CRACKING ASSESSMENT IN CONCRETE STRUCTURES BY DISTRIBUTED
OPTICAL FIBER

ABSTRACT
In this paper, a method to obtain crack initiatidmgation and width in concrete

structures subjected to bending and instrumentetth wn OBR system (Optical
Backscattered Reflectometer) is proposed. Contiggitain data with high spatial
resolution and accuracy are the main advantagegshef OBR system. These
characteristics make this Structural Health Momipr(SHM) technique a useful tool
in early damage detection in important structunabfems. In the specific case of
reinforced concrete structures, which exhibit cseadven in-service loading, the
possibility to obtain strain data with high spatiedolution is a main issue. In this way,
this information is of paramount importance conoggnthe durability and long
performance and management of concrete structures.

The proposed method is based on the results oftaupeto failure carried out on a
reinforced concrete slab. Using test data and réiffie crack modelling criteria in
concrete structures, simple non-linear finite eletmodels were elaborated to validate

its use in the localization and appraisal of treckmwidth in the testing slab.

KEYWORDS : Distributed Optical Fiber Sensor, Non-linear FEMacking detection.

INTRODUCTION
Structural Health Monitoring (SHM) can be descrilbesl a process of implementing a damage

identification stratedy In the specific case of concrete structures, denis closely related to the
presence of cracks. Because of inherent weakndession, cracks can be observed in reinforced
concrete structures even in-service loadi@g. the other hand, cracks usually appear in comcret

surfaces due to the corrosion of the passive atickaeinforcement. Therefore, early detection of



damage, its localization and characterization {cna@th) are very important parameters in the

safety, maintenance and durability of concretectunes.

The crack width measurement is a main issue in dandatection. Visible cracks not only affect
the aesthetics, cracks of excessive widths carribate to the corrosion of the reinforcenfent
Early detection of these cracks before they becasikle is of high interest for a correct prevestiv

maintenance of concrete structures.

Until recently, conventional monitoring methods tthieere used to perform crack detection had
serious limitations. The most common was to perfersual inspections and /or to use discrete
sensors that generally were not able to locatdiegisracks. In fact, the use of discrete sensass h
very serious limitations since it is not known aogrwhere the crack could appear. The main

problem is not being able to locate and espedialyuantify cracking patterns in a timely manner.

During the past decades, the development of stalctoonitoring has produced a wide variety of
measurement systems and new sensors. Monitoringnsyswith more compact sizes, easy
installation and use, but especially with new measent capabilities, have been implemented.
Within this diversity, monitoring systems basedtbe use of fiber optic sensors have gained an
important place and their use is increasingly beacgepted. Their advantages and limitations
regarding the use of traditional mechanical andtetal sensors have been widely discussed in a

number of publications on this subjéct.”

One of the new possibilities has been to use thieabfiber itself not only as a conductive medium
of information, but as a sensitive mean to gathirmation. Considering this idea, the optical fibe
becomes a sensor with thousands of measuremens$ pgiving the user the possibility of obtaining
measurements distributed along a certain lengtis. fids led to monitoring systems with distributed
optical fiber, having the possibility to detectcétize and measure with high precision and in a

timely manner, the damage on a monitored structute.



In the specific case of concrete structures, mdchestructural damage that is to be identified is
manifested by the appearance of cracks. This is telgetect, to locate and mainly to obtain the
crack width becomes of greater relevanCeack width can be also related to damage due to
corrosion in the reinforcing st&eHowever, since the appearance of cracks is a phemomthat
cannot be predicted a priori, very often evaluatingir effects is complicated and costly when
using traditional techniques. The possibility tosdnanonitoring systems that allow to accurately

locate and to obtain crack width dimensions hasineca challenge.

This paper presents a method to obtain the avenag& width in concrete structures subjected to
bending. The proposed method is based on informatanuired from a monitoring system with
distributed optical fiber and is an extension af thethod as presented in Rodriguez ®tlalfact,

in the presented paper, the technique to assessrdick width is introduced. Additionally, an
extensive comparison between the results of thegzed method and those obtained with other
experimental techniques and FEM models is providgediyding the compression zone. In this way,

the checking of the results becomes more reliable.

AVAILABLE METHODS FOR CRACK WIDTH MEASUREMENT

Visual Inspection

Visual inspection is generally performed by usingh@e measuring devices, which have
predetermined ranges of crack width measurementsasibnally, these devices have lens that

serve to amplify and improve the viewer’s visidn.

