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Review of the Current infrared Thermorgraphy Techniques for
Detecting Defects in Civil Structures

-

A= 77 X &5 =]

Al PR = 5 o o = M™

[= . —] = = -4

Sim, Jungi  Zi, Goangseup Park, Jin-Hyung Cho, Hyo-Nam Lee, Jong Seh

Abstract
In this paper, the basic principle, the application and the limitation of Infrared
thermography technique to detect defects in different kinds of concrete structures are
reviewed. Considered are voids beneath the concrete surface with experiments, delamination
between concrete surface and fiber reinforced polymer sheet, the deteroration of steel bars
in reinforced concrete, swrface defects in  historical buildings, pavements, bridges, and
railway track graves. As a result, we conclude that infrared thermography methods are
useful for fast detecting defects; however, they are influenced by environmental factors,
specially  temperature. Therefore it is recommended to use the infrared thermography
technique with cther NDT equipments to expect better result.

2 X

2 %5::01]*1" led& EYHETIEoR B9 tide] Hal e E3d 719 718 dE, 8 4, A
s e T APtk FAHE 7B T 2 I, F F2
4 :“'ﬁﬂr FIYE TEE XU Hi B AE /\}0191 RS AE =2 #9 A HE, 27
H A9 29 v 5%, A5 EY ALY dd 54 52 HZ 97ES TAHSE FHENsHl AEsI
Hol Ry AREAE AT AE 2, 43S 7S FHAY FEle BER 7EEY W
e WaA Yo AN F e S T e AoE EIET W, B TS F

5 5 874 8300 ize 93s i Zos geElen, e FAASENIS} £84A 2 A3
7IE & 3l& Aoz AqFEn

T

F

to cE i*l lii

Keywords : Concrete, Defect, Infrared Thermography, Non—destructive Method
A 8ol - Za=E, A3, 3 719, vstd HAM

= 354, nestn 3% - AF AT g E-mail : sjk0605@korea.ackr 011-9862-0605
= FEY, THNFE 3% - AS BT Far o =%d UF EJE 20089 69 30¥¢7HA FIE B
wx J3 Y, YT EETEE I FAIE 2008 9854 EEAAE AAFASUT

wax A3 Q g Sty EE TSl w4
i F3) QA S gw EEFS g

PxExcsts|A| Mi123 ®M3ses. 5 71



1. M2

2 Zade 7224 Ug vigs AAges 4
P 719E 83ke =3o] o|FAx Ytk 7
Bgo] 8Ee Bolz B HEF Wriolm, I
FZAHAA7|ETHAXNE o] FuiE =Yt A
#4313 Sl AT EETREY] FARE Z3
o2 sk A5 Hivy AAL AzFdE ofd A4
o] wjAZ Ao, Bl B AEY wE] T
AE Qo FEHA gol gt TR 4 o)
g H84 AE7 2T Aot

A5 vlnly Fale] ALEEHE 3t e 719
£ 1800dd) 9=¢] William Herschelo] A =
HEHE #A% RN 7RI 1 F o7 A7
A=(Macedorio  Melloni,  Gustav  Kirchhoff,
James Clerk Maxwell, Joseph Stefan, Ludwig
Boltzmann, Max Planck)?] 972 EZ A87}
WE3e FouRY BEE NZ3 & & Y 7t
o] gg=%ct®

o] dapd 7ol et 71 AT o)F EAZFY &
£ol g Q7E Tl 9N o)FAAT 2 =
e Fo IF L AWEY, Sty T
(19?Pe Zaze ¥y U] FAHEY AFS
AEI) siM s S EEETE 199
Bldol} BHe] E% 52 A3 98 ¥97 §
190 AHAM BB olgsd TREY =
33t B s" FEE A% 97E 9 P E=
ZE YR AL ) I 972 495 5
@003)Pe] o8 AFTE TIAYE AFA IF
gAd B )2 A7t Yok HEF03) P
ZaE AFA S oleRe] 2¢E vivy A
AR F3Rs a7l g3k 7 EoldE ol%
& WHS AAEAS. Brown S(20032 FRP
ANES e BgAEe] AT Ao dshrEe A
B3 vl ok &30 3o AR Bl A%
AT2N  Galius 5003 FHF JAAA
&35 A9 A ARV ok F2de
&3 #AQ F=FAL P3 Weritz 5(20065)09)

72 TSR] M122 H35(2008. 5)

9]3 PPT(Pulse Phase Thermography)S ©]&3h
E3E FZE g 771 ok

2. B=ty 7|Hel 7= olE
2.1 &Ml ez

212 Planckel o8 fr=8 ZAo g FAL
Z=g HYH 2¥EY B2 AR Ro|oh®

G

E)\b = . OIT
/\5(6(,2/AT_1)

@

By 3A9 Wt 4E8 onse 3GE 9
29 A A5 P A5E Uehin e Hed
o S(wave length)& Pl TE A LK)
£ Yein, 493 WEE 27 452 P 219
AOTB~3m), 57+ AAAG~6m), D22)2(6~15m)
283 3 AGH(15-1000m 02 vehfolicy, 22t
o) gl t& Plancks] Pl A A P
£ Uehie Wiend) Azl ¥ o) g ge

A2)g 22809

2898

)\max - T (2)

ol Al 2xo WE HYHE T FHE
Zolt. ejgst 2ol 6000Ke Ahexed 79 o
05me] sgoz Jedth 00KYE A$< ¢ 10m
o2 Yehliy Aol M ggdxe & 3
A} Plancke] WEHHE FA 2HEH(A=0~o)
of thalx Fsted FA WAL Z=E vEhiE 4G)
3 2o

