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ABSTRACT

The joint treatment of concrete is one of the technical problems in concrete constructions. Joints created with
concrete constructions result in serious weakness in the aspects of both structural and water-barrier function.

The radar and the infrared thermography method have been used for the non-destructive inspection of several
construction joints of concrete structures in this study. The advantages and limitations of these methods are
investigated for non-destructive inspection on construction joints of concrete columns.

It can be shown that the detecting precision of construction joints using these methods is improved if radar
analysis is carried out with a simulation analysis. In case of the infrared thermography method, the shape of
construction joints can be also detected when heating is performed before testing. As the result, it has been
verified that the construction joints, difficult to be detected by visual inspection, could be inspected effectively in
broad areas at short period of time when these two methods are applied.

Keywords : non-destructive inspection, construction joint, radar, infrared thermography
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Fig. 1 Incidence of plane wave at dielectric interface

re BannAses Aojue, Aase] Al B
22 B IR o B The} 2ol vErd & gk

a=w V zel2 VV1+(o/we)’—1 6)

B=w V pe/2 VWV 1+ (o/we)+1 (7

AN, e=¢e,, eE T FAE 2 129
H A, p=pou,, o W29 H]—rxh—:_r o &4
SCEER)S Vet & ZHES v= AFI 2L
B4 AL FAAdAE p,=1% = 7]
ol u=p(=10] Ak

ghE, miEFA AR +ger JAER
v 0/ HE ATFHoE THHEA AsHFH)g
o] A% HAEE p,= teF Zo] AE)

=l

__w__¢ 2
=g 7?\/ V1+(o/we)*+1 ®

o AEd A 2FFFdelHE (o we)’<1
olg Az 4 glemz Q)9 2 WAL Hu, 33
L= B gHog Jepd gl z}v—\—ﬂcﬂlxﬂ,] !
F29 1V e, 0l gk A7IA, = He

.

,/}:1: ft‘%

~c/Ve, ©
=0,/ f=A/V &, (10)

=

SR R REE DIEY ERNNEE R AR
VA AAZAL Agdel, PR ANek, e
2ol, $780] TE A HARAAY WAAS R
7 R4 T e 2ol YEd & gk

=232 |EslE| =2F M58 35(2003)



_ mpcosfp — p cosby
R= 75 cos 81 + 7, cos b; an

. 277 cos 0;
I= 7y cosfp + 5, cosb; (12

m=V /e (13)
2=\ o/ & (14)

A7V, gy, pE 2 olde] AR XelT g, 6,8
Alztzr B3pzhs YEeRdth

whebA, A (1), 2129 4)(13), A(14)2HE, iZ5-H
i+127kX] 9] Aol thdh dukajo] T3} o] dojAir)

\/Ecos Or — V €41 cos 8,

\/—6—,'COS (97‘ + \/€i+l Cos (91

T 2 €;cos O
= VeicosOr + Ve cosb;

R (15)

(16)

B, dolr] WANEERE BAY 420 5
A2 Rase AUNZHE 78 & ook

=2 —

2D _ 2DVe, _ Die,
= (17
v, c 15

71X, K nanoseconds)t= WHAFEF  Alole]  A7kx}
(pulse separation), D(cm)&= HIFAEC] €,90 vjZofA
o] wiats} Atolo] AZ)(Ea%)E UERHTh

AINZRE 45 €9, dolvy AT/ 1GHz
ojli FABES HIFHEES 92 /PgshE B of
S5em7t So] AA| F= FAE Semolio] Hojokat A
o] 7FsstAl B8 vrhdd & AjolA Az2E AlFo]
3 F5Y FAE 2emBA o] 271G ecm R o} F
AFae7t 1GHzol3HY] goldE AMEE A% 339 T
ANAE AEshe RE 28 Aoz dAvkdch wabs,
£ dAFoxE doly BAY B$ 359 FAHETHA
g 1dske AL g 9= syt

E3L AN ALgEE APAERGHRETE) o2}
715k, A= 9 y(HE A8 2ol 4 x(d)
& Al2doll &9 dE2AE Jhek W S5 a(Hek
B

FA o vehd 5 Tk o7IM, e AR

W= |, (Dt D) dr= 2D ¥ (D) (18)

W nT) = gox(nT) &(t—nT) (19)

[0l HeIMEE 0188 232 AIS 0I3F 332 H|TH

rok
&
@4
BN
=
Y
S
sl
i)
Xy
=
=
e
olo
ol
o,
N
=
£ P
=
e
>
>.

B2 A9 Aol AANE +E Jloh A7IM, wTe
FAM5) AT, me RN Fitoltk

22 Houy

A4S FUEE 1 WS A8 AE, g, 4
HES, 29YE $< Fdolee Aol o5 exwal
$5o] e ues, ol B4 dulolelst g 9
A % ZAYE olgRe AWRE Fg 29 Fig 3914
o} Zo] dAEg 29 oo o3 &EA ATE Y
o} ddEg 15 B4 5 9 2 Al we A
3, A0 Uepd £ 9ok

A=-92 __L_[yim. B)] (20)
dA “dAt/dx

A71M, Q= A 9%, AE BE, g LEA x= 9
o] 520l & LERALE.

