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» What is infrared thermography method?

» How can the method be developed?

» Applications of the method for structural health monitoring (SHM)?
» Physical phenomena in steel detection in reinforced concrete wall?

» Remarks and Perspectives
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<+ What is infrared thermography method?

Assess its suitabillity for proper operation
without altering its service state

main technigues are based on the propagation of mechanical waves
(ultrasound, echo impact, passive listening) and electromagnetic waves
(Gamma rays, X-rays, infrared, microwaves, radar).

In contact with the detected
elements, or[non—contacth

Infrared
thermography
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<+ What is infrared thermography method?

. Infrared  thermography: non-contact technique fori
 measuring the temperature based on heat transfer by: |
' thermal radiation |

an NDE technique, that is based
on measuring the temperature
difference at the surface of
materials or structures to detect
the presence of problems,
defects, or variations of thermal
conduction properties beneath
the surface
(X. P. V. Maldague, 2001) Environment

4
Sam Ang Keo, Franck Brachelet, Didier Defer

Atmosphere Camera



EFFECT OF INCIDENT WAVE ON THE MONITORING OF REINFORCED CONCRETE WALL WITH MICROWAVE THERMOGRAPHY

<+ How can the method be developed? (PT/PPT) e

1. Interpretation methods

' Development modes in active infrared %%W
E i PC Camera %/

 thermography methods:

v Pulse Thermography (PT)

(Lock-in)

v Lock-in Thermography ZSTP
v Pulsed Phase Thermography (PPT) ‘ | Vin

== -~
\'\-.. -"'/J f \ A 1'1
PC Camera ™—_— [\ (N &\
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<+ How can the method be developed?

2. Excitation systems (heating sources) [y

E e Laser i Gamera":_—j::::'i Material
'+ Halogen lamps i @_ﬂ, S

'« Flash | Flash #2

-+ Induction | Advantages:

'« Microwave heating source mmp SIS

i ° Halogen lamps (500 W)

e rapidity of the technique is
attributed to the heating of a
specific volume of the
specimen at a given time.
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<+ Applications of the method for structural health monitoring (SHM)?

CFRP

Ly Absence of
adhesive §
10cmx 10 cm

40 cm

- Spot weld inspection

o2 55‘3 3 .::5‘,.._9

- Cracks, cavity in concrete Concrete
- Defects in reinforcement with a carbon fiber-reinforced
polymer (CFRP)

-| Steel detection in RC structures? ——s 'Microwave thermography

!

How?
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<+ Applications of the method for structural health monitoring (SHM)?

Microwave thermography

—

Transmission approach

Infrared camera .
Steel reinforcements

Reinforced
.j 9x@12 @ 10cm

concrete wall
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Reflection approach

Steel reinforcements
9x@212@ 10cm

38cm

Extremities of the steel reinforcements

Reinforced concrete wall
100 cm x 100 cm
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Infrared camera Microwave system
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*» Physical phenomena? Tests with five angles of incident waves

Transmission approach (0°, 15°, 307, 45° and 60°)

I‘ulnre heated b}r the mterference inside the wall
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*» Physical phenomena? Tests with five angles of incident waves
Reflection approach (0%, 157, 30°, 45%, and 60°)
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< Physical phenomena?

30

Refraction of incident wave
(Snell-Descartes)

Incidence 0. = 4
c .
: S | —e—e2 =45
&l 3 = -2 =6
IIII"' g 15 —ir—g2 =8
L) © | =—e—g2 =10
- - ke 1[} ST
Transmission 2 e
< 5 || —e—e2 =15
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l, Angle of the incidence 6;(°)
Steel reinforcement layer Angles of refracted waves (6,) in the function of
the incident waves (0,) and the dielectric
l constant of the concrete (g,)

> Diffraction
> Interference
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* Physical phenomena? then?

\ » Diffraction /

> Interference

i
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‘:‘ C O n C rete Cover 1 . Detection with transmission approach with five different

- angles of incident wawves (8i): 07, 15°, 30°, 45°, and 60°
behind the X
re | nfo rce m e nt I aye r by z. Select thermograms in heating phase for all the angles of

. . incident waves
transmission approach l

Draw temperature profiles (dependent to the

3. thermograms) on the same axes (for all the angles of
incident waves)

i |

4 Deduce values of shifts (compared to the case 8 =0%) on
| the temperature profiles for all other four cases of B {Ai)

¥

Srell-Descartes 5‘- MNon-linear relation between T T, )
(1, 0i, Eca, Exe) Ai and B (in function of between e, Ai and B
concrete cover thickness: ) ]

‘.' 4

Mathematical
analysis

Physical :
law
7 Deduce corresponding value of
| | =
the concrete cover thickness "e”
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<+ Remarks and Perspectives

» The penetration of the microwave into concrete depends on dielectric Constanti
of the concrete. i

» This method can be used in SHM to detect the steel reinforcements and deduce
their positions, their spacing and number in RC structures.

_____________________________________________________________________________________________________________________

______________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________

= State of concrete cover in different environmental conditions (causing

= Concrete cover by reflection approach
corrosion of the steel bars)
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