E =0T A3

o & Stefan-Boltzmann 452 Yehdd
AA9) AL AEE A0)9 olgaThs Zol7t Al



or, o] Aol 29 2NEY W& AF Bofste)
H@sk 2o] ERAH

E)\

&\ = EiAb (4)

e & 2HEY WE Aol

n2hA, WE Aes 83840 29ds mBE A
A= 2G)% 2o

A

F=e——7—
BT

®)

o714 A, B, C= EAFE Planck?] <ol

ol¢} o] Bt A2Ele A L=9 Planckdl
o3 F=¥ EA digt A A= Tt Hegd
< g wel FHYM Wz FEIY aHge=s
VERATh

22 Me|Mg 0|88 2 =x 4

el
¥

asit 7PES HLs7] g 7HE Widle 34
A e & o]&3 W AHeE E& vt
3= Wgol Utk AA AH9] HYES ol&F Ae
R 274 a7d wet Held WEF B2 Aol
2A® QgHes Fe o)8d wPde =4
A= EF AR Fol Aok AHAY AE AXE A
£33 43 7¥dls PT(Pulse Thermography),
LT(Lock-In Thermo-graphy), PPT(Pulse Phase
Thermography) 28] TTTrasient Thermography)
o] g6

PTHL gutzoz iy A= @& 718t XH¥
9] 2% Aolg FAshe "ot ¥ ek WH
de ZZARE, FHAAE, HolA, EF Tof A

. E& U1 EAE AQ A AAY 999
Wzizlel Qs A3A 2EAte|7t WAIEE gk
ojg, TAE= 2% Aole thiFEA] dH HEE
Jerig P9 ae slele wde g AR
ThE A €S 7tet da e A8

W o ARl 98 dSkE Slae ge B
A 7o el e

AT oy 7 2ol A Aok A
©)7 o] IR AT Yehd S Aok

2 0T
avT 5 6)

o @ BAEE ey ot k//Cz Yeld
F 9o A7 ke dAREoY r= UE Cx=
EX Az nigoltk TE Al =09 t&= A7t
< ik 9% 42 75 d AR 1
A% BAY Bd 2=e A Exdt Fgll
EAee EAY A5 2] A BH LE B¥
7b 38R gL B9 dEA Jeidth dyiEoe s
agel 277} S5 L5 BE o7} ¢S I}
A e dge] FEFE 2= BX Aol7t FA
yeRdt) oste] Afke Zeoly =7 dig AEE
3 AYAHS F39 78 4 AP ahy ex
X Aol 95 8749 & s ¢ Jorz gt
EAQ Ak Z¥AQ A ASE FIA E3d
ARE BAstE Ro] utyst®

olZ|g PTHE dldEA ] @53 45 7K &
& A9 do] J1EiAA £ AGE Aoz Q4
T Uk E=3 g AlgAdA A e dUAE b
ARFIE At Jeg = Yk olE WAE] 9
3 o ZHES Tt B EA42 A3 7Y
ol Az 71gshe 7HE AL Ak HP

TRIR(Time-Resolved-Infrared) = PTHE A7t
o F£Ho Yehd /PR o EAY 4% 7t
3l BAE Al FE5FOR dlm, old e
Mol A7 2454 dEs BNl &% AEEE
=9 4 vk TRIRHY wlolazdoliz EE 7tet
€ s H88 7ol Atk o] WL o] A
AW FRolu F& gfolo] e HHg 22 whola
Zdolne] dge e EAd g Wy g &3
Al frga 29 F 9B

LTHE o EAE F7HeE FFse ==
7tgste] o EA A%S AEde Aolth LTH

Pxgxcksts|x| Mi122 ®M3seos. 5 713



& A, BE 239 9xFd U A% #EH
2ol RAF AF ZHZo] WeF Hop] 2@
a8y Age] gle vludlde] 71E B4V Basin
ta Bstn Agte] 238 ZEle ¢uEe R o]
HE 2Ha0 ma ge o 2oz sy
AL EAE BARI7IY REAFE ZAF Alzte] &
# Zae vao] ok

PPTHL PTHY B33 7142 Qs A7 &

< Felol HEHS o83l Yoz BHAI = 7|
Holoh ¥ a3 pPTHS LTHe wadl A
Al7to] 28 ZEe HE PTH 4L o83l A7t
< TSA713 PTHY 23 AL 248 £ 9]
q_'(SZ)(SQ)

TTHL td EAE SARMA 2202 olAA
A o A9 d WHels Bk g3 7otk
o} 71 ga Af 8 I3 7 FEY St
2 Holx g Ure AFS &9 C-AY AP
of w3l 08 WA AAR F JAk® a2t oy
AF7E(Eddy-Current  Non-Destructive  Technique)
@z o TTHHET o T 7Pl 7Fsg 719
o] glon P EAE FALNA 1202 o)FA7)
£ EA9) 71884E Bhe B4} QP

3 gatet 7|HE oS8t 2 HE

Ti}r‘l..
ofN
™,
tio
el

A EE 902 A%, A9
AYE, GZAYEZE AME3ke 7ol gEA Atk
FIoe wolazdelnE AN VHE A€
H} ek 090

T3 EA9 7 B9 & Aoj2RE #AH
o AEE A% 2 Aol TAEY] sl
Meola®t Carlomagno’} AAE theal e 2(7)
o] AMg-Hrt

74 TEEITSSX| M122 M35(2008. 5)

-7l

M

7.2 71 olad APAY Lxwold, 7= BT 9
Ao =g B 7 3F FHY L2 ve
Aot 78 AUEQ) Lx sl

2A(NE AT} &35 25 Aolg Al #hel
HlgRA, eEdole) 4ujHd F4& wHska A
23t ABE SQ0)7e ZIE UR =
AEE 9% AR g3y Bayes I 2EY
Hilde g4A3 ox W3l AHE AU &+ g A
YA L5 o] &3 A(Q)L Aetsigt @

T.—T,

s

T

s

AT=

®

AN 7,E TF 99 L= JeH ¥
= 289 252 Uelith arE AHAHQ T34
L% Walolt} Fig. 1, Fig. 2, Fig. 3& ZadE U
22 A& AFAA Q)L A8 gt B4 29
1=3

