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Development of an Optimum Void Detection Chart using Heat

Transfer Simulation
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ABSTRACT

It is essential to develop a large capacity, non-contact nondestructive inspection system having
high reliability to investigate repaired and strengthened structures. Nowadays, an infrared
camera is widely used in non-contact nondestructive inspection system. Because an infrared
camera is sensitive to the surrounding environment, it is necessary to improve a sensitivity of
thermal image information and a relationship between defects and thermal image information .

In this papaer, presented is an optimum void detection chart for the optimum conditions to
detect infrared rays from inside and outside defects like voids and cracks in concrete structures
using extensive computer simulation. Sensitivity studies are performed with respect to variables
influencing the temperature distribution such as heating temperature, heating time, and
geometries of defect, etc. It may be stated that it could be successfully utilized for the
non-contact nondestructive inspection system to detect defects in concrete structures.

1. M2

2 Eol R % BE -7 TEAY AR BANE &4 22 A9 VA% & e
MAEA WS PA A2Y hge] BAE Aotk ol Eshdtuia, delH, aPn 2e% F
2 g% MTHYPAN LY TGRSA FFHD YA, 0|2 AF TG T FuY 2
3 WeF - PR A FPAE B7HD BR ] WP ol Yo Ay Huo FEF
Ae A% ALY 43 4T dadyne 4R % A2 BY AT B YA
o g7 dgiieE ol8e A¥e T A 2P Fohurl AT ATV £
@ glou, 2o thE F3o] W@ ARE Yoyl FANE & Aotk AYe FAN HHo
ZAE B4 PHLHE cloigel Usie. Wb ¢ GFAAE B2AS 22AY A B Ay &
Aol wARE Ao dFasteE BASE Phel U AR ME FuAse HHY =2

tlo
e
(o4

Sohisl A% AEE A,

» AH QY BT 23R Adns - Feuba
o 39U DR CSFU 44T - Boea
wex Q59 Do E AHBFAAAT RS 2HS - B

20069 % 715 stk w 3] =53 241



2. MM A[Edlo[H

avteiel Aol 48 MyEY MR ol I3 13 2o dbdaid

A22E3E detd oz 30T deielA 0.08~010Teltt 083 JLLER o

FHA TAHE AL d3dviASE 2ASY] A a3 249

A4S dotr7] st U 2 gt HFES ndd AEdHo)AS st 9A v}

F25(T), 7FEAZHD, 7tEE A (w), F3FHol(h), 28z F3F3A7|(a b)E IS ZLdYL 5
Z+ NEHOAN W5Ee e UAEE EMsn 1 dHE oj&std AFEE AN

50 Qun t

a8 1. Visual modeling a3 2. ANSYS modeling

2A0 A4 BAYY TIL V) ALLE AN, FIAol, 27
1 2337 5 GFe WFEY AHEH WY £ dolny) s FEAH ZTzaW ANSYSES
Agstel 19 29 2o Rudg Stk $39 FAL J1F2oR AW (symmeriod] 2349 2
of 2a2E AT EWE T2 FAM 10m oI RAA DL HES 2LYS gk 94 A

T HESG dHRE 7102 7HE e durt {ARre] A FoE /Mg FA8n AWeE AHE

FAEE 2y S s 2o AlE® E23YdE9 F7]2 YN (density), ¥ 8 (specific heat),
283 g d=2$(heat conductivity)S ¥ 13 Zth

E 1. 2322 27|o 2%

A 7 9 = gHdeE v &
ZagE 2300 ke/m 267 J/m-sec+ C 1088.36 J/kg « C
F7) 1.29 kg/m’ 236 J/m-sec- C 101176 J/kg - C

3. Algeold =Y 23 o

Rl

FZHN ZEIY ANSYSE Agste] T 2& Zzel Wi dald AQLRAE P8z
1 ARE o g5 HEES YA

242 A= A}



31 ZEAZE T2, JtEE

AN G LE B Aol B Adexaels AT ofde 19 3, 49 2o 29 3

oA 7HR40T~2000)% WA-0T~10C) BE AT e R, AYLE BTE 72

oz 7 FhgAziel W@ 10T 40T, -10TS 60T AT7 3% g 2 1 Adge 2o

e 2 & Atk ols AT g3 Yol BE o)t e Aewst AILES Folo] o)

@ Augel B AFUTE ¢ 5 YA YD AGA 0L J1FoR I AR
e eEAY 010CTE Lelshw AT7 047CQ 80CH 33878 98 HPexe Fvu,