Image Processing
Currently, techniques to acquire crack patternsutin images are widely used, such as high-
resolution photographic cameras and software dpusat, allowing imaging processing. These

techniques have allowed the incorporation of mamtpsystems whose application to experimental



testing in the laboratory, as well as in the fietdbeginning Irrespective of the characteristics of
these monitoring systems, in most cases, it isgsarg to implement sophisticated methodologies

to ensure the usefulness of the acquired im&ges.

In the case of obtaining crack widths in concrétectures, a very important aspect is the setting o
the camera monitoring system, since when usingirtteges to determine crack widths within
millimeter levels; it must be ensured that the nexiee is always the same. This aspect may limit the
use of these systems only for the measurementiokglin small areas, or its use in laboratory tests
where work conditions and lighting can be contwll® a more optimal manner. In field
applications, the versatility of these systemsinstéd because they must adapt to a number of

conditions which are often very different, as veslaspects of lighting and weather conditions.

Smart film Technique

Another possibility that currently exists for measg crack widths in concrete structures is through
the technique known as Smart fifffiThis technique is based on the simulation of gresiivity of

the skin of an animal, when creating a surface nfiemla enameled copper wires, which intersect

each other to simulate a sensory system. The ditmaradheres to the surface of concrete with

epoxy resin. Once the smart film is adhered to ¢hecrete surface under study, through an
electrical signal processor and a sophisticatedrilgn for interpretation, the produced signals

within the smart film that run through the enametegper wire, are monitored. When a crack in

the concrete appears, it is detected by the syatmincan be localized. This technique has been
tested both the laboratory and an in-service bridigéhe results obtained so far, have been the
product of a series of major adjustments in théaserthat simulates the sensory system. However,
these results seem to be still limited to the deteand localization of cracks in sections witlvlo

length, without even quantifying crack widths.



Distributed optical Fiber

Several experiences have demonstrated the fepgsitifilusing the Distributed Optical Fiber Sensor
system (DOFSs) and OBR (Optical Backscattered Refieeter) technique in the structural health
monitoring of existing concrete structurés® *® This Structural Health Monitoring (SHM)
technique has shown to be very effective in thea®n and localization of initiating cracking in
the concrete, either because of the increasingemppkternal loads or because of environmental
actions as corrosion. Also, the distributed stidata has been used to calculate the deflection in
selected points of a bridgéHowever, the continuous (in space) monitoringhef strain along the
optical fiber, including the crossing of a craclkyides additional information that can be used in
further SHM applicationsBillon et al.'” presented a methodology to perform a quantitesivain
measurement with DOFSs when strain in the optidarfmay differ from actual strain in the
structure, due to shear transfer through the iredrate material layers between the optical fiber
and the host material. Hoult and Re{jlénvestigated the feasibility of distributed fibaptic strain
sensors installed either internally or externaflydietect pitting corrosion in reinforced concrete
beams. Their tests show how localised deteriorataanbe detected and quantified with embedded
sensing fibres. Rodriguez et’ahowed how the experimental strains data obtawvitdand OBR
measuring system can be used to locate crackimgebbeking visually observabldn the present
paper, it is described how these data can be wseththin crack width. This information is of

paramount importance concerning durability and leamg performance of concrete structures.

OPTICAL BACKSCATTERED REFLECTOMETER

A DOFSs is usually applied by measuring physicalngjes along the length of a sensing fiber. This
is a distinctive property of DOFSs with respectatbier measuring techniques, because it can
replace a several number of discrete sensors. D@fESgenerally based on the measuring of some

perturbations induced on the light that travelsd@she fiber. In this intrinsic mechanism, three



main physical principles take place in an optidaéf: Raman, Brillouin and Rayleigh scattering.
Raman and Brillouin processes present dependeredadmal physical fields. Raman scattering has
an intrinsic dependence on the temperature ofibteg, fwhich has been used in DOFSs to perform
continuous measurement of temperature with higlhiracy. Brillouin scattering is simultaneously
sensitive to strain and temperature, thereforesetiewo parameters could be obtained through this

