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Abstract: Integrated analysis of GPR, impact echo (IE) and impulse response (IR) was performed to detect the rear cavity
of concrete for a test-bed which was made with the same scale and component ratio to the real concrete structure. The
test-bed was designed to be capable of observing various response reflecting the existence of iron reinforcing bar and
cavity. GPR survey did not clearly resolve the existence of the cavity, although distinguishable responses were observed
in the presence of the cavity. In contrast, IE and IR method showed distinct responses, indicating the existence of the
cavity. Finally, integrated application of the three methods makes it possible to exactly identify the location of the cavity,

although the iron reinforcing bar made a little variation of response.
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Fig. 1. Schematic diagram of Impact echo and Impulse response
method.
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Fig. 2. An example of impulse response spectrum. Axis of y
indicates the mobility given by ratio between velocity and force, and
axis of x is frequency. The mobility is related to the stiffness N and
the distance between two hills is used to infer plate thickness.
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Fig. 3. (a) plane and (b) vertical view of test-bed.
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Fig. 5. The measurement points for IE and IR test.

Table 1. Component index of concrete used to make the test-bed compared with a real dam.

index strength ofdesign cement sand Ww/C S/A air content AD steel diameter
type (kg/em?) (kg/em’) (kg/em’) (%) (%) (%) (® (mm)
dam 210 313 734 51 40 4.5 470 29
model 210 360 822 50 40 4.5 470 25
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Fig. 6. Result of GPR test for profile A-B in Fig. 4 with 450 MHz transmitter.
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Fig. 8, Result of GPR test for profile C-D, C-D\, E-F', E-F in Fig. 4 with 900 MHz transmitter.
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Fig. 10. Impact echo test at points P12, P18 in Fig. 5.
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Fig. 12. Impulse response test in the iron+concrete section for P13, P18.

YE FoollM 9] w2 Auuggc)

A +2AE Gl ] 2H4E 2uud FagE v
AR ATE HERARE o] A2 s|A
TR ol AL & = ATt Fig. 10914 255
o Wt ﬁ%«l Aol %XIHP T Wol 2500 Hz
2} 3000 Hz -3 E
= iﬂﬂEOﬂ SE UrE}‘)r Rlaken T"r%‘%‘ ? 3L
3000 Hz= 2ol o Jae s we Ao o e 2

THETUE JYIN FFo| g BRI e HEe) B2

AR} HhE S ZAYET EAss P93 Hlsg AFEn
T(1500 Hz)) 242 139 e & = A8k ol & S
Aol Aot daglel 35 BAE 98l IE 7ol &89
T S AR A
IR 72| Z2} U H4

IR 719 29 25 2 drzEe] AFMLE A 6] 9
& F=2 o]&E $i¥l MulE HAp Yotk B AdME
olE sl TATE wiHe] el mE he-g AhH Rt
o IR 7RISR Z9] FAE AY3s] feiM E3gE] £

T IE 7104 AR A LA 3400 m/s2 2 -8-3H34
o} 2 A3, —i’—ﬂa]li_fl] FAE AHEIAYE+ES 9
ALQstaE 0.7 moll FHEHsNE AIE A& AN, TF
o] EAol| ufe} *%*JEEH Fdo] tpFstA Ve

Fig. 11—°— e gla 3B ER e Y Fig. 5 F2)el
A FE o] IE IR ¥R-S AR 98] S3%k diE)
ol g H AHE AT Aojrh. 2 yH& &
B (m/sec/NYye ERN =], P3X] 9] gro] P8AIF el 1]
oo] yke Ag B & Qi) o] R FEo] SRl &
P3| ol M= vhR AWk} shgtoby] $-gAdo] WA Yt
50| Y9X8 peAHNME 50l A JEd A
—’F ek, =3 PRIl E 5000 Hz ©5-2] Ful
Fopr F7)ol Mt dAl sk AE EklE 4
A 2 f‘a F 73S 5] Skt aFut
o] 2 Zlojtt, o] gt
1 e =A] Fetalr)
Agt B8 Pt
1 % 6& X}Loﬂ IR EH“

T

FE

Lii
.%
_>t:

N mkﬂ

.‘Q’ olo

ol
Oiﬂ

o
N
-

LO e - 30 rZ
ol
i

p fo, -
D
— O"ﬂ
e 4}4
N
N
R:
ol
ﬂF
OO

o)
méﬁ
>l
E
’
i
i)
XJ (m
of
18
=
o X

Fig. 12& ?—;11+*
Aot} o] AW Fig. 1



344 e

O
Ei
o

.« AHRA

a5 SN 5 K W, S

Fig. 14. Integrated analysis of response of GPR, IE and IR methods in the iron+concrete section (Fig. 4).
F710] vk W7} QAT FIYE FoN vehd A A zpelE Bl FF9 €AV} 7hstH, 53] 5000 Hz o1
)

AR PIE B 5 A 02T WS TT W, Tl 9 Fakg F19) B el 5 PUL oHY - 9
SASRE FE FE0l P FRANE T 2 £54d ZoE dakEn,



IR 71& ZagEe] 74 74 2 F4, 7
5ol met @A BA AR R 4us
_E_ 1:1— _n.‘}v]_llﬂ_,q 7] =

F1g 13&

2
o fo,
2,
S
N
o

2
ol
ﬂ_r‘
=

off
)

[0 4z 2 T o

hu

r
i
£

4
o
fo 2 @ I 9 -

:’j
aQ
n
% o,
L
ﬁ:‘
mlm
N,
N
&
o
sk
X
l—lO
B\
= oX

2
o &

mo o
[e [‘lo

=

w2 g F

4z odf
g
M
)
=
2

SEA sl

A Z7kA GPR AR} IE 9 IR 71HE o|&afe] 2%

Aol whE zF FARIM 9 RE-S A EgTh 1 Ax A &
Aol 739 Brek 1M vl gAte R : FE-S &
£ F Ue AR UAAAR, F59] EAE g 72 Al
o7 A= ofEeh. 53], A ES} o] ¢
sk 75 s 3-89 BA7F A7o] Fed), o] A%
ANE EGHOE et 7 gAE S Ao v
I =AISEACHFig. 14).