AAE 5007 A A=EIL Y8
A7HA g ggo] AHET A3 HeNuT
a3 $EAYZE Yoz AMgsd dst 7Y
< A¢3 A7, ZaE ANFAY FF Zo7t 3
O FRE] YR T S0 oHE RoE FIFY
g mg olRgAe] o] He Ay AP

ol

¢

K

o

30 —
1 Void depth : 1em
Void size :
20 — + F0mm
- < G0mm
4 05:00 AM 12:00 P.M 06:00 P.M =] 40mm
s © 20mim
= 10+
= + o+
+ *
/ —+
P N a8 Eﬁ_ﬂr -
997 °Co8%§ T,
4 8 12 L N 20
1 4 + Time(hour)
A0~

Fig. 1 XleiZe deioz st 23 o| {eml 2IRIE
A e datat 24T



30—

20 —

- ————
- — -

Void depth : 1em
Vor size :

L 1) .

— 40mm
Osec  6lsec 120sec 180sec

10

AT(%)

20mm

80 120 160 200
Time(sec)

-10 -~
Fig. 2 Moy =zE gaoz & 33 Zo| 1eme! 2
HE|E AlEA o H5iab BAI

30

Void depth : 1cm
Void size :

Sl 1] ). [e——

----- G0mm

Osec  60sec 120sec |S0sec 40mm
— 20mm

10

AT(%)

eSS T A m—————

-

=10
Fig. 3 27 Y=E dauc=z 3 2= ol Icmel 2
FalE AlgH ol Latar B4

Ho MRzl S2ARTE dYoz AT Ro] 9

2% FFgo| 71 & AAFE BUoE AT A
Ho} g A7) Fe AP AEIlde &8l
g =4 uegt” A3E 579 48 2
3= Table 13} 2tk

AdFE 71G7ITFE A AP HE oA 1A
7ol F=0] 7P BEsHA velsith 28y oleist 2
3 AES AAgo] R} 3in] 54 ARE do] A
ALE Asfokshe Ak 2702 F80] oAk

AT Edoz 3 /S A8 AL vny
QR A JIFg HAsEl wE AR Yo 232
YE Y7 été}a AEE & Ak Aoy ze}
ZAYE 2% Z3E FHORRE 2emoltoll A W)
5 350 A Hoh 2y E3d =S Ao
MNe HYPJHUZE AS3 AFolA9 Fig 29 =2

Table 1 7t 7|¥Hol| o= A HE ofg"

T | T 712 7149
Fo] | A7) -
o | e | wzawz | aspus
2 O x X
4 O G O
1
6 O G O
8 O G O
2 X X X
9 4 X X ©)
6 O G O
8 O G O
2 X X X
4 X X X
3 6 X x X
8 X X X
o: d4& x: FHE
A= %" gdgoz ASS A3 Fig 39 Hn
23, % o2 HNYZE AMAl d3HY A=A

ol © A vtk

ABE Fo'e 2AAE WY T2 AE
HoZ mo|aRgelHE FYoE A3l WHE
A=g v Yo o] AYdNE ZawE EW
02RY lemdl FFo] EASRe NAE vlojaz
dolB FX=2 7tk dsHd 1Y A8 2,
g3 9XF 2aelE EAY LEt FH LEd
Hla) v veid Aes Fasgg M zd o
& 92 AESIRS W} Hlusle] BaEd 7HEol
A Uehged o= Ash WiR 33 2ejst 22
g 799 2ol ofHA ysith

32 Z32|E 2L8 FRPAIES utg|

2ol BB ARE HAFAIEC dig B4ol
olAT YT AEANERE BLURAE, F)
AFAE, olp|E ARAER I HeS B
sl gal 200 HZole A7 % Bh Bfe
A & Hdd2HE £AE 23t BAME A
BB Eon gazjes wAse JHE AL
A ol2lgt MAAEES ol§ste} 2ages uy
g AS 7P AN He 2R BAE HFANET
2agle Frozre wsHE Zolth oldd 22

PxgxIcksts|x| ®M122 ®M3ses. 5 719



ZYES} ARAE Alole] dhg] 2945 ERIse 5714
Q whgoz dspd el AEHT Y@

Kundu 5(1997¢ FedsrEz ZazEed]
I48E BN A F de AFAES E38E
Atole) IR AHES YZF(Lamp Wave)E ©]
23 259 gXZ A& 8t vk a2 o] AY
He AgEe AEe $3lA uixl B2 Bo] a3}
H Age] 7] EAA AF B0 Erbsd AUt
TP DFe AUn JgPP® olgez 23
FES} MFAIE Alo|9] HIR2 2o i3t Age A
Z3l= 7|Ye=Z ESPI(Lockin Electronic Speckle
Pattern Interferometry) @9}z A 790
k. o] 7PHe dsd 7IHEY AEdt B0 Jbe
SHAYE Esld 71T vwsty A% Ig £t &
i FL& d9d g ZARE s w5l 4
q_'(38)(48)

Balageas S5(1989)P¢ BAMFAE/IZA] B
HAR 7 HE] 2% AES 9 Gt 4 7
HE AASI SHPAYZE GYoz 3 AY Auls}
Hlmd v gk olF Meda SQ2™e @A)
EdAgE gy 2ole @AHFAE/EA a8L
FERRAIE/ZA o) LTHE A8t 54 &4,
ule] 83 2 7353wk Ak o Ao A
2, LTHS AME3st] A9 z719) Zold g A
229 o] 7153 Aoz eyt Hlwz A
9] Aot A B Af= PTHOl LTHED £
Aoz Bugy®

Starmnes $(006)®e ZaE ¥AL 9 ©
DFAESY HRZ BIE G JHeE AES)
Gk o] AN d& AL EAYE FUY ©@A
HAFAIE Alol7} 37|12 v1R3E As ARHo=
A&ty Y4 AR (Emissivity)ol gk Z30]
293l Holk® oy ulge g EA9
4G 252 AXEHe L2 Y3 22 A9 W
Az Hz APt oled 2adE BY A
TAEY WA O d7=2 A2 A3EF 5
Qone] @77t Qo 1 F Fg 4 Fg 5
= FEUARAE B 3B AUE FAY 2
T W3lE U Ao Fig 45 A9%L g90=

