors observed a
continuous rise of the longitudinal strain due to expansion of corrosion products up to
1000 microstrains (19). The BOTDA recordings were limited by the low signal-to-noise
ratio (SNR) of the Brillouin signals at the end of the experiment.



3. Fiber-based steel rebar corrosion sensor prototype

The OFDR (Optical Frequency-Domain Reflectometry) technique is another interesting
solution in a perspective of CBM because it provides a distributed monitoring capability
with metrological performance equivalent to FBGs.

The use of telecommunication-grade fibers as sensors is motivated by their cost-
effectiveness,  electrochemical  passivity, electromagnetic  immunity  and
networking/multiplexing capability. Furthermore, a single interrogation unit may be
moved from one site to another in order to improve the pay-back for the OFDR unit.

We investigated a direct distributed corrosion sensor prototype interrogated by OFDR in
the perspective of CBM, with the aim to determine inspection intervals more accurately
and to prioritize corrosion-prevention strategies in a context of spending restrictions.
The principle of OFDR is well documented (20) and will not be recalled in this paper.
Backscattered profiles are obtained by inverse Fourier Transform of the interference
pattern recorded during laser tuning and the spatial resolution is about 10 micrometers
for a tuning range of 80 nm. The distributed strain/temperature profiles are obtained by
cross-correlation of backscattered profiles with a reference one, recorded at known
strain and temperature. The cross-correlation is performed over fiber segments ("gauge
length™) typically one-centimeter long or less, equivalent to the spatial resolution for
metrological applications. The relative frequency shift between cross-correlated profiles
is identical to the relative Bragg shift of FBGs, according to:

Av__ﬂ
oY 2)

v
Based upon Eq (2), the frequency shift Av (in GHz) depends on the longitudinal strain &
(in microstrain) by the relation:

Av = —0.151 (GHz/microstrain) - € 3)
3.1 Conception of the corrosion sensor

The corrosion sensor prototype is built from a steel rebar (Fe-500, & =13 mm,
L =300 mm) to avoid galvanic corrosion to occur and not to weaken the structure.
Since the corrosion sensor also participates to the reinforcement, it behaves as an
extensometer and provides additional information about internal structure loading and
presence of cracks (stress discontinuity along rebar length). On the other hand, local
corrosion mechanical effects superimpose over global thermomechanical loading. A
discrimination of both effects is therefore necessary and achieved with the help of an
original design based on the periodic succession of corrosion-protected and unprotected
surfaces (period = 50 mm), as depicted in fig. 1. Corrosion-protected parts (epoxy layer)
serve as strain reference and account only for thermomechanical loading. The other
parts (unprotected) are prone to corrosion damage and provide short-scale (local) strain
effects that are discriminated against the global (large scale) loading.

The corrosion sensor prototype manufactured by the CEA-LIST is shown on fig. 2.

The optical fiber (SMF28) was inserted within a groove machined on rebar surface,
along its axis. The fiber was bonded with a high-cure temperature epoxy according to
same protocol as described in references (17, 21-22). When cooled down at room



temperature, the fiber is strained in compression (about -1200 pstrain for AT = 70°C).
The equivalent frequency shift is 181 GHz (according to Eq (3)). It is important to bear
in mind that a positive frequency shift means a negative strain (compression).
Conversely, a negative frequency shift means a positive strain (traction).
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Figure 1. Design concept of the fiber-based rebar corrosion sensor prototype
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Figure 2. View of the corrosion sensor prototype with successive protected and unprotected
segments for discrimination of short-scale corrosion-induced mechanical effects from global
thermomechanical loading

4. Experimental

4.1 Accelerated corrosion conditions

An accelerated pitting corrosion experiment was performed with a current generator
(constant applied current = 180 mA). The sensor prototype was immersed into a water
tank (aquarium) filled with salted water (1.4 g/l). A copper clamp connected the
corrosion sensor to the anode while a copper electrode was connected to the cathode.
The theoretical corrosion rate is given by the Faraday law:

CRM = ‘;—’;‘ =—[-M/(n-F) (4)
where M =55.84 g/mol is the atomic mass of the metal (iron), I is the current (in A), n
is the number of electrons exchanged in the corrosion reaction (n=2) and

F =e.Na = 96400 C/mol is the Faraday charge constant (e is the electron charge and Na
is the Avogadro number).