scattering proce$s

However, there are two techniques based on Bnil@giattering: Brillouin Optical Time Domain
Reflectometry (BOTDR) based on a Spontaneous Biill@cattering and Brillouin Optical Time
Domain Analysis (BOTDA) based on Stimulated Brillouscatteringd’. The main difference
between them is that BOTDA is achieved by using éwtical waves (pump and probe signal). The
interaction between them, leads to a larger soadt@fficiency, resulting in an energy transfer and
an amplification of the probe sigfalherefore, these systems are used to monitor in leeg
distances, up to some kilometétgdowever, they have limitations in detecting veryatineracks

and in accurately providing the size of the cr&c®

Conversely, Rayleigh scattering in optical fibeindependent of almost any external physical field
for a wide range of condition. DOFSs based on Rglyleechnique, scattering is used only to detect
propagation effects as attenuation or gain, phateeférence and polarization variation, which are
the real sensing mechanisthsn the specific case of DOFSs for strain and &maire monitoring,

phase interference is the physical phenomenontosi@ implementation of the monitoring system

based on Rayleigh scattering proééss

Recently, the Rayleigh scattering has been applethe measurement of strain and temperature
with a spatial resolution around millimetérs The main issue is the use of the so-called Optica

Backscattered Reflectometry (OBR). OBR is basedaofrequency-domain technique, optical



frequency-domain reflectometry (OFDR) that usesirable laser and an interferometer to probe
reflections. Frequency domain techniques are uysuakd to analyse systems on the component-or
module-level when very high resolution (micronsalgais of the reflections in a system is required.
Optical backscatter differs from other frequencyndin techniques in that is sensitive enough to
measure levels of Rayleigh backscatter in standandle mode fiber. The OBR uses swept
wavelength interferometry (SWI) to measure the Bigyl backscatter as a function of length in an
optical fiber with high spatial resolution (at aash and temperature resolution as fine as 1
microstrain and 0.1 °C). An external stimulus (lkatrain or temperature change) causes temporal
and spectral shifts in the local Rayleigh backscgiattern. These temporal and spectral shifts can

be measured and scaled to give a distributed texyeror strain measuremént

OBR setup

Basically, the OBR monitoring systems include ativagart and a passive part. The active part is a
monitoring unit that throws a beam of light, usyadl laser of adjustable frequency, to which an
optical fiber cable is connected, which is the paspart of the system. The characteristics of the
beam of light traveling within the fiber are knowand they change depending on the temperature
and the strain at which the fiber is subjected.sehehanges are detected at the back-scattered light
which are then stored in the monitoring unit, asatyand eventually become deformation data and

temperature variation of the surface under studiis process is shown in Fig. 1.
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Fig. 1. Rayleigh scattering measurement protess.

The specifications of the monitoring system as usele tests presented in the next section are as
follows: Spatial resolution: Sub-millimeter spatiakolution (default gauge length 1 cm), Accuracy
in strain measurement: +/- 2 microstrain, +/- 2terval between measurement points: 1 cm,
Length range of sensor: 50 m

As shown in the following section, the availabildfa continuous measurement of the strain along
a concrete surface, including the presence of argckan be used to warn about the initiation of

cracking, its location and the assessment of oragdth.

EXPERIMENTAL VALIDATION
The OBR measuring system was deployed in a condglete of an experimental campaign

conducted at the Structural Technology Laboratdrhe Technical University of Catalonia (UPC-
BARCELONATECH) ?® 2. Dimensions of the reinforced concrete slab weferd span length,
1.60 m width and 0.285 m thickness. The slab waplgi supported at both ends and the loading
was applied using an actuator of 1 MN capacityhanrnid-span of the slab. The slab was monitored
with OBR sensors at the top and bottom surfacestigxin the four stretches as shown in Fig. 2.
The optical fiber used was a single-mode fiber ($Mipe with a 50 m length. A coating of a
polymer (polyimide) was used to protect the fibgaiast scratches and environmental attack.

Firstly, bond areas were cleaned and free fromsgre& commercial glue was applied to the bond



area (on the concrete surfaces), avoiding to apghesive excess. The glue used was a one part
component (without mixing) chemical type ethyl cyaorylate, with low viscosity. The adhesive
was applied to one of the bond surfaces, avoidiegise of tissue or a brush to spread the adhesive.
The slab was also monitored in the reinforcing Isbees with dynamic strain gauges. Deflection
was measured at the centre and ends of the slag lisear displacement transducers (LVDT).
Joint opening at the middle of the slab was measiucen their initiation using magnetic transducer

“Temposonics” as seen in Fig. 2 (right).