76 TSRS M122 M3S(2008. 5)

05:00 A M 1 P Blmm

Slhmm
e Vhmm

= 0 = ! 2hnm
s Fillered S
L = Filtered 6
1

= Filte:

Fig. 4 FeidfAl
w517

|m
H
o
rH
]
n
m
>
[5°8
e
to
2
rfo
H'|

Time X100 sech
-20 —¢ ®

V] 100 200 300
05:00 A M 1200 P M

Fig. 5 ZHX2l ®2HdFA
ey 25 Wa

Im
Hr
o
rH
Ju
n
[l
X
e
o

HEE Age Y fEdHAEd gt JEe A
43 Zoln Fig 55 2 §HHAAE BRI AR
Az wAHYS T g /9 HEF Aolnh
Fig. 5014¢h Zo] Habgo] &L 74 A= fel4
FAES EWL 2T SV} Fig 49 BE 44
ANEHT HIRE 29| AEEr} 9k

Monica S005)™¢ gadg =23z A9
g vRg Ae 28T 4% e 239
E A1@A E¥el 127mm HE0E 712 5mmo] Al
2 Bmmg) A B BRNRAEE B
T HIRE oRE dsPd 7Pges Ase Aot

Monica 50060 ¢7e] wlzw 2IE
EHT G2 Alold] dAEgo] e Mz R
A7 BYE A9 uRE 297l vehte),
T2 uREy PRe Aud 2Ue Jehlx 23
o}, AT FAe] ALolx BRI F/|E n
AzRE 27 glo] 2FE & AT HIRF R29o



Table 2 Monica S(2005)"W2| Axet o= H|FE2 3

7| @
T2 FHA(mm) | FA N (mm) | B2 (mm)
AR |yl 17 17 31
e REL] 17 16 28

53 3718 ARG Table 2& €3y 7[Ho=

LERES vl AT, UAA PFoz BAsle H
2}
129

& wRg =Zrje A4 wRd 28 wasie
ebd Aofth

Wu 51907 B2rAsNES FEAAE
o] w3 F3¢e gy riHez #ES \ Stk
o] AT MW s} JHoez Aol Jhegt A
FAE FAE Fd 5mmz AASAC 28u 2
H23 77 @ HAR{AES] FA¢ o A7) Jeff
Q007 Pl o3 7= A8y A7l wEA B

234 98 8 Yk Jeff SQ000Pe wBa
HARAES FAE uiFd 43 A& 33 47,
EAMBAES FAYE dmmy W), ¥R3 29 =
717} 20em’ A HEHE AeZ AU

33 2= E HFHZ BAE FF

¥

G3Ee) JEL QA AT TAYE W] A
AEE 24 H1 Y9 gsy guiz A
gl 2B dAPL A2 YA wFH
FIHE YR B2 BAx 23 wo] Basid H]
33 Aes 283 AW AP e A9
ojulz] Heht HA suk AR LuEH g &
A7t "asg WP sz whde) HisA wEw
Ag WA WHog ZAHE Y FT B
Az 242 93 Q5P 71 Bl Y AES
_9_‘3]-13]-.(36)(50)

Chung $2000%9] o8} Fa8 ZIHE B
AzZo RAE =4 YL RCEREY HAZS Yo
o =EAA FZL W] AN sGEEA AT
g s ARE 22 o] AP AR A
BAT 22548 i ATst BA vtk 2
Hu A8 F9 259 oz 7 Bavy AP

L5 BE PP PO FFHA LEE 2o
Ugtth gebd ARAQ 32 RAEE 538 5 9
€ rlojazgoln 3xg E£4o] aFArk

B 500" RCTEE EWd) oje) 44
& Jisted W 29 RAEE 98y HeR &
Ase 4P sigch 2 2%, AW, A4
Z ¥ ohJet RCTEE WY A2 FA4E FHN
23E WRE o] FA3 BA% EagEs F
2 g e Prolazdelng A3
5 EIE YR AZY PAE HEL o RS
2 Uesit

ol

34 T 2o EH Z2F

I

T EF29 FUHATE AlZE i8] wig,
2730 gk 4 ZAPL Bk=A] eEit) ol X
Al Bl &-EEZQ) WHoE dapt s ol &%
7ol AAE ul Yok PP

Moropoulou  S(2000)®¢  Avio Tvs 2000 Mk
O LW ZHE A3t 33 529 IWATS
93 (Passive  Infrared  Thermography) 0.8
AR A WAZ 29T Fhv LFHEUG
A FEHE AR 98 AAZE ALE FA AFES
ZARITE o] RES ERAE AEE HHE ARSIt
i TN 7P HE B Fo stk F
HA2E FHIZo) oj2BER ¥AH Bravo AFEE
AR sPAEte R tigk 0mm TS opATE
2 AZAE g2 2Rt 2 49 3% AR
9 &2 299 AFHQ] FEH 05T 2
Z2E 7 ddo] JETh

HZAIE Wl vIste olzst dst FhviEtE o]
3 vlgky] AL e BRHORE ofABE i}
3 &2} Zo] Y HAHY AHE w=A A}
g F ke Aotk o2 U A7 AR, HYH,
agx FHREE ol dojA B FiEo| Hekd
Act. AT Gt T fjs Hlvky] whEe
A AR, 759 FAY EH &%, HSE W
&, 9 Ao fE g Wtz st AR
49 g Aot FA T e v W

Pxgxcksts|x| M122 M3ses. 5 77



2 7T ok weby Bl o 2] g
BaAEY AY A% Ade] /F5d vivy AAEE
A2 3 TPYEO] i Hrle agAe B
% 9lg Aoz ANHUL™

