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DYNASTATDYNASTAT

Combine Two Systems:

1. Coherent Rayleigh - - for dynamic sensing  
(acoustic vibration acceleration)(acoustic, vibration, acceleration)
2. Brillouin Scattering- - for static sensing 
(simultaneous strain and temperature)
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DST
Distributed Sensor Technologiesg
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The core technologiesThe core technologies

Monitored Structure

Brillouin Based Optical fiber sensor module:

BOTDR or BOTDA

Distributed strain and temperature: Requires two 
measurements (Before and After damage)

Sensor needs to have temperature compensation

Calibration relationships: strain;  
temperature

• Conversion of Brillouin data to Sensor needs to have temperature compensation 
capability 

Conversion of Brillouin data to 
strain

• Stability of measurements over 
measurement range (strain vs. 
deformation)

Numerical inverse analysis methods.
Identifies the location and state of the 
damage/cracks by using the measured strain
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Scope of Studies at UICScope of Studies at UIC

• Perform Calibration testsPerform Calibration tests
• Perform validation tests for damage detection 
capability of the systemcapability of the system

• Explore new Civil structural applications
• Employ the technology in the field
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Brillouin Frequency shift – Strain ‐ Deformation
Formulations Leading to Stability Tests
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Strain Calibration Test Set‐up

(a) (b)
Measurement set‐up for strain coefficient:(a) Stepper motor driver;

(b) Programmable controller (accuracy 1μm)

(a) (b)
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Test Set upTest Set‐up

Schematic of the measuring set‐up
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for  strain coefficient   



Temperature Calibration Test Set‐up

M t t f t ffi i t

3/13/2014

Measurement set‐up for temp. coefficient   



Results for Calibration TestResults for Calibration Test
500000

10985000

y = 48.775x + 1768.9
R² = 0.9997

300000

350000

400000

450000

cy
 sh

ift
 (K

H
z) y = 1007.6x + 1E+07

R² = 0.9995

10965000

10970000

10975000

10980000

cy
 sh

ift
 (K

H
z)

100000

150000

200000

250000

Br
ill
ou

in
 F
re
qu

en
c

10945000

10950000

10955000

10960000

10965000

Br
ill
ou

in
 F
re
qu

en
c

0

50000

0.0  2000.0  4000.0  6000.0  8000.0  10000.0 

Strain (με)

10940000

10945000

0 20 40 60 80
Temperature ( )

(b)

Calibration results for the SMF28 fiber
( ) St i ffi i t (b) T ffi i t

(a) (b)

3/13/2014

(a) Strain coefficient;(b) Temp. coefficient  



Results for Calibration TestResults for Calibration Test
y = 724.33x + 9E+06

R² = 0.988
9275000

9280000

KH
z)

y = 35.918x + 51641140000

160000

180000

(K
H
z)

9265000

9270000

9275000

eq
ue

nc
y 
sh
ift
 (K

y
R² = 0.9999

80000

100000

120000

140000

Fr
eq

ue
nc
y 
sh
ift
 (

9255000

9260000

9265000

Br
ill
ou

in
Fr
e

0

20000

40000

60000

0 1000 2000 3000 4000

Br
ill
ou

in
F

9255000
0 20 40 60 80

Temperature ( )

0 1000 2000 3000 4000
Strain (με)

(a) (b)(a) (b)

Calibration results for the HN fiber
(a) Strain coefficient;(b) Temp. coefficient
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(a) Strain coefficient;(b) Temp. coefficient  



Results for Calibration TestResults for Calibration Test
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Results for Calibration Test
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BOTDR TEST

(b) Schematics of the frame and I‐beam 
Fig.3 (a)  Cross

section of test specimen
specimen

(c) The manufactured
Optical 
fiber (c) The manufactured 

frame
fiber

3/13/2014



3/13/2014



Beam test on different types of fibersyp

Different types of fibers

Heating tape

Tested fibers on the upper surface of beam

Heating tape
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Tested fibers on the upper surface of beam  



Test casesTest cases
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Some initial results (1) ‐ room Temp. at Low Load  

121 lb (537 87 N) 124 lb (551 21 N)121 lb (537.87 N) 124 lb (551.21 N)

3.75m 7.50m 3.75m

the loading plot

2017.01 N.M 2067.03 N.M

the moment plot

blue line is for SMF28 fiber while the red 
line for PM fiber (HN) with 20cm spatial 
resolution; 
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the axial strain distribution along the beam



Some initial results (2) ‐ room Temp. 
At Higher Loadg

the loading plot

the moment plot

blue line is for SMF28 fiber while the red 
line for PM fiber(HN) with 20cm spatial 
resolution; 
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the axial strain distribution along the beam



