The Japan Soci ety of Mechanical Engineers

H AR 3R (A R)
71 # 712 5 (2005-12)

1729

#3 No. 05-0210

a2 7 — MEEYIDIFRIRIRE N6 D
HREBEAFIA L - niRkEE DR

= A E M &K

e B s —

Development of Excitation Device for Non-Destructive Inspection
in Concrete Structures Using Gas Combustion

Tatsuya IWAMOTO**, Kazuya MORI and Ippei TORIGOE

*¢ Department of Mechanical Engineering, Ariake National College of Technology,
150 Higashihagio, Ohmuta-shi, Fukuoka, 836-8555 Japan

This paper is concerned with the development of a shock tube suited for nondestructive inspec-
tion in concrete structures. The developed shock tube produces shock waves by combustion of
propane-air mixture gas in a long cylindrical tube at short intervals. The propane and air mixture
are injected into the reaction chamber from the mixing chamber and ignited. A detonation wave goes
through the expansion chamber and extends into the atmosphere. The performance of the tube was
evaluated by measuring the pressure distribution on a specimen surface and experiments of defect
detection for concrete specimens. A triangular wave with a pressure of 4 kPa and a duration of 0.4
ms was obtained at 500 mm distance from the shock tube. In the defect detection, we could detect a
defect with a diameter of 200 mm and a depth of 50 mm clearly.
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Fig.1 Patterns of vibration of a concrete surface
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Fig.8 Enlargement of initial pressure variation at distance
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Fig 9 Pressure on specimen surface by old device
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Fig.10 Amplitude spectrum of pressure due to shock wave
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Table 1 Size of defects and natural frequencies

Diameter Natural frequency
2afmm) | Depthdlmml f; 12
200 25 2696
200 50 3038
200 100 3068
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Fig, 11 Schematic diagram of experimental device
500mm

“aped defect

iFig, 12 Conaete specimen

— 128 —

5O ZoZ b, EAEEN L—F—FHlIC
B2 BB AR E R E O LN EVWEE
25, E7-, EEREFRAROEEE LBEERY
BOFMNIDNIREND, BEHEOEN O
ARBEERIE O, ERESENEEZ LN
.

X 1042, PS1ICISIT HEEERICE £4L2 BRI
AT BENDEAEIINAKME ETTHHZ LN
ik, Liid->C, HEBEh A HRb SR & LTI
EREIIR#ETH Y, bAMIEBIOEFREEDS 4
KHZ LA T DORMEAMRE R & 72 5.

42 XEeBHIATL X 11 ICKREREREHRY
AT LERY. REEBFHS AT A, L——

K7 —iE#EN, ADEBRF—F, arta—¥
X SN TS, EAEIC L > TIRS vz
ayy Y — MEEOREEY, V—Y— Ky 77
—IEERHC L > GRS, ADEBAR— FESr L
Tarva—FIZBmYiAEns. o7y v 7EE
i 100kSs & L7=.

K121z, 2v7 V— bR ZRT. BB
—373 500 mm DI HFET, NERIZESE 200mm, &
& 10mm OIHCRORIAAR F 1 — /L2 IBHIA A TN
5. BBRAROFEEDKRMEE TRS dit, F0ENH
25mm, 50mm, 100mm & L7z, K131k, =7
— FRBR A EOFAEZ T LTV A, IO ri3H
RO .l S OHEETH Y, r =100 mm (XKD
ME LR THS. ,

43 EBREERESJUER NU~—ZHOTIBEL
=B O AR OEARER AR 1ITRT.

Penny-shaped defect
Measuring point

: /

-~
A S

?
wf - oo oo P
¥
S ’
w
¥ .

Fig.13 Measuring point on concrete surface

o i}

st
<

~Arrival of a shock wave
 aa 2a=200mm
d= 25mm

Velocity [mm/s]
<

10ms
. lr;terferenct_: of A pressure wave

0 20 40 60
Time [ms]
Fig,14 Vibration of wall surface by pewssure wave

'
(=)

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

a3 7)) — NEEEYMIOIERERRIED 72 D D F AMREE R FIFE L 7 RS E OIS 1733

—

Amplitude {mm/s]
<=
wn
Amplitude [mm/s]

0

0
0 2 4 6 8 10
Frequency [kHz]

(b) d=50mm

02 4 6 810
Frequency [kHz]

(2)d=25mm

1

2a=200mm |
d~100mm|

e
[
o
o

Amplitude [mm/s]
=)

Amplitude [mm/s]
[=]

0 |
0 2 4 6 810

Frequency [kHz]
(d) No defect

0 )
02 46 810
Frequency [kHz]}

(¢)d=100mm
Fig.15 Amplitude spectrum of vibrations for d = 25, 50, 100
mm and nodefect atr=0mm

T 1 20=200mm| g 1 2a-200mm
£ d=25mm| E d= 25mm
% r= Omm % r= 50mm
£ 05 2.72 p= 0.5

[=" o

£ £

< 0 < 0

0 2 4 6 810
Frequency [kHz}

02 46 810
Frequency [kHz]