Fig. 14914 & 4 Q= vle} o], A+ FAgEe 749
sl FEo] EAsk 9o GPR HAR= Z2oA ] what
=7} ol AApute] Eagko] Aol FrgofAg] WAl oFsly]
o] FEol o gk wAkuke] o Auir| oE it} 18
W IE 713 R 78S 53 os Bag) v 359 &4
g A - .5, IE 719olM Fao] AT o et
il ?HTJH(ISOO Hz 5-2)l4 3= §Ego] Holil glow,
IR 74| A2 HE A Eolr s} 7ho] Fuldnk-g-aale]
F717F 5000 Hz ©)F-2 FolA 1 B34 o= ¥ek= A
o] e rt. o9} 722 Whe-& 1w o), [E 7193 IR
PO RRE wpe] ool mE HalE 01%8}04 A +EA

o
2,
|
21
i

—=

&

~
=

123
=]
Q.

1O

o

AA FxE 7719 SIYE 2L AR § o T3y
E9] uHd 358 7=, GPR BAK} IE 7%, IR 71HE
o]g3le F5e Al W N2 2AENI.

GPR ©AF= 450 MHz 9} 900 MHz 5 7§9] 3-8 o] &
dtod Fatdet, T Fuke 2% 29 A Zo] 52
B3] wetdt # YA NF 2HE AL sl TF
F2 79 e dud A= 9t 900 MHz o
AollM = At 28] FHAeslort, GPR WA R F
T EA ARE FEs) AAT F e S-S A Ee
At

GPR ¥/} 232 B74sh7] 98] IE 2 IR 7[HE 34 4

FA(0.7 m)E ¥lLE Xéi‘o}ﬂl F4g F AN, §FCl =
e w1500 MHz W 19] 34 G oA F5ol o3 Ao

2 AAA = 2 vaE
2 Zol7t I m A= 2ARsRE 02 veht TEelA whatb

H g2 =A9r)
IR 719 Forel] w254 (mobility)S Hetoh= W
o], ke wzu )0l e Fise] Ho|E Fo| &

seEe] w2 24 An AT fA 29E ekl
2, 2ol TANE A2 FF0l 21 Wl 5T} £EAL
oL, FElE ) A ERlE el 35

o7 FFo] EAs= A%, TG 5000 Hz o] delA] Fu
—’F HE-8-3219] T71 o %M *M @L% 041201 7Fed A

B3t} o]F

3}, x%a&zq_i 4_501 9= _b}%oﬂ/q Ex%ﬂ/\g Zlo
KX
=

AT

o
2
)
N
e
o,
L
A
rlo
o2
18
o
=
it
2
R
>,
o

A, A&, 2006, “FHATH7IN H FANE7 IR &5
*iﬂE FxE 74649971, gl ak g Arets] A8
% )3]-2006, 6(7), 368-393

AR, $B%, &9, Z97), AT, 2003, BRI 28,
NECESE

AP, AR, /\17@4 &4k ol g, A5, 1998, GPR-E

°ol-&-% Ei” 2ol e %vﬂ A5, =l E8E)A, 512-519.
A3z, 3= A, 3, 2007, “GPRE ©]&§ A2 vl
AP HePdekr Rt ehaedd ehE] 200738
Z7A ekt 3] =53, pp. 58-63.

Carino, N. J., Sansalone, M., and H. N., 1986, “Point source -
point receiver technique for flaw detection in concrete”, AC/
Journal, Proceedings 83, 199-208.

Lin, Y., Sansalone, M., Carino, N. J., 1991, “Impact-Echo
Response of Concrete Shaft”, Geotechnical Testing Journal,
GTJODJ, 14(2), 121-137.

Lin, J. M., and Sansalone, M., 1994, “The impact-echo response
of hollow cylindrical concrete structures surrounded by soil
or rock, Part 1 - Numerical Studies”, American Society of



346 =T - O4F - e

Testing and Materials - Journal of Geotechnical Testing, Sansalone, M., and Carino, N. J., 1988, “Detecting honeycomb-

17(2), 207-219. ing, the depth of surface-opening cracks, and ungrouted
Malhotra, V. M., and Carini, N. J., 1991, “Handbook on nonde- ducks”, Concrete International: Design & Construction,

structive testing of concrete”, CRC Press, NEW YORK, 10(4), 38-46.

343p. Sansalone, M., and Streett, W. B., 1997, Impact-Echo: nonde-
Richart, F. E,, Jr, Hall, J. R., Jr., and Woods, R. D., 1970, stuctive evaluation of concrete and masonry, Ithaca, N.Y,

“Vibrations of Soils and Foundations”, Prentice Hall, Inc., bullbrier Press.

Englewood Cliffs, New Jersey, pp. 414.