4.1.1 Test condition on dummy sensor

A dummy sensor was submitted to accelerated corrosion in order to validate the Faraday
law in the context of the experiment. The initial mass of the dummy rebar was
120.998 g (+ 1 mg). The calculation (Eq (4)) gives a mass corrosion rate of -0.187 g/h
(the amount of lost mass was 15.13 g at the end of the experiment). It follows that the
relative mass corrosion rate was CRE* = —0.1545 - %/h.

The experimental corrosion rate was estimated by weight loss measurement.

The operating mode consisted in applying the nominal current (180 mA) over the
dummy sensor (of same dimensions as the rebar prototype) immersed in salted water for
several hours. Then, the current was stopped and the rebar was removed from the water.
Corrosion products were then scrapped off the surface and the rebar was weighted. The
rebar was then replaced into the water to pursue the corrosion process.

Fig. 3 shows the plot of the relative loss of rebar mass with respect to time. It exhibits a
linear trend indicating that the corrosion rate was not significantly slowed by diffusion
through the thickness of corrosion products over a time scale of several hours.
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Figure 3. Percentage of corrosion-induced weight loss vs time and estimation of the relative mass
corrosion rate in accelerated conditions
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The experimental mass corrosion rate was CR;,* = —0.162 - %/h which is very close
to the theoretical value and validates the calculation.

Taking into account circular symmetry of the rebar geometry, the mass corrosion rate
CR,,, may be related to the corrosion rate by the simple relation:

=22 _2.cR

1dm 2dr
A ra ()

CR,, =

where m is the mass and r is the radius of the rebar.

The relative corrosion rate CR is then about 8.10* h'* (0.08 %.ht) which corresponds to
3,6 um/h for a radius of 4.5 mm. Since the corrosion rate in marine environments is
about 0.1 mm/year (0.011 pum/h) (1), the acceleration factor is about 330.

4.1.2 Test condition for the corrosion sensor

The experiment is shown in fig. 4. Only the exposed surface of the corrosion sensor was
prone to corrosion and taken into account in the exposed surface that is about 49.5 cm?,
A current of 180 mA was applied to the corrosion sensor and the current density was
about 3.6 mA.cm?. The volume of the corrosion sensor is about 9.8 cm® which
corresponds to a mass of metal of 77 g (7.87 g/cm®). The mass corrosion rate is the
same as in 4.1.1 since the applied current was the same, i.e. 0.187 g/h. The relative mass



corrosion rate is then about 0.24 %.h™. The relative corrosion rate is then 0.12 %.h
which corresponds to 5.4 um/h for a radius of 4.5 mm.

Luna OBR4600
and laptop

l

Figure 4. View of the experimental set-up for pitting corrosion

During the corrosion test, the copper electrode was not put parallel to the rebar sensor
and the electric field between the copper electrode and the rebar was not constant with
respect to fiber position. The practical consequence is that the corrosion rate was not
constant either and we initiate a traveling corrosion from the extremity of the rebar
towards the interior part (positions: 4.02 m, 4 m, 3.94 m). The other consequence is the
apparition of several time delays between the beginning of the experiment and onsets of
corrosion for successive parts of the rebar. During the experiment, a thermocouple was
immersed nearby the corrosion sensor in order to monitor temperature changes (the
temperature was kept constant within £1°C during the whole experiment).

4.2 Distributed corrosion monitoring along the rebar-based sensor

4.2.1 OFDR protocol

The following Luna's parameters (OBR4600) were used for the experiment: Sensing
range = 0.8 cm, gage length = 0.5 cm, sensor spacing = 0.1 cm.

A reference backscattering trace was first recorded at the beginning of the experiment,
before switching on the current generator. Then, the current was applied continuously
and several OFDR traces were recorded along at given periods of time. The current
generator has been switched off outside working hours (evening and night).
Cross-correlations were performed by the Luna software in order to retrieve the changes
in strain profiles along the rebar-based sensor as corrosion advanced.