[u} — A
- TT

kK

35 2 E HE2Q

Tavuke 500607 #71BAE A1 Y= H
719 1347173¢] 28 uisiA wgs d7E S5
Ax g3 el ddS3(Levelling  Survey)
EFE ALl FERsAlaEe] F $9ET Yu
A EAHL AT YA 2AEH

AEHE S 717k A EAe AF2HE Bol
FFE7] A, o= 3 /1Y HeA 23 A
Buo] N2 U2 &% ¥ee dnz dii i)
2B ojgale] gohd 4 gtk weby Fshd Adlet
s} YaZee] AL JREAT FHRFA2HS
ZAEHEE AT 5eAS ANE 2L wyom
A=) et ™

A% SN HeAES EH 4 AY
ZAFINE a3 71 HLA BT AHAET A=
Aoldt ex whge YoA dsd #HE: A} 95
stk ol¥%, dspt sulEE FHddehA g8t
W I ARIFSEST W 3T 59 ASww ol
%), RUTSA2E HzAZE, 81 Ak =
Apl7AA Ag 7hsd Rez AP T

36 7IEt Z& HE

dspt JEgE ol8d AT #AE: PHe EA
EHeEE Al Wygoz Jehie 253 /Y
olAg, ofelol FsM} FHEE AT A B
AF9=0) ofs)n BAle) FHLEY} ohEA U
4] o] wE e Eg BAo] Fash®
olol Clark S0 7129 ® B2AE(Tap
Testing) oA AZo] FA &% mFaprol
2% s s olgs i FREA Stk
O Az zo] A% AeME BFS T
& %tk 283 A By YE aFEn

78 ISR M122 M3S(2008. 5)

9 £¥H AP 24 %98 E3l 4] 4%
AZE0] 75 A2 ueyith 3 Aol JdH
I e R O¥x gL FE & Aole U
02~03CHAER AAHAYL®

Clark 5(002™¢e g3 ses ol&d W
Hol Ax A= A7 T AdE AT F e
A3he AR ol tigt o]2H IFE SIS Th

7189 A =3Ee tE FhbEe mle]a 2
I ol 2SuE o|83lY HARE uet YA
oz A% TAL AXEHE AUB® o)y
3 71E e =y AnYEYIY 94 F2
Age zesrgc @™

olfd a7 e AL A AAE 9% AzE
A2 ez Clak SQ0™e di s
£ o83t vg @A E AAEIEY EE A2 =
Aol dsld 71 ALA 71E AEL A AZHT
we dEXE Holgd o A B R FF
o] BEFE A7 = &9 vAS JAEL 371
oz 257t FAaH7 "ot oHd dHE
wgo g )& Az B4 Wil vlE) mE A4 =
d &4 EE A3 ZA £ e e A
Sk

st e MR OE JEH E8o] shseith
Glles 5003 RCTzEY 7Y, ueel 2
2 &8 43 71 o9 tSgst TTHE 483
o AZ3F 8 Yok RCFZRE YE 29 e
#old?s ojgdtn ZAA Yoz Z3gE 4
Bge 2xsn 289 39 5y Poz 3y
FHE A& 28z g e E R F
=z 79, g AESA0? oldd 7 7w
ARE o83 23, &4 AEY Y= # ol
BE vl AAp) 7t

4. 4 E

3P 7IHE o18F ER FXEY &4 AR
I HZ 0B =55 BAY ZH, 3 71H
< EE 7xE | BUS wEy ZHHor 7
A F JE FHE AT Qe Aeg A=



z

W, 7 L5 5 @7 2] Ny 93 B

< ZeE AdHglon, t& FALASAH L £84
FE AFE U T e AR J5dn.

ZIHE Y3 AFS AEA AABFLE d9oF A
231 AL YH9] ks won X|7HE AFe
£t} olgd B nos] P AF 7k
o Ego] BodH I Fw FAo] ¥ HoA
W= A Aol HigFsi

Az} 7HE 08T BAPFAE uRE 7S A
Holxe HRZ 299 st 1Y A, vaA
FAEY A7t amd o), w3E 29l =77} 20
A AEHE Ao Yehg

A2 2T 23 AYPAE RCFRES UR 3
28 Jlgsle] AT BAEE d3y THos 3%
sl Ty A% e ez 7 x
Ay dsid &% BE oRe dAsgou A
Q ext gy gt

ATz X9 2% 23 AYAE FIAE 3
ol vlste] Az} 7S A Al W HAY ¥
< m2s At JFsd Aes dehdth aeg 3
A3 19 2% ZHL YoM 59 2Fe x99 B
HZ olg3dled] AZHo] Basit

=58 AR EW THoNE A8t Y A4
A B3} ABHHY] 2TAE olgdle nF F2E]
2%S 22T 5 YA 2 W) AT AT AL &
el AgEAHAME D3 7PEe man A =3
&4 AE 383 AT 5 Qe wEeR AN
Ack

Aol 2

B d7e 24usE Fasidrie A e
oltiel A FHHElE ol8% FAE HIFIFAL
H AYEHRE 6 J9EF BD 3 6 LY
A Di1¢] Aoz olFoFFut oo AL A}
o % YU

t
K
Mo
re

10.

11.

12.

13.

L BRE, B, BRARNER 74E

. AHEE, A, 2Ed, g e T

CARA, AR FRE AT Yo uina AEH

o eyl RF2EIDES =83, Aud 3
%, 2007, 549, pp. 167-17.

. BHAE, “AFE doltl(GPR)Y ¥ ZaE B

# % 5 Fold HE 359 27 % 5 4
B¢ 43 97 IHFEEAVYI =24, ALY
63, 2006, pp. 95-104.

- AR, olF, R, “HIYA datde ol8F £2

HE A HgA™A,” 7 2EIDES
234, A11A 13, 2007, pp. 95-101.

s

LAY, A4, VRS BY Fo) wERaIe

< RCEY BAadd] #g 494 dF) =72
EXGEE =8z 4108 1%, 2006, 1€,
183-189.