Fig. 2. Load arrangement and location of OBR senfeft: top view, right: bottom view).

Strain Distribution
During the test, the strain distribution along tlab was measured by the OBR system. The

measured results in the third and fourth stretcthatbottom of the slab at different load levels
(from 50 kN to 110 kN with increments of 20 kN) afeown in Figs. 3 and 4. The measurements
are in good agreement with the results predictedhbyanalysis, and apparent strain distribution
peaks appear first at 50 kN (corresponding to hieerietical cracking load), around the middle of
the span. The location of the peaks corresponds @uéll to the crack location visually observed.
Based on these data and other experimental resuti;ng from the standard monitoring by strain-
gages and LVDT, firstly a method to obtain the meeatk width of reinforced slab is developed.

Then, three non-linear finite element models of $hab were proposed and calibrated with the



objective to obtain the most accurate model to iptedtacking patterns where no instrumentation

was deployed in the test.
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Fig. 4. Strain along the fiber length (fourth stfebottom side) from 50 kN to 170 kN.

CRACK WIDTH ASSESSEMT

By obtaining the strain in the concrete surface@lthe fiber, a formulation can be drawn to obtain
the average crack width. The formulation is basethtegrating the distribution of the experimental
strains registered along a characteristic lengtiAd described in Fig. 5, in order to integrate and
obtain an average strairg.{.), the strain distributionefgr) is defined from a strain value
corresponding to the tensile strength of the cdadgg; ). This is the strain value where the crack
appears. Under this criterion, firstly an averagéodmation from the area under the curve of the
total strain over the cracked length L is definedarding to equation 1(see Fig. 5). L corresponds

to the length of the element whexgg > € -
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Fig. 5. Definition of parameters to calculate thack width

This average strain has two components: the defamto the concrete cracking and starting here,
the deformation due to the cracks in the cracked.arherefore, from equation (2) we can calculate

Sw, where w comprises the sum of the widths of i@tks in the cracked area.

In this way, we can define an average crack widtheé following way:

Being N the number of cracks. N can be also obtiafrem the test results, counting the peaks in

the strain profile ( see Fig. 5).

The method can be applied to different load leirelsrder to know the variation of crack width as a
function of the load increase. A comparison betwdha average crack width obtained
experimentally in the middle of the span by theckraidth transducers and those obtained with the

equations 1 to 3 for different lodelvels registered with the OBR system is shownabl& 1. The



values of columns 2 and 3 in the Table 1 are theegaof the transducers 1 and 2, respectively.
These transducers are located in two differenttpaifn the cross-section, close to the edge of the
slab one, and in the central part the other (sge. R and 6). For this reason, in column 4 the mean

of these values is calculated, as representatitteeatrack width in the section under investigation

It should be noticed that this comparison is domlg at mid-span because this was the only section
instrumented with sensors to measure crack opeasnghow in Fig. 6. The results show a quite

acceptable correspondence between the experintestdis and the proposed method.

Table 1. Crack width at mid-span.

Load Crack Width Crack Width  Arithmetic OBR OBR
(kN)  Transducerl Transducer2 Mean Stretch3 Stretch4
(mm) (mm) (mm) (mm) (mm)
50 0.058 0.099 0.079 0.062 0.065
70 0.077 0.154 0.116 0.112 0.101
90 0.105 0.125 0.115 0.149 0.127
110 0.166 0.147 0.157 0.190 0.163
130 0.296 0.200 0.248 0.237 0.209
150 0.370 0.267 0.319 0.298 0.246
170 0.439 0.337 0.388 0.354 0.213

Fig. 6. Location of transducers 1 and 2 (left: frohthe slab, right: bottom and middle of the $lab



NON-LINEAR FINITE ELEMENT MODEL

As mentioned, crack width at mid-span of the slas weasured using two magnetic transducers
(Fig. 6). Therefore, a direct comparison betweetlcwidth obtained with transducers and OBR
respectively, can only be checked at these pditsthis reason, a Finite Element Model (FEM)
able to represent the behaviour of cracked conawete built and calibrated using the available
experimental dataoming from the displacement transducers and strauges With the results
from the FEM, more conclusions can be drawn onpiisdormance of the optical fiber sensor

other cross-sections different from the mid-span.