4.2.2 Evolution of strain profiles with pitting corrosion

Fig. 5 shows the strain profiles along the rebar-based sensor obtained by cross-
correlation of backscattered traces with the reference one, taken before appliance of the
current. This figure shows the time evolution of the frequency shift (proportional to
strain release) as an indicator of the progression of corrosion.

As rust surface increases, the proportion of metallic surface diminishes accordingly and
the fiber strain is progressively released, similarly to previous experiments (15, 18).
After the first segment being corroded, a new reference trace has been recorded. A
second set of strain profiles was produced and the evolution of the corrosion of the
second segment nearby is shown in fig. 5b.
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Figure 5. Evolution of the strain profile along the sensor length monitored by the OFDR technique,
evolution along the a/ first segment being corroded, b/ second segment being corroded

In this case, the first corroded segment is no longer apparent since the fiber strain was
released to zero.

As previously considered (16-18), the frequency shift is progressive which opens the
way to the monitoring of the time evolution of the corrosion process. Indeed, the Fig. 6
shows the amplitude of the fiber strain over the successive segments attacked by
corrosion. The strain evolution with respect to time exhibits a t“> dependence that may
indicate a diffusion-limited reaction due to the presence of corrosion-products at the
interface slowing down the corrosion reaction.
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Figure 6. Evolution of the amplitude of strain monitored vs time for each of the three corroded
segments, showing a t*2? dependence typical of a diffusion-limited kinetics.

The experiment has been discontinued for the 1% segment and the two series of data for
the segment at 4.02 m are not in continuity. The 2"4 and 3" sets of frequency data were
recorded without time interruption and the strain evolution vs time is modeled by the
relations (6) and (7) for the 2" (4 m) and 3" (3.938 m) segments respectively.

(6)
(7)

F,(GHz) = —4.9.\/t(min) — 590 min
F3(GHz) = —3.85../t(min) — 4900 min

The experiment was stopped after 108 hours of pitting corrosion.
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5. Conclusions

A corrosion sensor prototype has been manufactured according to an original segmented
design, alternating covered (corrosion-protected) and uncovered sections (corrosion-
sensitive) with the aim to discriminate global thermomechanical loadings from short-
scale corrosion effects. As a rebar, the corrosion sensor participates to structure
reinforcement and prevents any galvanic corrosion with other rebars (same
electrochemical potential).

In this work, we investigated the OFDR technique as a distributed strain monitoring
technique involving low-cost telecommunication-grade optical fibers as sensors. The
fiber is epoxy-bonded at high temperature onto the steel rebar and strained in
compression at room temperature. Submitted to pitting corrosion, the strain was
progressively released following the extension of rust with time. The time evolution of
strain followed a t*2 dependence that is typical of a diffusion-limited corrosion kinetics.
Changes in OFDR strain data provide centimetric localization, identification and direct
measurement of corrosion. This distributed monitoring technique is thus suitable to
structural Health Monitoring (SHM) in hidden or inaccessible zones inside reinforced
concrete structures since it is not possible to predict where corrosion would start in large
infrastructures. Furthermore, the direct corrosion detection capability lends itself to
Condition-Based Maintenance (CBM), by contrast to other indirect methods that convey
probabilistic estimation of a corrosion risk. The sensing device was successfully tested
under accelerated pitting corrosion as proof-of-concept. In a previous work (21), we
have experimented this concept in generalized corrosion as well.

Finally, the mechanical protection of the fiber was restricted to a thin epoxy ribbon
(1 mm width) with the aim to minimize the delay for reaction of the corrosion sensor, as
evidenced by several authors (15-17). Therefore, the epoxy ribbon does not prevent
corrosion from progressing nearby the fiber, minimizing the delay time between the
trigger of the corrosion reaction and the observation of the OFDR change.

The future perspective is to provide tests in concrete structures with global and local
loadings in order to check the performance in real CE conditions.
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