5719 GHEE W, FAE o] FRdME 37

¥3ake
AEg olzir),

Sunlight

A

~—=Sound area
---- Deterioration area

Deterioration area

Fig. 2 Heat transfer pattern of concrete wall with
sound and deterioration area®

e .
, % Deteriora~
01 } A%‘ N > Aztion area
i
4t %
4t R
i gat L
0% e
c lf,:-!
o]
0 s 4§

A A2 M
X mm peX—d =X,

Fig. 3 Heat transfer model of concrete wall with
sound and deterioration area?

427



a=20—-6)  (Wnd)

. 5
“dt=ay @1
0‘17]&1y q‘_—_ 92 (W/ird), —E %d;ﬂ %’ = 85
grdg Fig 4 L}E}Lﬂaiu}, °l7ﬂ° 1%1 Zololgh 7
Y9} SUPHLINA S D o) o
v A8 el Qo BA)9] njokst L3} 42
Held AlMel oz & %@PXéiiﬁ 27540, 157 - 4]
Bom ogHEL WAS WHOE BFT + A
40
o
2
2
o
a
5 o
e 10 A—:Sound area
Beree :Separation(Deterioration) area
0 4 & 12 16 20 24

Time(hours)

Fig. 4 Temperature change model in process of

time
50cm 50cm
50cm 50cm
(Plane figure) (Plane figure)
50cm 50cm
18cm 18cm
M - — — = — 20n %‘Tﬁ%ﬁ -
30cm 30cm
(Side view) (Side view)
(1) Plane type void (2) V type void

Fig. 5 Section diagram of test specimens

428

31 AlEA

Hzf

=
oo

2 oM HERFSR 5& 23 FAE el

=

el o}
s

OHQLHU

£-3]

2 sisich Feaads Al5e Rate dof olgy

24 olgH o _lﬂtﬂﬁ'—h,]» ANE] B3 3§
NEAZ AR, ARAde B

& Ao A 30cme] HA T
H u_wﬁég_i ?_}_'FE_T_J—J_, 7&/\]—65] 2_15‘
+ l% 2

5o Agsge. ol 339

72 2ERES o

z *WOI 7t 25

cmE 3L

X e e Fg 5~7o4¢ 2t

1:1:5]. ,:_:L}:l/] /‘ﬂ

2 1~2mmTA<

mz
=
AHE

;
R1as]

de sgost wol g
Regzz g sl A

8 ook ol Qumos PN ATolgHel 33
of wgslo] SIElekE A% ¥E Bet T2Eedol
vjgo) TR} 470 Set

A e

A

o] 2
= [e]

Aoge wE2HA v HE

25 9% Aotk

A

“

18cm

A\

2¢
I

N,
N
N
NN
\

5cm

||\\
il
Il
I

2cm

1l

I
Il
I

\\U

-
-

. 30cm >8em] [ 30em

" Concrete

Fig. 6 Radar test condition (- - - : void)

50cm

1@

/

>

z

i
I
Il

\\U /

N

=

_~"" Concrete

Fig. 7 Thermography test condition (- - - @ void)

sia@aa(E8ts =2 Mi5a 35(2003)



Table 1 Concrete mix condition

W/C S/a Unit content (kgf/m’)
(%) (%) W C S G
64 48 165 258 892 972
Gmax Slump(cm) Air(%) Total
25 75 45 2,287
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(2) After heating

Fig. 11 Test results of thermography image in case
of plane type void according to Fig.7

(2) After heating

Fig. 12 Test results of thermography image in case
of V type void according to Fig.7

RE a0 ESE = MI5H 35(2003)



dol| &) MR 93] A" ARE gty
Uehd Aol Fig. 10 (1)0] Fig 89 A(F4d 3%
g, Fig. 10 (27} Fig89 C (VY 3= HE8E& Rojsiol
A Asjoltt. olg x| sjMdai= 237
H$-AE 924 FUsitla ZHAske] ALk =
£ UERd Zog, AA SNk B2 Zolg Holu
AL ghabsbde] B4 AR 2 ArEe} f
et Aee e ek ol wel, SAARoR =
=9 FeAS Adsr)rt Taagon), Relsae}
PT 4% A4 ARE D 5 e & F U

i
o

>

o of

42 HoMH

Aoel 9% S5 AZRAZL A5 E= A
A NBEE B8 A8, 9 :
A NPAS Fol Axsiglnk ol mel, Pl 22
Figd|Hst 2o 1 o 2
2 =59 ZAAAYS ARV LR} Y A5
A Jepdselne 25l 2

o] golatA] gt} ¥ dAelAE o2 EAE s}

7] #8150 W S EAR(sEEE) AjsEE
ggo] A 9A BHA 7+ gl A@ne gt

k! (

A7t HAA FEetA 22E F e A
Yo 2HE] 100cmel 7 FAsT &3, dF £
Aol wet Aol EsbY AolM AlZolET FF
£ A28 ¢ M aE 2] dAste] T =59
FANAE 28T o ik,