The cracked behavior of reinforced concrete strestumay be modelled by discrete or smeared
crack models. In the first case, the element resnalways continuous and without damage. The
cracks are modelled by displacement discontinulietsveen elements. In this way, the cracks can
only be developed through the element boundarresi@obtain the direction of crack propagation,
the FEM mesh has to be progressively adapted exface elements have to be used. The analyses
with these models becomes very cumbersome andfdherare used to follow the propagation of

singular cracks, but are not normally used to madgbbal crack pattern.

The smeared crack models are defined by: a fafltiteria (constant or linear), a transfer across th
crack (total, constant or variable) and a law tooath the material behavior ( brittle, linear,
exponential). The cracked material is worked outcastinuous and the discontinuity of the
displacement field due to cracking is extended t¢iwerwhole element. Therefore, these models are
a non-discrete global approximation to a proceas iessentially discrete. However, they derive
acceptable results in practical applicatf8rfé This approach is useful because does not impose a

cracking direction. These models can be fixed ahwotation. In the first case, the cracking



direction is the same during the all computatigrakess (bending cracks). In the second case, they
allow the co-rotation of the principal strain axssear-bending crack$)

The concrete slab is modelled with 2D plain strelssnents, with a total of 821 nodes and 239
square elements with 9 Gauss points. The reinfgrsars are modelled by elements with perimeter
and sectional area identical to the real re-balng dpper and bottom reinforcements consists of 7
bars each, with 16 and 20 mm diameter respectiVélg.concrete cover is 30 mm. (see Fig. 7) The
steel yield strength is 550 MPa. The concrete ptigseare those obtained in the t&5tThe
compressive strength iss61.31 MPa, and the tensile streng##f00 MPa. The elasticity modulus

is 33,147 MPa.

Fig. 7. Mesh of Finite Element Model.

When the sensing cable is protected with a sigmiticcoating and attached to the surface with
adhesive layers, strain profiles measured in the&apfiber may differ from actual strain in the
structure. In these cases, fiber optic sensor niecls evaluated to provide accurate measurements.
Several mechanical testing, pull out tests and Ritivherical modelling had been developed to
validate different methodologies to evaluate theffectd” %

In the present case, the FEM model does not indlnediber stretches because the optic sensor
used in the test, was a fiber of 0.2 mm of diametigh a simply polyimide-coated, without any
special protective coating in the sensing cable filler optic used in the test is shown in Fig. 8.
Due to the reduced dimensions of the fiber anddieesive layer, they were not included in the

modelling.



Fig. 8. View of fiber optic sensor and layer of adive

The DIANA softwaré' is used to model the test with 3 different scessaribrittle behavior of
concrete (Fig. 9 left) with rotating cracks (FEMt)fixed cracks (FEM2), and tensile strength with
exponential decrease (Fig. 9 center) (FEM3). Incalies the stress-strain law in compression is

according to Spanish Coadjusted by a multi-linear law (Fig. 9 right).

Results: model calibration
In table 2, the measured deflections are preseantdite mid-span section and those coming from

the three FEM models. The models FEM1 and FEM2 gesy accurate results. The results are
graphically displayed in Fig. 10. Fig. 11 shows tleults obtained in each load step by the 3
models. It is clearly visible the change of stiieat the level of 50 kN for FEM1 and FEM2, which
corresponds to the appearance of the first crdokEEM3 cracking appears at around 100 kN,
despite the deflection at failure becomes morelaind the other 2 models. Based on the results of

deflection, model FEM3 is disregarded from futuoenparisons.
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Fig. 9. Tension and compression behaviour of caedor FEM models

Table 2. Deflections at mid-span

Load Experimental FEM 1 FEM 2 FEM 3
(kN) Deflection Deflection Deflection Deflection
(mm) (mm) (mm) (mm)
20 0.498 0.584 0.584 0.584
60 3.833 3.53 3.53 1.752
100 10.166 11.38 10.5 5.548
140 16.543 18.10 16.7 14.01
180 22.324 25.11 22.6 21.31
204-220 29.227 29.3 29.3 29.3
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Fig. 11. FEM max deflections in the middle of thegbs



Crack pattern, location and width

Fig. 12 shows the strain obtained in the firsttstrdupper part of the slab, compression zone) of
the sensor and their comparison with the resultsimdd with FEM2 for 2 load levels. For the load
level of 50 kN, the maximum experimental value (222)is slightly higher than the theoretical one
( 190me )For the load level of 110 kN, the correspondingiealare 410 and 45BeFrom figure

12, we may conclude that the comparison is acckpiabthe whole fiber length. The maximum
measured compressive strain in the concrete foaa level of 243 kN was 240@eThis value is
close to the maximum compressive strain in congfleéeéwveen 2000 and 3500e), what reflects
the fact that the failure mode of the slab was tdukilure in compression of the concrete at a load

level of 255 kN.