(a) r=0Omm (b) r=50mm
- 2a=200mm 1- 2a=200mm
d= 25mm B d= 25mm
r=100mm r=120mm

Ot_.,.l,./\...l od |y |

0 2 4 6 810
Frequency [kHz] Frequency [kHz]

(c)r=100mm (d) r=120mm
Fig,16 Amplitude spectrum of vibrations for =25 mm at
r=0, 50, 100, 120 mm

Amplitude [mm/s]
<
wn
Amplitude [mm/s]
<
W

0

0 2 4 6 810

K 1412, d=25mmiZRi} b L—— Ky 77 —ix8)
SHE L TEHIEILE r = 0 mm (2B A EE AR
EZT. IREOBRMED LR 10 ms [T & LtRE)
DR TE S, Zhit, K7Wl L D
BRI BIE RO T X NIEEROREIL D
EEZLND. ZOFENEOTHEN T2, Kl
IREHD BB DFERITIY, RENOBREAHAI 10
ms B LI- 0T —2 2Rz, 72, #8910 msiED
F—BERANH I LIZLY, HhIHEEORMER LY
FEELID.

— 129 —

1510, BADKMERSICHT S, r=0mmiZE
T AEESEEE S FFT fiftr L7ciRigA~7 bz
RY. d=25mm®D & E, K272 kKHz IR TE—2
BHERTED. (17, d=50mm®DE X, #1304 kHz
ICBWTE— I MG TE 5. LD~ DRk
i3, £ LHORLTOW2EREE S IIF—HL W
%4, —%, d=100mm DL X3, B —2 1 3ER
TRV, T, EEREOWEENKNM o= s
U — M E IR SEDDICA53 Tl Tol-b b &
Z2oN5D. B, KMl eWEE Tl e —7
IIHERTER, DI EnD, d= 50 mm £ TOX
Mad SR RIRE T 5.

1612, d=25mm T r=0,50, 100, 120 mm |ZF3¢}

HIEESPEELY FFT f#hT LI HRE A< PVEIR
T TNTO rICBOTHREARZ ML, 1L
T AR TE =7 BB TNAED, TR
RO R SEELDIZHE, &L e T
4. B, r=120mm TlE, bOINNHERTX HRE
Thd. Tihbb, KMOBELTHS r=100mm &
D HAMBITCIHZE A CTRB L2V DTHD. ZDZ &
Mo, BIESOREEMEN THZ LIk, &k
TR DRI 5 HER L OFRROHEE D FIRET
B ELEZLND.
4-4 IEECTREEEERDAIREE A EIBA%R L7 R
B ONMRTRE Ry, R B TR
L ZRELTHE, BRI IR FTRETH
5. FOR, EEEOERS) (ENEOH 13, B
Bt “FRITHBI L ORI .

BIZIE, PEME L& 2f5d L= & & IibrTae 2 &hH
DHEY 2L 2570, BEAT MEER5. H
£200mm, YRS Somm DOKEpEHRITEZDH L, K15

b (BT A ARG T EOIRIED 1415
BEORIECEENT\5. BEmEEO IS 18/
WZHBHAOT, HARRELRERANZAESETHE
L3 14 fEETRETX 5720, MRATEE/2&EFED
LR 145 L0 5. 2B, NWRFTREZREPHIY, &
EWEA L= 7 130 L R OBRAEEEL 0 BRI
KEVGEERND - LIS L > TER AR FIREL
5.

5 &

FaR TR L TERORE RO FIA L
B E AL, EHROFEE, KMEOKRHET
ST, FORRUTORGRER.

() A ARBEAFERPE BT LT 2 LT &~ Tl
B L TRERAT O Z 2 ANAREL Jeo T

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

1734

3> 7 ) — MEEMOFEREBEIRED - D O AMRBEEFIE U IHEEE DRSS

Q) FEEEE ORATHR SR EREE L = 500 mm O
ABIZIBT, TR 4 kPa, [HiR 04 ms D=FK
WROFESZE/BH LN TET.

(3) EFERIE L RERERIOMEES 500 mm & U723
&, ZOEBEEEZRAVA L, B 200mm, E
& 50mm F TOMERIRXMEEBRHT 5 Z L 378
TH-oT-.

@ FEFEENBWT, KMEOMUTIHIZE A CIE
L TORNI &0 D, AREROEELE LTS &
Kha & RIE TRy & OB E ALY,
SRR DRMAT T % R LOFARDHEE
NERETH D Z L EZ DD,

SE 30

(1) /b8, 227 U — RS, (1999), 1, 4515
oE

Q) WINBEA , AR REA, TRFEIMIUE, 42-16,
(1992), 91-100.

(3) O. R. Gericke, Journal Acoustic Society America, 35,

(1963), 364-368.

K. Mori, A. Spagnoli, L Torigoe, L. Murakami, and S.

ftoh, Impact Engineering and Application, 2, (2001),

607-612, Elsevier Science Ltd.

(5) K.Mori, A. Spagnoli, Y. Murakami, G. Kondo, and 1.

Torigoe, NDT & E, 35, (2002), 399-406, Elsevier

Science Ltd.

#rfnth, Spagnoli. A, THEIERR, A HAE, Bl—

2, Hka, 70695, A(2004), 986-994

@

6)

— 130 —

NI I'-El ectronic Library Service