. 0|24, Mg, ol¥A, “Sprayed FRPZ HZ}E 3

o 2aYE AT BERAT Bl dFERE
Agsts =23, Aud 3%, 2007, 5%, o
132-142.

. AR, “ARAER 27" RC B 47 A7

#xF2EACEE =83, A0d 63, 2006, 11
4, pp. 154-162.

48 RC7
59 d=9E: AT ISTREICH =84, A
119 23, 2007, 39, pp. 125-133.

- AN, R dY 8RN 299 B4 A3 R

Adel” FFTEENDES =83, A8A 43,
2004, 109, pp. 123-133.

= RC ¥
viete] 2= A=A AFe A2 3R FFHY
#A A7) FFF2EIVESI =824, AP 23,
2005, 44, pp. 121-128,
AYA, PEE, HE €5E, AR “HIHd &
ANE AR F2RE =53 B AEY 7E7 &
FEZEAGE 1997dE 7}SEeuEy E=RF,
1997, pp. 83-90.
uAYg, AL, A%y, “@3pdviEet AEHoA
71HE o83 EAE YRAY BE ITTRE
Agss B gednsy, AUd 13, 2007, 5%,
pp. 95-98.
wATE, “HoluyF HHAYPE o]8d EAE A
F oER FFY uignAAy FFEAYEF =
734, 4154 335, 2003, pp. 425-432.
F935, AEE 9AY, AV, AH, AFIFF A
PAE o] &3 FHela el I3 EA%E FF
gxo) #AF 71297, I=2IYESS £ sted
F3] =23, A58 13, 2003, pp.l 69-174.

Pxgxcksts|x| Mi123 M3ses. 5 79



14.

16.

17.

18.

19.

21.

22.

80

. Bhalla

. Kitazawa S, Abe

AE7], BAY, AFE, ‘wolazdolnst g8 7t
e o4 FAYE T A AE vz FA
Y A7) @TAYERY £ FeTEs, A 1
3, 2007, 5¢, pp. 317-320.

. AjE, A, AR, LS, °|¥9%E, “GFRP

oo EUE AT EA) FHRAITERIEY
A7l S&ud =83, A2048 135, 2007, p
393-39.

zA NEA, F53, A5E, AT, ‘e
2 ARIHIE ol§e Ay HE @9 A
&) AT =83, A43d 4%, 2006,
pp. 259-263.

A%, “deolvis dsd Fetg o8& FAYE
vy AAL Al&F A, TFAAZEADAED 2
A= AFHIA, 2007

Yacita A, Adachi T & Yamaji A, “Determina
tion of elastic moduli for a spherical specimen
NDT &
October

3 g
@ 7

by resonant ultrasound spectroscopy,”
E International, Vol. 38, No. 7,
2005, pp. 554-360.

Wang LM, Zhao YL & Han Y, “The restora—
tion of radiograph with an improved power
spectrum equalizer,” NDT & E International,

Vol. 38, No. 6, September 2005, pp. 497-500.

S, Soh CK & Liu ZX, “Wave prop-
agation approach for NDE using surface bond-
ed piezoceramics,” NDT & E
Vol. 38, No. 2, March 2005, pp. 143-150.
da Silva RR, Siqueira MHS, de Souza MPV,
Rebello JMA & Caloba LP, “Estimated accu-
racy of classification of defects detected in
welded joints by radiographic tests,” NDT &
E International, Vol. 38 No. 5, July 2003,
pp. 335-343.

Janousek L, Chen ZM, Yusa N & Miya K,
“Excitation with phase shifted fields—enhanc-
ing evaluation of deep cracks in eddy—-current
testing,” NDT & E International, Vol. 38, No.
6, September 2005, pp. 508-515.

Y & Satoh K, “Simulations
of MeV energy computed tomography,” NDT &
E International, Vol. 38, No. 4, June 2005,
pD. 275-282.

International,

. Bettayeb F, Haciane S & Aoudia S, “Improving

the time resolution and signal noise ratio of

ultrasonic testing of welds by the wavelet

TERETICES|X| A12@ ®35(2008. 5)

3L

32.

. Andreopoulos ],

. Bennett CA, Jr

. Madruga FJ,

. Joshi A & Kumar S,

packet,” NDT & E Intemnational, Vol. 38, No.
6, September 2005, pp. 478-484.

. Aamodt LC, Maclachlan Spicer & Murphy JC,

“Analysis of characteristic  thermal transit
times for time-resolved infrared radiometry
studies of multilayered Journal  of
Applied Phys.,, Vol December
1990, pp. 6087-6098.

coating,”
68, No. 12,

“Heat
in a heated jet-pipe flow issuing into a cold
cross stream,” Physics of Fluids, Vol. 26, No.
11, November 1983, pp. 3201-3210.

& Patty RR, “Thermal wave
interferometry: a potential application of the
photoacoustic  effect,” Journal of Applied Optics,
Vol. 21, No. 1, January 1982, pp. 49-54.

Gonzalez DA, Mirapeix JM &
Higuera JML, “Application of infrared ther-
mography to the fabrication process of nuclear
fuel containers,” NDT & E International, Vol
38, No. 5, July 2005, pp. 397-401.

“Variation of dielectric
strength of a insulation paper with thermal
aging,” NDT & E International, Vol. 38, No.
6, September 2005, pp. 459-461.

transfer measurements

. Tian GY & Sophian A, “Reduction of lift-off
effects for pulsed eddy current NDT,” NDT &
E International, Vol. 38, No. 4, June 2005,
pp. 319-324.

Ditchbun RJ & Burke SK, “Planar rec-
tangular spiral coils in eddy-current non-de-
structive inspection,” NDT & E International,

Vol. 38, No. 8, December 2005, pp. 690-700.