7FE A1ZF 6089 056°C, 909l 060TC, 22813 1208 0.62CE 60% o)dold AT zol7} A
A G0E AE & 7 Aok 2R 3 4904 G E A7 0cnoldold FtEH el ©E AT Y 3
o7} Wgdte A & & Atk wEhd, FEPile 29 ANNE AR 0T I
308 ~60+, 28 799 0molde] FFEAE AT HHxolgE A& ¢ + Uk

~NENZ 08 - 20% T £E —~&—380°C, 302 ~—&~ 120°C, 308 200, 308

— 0% %0z - 1202 — 80z ~ ¢ 80T, 60% —e =120, 60E —e -200%C, 60%

202 Bo2 —e— 80°C. 0¥ —e— 120%, 0% & - 200°C. 908
250

250 ....................................................................

g
o
=1

B AT, ©
252 AT, ¢

=20 0 20 4IO Sl() 8l0 'IClKJ llEC 140 160 150 2(;0 10 20 7}:;0$|,c1 0 50
JERE, €
O 3 JIEREd JrEAIof atE A 2EA 38 4 JtEHe(e g2z mE A2
32 B3Yol, 33T, T3y
FIU% TIP, FIVWAA BE AT okde 19 5 6% 2h FFo) EHe| kg
2 FIF4H FFAWRel 243 ATE 37 vdehgth 29 504 2 vie o] 3370)
S BIVNA W 04% 089 W) ABAClH ARE FWRW, 2L WSS AAWAR (AU
TIAolel BAZ} ge) FIRO A4 AT AR 282 3Y 604 I3t ALS
S FIPNAY 9%S Wl ¥ ¢ £ Ak WA, FFLot 1 2o Y@ FFwrol
258 AULEAR} AN FIRet e A%l 2ol Wt 3FFRA 277 ARG 95
Aok eleke o1 4% HAelA FAT A5E RolE e AT & Aok
4 2E 2 2% 7w
Gagsiee olgstel Helue AN By AT Je DAL WsES S4FH 2o
We HHgez tgH 2L FEL AUD



~8—0.5am, 0.2an ~—#~ 0.5cm, 0.4cm 1.0em, 0den - 1.0cm, 0.8em —& 05, 0.lem  ~p~ 05em 0.2em 05¢m, 03m &~ 0.5om, 0.dem
—a—2.00m, 0.8cn —a— 2.0cm, 1.6om g 4.0cm, J.cm —a— 4.0cm. 3.2em
—&—2.0cm, 0.8cm  —#~20cm 1.2cm ——2.0cm, 1.6em  ~ 2.0cm, 1.8cm
2.00
250
180 i
160 P ®
oy 2
140 e T e
p - ,{ rd -
" 120 -l = P o
- . - . 180
3100 -l -« <
K v PRe -
Hom ’ > o
ol /’,s A ’,,0 o 0
050
0.00 - - - L !
1.8 1.5 20 25 30 35 40 45
2IFEFY I, e
a8 6. 2320l 33370 wE 22F %}

L 7FGAIZEE 3AI3E ololofol e}, I Fel A 0% ~6080] 7 HPE stGA ol
2. 74gN el 0L N1F02 AYLES 80T, ATl 1AL HolE 60T olofef &
£ Ae %5 Yo

3. /19¥AE 100C 4FE /1222 FIFUL IO Wam olyololch Bk

4 33ZolE FowN 3F9 ¥old APs: FIVWH 1 48, 33707t 2L Agle T
TURRET oI FAA FIRUAS DA% AcuTe AL ¢ 4 A0

43 g& ABdold 2FE vgoT AANHA AYATE AAY Reolv, ¥F dPAviGz

FRwge) EaE B &4 AEAE AT ALY BT

B d7e ddaEy %%%%ﬂ*éﬂaﬂ%"”ﬁj “goltist Estit sivetE ol &% AYE T
29 i : BOD)9 A7FUE F dFold, olo] g Aol HA=HUr}

it}

.
12

1. 32 ESSE] HA (2005) 2RAHEFZHAAE -
2. P. Kumar Metha and Paulo J.M. Monteiro (2006)
Maten'als Mc Graw Hill

A, #F2ANETS
CONCRETE Microstructure, Properties, and

3. 895, MPE, LAY, o)FW, B F (2003) AFTFE ANFAE ol & HAMW syl A%
Z3YgE FFEA #F J1xAT, ‘}5,‘—.1"'—53/55‘5/ & e FIe=FF, pl697174

4. o]F%4, old3
Ageddz=ZF
5. EjAd ol 23l o]

(2000) H 7 eiztE o) &3 A
zl A204, A13, p.5017504
FEAAI ¥ (2006) ANSYS Heat Transfer Analysis, (F)ejAd ol

$AE BRI AVPANNE, JedEny &

e, M4

244 A= H7}