Fig. 12. Comparison of experimental and theoreticahpression strain along span

Tables 3 and 4 show the strains measured by the §BRm and those predicted by the FEM
models at those points where cracking appearedgpéar load levels of 50 and 110 kN. The first
column in the tables indicates the location of ealoberved crack in the test. A value equal to zero

in table 3 means that the corresponding crack baget appeared for this level of load.



From tables 3 and 4, one may conclude that the dmsbximation to the real strains is obtained
with model FEM2 (crack pattern without rotation3,expected for a test zone mainly in bending. In
Fig. 13 we can see the comparison between the imngr@ial crack pattern and the one obtained
with FEM2 for a load level of 110 kN at mid-span. Fig. 14, the experimental and theoretical
(FEM2) strain laws are compared for two levelsaafd, showing a good fit. This confirms again the
correct performance of the OBR system in meastsirgjn even in cracked zones. The theoretical
values are obtained linking the points of crackatgain at the Gauss points of interpolation and
taking into account the dimension of the correspunéinite element. The location of these points
in the model is the closest to the peaks of sid@ntified in the test.The OBR system detected an
early cracking at low level of load around 50 kNheTcrack width could be experimentally obtained
by the standard instrumentation but only in thenfmwhere the sensors were deployed (mid-span).
These values are shown in table 5 for differend lleaels and compared with the values obtained
with the OBR system and the theoretical models FiMd FEM2. Again FEM2 provides the most

accurate results.

Table 3. Micro strains at 50 kN

Peaks:distance mee mee mee

from the left end OBR FEM1 FEM2
(mm)
1953 0 0 0
2258 400 594 997
2456 1300 741 1134
2758 800 570 997
2932 1480 567 1223
2991 0 0 0
3185 1090 699 997
3382 1500 587 1223
3525 0 0 0
3795 0 0 0
4066 0 0 0
4270 0 0 0




Table 4. Micro strains at 110 kN

Peaks: distance mee mee mee

from the left end OBR FEM1 FEM2
(mm)
1953 800 2950 1814
2258 2250 3002 1910
2456 2450 2963 1385
2758 2590 2279 2086
2932 2040 2324 2091
2991 1550 1201 2962
3185 3450 2326 2126
3382 3500 802 2369
3525 2650 966 2962
3795 2240 2129 2022
4066 1700 1295 2031
4270 675 700 1090

Q

Fig. 13. Comparison of experimental and theoreticatk patterns at mid-span
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Table 5. Crack width at mid-span
Load Crack Width Crack Witdth Crack Width FEM1 Crack Width
Load(kN)  Transducers OBR (mm) FEM2
(mm) (mm) (mm)
50 0.079 0.062 0.049 0.052
60 0.094 0.070 0.106
70 0.116 0.112 0.132 0.138
90 0.115 0.149 0.126 0.118
100 0.130 0.174 0.152
111 0.157 0.190 0.202 0.206
130 0.248 0.237 0.230 0.240
140 0.284 0.245 0.259
150 0.319 0.298 0.304 0.296
170 0.388 0.354 0.422 0.371
180 0.420 0.482 0.409
220 0.594 0.552 0.533

CONCLUSIONS

With the use of the monitoring systems with disttéd optical fiber, the limitations of discrete
sensors to locate cracks and measure their widtkk@rered, since such sensors have to rely on the
extrapolation of results and in some cases on #e af very sophisticated structural analysis

techniques to diagnose the local and global sfadendole structure.



The experimental data obtained in the test alloteechlibrate a non-linear model for the concrete
slab. Once calibrated, the model can be used thgbreracking location and width in different parts

of the specimen. This is demonstrated by comparigtinthe experimental results.

The OBR system deployed allowed to predict the &iom of the initial cracking, the location of
the cracks and also their width based on the coatis monitoring of strain along the optical fiber.
The obtained results compare very well with theilalste experimental values obtained from the
rest of the sensors as well as with the visualdopn and the values predicted by the non-linear
finite element models. This validates the use oROE/stem as a method for SHM of concrete

structures.
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