Gonzalez DA, Madruga FJ, Quintela MA &
Lopez-Higuera JM, “Defect assessment on
radiant heaters wusing infrared thermography,”

NDT & E Intemational, Vol 38 No. 6, September

2005, pp. 428-432.
. Moysan ], Durocher A, Gueudre C, &
Commeloup G, “Improvement of the non-de-

structive evaluation of plasma facing compo-
nents by data combination of infrared thermal
images,” NDT & E International, Vol. 40, No.
6, September 2007, pp. 478-485.

. Lugin S & Netzelmann U, “A defect shape re—

construction  algorithm for pulsed thermog-



37.

39.

41.

42.

. Alfano M & Pagnotta L,

. D'Orazio T,

. Toshihiko

. Adachi T, Kondo

raphy,” NDT & E International, Vol
3, April 2007, pp. 220-228.

40, No.

“A  non-destructive
technique for the elastic characterization of
thin isotropic plates,” NDT & E International,
Vol. 40, No. 2, March 2007, pp. 112-120.

. Mercier D, Lesage J, Decoopman X & Chicot
D, “Eddy currents and hardness testing for
evaluation of steel decarburizing,” NDT & E

International, Vol.
pp. 652-660.

39, No. 8 December 2006,

Wu D, Zweschper Th, Salerno A & Busse G,
“Lock=in thermography for nondestructive
evaluation of aerospace structures,” NDT.net,

Vol. 3, No. 9, September 1998.

Guaragnella C, lLeo M &
Spagnolo P, “Defect detection in aircraft com-
using a neural approach in the
analysis of thermographic images,” NDT & E
International, Vol. 38, No. 8 December 2005,
pp. 665-673.

Lugin S & Netzelmann U, “An effective com-
pression algorithm for pulsed thermography
data,” NDT & E Intemational, Vol. 38, No.
6, September 2005, pp. 485-490.

posites by

. Marinetti S, Finesso L & Marsillo E, “Matrix

factorization methods: Application to thermal
NDT/E,” NDT & E International, Vol. 39, No.
8, December 2006, pp. 611-616.

Yu Hua Cheng, Zhao Fei Zhou and Gui Yun
Tian, “Enhanced magneto—optic imaging sys—
tem for nondestructive evaluation,” NDT & E
International, Vol. 40, No. 5, July 2007, pp.
374-377.

Traxler & Schuler P, “Pulsed thermography
inspection of the target elements for the
W7-X divertor,” Physica Scripta, Vol. TI28,
No. 242, March 2007, pp. 242-245.

Kiwa, Tomoaki Kawata, Hironobu
Yamada & Keiji Tsukada,
formed eddy technique
cross—sections of conductive materials,”
& E International, Vol. 40, No. 5, July
pp. 363-367.

“Fourier-trans-

to  visualize
NDT
2007,

current

A Yang SH &
of mi-

Y, Yamaji

Yang IY, “Nondestructive evaluation

45.

47.

49.

52.

. Jeff R. Brown & Hamilton

. Stanley

. Torigoe 1,

cro-cracks in a ceramic ferrule by resonant
ultrasound  spectroscopy,” NDT & E International,
Vol. 38, No. 7, October 2005, pp. 548-553.

Jeff R. Brown, H. R. Hamilton, “Heating
Method and Detection Limits for infrared
Thermography  Inspection of  Fiber-Reinforced

Polymer Composites”, Vol. 104, No. 5 September-
October 2007, pp. 481-490.

M, “NDE of
Reinforced Concrete  Strengthened with Fiber—
Reinforced Polymer Composite using Infrared
InfraMation the thermograph—
er's conference 2003.

Massa A, Doneli M & Rosani A, “Microwave
imaging for nondestructive evaluation of civil
structures,” 16th WCNDT 2004.

Christopher C & Balendran RV,
in  Assessing the Structural
Applied Surfaces to Concrete
12, No. 4,

Thermography,”

“Developments
Integrity  of
Buildings,” Structural Survey, Vol
1994, pp. 4-9.

Barrile V & Pucinotti R, “Application of radar
technology to reinforced concrete structures: a
case study,” NDT & E Intemational, Vol 38,
No. 7, October 2005, pp. 596-604.

. Assouli B, Simescu F, Debicki G & Idrissi H,

identification of  concrete

reinforced
coupled to the
NDT & E
8, December 2005,

“Detection  and
cracking during
crete by acoustic
electrochemical
International, Vol.
pp. 682-689.

corrosion  of con—

emission

techniques,”
38, No.

Mori K & Spagnoli A, “Signal

processing procedure for non-destructive test

of concrete structure integrity,” NDT & E
International, Vol. 38, No. 7, October 2005,
pp. 575-581.

Arunachalam K, Melapudi VR, Udpa L &

Udpa SS, “Microwave NDT of cement-based
materials using far—field reflection co—
efficients,” NDT & E International, Vol 39,
No. 7, October 2006, pp. 585-593.

. Clack MR, McCann DM & Forde MC,
“Application of infrared thermography to the

testing of concrete and
NDT & E International,

non-destructive
masonry  bridges,”

Pxgxcksts|x| Mi23 ®M3seoe. 5 81



95.

o7.

61.

62.

82

. Meola C & Carlomagno GM,

. Inagaki T,

. Meola C & Carlomagno GM,

. Bates D, Smith G, Lu D & Hewitt ],

Vol. 36, No. 4, June 2003, pp. 260-275.

. Kamoi A, Okamoto Y & Vavilov V, “Study on

Detection Limit of Buried Defects in Concrete,”
Advances in  Nondestructive  Evaluation, Part
1-3  Key  Engineering  Materials  270-273,
2004, pp. 1549-1555.

Gailius A & Zukauskas D, “Determination of
Concrete  Structural  Defects by  Infrared
Spectrum  Analysis,” ISSN  1392-1320 Materials
Science (Medziagotyra), Vol. 9, No. 1, 2003,
pp. 106-110.