Some initial results (3) ‐ partial temp.
hift(f 25°C 43 17°C) t L l dshift(from 25°C  ‐ 43.17°C) at Low load

the loading plot

the moment plot

, the blue line is for SMF28 fiber while the red line for PM 
fiber(HN) with 20cm spatial resolution; 

3/13/2014

the axial strain distribution along the beam



Some initial results(4)‐partial temp. 
shift(from 25°C 43 64°C) at Higher Loadshift(from 25 C‐43.64 C) at Higher Load

the loading plot

h bl li i f SMF28 fib hil h

the moment plot

the blue line is for SMF28 fiber while the 
red line for PM fiber(HN) with 20cm 
spatial resolution
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the axial strain distribution along the beam



Beam test with
with Loose Fiber Temperature Compensation

Heating tape
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Temp compensated sensor



Test result 1 – no Temp. Gradient
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Beam‐test result, loading only, without heating (random room temp. 
fluctuation) conditions:

(a) results of both the strain fiber and the temperature compensating fiber; 
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( ) p p g ;
(b)  temperature compensated strain distribution



Test result 2 – Only Thermal Gradients ‐no loads applied
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(a)                                                                         (b)

Beam‐test result, heating only, without load:
(a) results of both the strain fiber and the temperature compensating fiber; 

(b)  temperature compensated strain distribution
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Test result 3 load & Temp
distance (m)

Test result 3 – load & Temp.
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Beam‐test result, both heating & load applied:
(a) results of both the strain fiber and the temperature compensing fiber; (b)  

temperature compensated strain distribution
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Steel Arch Truss Bridge:
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F/4

F/4

F/4
F/4

F/4

Finite element Model of Steel Arch Bridge 
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Negative Moment makes rotation at the junctionNegative Moment makes rotation at the junction

Moment Distribution along the Arch member of bridge (Finite Element 
Model, with solid junction assumption)

Junction Point ,which works 
like Crack due to Loading in reality,

at the Arch Crownat the Arch Crown
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Junction Point works
like Crack Opening 
under loading
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Strain Distribution of the Arch member for 
Different Spatial Resolution= 10, 20, 50, 100 cm



Junction Point works
like Crack Opening under 

loadingg
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Strain Distribution of the Arch member for 
Different Spatial Resolution= 10, 20, 50, 100 cm



Junction Point works
like Crack Opening
under loadingg
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Strain Distribution of the Arch member for Spatial Resolution= 10 cm



CR Test, Crack Detection with coiled fiber optic sensors

Model Bridge Test, Crack location detection:
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Salt Creek Bridge in Elmhurst IllinoisSalt Creek Bridge in Elmhurst Illinois

3/13/2014A World‐Class Education, A 
World‐Class City



Sensor Installations – Scaffolding ‐Nema Enclosure‐
El t i l C d it J ti b tElectrical ‐ Conduits, Junction boxes, etc.

3/13/2014A World‐Class Education, A 
World‐Class City



FBG SensorsFBG Sensors

3/13/2014A World‐Class Education, A 
World‐Class City



BR2 in the FieldBR2 in the Field

3/13/2014A World‐Class Education, A 
World‐Class City



Sensors and detailsSensors and details

• Special Fibers (‘red’ and ‘violet’ provided bySpecial Fibers ( red  and  violet  provided by 
Optiphase)

• Corning’s Single Mode Fiber SMF 28• Corning s Single Mode Fiber SMF‐28
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Laboratory tests on Optiphase Ribbon 
bFibers

Calibration Tests: 
Strain Calibration factor (left)
Temperature Calibration Factor (right)Red:  0.0518MHz/με  1.25MHz/°C

Violet: 0.0468MHz/με  0.94MHz/°C
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SMF28: ~0.05MHz/με  ~1.0MHz/°C



Weigh Station at the BridgeWeigh Station at the Bridge

3/13/2014A World‐Class Education, A 
World‐Class City A World-Class Education, A World-Class City



Calibrated Truck detailsCalibrated Truck details

Unit: inch.

Front axle weight: 7940lbs

Unit: inch. 
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Rear axle weight: 11260lbs



Plan view of the Bridge

The red line and blue line are the two girders where distributed sensors and FBG
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The red line and blue line are the two girders where distributed sensors and FBG 
sensors are installed.



FEM AnalysisFEM Analysis
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Load case 3:

100
 

40

60

80

100

 BOTDA
 FBG
 FEM

-20

0

20

 

m
ic

ro
 s

tra
in

-80

-60

-40

m

3/13/2014

110 115 120 125 130 135 140 145 150 155
-100

location (m)