ole tig 3423 T WX ZAFHE Fig 11, 120 &t
Wtk 9714 Fg 112 B98 350 disto] sg=
7¥gal] A3 7HEe $9 Z2AE vehd Zo|, Fig. 12
T TexAsY Ve Tl diste] 7hdshy] A 7HE
P30 A 47 el Zolth

olfe] AMRRE PARgol Agex| B 2AME
g 37} 7hdekA] e Ao ARy ddwe 2
9 2= A vebdol dsHY ¥59 A
o] Bt} BEade & F Atk o] A, HExhe
el FaF &

o

¢

N

]_

Liiied

[1_?{_‘
_.1

e
N

]_

do Hu off
tlo rir ox
4
o

=
24 didde] 27)(da)el wt 2dAdE Hd
3] Zdste] ARgehE Hu %2 FId UiEe A
3 F7lEcthe SRz WA ARt ol 4d
of o] HA xdspd drk wEpd, Stews HE
o] ZYF AlFolgHe T diEiHE & SAAYHE
o|§8 ¢, SE] T AE TheEe &+ Ytk

Blo[{B{at MoMYS 0|8E E32|E AlS 0[SF S22 H|ufdHAL

3 ZAE AT o5 SR
A& ARzt 2 A3 v 22 22

Mo
ot
:-{o

W ok
gte
(o
oft
=
X
=
b1

A
i
= o
=2
RS-

(¢3
ok, lo
of, S{HO,
= M
oft
S o
i

T o
E (o3
ok +
J4
Hz o
w2
oy 0 Hf
= 1o rir e,

Y

3o

R

f
1)
2
=

X

e s
.~ o
o

b e e

4
Ho
-0,
H
rir
m
i
(o3
N T o
tlo i
n)
rot
>,

%
(o}
jH
4
lo
1:}\l
i
[o]
—-r
o
i
olo
[o3
o
jala)

op
r

3) whebd, 2 Aeld A8 Hojdsh Aejue o
3 = AZo] Il EZIFE A

L A SO

tlo ol

32 AFsh=d 4Ea, ol @

% e 7

s
i

s
ox
-

9_,(
o,
ro, :|o oj
:‘l)‘:ﬂ'
ofl
ok
4
1o
ol
u)

ARl 2

B QPE 3RR1EY 2nlE AR A7
B (SISTeC) o] 78] Aol o3 Aol AsmA o
o A=,

1. Seok-Kyun Park and Taketo Uomoto, “Radar Image
Processing for Detection o Shape o Voids and
Loaation o Reinforcing Bars in or under Reinforced
Concrete,” Insight (The British Institute of NDT),
Vol.39, No.7 July 1997, pp488-492.

2. AAJESERARER 2> 7Y — MRSEDOIFEE
B, Rt #1994, pp.73-%.

3. Seck-Kyun Park and Taketo Uomnoto, “Verification of
Simulation of Radar Response on Subsurface Objects
in Concrete,” Journadl of JSCE, No53%/V-31, May
19%, pp.95-104.

431



4, SK Park and T. Uomoto, “Simulation Analysis of 6.
Radar Responses with Frequencies on Voids in

A Qo A8, “BATE o|gR #Ao) Fy
o e dold Az ¥ HEE, 7%0 speug

Concrete,” The ICCMC/IBST 2001 International =30, I=2AYEF, 11]12?1 23, 2000, ‘

Conference, ICCMC/IBST, Hanoi, Vietnam, March pp.1309-1312.

2001, pp.336-342. 7. David M. Pozar, “Microwave Engineering,” Addison-
5 WA ol A48 AR “HMEI) golyy Wesley Publishing Company, Massachusetts, 1990,

o o5 Zaele el olLRele] Ak B PD.1-67.

N, pesdusleed, dREanEss, Al

13, 2000, pp.799-804.

2 o
237E AT o]SRE ZAUE ATA WAHE 71%H BAS F9 ol o] AT o|$HE ZAEY F2A &

EEX 54“ gRleg

4 5 TUd 22
AYE F2E

Bt o}
2 AT ol =
ARARAE BRI 15 AAs B

E 283t
o] AF ol &g vl oz HAkE] Haf dojeids Holdy S o8-Sttt
2 g A8 e o 74 Fee

=

AE o]l AEEA tiste] HEs

H
Qo 7 23, doleiyle) ASE AN 9@ BofalNS AAsel A4 24A% vTs HNT AS, A ol
de A% AES B N2 £ 982 ¢ 5 gtk B, Mgl A9 0 488 9x) Rake AR el
£ 22 BRNE A idel] S Ade P Fho) Auslel 4% /5 ¢+ AT A, o) ¥
BHE BY A9, SASTE AL EAD TACUE AF o5 el HE AHA W ool TR el 58
490 A Hsel YFHT
A0 : uisksiaA, A o, Held, Hsia

432

EEICENS] =2 HI153 35(2003)