. Weritz F, Arndt R, Rollig M, Maierhofer C &
Wiggenhauser H, “Investigation of concrete
structures with Pulse Phase Thermography,”
Materials and  Structures, Vol. 38, N0.283,

November 2005, pp. 843-849.

Busse G, Wu D & Kampen W, “Thermal wave
imaging with phase sensitive modulated
thermography,” Journal of Applied phys., Vol
71, No. 8, April 15 1992, pp. 3962-3965.

“Recent advances
infrared thermography,”
Vol. 15, No. 6, September

in the use of Meas.
Sci.  Technol.,,

2004, pp. R27-R38

59. Maldague X & Marinetd S, “Pulse phase in—

frared thermography,” NDT & E International,
Vol. 29, No. 6, December 1996, pp. 391-400.

Ishi T & Iwamoto T, “On the
NDT and E for the diagnosis of defects using
infrared thermography,” NDT & E International,
Vol. 32, No. 5, July 1999, pp. 247-257.

Meola C, Carlomagno GM & Giorleo L,
“Non-destructive of bonded struc-
tures with lock-in thermography,” Journal of
Adhesion science and Technol, Vol 17, No.
9, 2003, pp. 1207-1222.

Gros XE, Bousigue ] & Takahashi K, “NDT
data fusion at pixel level” NDT & E
International, Vol. 32, No. 5 July 1999, pp.
283-292.

evaluation

“Application  of
adhesion  science,”
and Technol,

infrared thermography to
Journal of Adhesion science
Vol. 20, No. 7, 2006, pp. 589-632.

“Rapid
thermal aircraft

non-destructive  testing  of

TFERETIEES|X| M2 H35(2008. 5)

67.

69.

70.

71.

72.

73.

. Gethard H & Busse

. Godin N\,

components,”  Composites Part B-Engineering,
Vol. 31, No. 3, 2000, pp. 175-185.

G, “Lockin-ESPI inter-
ferometric imaging for remote non-destructive
testing,” NDT & E International, Vol. 39, No.
8, December 2006, pp. 627-635.

. Gex D, Berthelot YH & Lynch CS, “Low fre-

quency bending piezoelectric actuator with in-
tegrated ultrasonic NDE functionality,” NDT
& E International, Vol. 38 No. 7, October
2005, pp. 582-588.

Giotleo G & Meola C,
pulsed and modulated thermography in glass-
epoxy laminates” NDT & E International,
Vol. 35, No. 5, July 2002, pp. 287-292.

Huguet S &  Gaertner R,
of the Kohonen's
map and Kk-means algorithm for the segmen-—
tation of the AE data collected during tensile

“Comparison  between

“Integration self-organising

tests on cross—ply composites,” NDT & E
International, Vol. 38, No. 4, June 2005, pp.
299-309.

Balageas DL, Krapez JC & Cielo P, “Pulsed
photothermal modeling of layered materials,”
Journal of Applied phys, Vol 59, No.z2,
January 1986, pp. 348-357.

Starnes MA & Carino NJ, “Active infrared
thermography for NDT of concrete structures
strengthened with fiber reinforced polymer,”
Materials Evaluation, Vol. 63, No.l, January
2005, pp. 56-63.

Meola C, Carlomagno GM, Squillace A &
Giorleo G, “Non-destructive control of in-
dustrial materials by means of lock-in ther-
mography,” Meas. Sci. Technol, Vol. 13, No.
10, October 2002, pp. 1583-1590.

Kundu T, Ehsani M, Maslov KI & Guo D,

“C-scan and L-scan generated images of the
concrete/GFRP  composite interface,” NDT & E
International, Vol. 32, No. 2, March 1999,
pp. 61-68.

Bartoli I, di Scalea FL, Fateh M & Viola E,
“Modeling guided wave propagation with ap-
plication to the long-range defect detection in
railroad tracks,” NDT & E International, Vol
38, No. 9, July 2005, pp. 325-334.



74. Antczak E, Defer D, Elacami M, Chauchois A
& Duthoit B, “Monitoring and thermal char-
acterisation of cement matrix materials using
non—destructive  testing,” NDT & E International,
Vol. 40, No. 6, September 2007, pp. 428-438.

75. Caroline Holmes, Bruce W. Drinkwater &
Paul D. Wilcox, “Post-processing of the full
matrix of ultrasonic  transmit - receive  array
data for non-destructive evaluation,” NDT &
E International, Vol. 38 No. 8  December
2005, pp. 701-711.

76. Genevieve F, PlaRucki & Marc O. Eberhard,
“Imaging of Reinforced Concrete:  State-of-
the-Art  Review,” Journal of Infrastructure
Systems, Vol. 1, No. 2, June 1995.

77. Tavukcuoglu A, Duzgunes A, Caner-Saltik EN
& Demirci S, “Use of IR thermography for the
assessment of surface-water drainage prob-—
lems in a  historical building, Agzikarahan
(Aksaray), Turkey,” NDT & E International,
Vol. 38, No. 5, July 2005, pp. 402-410.

78. Moropoulou A, Avdelidis NP, Kou M &

Kakaras K, “An application of thermography
for detection of delaminations in airport pave-
ments,” NDT & E International, Vol. 34, No.
5, July 2001, pp. 329-335.

79. Clarck M, McCann DM & Forde MC, “Infrared
thermographic  investigation of railway track
ballast,” NDT & E International, Vol. 35, No.
2, March 2002, pp. 83-94.

80. Chung L, Paik IK, Cho SH & Roh YS,
“Infrared  thermographic technique to measure
corrosion  in  reinforcing  bar,”  Advanced
Nondestructive Evaluation I, Part 1 and 2,

Proceedings Key Engineering Materials
321-323, 2006, pp. 821-824.
81. Gilles Klysz & Jean-Paul Balayssac,

“Evaluation of cover concrete by coupling
some non-destructive  techniques  Contribution
of in—situ measurements,” International

Symposium(NDT-CE 2003).

(=Rt - 20074 98 3Y)

Pxgxcksts|x| ®M122 ®M3seoes 5 83



