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Behavior of Embedded intrinsic Fabry-Perot Optical Fiber Sensors

in the Cement Concrete Structure
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ABSTRACTS

Intrinsic Fabry—-Perot Optical fiber sensors were embedded to tensile side of the 20cm
X 20cm X 150cm cement concrete structures. The sensors were attached to the reinforcing
steels and then, the cement concretes were applied. It took 30 days for curing the
specimens. After that, the specimens were tested with 4-point bending method by
universal testing machine. Strains were measured and recorded by the strain gauges
embedded near optical f{iber sensors. Qutput data of fiber sensor showed good linearity
to the strain data from the strain gauges up 2000 microstrain. The optical fiber sensors
showed good response after yielding of the structure while embedded metal film strain
gauges did not show any response. We also specimens were broken down. In
conclusion, the optical fiber sensors can be used as elements of health monitoring
systems for cement concrete infra-structures.

1. Introduction Not only by terrible change of nature
such as earthquake, typhoon and flood,
Civil structures play important roles in but civil structures reduce their own life
human being’s life. People use civil span. It has emphasized necessity of
structures for convenience and practical health monitoring  system that always
purposes, but in the same manner, the measures degree of deterioration of civil
structures need proper maintenance with structure, always predicts the life span of
passing of time. If it is not maintained the structure and informs its repair time.
properly, it could fail to keep people’s One of the examples of health
properties and their lives. monitoring systems was established in
the bridges constructed with the precast
* WEFZQATAE AMI|EAFA segmental method at the riverside
wk  ELRolod At A apAM el £ highway at Seoul, Korea. This system
wax R GUI|SAPYGE A7 ed e . .
waxx AR OFS R () ATy awg oA} used the existing electric strain gauges
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The signal from a
sensor in the health monitoring system is

and accelerometers.

shown in Fig. 1. [1.

Figure 1. Measured acceleration, disp-
lacement and strain from the
health monitoring system of
bridge in Seoul

Potential candidates of the sensors of
the system are embedded fiber optic
Fig. 2

Sensors. shows the monitoring

In this experiment, embedded intrinsic
Fabry-Perot optical fiber sensors were
employed. The data from the sensors
showed good linearity to the data from
strain gauges.

2. Embedded fiber optic sensors.

An intrinsic Fabry-Perot fiber optic
sensor width circular
embedded inside either an isotropic or
and anisotropic material was considered.

cross—section,

The main components of these types of
are two parallel, partially
reflecting mirrors spliced into the optical
fiber at an L, distance apart.

A coherent llaser beam of light is
passed along the optical fiber. The
change in the reflected light intensity
relates to the changes in temperature and

sSensors

strains of the material surrounding the
sensor. The distance between the mirrors
must be sufficiently small that neither the
strain the

) ) . nor temperature very
system which consist of optical fiber significantly along this distance
sensors and optical components.
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Figure 2. Health monitoring system with optical fiber sensors for a bridge
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The problem is approached in three steps
(Figure 3).
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Figure 3. Illustration of the three

submodel

1. The temperature and the strains in the
material relate to the temperature and the
strains inside the sensor (Submodel D.
2. The temperature and the strains in the
sensor relate to the change in length AL
and to the
properties of the sensor (Submodel 2).
3. The changes in the length and in the
optical properties of the sensor relate to
the changes in the intensity of the
reflected light (Submodel 3).

A model which a)
inside the sensor,

changes in the optical

considers shear

effects b) considers
both strain and temperature effects ¢)
places no restrictions on the applied loads
was developed by K. Kim, et’al [2].

In case of the embedded sensor in
isotropic materials, the intensity of optical
output Signal(IR) is represented by simple

equation as follow(Z].

IR= PR, +R,+2\{ R,Rycos (K, + Kze; +Kze,,
+ K, 4T)cos(Ke,)]

I° is intensity of the incident light upon
sensor and R. and Ry are reflectivities of

the two mirrors of the Fabry-Perot
Sensor.
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Figure 4. The measured and calculated
insenties of reflected light

Ki, Ks, Ks, K4 and Ks are the constants

composed of elastic moduli  and
photoelastic constants and ei is the strain
toward optical fiber. ez and e3 is the
hydrostatic strain and the shear strain
toward cross section of the optical fiber.
AT is the temperature change.

Fig. 4 shows that strains and output
light intensities calculated from data of
strain gauge and measured through the
optical fiber sensor embedded inside a

composite.
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3. Experimental Procedure

LG single mode silica fiber for 1.5um
wave length in the
experiments. The reflecting

used
partially

mirrors inside the fiber were produced by
splicing the TiOz-coated fiber to a bare
fiber with fusion splicer. The thickness
of TiOz before splicing was about 1000 A.

The mirmror fabrication method is very
similar to that of CE. Lee et'all3]. The
cavity lengths (L,) between two mirrors
are about 1lem. The sensors were
embedded in 20cmX20cm X 150cm cement
concrete specimens.

We attached an intrinsic Fabry-Perot
reinforcing steel with
adhesive and strain gauges on the other
reinforcing  steel

light was

sensor on a
near the Fabry-Perot

sensor for comparison. and then we
placed the reinforcing steels in the wood
mold and poured the concrete mixture to
produce specimen for loading test. After
hardening one month in the air, we put
this specimen on the U.T.M.(Universal
Testing Machine) and carried out 4 point
bending test.

sensor were measured with peak counting

Data from Fabry-Perot

method using eye detection and with
X-Y plotter.

4. Experimental Results

Data were obtained from the two types
of tests. First, the sensors were
embedded to the specimens which failed
by the bending force. The specimens had
several ribs
reinforcing steels which prevented shear

crossing to the main

obtained data from the
They showed
good linearity as shown in Fig. 5

Second, the specimens had only two

failure. We
sensors and strain gauges.

main reinforcing steels without any ribs.
Therefore the specimens were failed by
the shear force. The sensors
attached to the reinforcing steels.

were
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Figure 5. Correlation between optical
fiber sensor and strain gauge
data

We obtained data from the sensors as
shown in Fig. 6 The data from optical
fiber sensors were recorded by X-Y
plotter. Figure 6. small
fluctuations due to the crack propagation
and the amplitude change according to
increasing load. The phenomenon occurs
due to shear strain in the cross—sectional
plane of the sensor. It was predicted by
K.Kim, et’al shown in Fig. 7 [2].

The sensor showed good response even
after failure.

shows
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Figure 6. The data from the Fabry-Perot
sensor recorded by X-Y plotter
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Figure 7. Typical variation of the reflected light
Intensity of a Fabry-Perot sensor with
time for a load applied at a uniform
rate

5. conclusion

Output from the Fabry-Perot sensor
showed good linearity to output from the
strain gauge. From this, We can apply
Fabry-Perot sensors to maintenance and
control system instead of strain gauges.
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Considering that the optical fiber sensors
gave advantages of high speed response,
good durability, no production noise from
electromagnetic waves, it is possible to

construct very stable maintenance and

control system.
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